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ABSTRACT

Novel Glycyrrhetinic Acid (GA) derivatives with fused heterocycles on A ring were
structure-based designed and synthesized. Their potential anti-inflammatory effects
were investigated by a classical LPS stimulated macrophage model. Surface plasmon
resonance (SPR) was used to verify the binding of GA analogues with HMGBI1. A
preliminary structure-activity relationship was summarized and an analogue GA-60
with ortho-methoxybenzyl pyrozole showed stronger anti-inflammatory effect and
higher affinity for HMGB1 with a K4 value of 12.5 pM. In addition, this compound
exhibited excellent inhibitory functions on NO (96%), TNF-a (94%), and IL-6 (100%),
by interfering with phosphorylation of p38, ERK, JNK MAPKs, as well as that of NF-
kB p65 and IKKa/B. Moreover, GA-60 extended the survival of either the classic CLP-
induced or LPS-induced sepsis mouse models. Molecular modeling predictions further
supported these findings, clearly indicating that inhibiting HMGBI1 release, using fused
heterocyclic GA derivatives, is a promising strategy for treatment of sepsis.

Key words: Glycyrrhetinic Acid; HMGBI1; Sepsis; Structure-Based Design,

Inflammation



1. Introduction

Sepsis, defined as life-threatening organ dysfunction and caused by dysregulated
host response to infection, is one of the most challenging medical conditions
worldwide[1]. In 2017, sepsis was diagnosed in about 48.9 million people, ending with
death in 11.0 million, accounting for 19.7% of the global mortality[2]. The dysregulated
host response is caused by hyperinflammation response and immunosuppressive anti-
inflammatory response. As a significant factor of immune imbalance, the
hyperinflammatory response always runs through the development of sepsis.
International guidelines for treatment of both sepsis and septic shock emphasize that
antibiotics should be administered as soon as possible, preferably within one hour,
following diagnosis[3].

However, sepsis patients did not benefit from anti-inflammatory therapy targeting
early inflammatory factors, such as tumor necrosis factor-o (TNF-a), nitric oxide
synthase inhibitor, Toll-like receptor-4 (TLR-4) antagonist, and Interleukin-1 (IL-1)
receptor antagonist[4-7]. This is due to the characteristics of these early inflammatory
factors, which result in failures. For instance, they reach peak levels within one to four
hours, at the start of sepsis, and reverse to the near baseline in eight hours[8]. Treatment
targeting these early inflammatory factors is also delayed due to hysteresis diagnoses.

High mobility group box protein 1 (HMGB1), previously described as a nuclear
DNA-binding protein, was identified as a late inflammatory mediator of endotoxin
lethality in mice in 1999[9]. Studies have demonstrated that HMGBI levels are

significantly elevated during late, compared to early phases of inflammatory cytokines,



like TNF-a and Interleukin-6 (IL-6), and peak plasma concentrations within 16 to 32
hours after sepsis onset. This is always the case whether in experimental sepsis animal
models[9, 10] or in patients[11, 12]. In addition, circulating HMGBI1 levels do not
decline until a week after sepsis[12] and are, therefore, a late predictor of mortality in
sepsis.[13, 14] HMGBI, like the activators of lipopolysaccharide (LPS), can also
induce proinflammation cytokines to release TNF-a and IL-6 in human monocytes[15].
Massive accumulation of HMGBI, in vivo, have been implicated in amplification of
the cytokine cascade, stimulation of inflammation eventually mediating injurious
inflammatory responses[16]. Furthermore, anti-HMGB1 has been found to increase
survival of sepsis even through delayed administration in LPS induced endotoxin[9].
Pre-clinically, administration of neutralizing anti-HMGBI1 antibodies improves
survival in murine endotoxemia or CLP induced sepsis model and relevant rat sepsis
models[10, 17, 18]. Persistent elevation of HMGBI1 in plasma provides a wide
therapeutic window for development of clinical interventions and emerges as a
therapeutic target for sepsis[16, 19].

Natural products play an important role in drug discovery, with nearly half of all new
drugs introduced into the market over the past two decades developed from natural
products or their derivatives[20-23]. Glycyrrhizic acid (GL), a triterpene glycoside
derived from licorice root extracts, possesses a wide range of pharmacological,
especially anti-inflammatory properties (Figure 1)[24]. Mollica and coworkers [25]
were the first to report that GL directly bound (K4 = ~150 uM) and inhibited HMGBI,

thus preventing its chemoattractant and mitogenic activities. However, in silico docking



studies revealed that the binding portion was represented by the glycyrrhetinic acid (GA)
moiety (Figure 1), which seemed to interact with specific amino acid residues present
in the hydrophobic, shallow pockets of HMGBI1. Furthermore, Cavone and co-
workers[26] reported that GA impaired antibody recognition of HMGBI, indicating
that it directly binds to the protein. Meanwhile, Yamaguchi et al.[27] used the
Molecular Operating Environment (MOE) software package to demonstrate that GA
possibly inhibits HMGBI function by non-covalently interfering with Lys90, Arg91,
Ser101, Tyr149, Cys230 and Cys231 in the HMGB1-DNA complex. Collectively, these
studies suggest that the GA moiety might be the pharmacophore for the inflammatory

effects and therefore need to be elucidated.

Glycyrrhizic acid (GL) Glycyrrhetinic acid (GA)

Figure 1. Chemical structures of GL and GA. The binding moiety with HMGBI1 is
highlighted in red.

In this article, GA was selected as the lead compound for structural optimization.
Three series of analogues were synthesized by structure-based design and optimization
on A ring of GA, with different fused heterocycles, including pyrazoles, indoles and

isoxazoles. Among them, GA-60 significantly prolong the survival time of LPS/CLP



induced sepsis mice in vivo, showing potential anti-sepsis efficacy. From our results, it
is clearly evident that inhibition of HMGBI release, using GA derivatives, is a
promising strategy for treatment of sepsis.

2. Results

2.1 Design rationale

On the basis of reported binding mode of GA and HMGBI1[25, 27, 28], the
carbonyl group at the C-11 position of GA forms a stable hydrogen-bonding interaction
with HMGBI, and the pentacyclic triterpene ring of GA establishes favorable van der
Waals interactions with HMGBI1. On the other hand, the glycoside moiety of GL does
not bind directly to HMGB1[28], indicating the optimization potential of the hydroxyl
group of A ring. It is also reported that some of the triterpenic acids with heterocyclic
group attached to ring “A” of the steroidal and triterpenic acid skeleton exhibited potent
anti-inflammatory activity[29, 30]. Therefore, we firstly positioned the modification
strategy on the A ring of GA, based on the predicted binding complex, and performed

modification of the fused heterocyclic rings in the derivatives (Figure 2).
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Figure 2. Design strategy of GA analogues.
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All the target compounds were synthesized via the routes shown in Schemes 1-3.
The key intermediate GA-2 was produced by treating GA with methyl iodide and
potassium carbonate in acetone to form compound GA-1, which was then oxidized with
pyrindium chlorochromate (PCC) in dichloromethane. Further treatment with NaH
(60%) and ethyl trifluoroacetate or ethyl formate converted GA-2 into crucial
intermediates GA-3 or GA-4 (Scheme 1).

As depicted in Scheme 2, compounds GA-2, GA-3 and GA-4 can further be
synthesized into heterocyclic fused GA derivatives. To a solution of GA-2 in acetic
acid was added hydrazine hydrochloride with different N-phenyl substituents at 118 °C
for 4 h. After cooling to room temperature, the solvents were removed and the residue
was purified by a column chromatography to obtain indole heterocyclic fused GA
derivatives (GA-16~GA-19). Heating GA-3 or GA-4 with hydrazine chloride (or
hydrazine hydrochloride with different N-phenyl substituents) in EtOH at 85 °C for 3
h and purifying the mixture with a similar method as the indole heterocyclic fused GA
derivatives yielded trifluoromethyl substituted pyrazole heterocyclic (GA-8~GA-11)
or pyrazole heterocyclic fused GA derivatives (GA-12~GA-15). GA-7 (isoxazole
heterocycle fused GA derivatives) was synthesized by reacting GA-4 with
hydroxylamine hydrochloride in anhydrous pyridine. Heterocyclic fused GA
derivatives were finally hydrolyzed by NaOH in MeOH to reveal C-30 carboxyl group

(Scheme 3), affording GA-20~GA-34.



GA-1 GA-4

Scheme 1. Synthesis of important intermediates. Reagent and Conditions: (a) CH;l,
K,COs3, acetone, r.t., 12 h, 95%; (b) PCC, DCM, r.t., 4 h, 85%:; (c¢) Ethyl trifluoroacetate,

NaH, THF, r.t., 8 h, 70%; (d) Ethyl formate, NaH, THF, r.t., 8 h, 80%.



GA-7 \_ GA-2 / GA-16~GA-19

Scheme 2. Synthesis of heterocyclic intermediates. Reagent and Conditions: (a)
NH,NH,-2HCI, EtOH, reflux, 3 h, 75%; (b) p-RPhNHNH, -HCI, EtOH, reflux, 4 h,
70%; (c) NH,OH-HCI, Pyridine, reflux, 5 h, 75%; (d) p-RPhNHNH,-HCI, CH;COOH,

reflux, 4 h, 80%.
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GA-20~GA-34

Scheme 3. General formula of hydrolysis reaction.

2.3 Fused hetercylces on ring A of GA exhibit enhanced anti-inflammatory effects

The production of pro-inflammatory cytokines, nitric oxide (NO) induced by LPS is
the main cytotoxic and proapoptotic mechanisms[31]. The potential anti-inflammatory
effects of GA derivates were evaluated by classical LPS stimulated macrophage model.
In RAW264.7 cells, HMGBI1 was found to increase at 6-8 hours, reaching the peak at
16-32 hours after LPS stimulation[9]. We choose to evaluate the NO inhibition at 24

hours after LPS stimulation through the Griess assay.

As shown in Table 1, GL with the glycoside moiety only had a 55% NO inhibitory
activity at 10 uM. GA exhibited 96.9% inhibition of NO. Carbenoxolone (CBX), a
commercially available analogue, with a modified hydoxyl group, still showed a 96.2%
inhibition. Methyl esterification of the carbonyl group at the C-30 position (GA-1)
resulted in a decrease in NO inhibition at the same concentration, thereby validating
our design hypothesis. Then, as proposed, analogues with fused hetercycles, including
pyrazole (GA-21), trifluoromethyl pyrazole (GA-20), isoxazole (GA-22), and indole
(GA-31), on ring A of GA were synthesized. To our delight, they all exhibited ~100%
NO inhibitory activity at 10 pM. Considering HMGBI1 also stimulates early

inflammatory factors as a late inflammatory cytokines[15], TNF-a and IL-6 inhibition
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activities were evaluated by flow cytometry assay to further evaluate GA derivates’
anti-inflammatory activities. However, none of the derivatives could inhibit their
expressions at 10 uM, except the indole analogue GA-31 for IL-6 (101% at 10 uM)

(Table 1). In addition, their cytotoxicities were low (ICso > 50 uM) except CBX.

Table 1. Structure optimization of GA

) Cytotoxicity =~ NO TNF IL-6
Chemical Structure . . Q. .4
(ICsg, uM) 2 inhibition  inhibition  inhibition
%b %" %P
GL 145.59+2.16 54.6% 0 0
GA 81.87£1.91 96.9% 0 0
CBX 47.58+1.68 96.2% 0 0
GA-1 88.39+1.95 75.6% 0 0
GA-20 71.34+1.85 100.8% 0 0

12



GA-21 67.34+1.83 100.0% 0 0
GA-22 96.51+1.99 99.6% 0 0
GA-31 69.82+1.84 100.0% 0 101%

A Csp=half maximal inhibitory concentration.
b Percent (%) Inhibition of Released Nitric Oxide (NO), Tumor Necrosis Factor (TNF-
a), and Interleukin-6 (IL-6) upon treatment with Derivatives (10 uM).

2.4 Further optimizations lead to potent heterocyclic analogues with higher inhibition

of NO, TNF-a and IL-6

Next, three hetercylic analogues with 100 % NO inhibition were further optimized
except GA-22 (99.6% NO inhibition). As shown in Table 2, introducing a benzyl group
(GA-23) on the trifluoromethyl pyrazole ring retained the NO inhibition at 10 uM,
while the cytotoxicity was slightly increased and still no TNF-a and IL-6 inhibition was
observed. Halogenated compounds (fluoro, GA-24; chloro, GA-25; bromo, GA-26)
showed no differences with regard to potency, while their cytotoxicities were increased.
For the non-trifluoromethyl substituted pyrazole analogues, a totally different result
was observed (Table 3). Compound GA-27 with a benzyl ring had 95% NO inhibition

and 100% TNF-a and IL-6 inhibition. The cytotoxicity was much higher, indicating an
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ICso of 29.29 uM. The para-substituted halogenated compounds (GA-28~GA-30)
maintained the potency. Then, the fluoro, chloro, bromo groups were moved to meta-,
ortho-positions of the benzyl rings. Compounds with bromine substitutions showed less
potency toward TNF-a and IL-6. For fluorine-substituted (GA-28, GA-52 and GA-53)
and chlorine-substituted (GA-29, GA-54 and GA-55) analogues, ortho-substituted
compounds (GA-53 and GA-55) showed the best activity in this series, but less activity
toward TNF-a. A similar result was recorded for compounds with methoxyl (GA-
58~GA-60) and trifluoromethyl (GA-61~GA-63) groups. They were less active toward
TNF-a. In addition, methyl analogues (GA-64~GA-66) exhibited higher potency
compared with other compounds toward TNF-a. Moreover, the ortho-methyl
substituted compound (GA-66) showed higher TNF-a inhibitory activity (100%) than
that of the meta-substituted (GA-65, 72%) and para-substituted analogue (GA-64,
56%). Introducing methylsulfonyl (GA-67) and sulfamide (GA-68) was unfavorable to
the activity. We also introduced halogens to the indole compounds, and found that only
the compound with a chloro group showed 72% inhibition of TNF-a (Table 4). Taken
together, GA-27, GA-53, GA-55, GA-60, and GA-66 with ortho-substitutions showed
more than 90% inhibition of NO, TNF-a and IL-6, with acceptable cytotoxicities, and

were selected for further evaluations.

Table 2 Structure optimization of GA-20
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;

re 4~
R2 Cytotoxicity NO TNF IL-6
(ICsp, uM) 8 inhibition %"  inhibition %®  inhibition %"
GA / 81.87+1.91 96.9% 0 0
GA-20 H 71.34+1.85 100.8% 0 0
GA-23 e 50.77+1.71 101.9% 0 0
GA-24 Ww, 26.52+1.42 101.5% 0 0
F
GA-25 “"vv, 43.37+1.64 96.9% 0 0
Cl
GA-36 %v, 32.10+1.51 100.0% 0 0
Br
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Table 3 Structure optimization of GA-21

N -
R’S “H
R3 Cytotoxicit NO TNF IL-6
y inhibition %P  inhibition %"® inhibition %"
(ICSO’ MM) a
GA / 81.87+1.91  96.9% 0 0
GA-21 H 67.34+1.83  100.0% 0 0
GA-27 i, 2929147  95.0% 104% 101%
GA-28 %v, 33.73+1.53  102.3% 77.0% 100%
F
GA-29 i 23.96+1.38 98.1% 88.0% 101%
Cl
GA-30 i, 24.90+1.40 100.0% 88.0% 100%
Br
GA-52 o 73.49£1.87  102.3% 86.0% 100%
)
GA-53 F A, 105.39£2.02 98.9% 103.0% 101%
GA-54 “wl, 54.93+1.74  102.3% 2.0% 100%
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GA-55

GA-56

GA-57

GA-58

GA-59

GA-60

GA-61

GA-62

GA-63

GA-64

GA-65

GA-66

Br

r O O

Br.

S¥

H3CO

54.21+1.73

60.06+1.78

74.78+1.87

42.13£1.63

45.04+£1.65

63.94+1.81

33.87£1.53

28.26+1.45

79.88+1.90

26.61+£1.43

27.88+1.45

27.21£1.44

102.7%

103.8%

98.9%

102.7%

100.4%

96.2%

101.9%

101.5%

103.1%

101.9%

101.5%

101.1%

102.0%

63.0%

94.0%

56.0%

72.0%

100.0%

100%

89%

20%

101%

100%

98%

101%

99%

101%

100%

101%
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GA-67 A 45.39+1.66  99.6%

N,
O=
o

GA-68 T 52.17+1.72  95.4%

100%
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Table 4 Structure optimization of GA-31

R* Cytotoxicity NO TNF IL-6

(ICsp, uM) 2 inhibition %  inhibition %" inhibition %"

GA / 81.87+1.91 96.9% 0 0
GA-31 H 69.82+1.84 100.0% 0 101%
GA-32 F 116.76£2.07 101.9% 0 67%
GA-33 Cl  49.031.69 100.8% 72.0% 101%
GA-34 Br  35.87+1.56 95.4% 0 0

2.5 GA-60 shows no apparent cytotoxicity and does not induce apoptosis in the

presence of LPS

Since LPS is the main component of the outer membrane of Gram-negative bacteria
and exhibits biological toxicity, we hypothesized that it might increase cell cytotoxicity
and cover up false positive results. To verify this, we performed cell viability assays in
the presence of LPS. Results showed a reduction the relative cell viability of GA-27,
GA-53, GA-55, and GA-66 (10 uM) in the presence of LPS, with only GA-60 (10 uM)
not exhibiting cytotoxicity compared with dimethyl sulfoxide (DMSO) (Figure 3A).
To validate the result, we evaluated cell apoptosis, in the presence of LPS and found
consistent results to those from the cell viability assay (Figure 3B). Particularly, GA-

60 did not exhibit apoptosis compared with DMSO. Owing to an outstanding
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combination of NO (96%), TNF-a (94%), and IL-6 (100%) inhibition function, GA-60

was eventually selected as our optimal candidate.

A 150- -
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o
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Figure 3. Relative cell viability and percentage apoptosis in the presence of LPS upon
the treatment of GA-27, GA-53, GA-55, GA-60, and GA-66 (10 uM). (A) Relative cell
viability (%) (means + SD) in the presence of LPS upon the treatment with GA-27,
GA-53, GA-55, GA-60, and GA-66 (10 uM) are shown. (** P < 0.01 versus LPS
simulation following Analysis of Variance; n.s., not significant.) (B) Rate of apoptosis

(%) in the presence of LPS upon the treatment with GA-27, GA-53, GA-55, GA-60,

and GA-66 (10 pM).
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2.6 GA-60 has a strong binding effect on HMGB1

To investigate and predict the binding mode of candidate compound GA-60 and
HMGB1 (PDB code: 1HMF), we further performed the docking simulation using
Maestro software (Schrodinger, version 2018-4). Based on the proposed binding mode
(Figure 2), it can be found that GA and GA-60 both possibly establish favorable
hydrogen bond interactions with Arg109 (green). The docking result also suggested that
the carbonyl group at C11 of GA forms one a stable hydrogen bond with the
guanidinium group of Argl09 (green). However, the carbonyl group of GA-60 forms
more stable bidentate hydrogen bond with the guanidinium group of Argl109 (green).
On the other hand, GA-60 establishes favorable cation-pi interaction with Lys113
(green). These results further confirmed that GA-60 has a stronger binding effect on
HMGBI1 than the parent GA (Figure 4 and 5). From the docking results, it can be found
that the appropriate modification of ring A in GA is beneficial to enhance the

interaction between the candidate compound GA-60 and HMGBI.
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Figure 4. (A) Proposed binding mode of GA (yellow) and HMGB1 (PDB: 1HMF)
(light blue). The carbonyl group of GA form one stable hydrogen bond with the
guanidinium group of Argl09 (green). Oxygen and nitrogen atoms are shown in red
and blue, respectively. (B) Proposed binding mode of GA-60 (yellow) and HMGB1
(PDB: 1HMF) (light blue). GA-60 establishes favorable cation-pi interaction with
Lys113 (green). The carbonyl group of GA-60 form two stable hydrogen bonds with
the guanidinium group of Argl09 (green). Oxygen and nitrogen atoms are shown in red

and blue, respectively.

2.7 GA-60 could bind to HMGB1.

Surface plasmon resonance (SPR) was used to verify the binding of GA analogues
with HMGBI. Results showed that surface plasmon resonance was rapidly increased
in response units (RU), indicating binding of GA (Figure 5A) and GA-60 (Figure 5B)
to the immobilized HMGBI1, concentration-dependent manner. Glycyrrhizin was

reported to bind directly to HMGBI1 (K4 = ~150 uM) [25]. The affinity constant (K,)
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value for GA was determined to be 73.3 uM while GA-60 had a binding ability for

HMGBI1 with a K4 value of 12.5 uM.
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Figure 5. GA and GA-60 were binding to HMGBI in vitro. SPR analysis of the binding

between GA (A) / GA-60 (B) and HMGBI.

2.8 GA-60 possesses enhanced in vivo therapeutic effects in LPS/CLP induced mouse

models of sepsis than GA.

Previous researches reported that GL might protect rats from sepsis by blocking the
interaction of HMGBJ1 with receptor for advanced glycation end products (RAGE) and
TLR-4 and suppressing the downstream signaling pathway[32]. In the current study,
we hypothesized that GA-60 could result in efficient treatment of sepsis. We, therefore,
first evaluated effects of GA-60 treatment in LPS induced endotoxin shock in vivo
(Figure 6A), by subjecting LPS induced mice to GA-60 (10 mg/kg) twice a day
thorough intraperitoneally (i.p.) injection, and including GA (10 mg/kg) as a positive

control. The survival rate of mice treated by GA-60 was 60%, which was higher than
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that of GA (10%), while the vehicle-treated mice almost died in 72 hours. We then
performed a murine CLP model, which is considered the gold standard model for in
vivo sepsis[33], and found that all mice with vehicle or GA (10 mg/kg) died within 60
hours, while those under GA-60 (10 mg/kg) had a 55% survival rate (Figure 6B). To
further evaluate the anti-inflammatory effects of GA-60 in vivo, we measured plasma
TNF-a (Figure 6C) and HMGBI1 (Figure 6D). Since HMGBI1 peaks in plasma between
18-36 hours after LPS stimulation[9], we collected plasma 24 hours after LPS
stimulation. As expected, we found a significant decrease of TNF-a, and HMGBI in
plasma from mice treated with GA-60, compared to those under GA. These results were

consistent with the findings from our in vitro experiments.
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Figure 6. /n vivo therapeutic effect of GA-60 in LPS/CLP induced sepsis mouse model.

Vehicle, GA, and GA-60 was administered intraperitoneally at a dose of 10 mg/kg
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every 12 h for 100 h, starting from 30min before LPS i.p. or CLP surgery. The survival
curve of the vehicle, GA, and GA-60 treated LPS (A) /CLP (B) induced sepsis are
shown. (* P <0.05; by Kaplan-Meier Survival Analysis). After LPS stimulation 24 h,
plasma TNF-a (C) and HMGBI1 (D) level in vivo after treatement with vehicle, GA and
GA-60 following ELISA. Data are means = SD from three independent experiments

(** P <0.01 following Analysis of Variance).

2.9 GA-60 effectively inhibits inflammatory signaling pathway

HMGBI interacts with at least 14 different receptor systems to transduce cellular
signals[34, 35]. Mitogen-activated protein kinase (MAPK) and nuclear factor-xB (NF-
kB) are the most common signal pathways stimulated by LPS[36] or HMGB1[37, 38].
The MAPKs constitute c-Jun N terminal kinase (JNK), extracellular signal-regulated
kinases (ERKs), and p38 MAPK][39]. Interestingly, the interaction between HMGB1
and TLR can induce MyD88 signaling cascade and creat a cross-talk directly with p38
MAPK signaling[40, 41]. Furthermore, activation of MAPK has been shown to be
related to RAGE activation or TLR-4 phosphorylation. NF-kB, a key regulator of
inflammatory response, modulates the expression level of inflammatory mediators,
cytokines, and chemokine genes in activated macrophages[42]. The activation of NF-
kB is initiated by the phosphorylation, ubiquitination and degradation of inhibitory kB
(IxkB) proteins, which comprise IkB kinase o (IKKa) and IKKB[41]. Since all the
complex signaling pathways involved in HMGBI seem to affect NF-xB activity[43],

targeting the NF-kB signal pathway is considerd to be a promising strategy for
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controlling sepsis-related inflammation. As excepted, GA-60 (10 pM) inhibited the
phosphorylation of JNK, p38, and ERK of MAPK (Figure 7A), as well as that of NF-

kB, including p65 and IKKo/B (Figure 7B). Moreover, the inhibition was better than

that of GA at a same concentration.
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Figure 7. Inhibition of inflammatory signaling pathways in RAW264.7 cells. Western
blot analysis relative to the phosphorylation (p) of p38, INK, and ERK (A) and p65 and
IKKa/B (B) after treatment with 10 puM GA and GA-60 in Raw264.7 cells, followed by

100 ng/mL LPS treatment.

2.10 GA-60 inhibits release of HMGB1

A recent study reported that GL could inhibit the release of HMGBI1 induced by
LPS[44]. We, therefore, investigated whether GA-60 inhibits the release of preformed
or total HMGBI in cells. We found that GA-60 (10 uM) significantly inhibited release
of HMGBI1 (Figure 8A), while did not influence total intracellular HMGB1 protein

levels (Figure 8C), and this was similar to GL. HMGBI1 is a highly preserved nuclear
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protein, with studies indicating that its transfer from the nucleus to cytoplasm, after LPS
stimulation, and GL exhibits inhibitory functions[44]. In the current study, we also
investigated whether GA-60 could inhibit HMGB1 migration from the nucleus to the
cytoplasm after LPS treatment. The cytoplasmic protein and nuclear protein were
extracted respectively, and HMGB1 was detected by Western blot analysis. We found
HMGBI increase in the cytoplasm and its decrease in the nucleus following LPS
stimulation in RAW264.7 cells. However, HMGBI1 distribution was not affected by
GA or GA-60 (Figure 8B). These results suggest that GA-60 can specifically prevent

the release of HMGB1 without reducing its levels or affecting the levels in steady-state

cells.
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Figure 8. GA-60 inhibit HMGBI release but not the translocation of HMGBI1 in the
cell. (A) RAW264.7 cells were stimulated by LPS (100ng/ml) and treated with GA or
GA-60 (10 uM). The release of HMGB1 was determined by ELISA assay (* P < 0.05

by Analysis of Variance). (B) RAW264.7 cells were stimulated by LPS (100 ng/mL)
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and treated with GA or GA-60 (10 uM). The cytoplasmic and nuclear protein was
extracted separately, and HMGB1 was detected by Western blot. (C) Western blot
analysis of HMGBI after treatment with 10 uM GA and GA-60 in RAW?264.7 cells,

followed by 100 ng/mL LPS treatment.

3. Conclusion and discussion

In the last decades, numerous basic and clinical studies have been conducted to
identify and validate effective therapeutic drugs. However, limited success has been
achieved and many diseases, such as sepsis, remain a big challenge to human health.
Research seeking to explore new agents that are capable of inhibiting clinically
accessible late mediators is dramatically rising. In the current study, we describe
HMGBI, a late inflammatory mediator that can be exploited to widen the therapy
window for sepsis. However, HMGBI1 binds to multiple receptors, and is difficult to
target multiple receptors for anti-inflammation. For this reason, it is more reasonable to
directly target HMGBI rather than its receptors. Glycyrrhizin is the first small-molecule
that combined HMGBI1 in the literature[45, 46].

In this article, substituted pyrazole rings, substituted indole rings and isooxazole
rings were introduced into ring A of GA by structure-based design, through
esterification, oxidation, nucleophilic substitution, cyclization and hydrolysis, getting
16 GA derivatives firstly. Using GA, GL and CBX as positive controls, the inhibitory
effects of target compounds on TNF-a and IL-6 released by RAW264.7 cells were

detected by flow cytometry. And the effect of the target compounds on the release
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ability of NO was also detected. The results showed that the derivatives of N-phenyl-
substituted pyrazole had better anti-inflammatory activities at 10 uM. According to this
result, “N-phenyl substituted pyrazole” was further selected as the preferred structure
to be modified. By introducing substituents of different properties into the ortho
position of the phenyl group, GA-27, GA-53, GA-55, GA-60, and GA-66 were
obtained.

GA is considered a pan-assay-interference-compounds (PAINS) compound due to
presence of the Michael receptor. Basically, a PAINS-like compound cannot obtain
analogues with apparent structure-activity relationship (SAR)[47]. In this study, a clear
cell-based structure-activity relationship of the GA analogues led to find the best
compound GA-60. Then, we screened our analogues (GA-60) through the PAINS
compound databases [ZINC (http://zinc15.docking.org/) and False Positive Remover
(https://www.cbligand.org/PAINS/)], and found that they both passed the filter
(Supporting information Figure S3). We used molecular docking and SPR assay to
demonstrate the binding affinity with HMGBI, and the affinity constant (Kd) of GA-
60 to HMGBI1 was 12.5 uM. What’s more, the therapeutic effect of GA-60 in two
different sepsis mice models was evaluated: GA-60 significantly increased the survival
rate at the dose of 10 mg/kg and inhibited TNF-a and HMGBI1 levels in plasma.

Since hyperinflammation has been extensively implicated in the sepsis progression,
we chose the classical inflammatory cell model, named LPS-stimulated RAW264.7
cells, to verify the anti-inflammatory activity of GA derivatives[48-50]. Stimulated

macrophages to release HMGB1 and other cytokines involve MAPK and NF-«B signal
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pathway[36-38]. Particularly, MAPK constitutes ERK, JNK, and p38 MAPK. In
addition, IKKa and IKKp subunits are responsible for phosphorylation of inducible
IxB[41]. Since activation of NF-kB requires phosphorylation, ubiquitination and
degradation of IkB proteins, we evaluated the effect of GA-60 in MAPK and NF-«B
pathway in order to clarify the mechanism of GA-60 action.

To verify whether GA-60 inhibits HMGBI release, we used ELISA to measure
HMGBI levels in the cell supernatant following LPS stimulation. Here, we found that
GA-60 inhibited the HMGBI1 release, but did not influence its distribution from the
nucleus to the cytoplasm. However, the precise mechanism of how GA-60 influences
the release of HMGBI1 remains to be studied.

Overall, these findings demonstrated the combination of GA and HMGB1 using the
molecular docking and SPR assay, and application of a GA derivative GA-60 in
treatment of sepsis. The work provides a new candidate for targeted sepsis treatment in

future.

4. Experimental Section

4.1 Chemistry materials and methods

Unless otherwise noted, all materials were obtained from commercial suppliers.
Anhydrous organic solvents were purchased from J&K under N, in Sure/Seal bottles
and used directly. All solvents and reagents were of analytically pure grade, and no
further purification was needed. Petroleum ether describes a mixture of hexanes in the
bp range of 60 to 90 °C. Analytical thin-layer chromatography was performed on Yantai

Huanghai HSGF254 silica gel plates and visualized by fluorescence quenching under
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UV light. Flash column chromatography was performed using silica gel (200-300
mesh). Nuclear magnetic resonance (NMR) spectra were recorded using TMS as the
internal standard in CDCl;, Acetone-dg or CD3;OD with a Bruker BioSpin GmbH
spectrometer at 300 MHz or 500 MHz. When peak multiplicities are reported, the
following abbreviations are used: s = singlet, d = doublet, t = triplet, m = multiplet, and
dd = doublet of doublets. HRMS was recorded on an Agilent-6520 Q-TOF mass
spectrometer (Agilent Technologies, Palo Alto, CA, USA). All the final compounds
were tested by HPLC and the purities were higher than 95%. The reverse phase HPLC
was conducted on Agilent Technologies 1260 Infinity, which was equipped with C18
column (Aglilent Eclipse XDB-C18, 5 um, 4.6 mm X 250 mm). The mobile phase A
was 0.1% formic acid in water and mobile phase B was acetonitrile. The gradient of 20

—95% B was run at a flow rate of 1.0 mL/min over 30 min.

4.1.1 Methyl (2S,4aS,6aS,6bR,8aR,108S,12aS,12bR,14bR)-10-hydroxy-2,4a,6a,6b,9,
9,12a-heptamethyl-13-o0x0-1,2,3,4,4a,5,6,6a,6b,7,8,82,9,10,11,12,12a,12b,13,14b
-icosahydropicene-2-carboxylate (GA-1)

To a solution of GA (2.062 g, 4.38 mmol, 1.0 eq.) and K,COs5 (0.605 g, 4.38 mmol,
1.0 eq.) in anhydrous acetone (50 mL) was added dropwise CH;I (0.4 mL, 6.42 mmol,
1.5 eq.) at room temperature. The mixture was stirred at room temperature for 12 h. The
reaction mixture was poured into H,O (30 mL) and extracted with CHCI; (3x50 mL).
The organic layer was dried over anhydrous Na,SO,4 and concentrated. The residue was
purified by silica gel chromatography (petroleum ether/AcOEt, 6/1-4/1 v/v) to give
GA-1 (2.015 g, 95%) as a white solid. 'H NMR (500 MHz, CDCl;) 6 5.66 (s, 1H), 3.68
(s, 3H), 3.22 (dd, J=5.2, 10.9 Hz, 1H), 2.79 (d, J = 13.5 Hz, 1H), 2.34 (s, 1H), 2.11 —

1.96 (m, 3H), 1.95 — 1.77 (m, 2H), 1.70 — 1.56 (m, 7H), 1.41 (dd, /= 9.8, 21.2 Hz, 3H),
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1.36 (s, 3H), 1.31 (d, J = 9.5 Hz, 2H), 1.14 (d, J = 4.5 Hz, 5H), 1.12 (s, 3H), 1.00 (s,
5H), 0.80 (s, 6H), 0.69 (d, J = 11.3 Hz, 1H); '*C NMR (125 MHz, CDCl;) § 200.2,
176.9, 169.2, 128.5, 78.7, 61.8, 54.9, 51.8, 48.4, 45.4, 44.0, 43.2, 41.1, 39.1 (2xC),
37.7,37.1, 32.7, 31.8, 31.1, 28.5, 28.3, 28.1, 27.3, 26.5, 26.4, 23.4, 18.7, 17.5, 16.3,

15.5. HRMS (ESI): m/z calcd for C3;H4904 [M+H]": 485.3625, found 485.3623.

4.1.2 Methyl (2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-
heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b
-icosahydropicene-2-carboxylate (GA-2)

PCC (69 mg, 0.318 mmol, 1.5 eq.) was added to the solution of GA-1 (102 mg,
0.212 mmol, 1.0 eq.) in anhydrous dichloromethane (15 mL) and stirred for 4 h at room
temperature. Solvent was evaporated under reduced pressure and reaction mixture was
purified by silica gel column chromatography (petroleum ether/EtOAc, 6/1-4/1-2/1
v/v) to afford compound GA-2 (87 mg, 85% yield) as colourless crystals. 'H NMR (500
MHz, CDCl3) 6 5.67 (s, 1H), 3.66 (s, 3H), 2.92 (dq, J = 3.6, 4.1, 11.2 Hz, 1H), 2.66 —
2.52 (m, 1H), 2.41 (s, 1H), 2.37 — 2.29 (m, 1H), 2.08 (dd, J= 3.1, 13.4 Hz, 1H), 2.04 —
1.93 (m, 2H), 1.92 — 1.76 (m, 2H), 1.66 (td, J=5.7, 12.1 Hz, 1H), 1.61 — 1.54 (m, 1H),
1.45 —1.35 (m, 3H), 1.34 (s, 3H), 1.28 (dt, J=4.3, 7.2 Hz, 3H), 1.23 (s, 3H), 1.22 (s,
3H), 1.13 (s, 3H), 1.11 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H), 0.84 (t, /= 6.9 Hz, 1H), 0.78
(s, 3H); *C NMR (125 MHz, CDCl;) ¢ 217.1, 199.4, 176.8, 169.7, 128.4, 61.0, 55.4,
51.7,48.3, 47.7,45.2, 44.0, 43.3, 41.1, 39.7, 37.7, 36.6, 34.2, 32.1, 31.8, 31.1, 28.5,
28.2, 26.5, 26.4, 26.3, 23.3, 21.4, 18.8, 18.5, 15.6. HRMS (ESI): m/z calcd for

C31H4604Na [M+Na]*: 505.3288, found 505.3289.

4.1.3 Methyl (25,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-
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heptamethyl-10,13-dioxo-11-(2,2,2-trifluoroacetyl)-,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,
11,12,12a,12b,13,14b-icosahydropicene-2-carboxylate (GA-3)

NaH (5 mg, 0.125 mmol, 2.5 eq.) was added slowly to a solution of GA-2 (24 mg,
0.05 mmol, 1.0 eq.) in THF (10 mL). The mixture was stirred at room temperature for
10 min and then added ethyl trifluoroacetate (14.9 uL, 0.125 mmol, 2.5 eq.) rapidly,
kept stirring for another 8h. The reaction was quenched slowly with the addition of
saturated ammonium chloride solution. The mixture was poured into saturated salt
solution (15 mL) and extracted with CH,Cl, (3x15 mL). The organic layer was
evaporated in vacuum and purified on a silica gel column chromatography (petroleum
ether/AcOEt, 8/1-6/1-4/1 v/v) to give GA-3 (20.3 mg, 70% yield) as a brownish red
solid. "H NMR (500 MHz, CDCl3) 6 5.73 (s, 1H), 3.87 — 3.78 (m, 1H), 3.69 (s, 3H),
2.44 (s, 1H), 2.17 (d, J=3.6 Hz, 1H), 2.12 (dd, J = 3.3, 13.6 Hz, 1H), 2.08 — 1.90 (m,
5H), 1.85(d,J=4.4 Hz, 1H), 1.75 - 1.55 (m, 3H), 1.50 (td, /= 5.0, 12.2, 13.2 Hz, 3H),
1.38 (s, 4H), 1.34 — 1.29 (m, 3H), 1.22 (d,J=4.6 Hz, 4H), 1.18 (s, 3H), 1.14 (d, J=5.6
Hz, 6H), 1.07 — 1.01 (m, 1H), 0.88 (t, J = 6.8 Hz, 1H), 0.83 (s, 3H); *C NMR (125
MHz, CDCl;) 6 199.0, 194.9, 176.8, 169.7, 128.5, 118.6, 102.2, 59.2, 52.0, 51.8, 48.4,
449, 44.0, 43.3, 41.2, 40.5, 37.7, 35.5, 31.8, 31.5, 31.1, 29.7, 29.2, 29.0, 28.6, 28.3,
26.5, 26.4, 23.2, 21.3, 18.8, 18.2, 14.6. HRMS (ESI): m/z caled for C;3HysF;0sNa

[M+Na]*: 601.3111, found 601.3112.

4.1.4 Methyl (2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-formyl-2,4a,6a,6b,9,9,12a-
heptam-ethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-
icosahydropice-ne-2-carboxylate (GA-4)

NaH (5 mg, 0.125 mmol, 2.5 eq.) was added slowly to a solution of GA-2 (24 mg,

0.05 mmol, 1.0 eq.) in THF (10 mL). The mixture was stirred at room temperature for
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10 min and then added ethyl formate (10 pL, 0.125 mmol, 2.5 eq.) rapidly, kept stirring
for another 8h. The reaction was quenched slowly with the addition of saturated
ammonium chloride solution. The mixture was poured into saturated salt solution (15
mL) and extracted with CH,Cl, (3%x15 mL). The organic layer was evaporated in
vacuum and purified on a silica gel column chromatography (petroleum ether/AcOEt,
8/1—6/1-4/1 v/v) to afford GA-4 (20.4 mg, 80% yield) as a pale yellow solid. 'H NMR
(500 MHz, CDCls5) 0 8.63 (d, J = 3.2 Hz, 1H), 5.74 (s, 1H), 3.71 (s, 3H), 3.47 (d, J =
14.8 Hz, 1H), 2.44 (s, 1H), 2.20 — 2.11 (m, 1H), 2.05 — 1.99 (m, 2H), 1.98 — 1.91 (m,
2H), 1.86 (td, J=4.4, 13.6 Hz, 1H), 1.68 (dd, /= 4.0, 13.3 Hz, 1H), 1.62 (t, J=13.5
Hz, 2H), 1.55 - 1.46 (m, 3H), 1.38 (s, 3H), 1.32 (d, J=10.1 Hz, 3H), 1.21 (s, 3H), 1.18
(s, 3H), 1.15 (d, J=4.6 Hz, 6H), 1.14 (s, 3H), 1.07 — 1.01 (m, 1H), 0.88 (t,J = 6.9 Hz,
2H), 0.83 (s, 3H).;'3C NMR (125 MHz, CDCl;) 6 199.5, 189.5, 188.9, 176.3, 128.5,
105.8, 60.3, 59.6, 52.2, 48.4, 45.0, 43.8, 43.3, 41.2, 40.0, 39.7, 37.7, 36.2, 31.8, 31.1,
29.7, 28.6, 28.4, 28.3, 26.5, 26.4, 23.2, 20.9, 18.8, 18.3, 14.7, 14.3. HRMS (ESI): m/z

caled for Cs3,HysOsNa [M+Na]*: 533.3237, found 533.3237.

4.1.5 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl
-14-o0x-0-12-(trifluoromethyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,11,13,13a,13b,14,15b-
octadecah-ydr-o-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-5)

To a solution of GA-3 (35 mg, 0.06 mmol, 1.0 eq.) in ethanol (10 mL) was added
phenylhydrazine hydrochloride (17.3 mg, 0.12 mmol, 2 eq.) at room temperature. The
reaction mixture was heated under reflux for 4 h. After cooling to room temperature,
the mixture was concentrated. The residue was purified by silica gel chromatography
(petroleum ether/AcOEt, 8/1—6/1-4/1 v/v) to give GA-8 (27.2 mg, 70%) as a pale

yellow solid. 'H NMR (500 MHz, CDCls) 6 5.75 (s, 1H), 3.89 (d, J = 16.0 Hz, 1H),
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3.70 (s, 3H), 2.69 — 2.40 (m, 2H), 2.15 — 1.77 (m, 9H), 1.76 — 1.48 (m, 8H), 1.39 (s,
SH), 1.19 (s, 4H), 1.16 (s, 3H), 1.13 (s, 3H), 1.05 (d, J = 23.0 Hz, 2H), 0.85 (d, /= 15.1
Hz, 3H); 3C NMR (125 MHz, CDCl3) 5 199.1, 196.6, 176.9, 170.5, 169.8, 169.4, 164.0,
128.6, 60.0, 52.4, 51.8, 48.4, 45.3, 44.0, 43.3, 41.2, 38.0, 37.7, 33.0, 31.9, 31.1, 31.0,
30.9,29.2, 28.6, 28.3, 26.5, 26.4, 23.8, 23.2, 18.2, 18.1, 15.7. HRMS (ESI): m/z calcd

for Cs33HaeF3N,O5 [M+H]": 575.3455, found 575.3442.

4.1.6 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-eptamethyl
-14-o0x-0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,11,13,13a,13b,14,15b-octadecahydro-1H-
chryseno|1,2-f]i-ndazole-2-carboxylate (GA-6)

To a solution of GA-4 (20 mg, 0.04 mmol, 1.0 eq.) in ethanol (10 mL) was added
hydrazine dihydrochloride (6.5 mg, 0.06 mmol, 1.5 eq.) at room temperature. The
reaction mixture was heated under reflux for 3 h. After cooling, the mixture was
concentrated. The residue was purified by silica gel chromatography (petroleum
ether/AcOEt, 8/1-6/1-4/1 v/v) to give GA-6 (15.2 mg, 75%) as a white solid. '"H NMR
(500 MHz, CDCl3) 6 7.37 (s, 1H), 5.74 (s, 1H), 3.70 (s, 3H), 2.54 (s, 1H), 2.17 — 1.81
(m, 7H), 1.79 — 1.43 (m, 8H), 1.39 (s, 4H), 1.34 (s, SH), 1.23 (s, 1H), 1.19 (s, 3H), 1.15
(s, 3H), 1.09 (s, 3H), 1.07 — 1.00 (m, 1H), 0.91 — 0.79 (m, 4H); '*C NMR (125 MHz,
CDCl) 0 199.6, 176.9, 176.3, 169.4, 128.7, 122.0, 113.2, 60.1, 53.1, 51.8, 48.4, 45.3,
44.0, 43.3, 41.2, 38.2, 37.8, 33.5, 31.9, 31.8, 31.2, 31.1, 29.7, 28.6, 28.3, 26.6, 26.4,
24.1,23.2,18.4,18.2, 15.5; HRMS (ESI): m/z calcd for C5,H47N,O3 [M+H]": 507.3581,

found 507.3574.

4.1.7 Methyl (25,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a

-heptamethyl-14-0-x0-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,13,13a,13b,14,15b
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-octadecahydropiceno[2,3-d]isoxazole-2-carboxylate (GA-7)
To a solution of GA-4 (50 mg, 0.1 mmol, 1.0 eq.) in anhydrous pyridine (15 mL)

was added hydroxylamine hydrochloride (21 mg, 0.3 mmol, 3.0 eq.) at room

temperature. The reaction mixture was heated under reflux for 5 h. After cooling, the
mixture was concentrated. The residue was purified by silica gel chromatography
(petroleum ether/AcOEt, 8/1-6/1-4/1 v/v) to give GA-7 (38.0 mg, 75%) as a pale
yellow solid. 'H NMR (500 MHz, CDCl;) ¢ 8.05 (s, 1H), 5.75 (s, 1H), 3.70 (s, 3H),
2.52 (s, 2H), 2.08 — 1.97 (m, 4H), 1.97 — 1.92 (m, 3H), 1.87 (td, J = 4.5, 13.7 Hz, 2H),
1.78 — 1.70 (m, 2H), 1.69 — 1.56 (m, 5H), 1.55 — 1.50 (m, 2H), 1.19 (s, SH), 1.15 (d, J
= 2.5 Hz, 5H), 1.08 (s, 5H), 0.83 (s, SH); 3C NMR (125 MHz, CDCl;) 6 199.4, 176.9,
170.0, 167.4, 153.7, 128.5, 113.2, 59.7, 53.2, 51.8, 48.4, 45.2, 44.0, 43.8, 43.3, 41.2,
37.8, 37.7, 34.6, 33.8, 31.8, 31.5, 31.1, 28.6, 28.3, 26.6, 26.4, 24.8, 23.2, 18.3, 18.2,

15.2; HRMS (ESI): m/z calcd for C3,H4sNO4Na [M+Na]*: 530.3241, found 530.3267.

4.1.8 Methyl (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-o0x-0-10-phenyl-12-(trifluoromethyl)-,3,4,4a,5,6,6a,6b,7,8,8a,9,10,
13,13a,13b,14,15b-oct-adecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-8)
Compound GA-8 was synthesized in the same procedure as that of GA-5 (yield
70%); pale yellow solid. 'TH NMR (500 MHz, CDCl3) 6 7.49 — 7.43 (m, 3H), 7.40 (dd,
J=1.6, 8.1 Hz, 2H), 5.76 (s, 1H), 3.96 (d, J=16.0 Hz, 1H), 3.71 (s, 3H), 2.57 (s, 1H),
221 (s, 1H),2.16 — 2.11 (m, 1H), 2.09 — 1.91 (m, 4H), 1.87 (dt, J= 6.6, 13.5 Hz, 1H),
1.76 — 1.67 (m, 1H), 1.66 — 1.54 (m, 3H), 1.53 — 1.47 (m, 2H), 1.44 — 1.40 (m, 1H),
1.39 (s, 3H), 1.35—-1.31 (m, 2H), 1.20 (d, /= 7.1 Hz, 6H), 1.16 (s, 3H), 1.08 (d, /= 6.5
Hz, 6H), 0.84 (s, 4H); 3C NMR (125 MHz, CDCl3) 6 199.0, 176.9, 169.3, 147.7, 141.4,

139.7,129.6, 129.0 (2xC), 128.6 (2xC), 123.0, 120.9, 113.0, 60.2, 53.8, 51.8,48.4,45.2,
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44.0, 43.3, 41.2, 37.7, 37.5, 36.5, 34.8, 31.9, 31.9, 31.1, 29.2, 28.6, 28.3, 26.5, 26.4,
23.1, 22.4, 18.3, 18.2, 15.8; HRMS (ESI): m/z calcd for C39H49F3N,O3Na [M+Na]*:

673.3587, found 673.3600.

4.1.9 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-fluorophenyl)-2,4a,6a,6b,
9,9,13a-heptamethyl-14-oxo-12-(trifluoromethyl)2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,
13a,13b, 14,15b-octadecahydro-1H-chryseno[ 1,2-f]lindazole-2-carboxylate (GA-9)
Compound GA-9 was synthesized in the same procedure as that of GA-5 (yield
70%); pale yellow solid. 'H NMR (500 MHz, CDCl;) 6 7.39 (dd, J = 4.8, 8.9 Hz, 2H),
7.14 (t, J = 8.5 Hz, 2H), 5.76 (s, 1H), 3.71 (s, 3H), 2.60 (d, J = 35.7 Hz, 2H), 2.28 —
2.10 (m, 6H), 2.09 — 1.98 (m, 2H), 1.97 — 1.92 (m, 1H), 1.86 (d, /= 4.6 Hz, 1H), 1.71
(d, J=3.6 Hz, 1H), 1.63 (t, /= 13.5 Hz, 1H), 1.58 — 1.47 (m, 3H), 1.39 (s, 4H), 1.35 -
1.28 (m, 3H), 1.26 (s, 4H), 1.16 (s, 3H), 1.07 (d, /= 1.9 Hz, 6H), 0.84 (s, 3H); *C NMR
(125 MHz, CDCl3) ¢ 199.0, 176.8, 169.3, 165.2, 161.9, 148.0, 137.4, 130.9, 130.8,
128.6, 120.0, 115.7, 115.6, 113.2, 60.2, 53.7, 51.8, 48.4, 45.1, 44.0, 43.3, 41.2, 37.7,
37.5,36.4, 34.8, 31.9, 31.1, 29.2, 29.2, 28.6, 28.3, 26.5, 26.4, 23.1, 22.4, 18.3, 18.2,
15.8; HRMS (ESI): m/z calcd for Cs;oH4F4N,O3Na [M+Na]™: 691.3493, found

691.3507.

4.1.10 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-chlorophenyl)-2.4a,6a,
6b,9,9,13a-heptamethyl-14-oxo-12-(trifluoromethyl)-
2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,  13b,14,15b-octadecahydro-1H-chryseno[1,2-
flindazole-2-carboxylate (GA-10)

Compound GA-10 was synthesized in the same procedure as that of GA-S to
obtain a pale yellow oil, which was used to hydrolysis reaction without further

purification. HRMS (ESI): m/z calcd for C;oH;CIF3N,O3Na [M+Na]™: 707.3198,

37



found 707.3214.

4.1.11 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-bromophenyl)-2,4a,6a,
6b,9,9,13a-heptamethyl-14-oxo0-12-(trifluoromethyl)-
2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,  13b,14,15b-octadecahydro-1H-chryseno[1,2-
flindazole-2-carboxylate (GA-11)

Compound GA-11 was synthesized in the same procedure as that of GA-5 to
obtain a pale yellow oil, which was used to hydrolysis reaction without further
purification. HRMS (ESI): m/z caled for Cs;9HysBrFsN,OsNa [M+Na]™: 751.2693,

found 751.2705.

4.1.12 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-eptamethyl
-14-o0x-0-10-phenyl-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-octadecahydro
-1H-chrys-eno[ 1,2-f]indazole-2-carboxylate (GA-12)

Compound GA-12 was synthesized in the same procedure as that of GA-6 (yield
70%); pale yellow solid. 'H NMR (500 MHz, CDCl3) 6 7.50 — 7.32 (m, 5H), 5.76 (s,
1H), 3.71 (s, 3H), 2.59 (d, J=41.3 Hz, 2H), 2.22 - 2.09 (m, 5H), 2.03 (dd, /= 6.5, 19.0
Hz, 4H), 1.86 (dt, J=6.8, 13.5 Hz, 1H), 1.74 — 1.58 (m, 3H), 1.54 — 1.44 (m, 3H), 1.39
(s, 4H), 1.33 (d,J=9.4 Hz, 2H), 1.27 (d, J = 15.6 Hz, 5H), 1.05 (d, /= 17.0 Hz, 8H),
0.87 (d, J = 8.0 Hz, 1H), 0.84 (s, 3H); '*C NMR (125 MHz, CDCl3) 6 199.6, 176.9,
169.4, 145.5, 141.7, 138.5, 129.1 (2xC), 128.8, 128.7, 128.4 (2xC), 114.2, 60.4, 54.4,
51.8, 48.4,45.2, 44.0, 43.3, 41.2, 38.0, 37.8, 34.8, 32.0, 31.9, 31.1, 29.7, 29.4, 28.6,
28.3, 26.5, 26.4, 23.2, 22.5, 18.4, 18.2, 15.6; HRMS (ESI): m/z calcd for C3gHs;N,O;

[M+H]": 583.3894, found 583.3892.

4.1.13 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-fluorophenyl)-,4a,6a,6b,
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9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b
-octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-13)

Compound GA-13 was synthesized in the same procedure as that of GA-6 (yield
75%); yellow solid. "H NMR (500 MHz, Acetone-dg) 6 7.49 — 7.41 (m, 2H), 7.30 — 7.22
(m, 3H), 5.62 (s, 1H), 3.70 (s, 3H), 2.65 (s, 2H), 2.17 (dd, J= 5.8, 14.3 Hz, 3H), 1.98 —
1.86 (m, 3H), 1.81 (d, /= 13.4 Hz, 2H), 1.60 (d, J= 2.9 Hz, 2H), 1.51 (d, /= 13.1 Hz,
2H), 1.46 (s, 3H), 1.40 (t, J=3.0 Hz, 1H), 1.38 — 1.32 (m, 2H), 1.19 (s, 3H), 1.15 (d, J
= 4.0 Hz, 6H), 1.09 (s, 3H), 1.04 (s, 4H), 0.87 (s, 1H), 0.84 (s, 3H); 3C NMR (125
MHz, Acetone-dg) 0 198.3,176.2,169.2,163.3,138.1,131.4,131.3,128.1, 118.5, 115.2
(2xC), 115.0 (2xC), 60.1, 54.1,53.7,51.0,48.3,44.9,43.8,43.2,41.1,37.8,37.7,37.2,
34.5,31.7,31.7,30.7, 28.1,27.4, 26.4, 26.1,22.7,22.1, 18.2, 17.7, 15.0; HRMS (ESI):

m/z calcd for C3gHsoFN,O; [M+H]": 601.3800, found 601.3803.

4.1.14 Methyl (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-chlorophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b
-ctadecahydro-1H-chryseno[1,2-f]indazole-2-carboxylate (GA-14)

Compound GA-14 was synthesized in the same procedure as that of GA-6 (yield
70%); yellow solid. 'H NMR (500 MHz, Acetone-dg) 0 7.54 (d, J= 8.6 Hz, 2H), 7.46 —
7.40 (m, 2H), 7.29 (s, 1H), 5.62 (s, 1H), 3.70 (s, 3H), 2.81 (s, 2H), 1.98 — 1.86 (m, 3H),
1.84—1.76 (m, 2H), 1.64 — 1.49 (m, 4H), 1.48 — 1.41 (m, 5H), 1.40 (s, 1H), 1.36 (dd, J
=3.1,10.1 Hz, 1H), 1.32 (d, /= 3.8 Hz, 1H), 1.30 — 1.24 (m, 4H), 1.15 (d, /= 5.3 Hz,
6H), 1.09 (s, 3H), 1.04 (d, J=7.9 Hz, 4H), 0.84 (s, 4H); '*C NMR (125 MHz, Acetone-
de) 0 198.3,176.2, 169.2, 145.5, 141.7, 138.2, 134.1, 130.9 (2xC), 128.5 (2xC), 128.1,
114.3, 60.1, 54.1, 51.1, 48.3, 44.9, 43.8, 43.2, 41.1, 37.8, 37.7, 37.3, 34.5, 31.7, 31.7,

30.7,29.5, 28.1,27.4, 26.4, 26.1, 22.7,22.2, 18.2, 17.7, 15.0; HRMS (ESI): m/z caled
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for C33Hs50CIN,O5 [M+H]*: 617.3504, found 617.3496.

4.1.15 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-bromophenyl)-2,4a,6a,
6b,9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[ 1,2-f]indazole-2-carboxylate (GA-15)

Compound GA-15 was synthesized in the same procedure as that of GA-6 (yield
75%); yellow solid. 'H NMR (500 MHz, Acetone-dg) 0 7.69 (d, J = 8.6 Hz, 2H), 7.37
(d, J = 8.6 Hz, 2H), 7.29 (s, 1H), 5.62 (s, 1H), 3.70 (s, 3H), 2.80 (s, 2H), 2.21 — 2.14
(m, 3H), 1.99 — 1.86 (m, 3H), 1.84 — 1.76 (m, 2H), 1.60 (td, J=3.2, 11.8, 12.9 Hz, 2H),
1.56 — 1.47 (m, 3H), 1.46 (s, 3H), 1.41 (d, J=13.8 Hz, 2H), 1.36 (dd, /= 3.2, 10.5 Hz,
1H), 1.19 (s, 3H), 1.15 (d, J = 5.5 Hz, 6H), 1.09 (s, 3H), 1.05 (s, 3H), 0.87 (t, /= 6.9
Hz, 1H), 0.84 (s, 3H); *C NMR (125 MHz, Acetone-d¢) 6 198.3, 176.2, 169.2, 145.5,
138.3,131.6 (2xC), 131.2 (2xC), 128.1, 124.1, 122.2, 114.3,60.1, 54.1, 51.1, 48.3, 44.9,
43.8, 43.2,41.1, 37.8, 37.7, 37.2, 34.5, 31.7, 31.7, 30.7, 29.5, 28.1, 27.4, 26.4, 26.1,
22.7, 22.2, 18.2, 17.7, 15.0; HRMS (ESI): m/z calcd for C;3HsoBrN,O; [M+H]":

661.2999, found 661.2989.

4.1.16 Methyl (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-2,4a,6a,6b,9,9,15a-
heptamethyl-16-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-octadecahydro-
1H-chryseno[2,1-b]carbazole-2-carboxylate (GA-16)

Compound GA-16 was synthesized in the same procedure as that of GA-18 to
obtain a colorless oil, which was used to hydrolysis reaction without further purification.

HRMS (ESI): m/z calcd for C37H49NO;Na [M+Na]*: 578.3605, found 578.3616.

4.1.17 Methyl (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-13-fluoro-2,4a,6a,6b,9,9,15a-

heptam-e-thyl-16-0x0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-

40



octadecahydro-1H-chrys-eno[2,1-b]carbazole-2-carboxylate (GA-17)
Compound GA-17 was synthesized in the same procedure as that of GA-18 to

obtain a colorless oil, which was used to hydrolysis reaction without further purification.

HRMS (ESI): m/z calcd for C57;H4sFNOsNa [M+Na]*: 596.3510, found 596.3528.

4.1.18 Methyl (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-13-chloro-2,4a,6a,6b,9,9,15a-
heptame-thyl-16-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-ctadecahydro-
1H-chrys-eno[2,1-b]carbazole-2-carboxylate (GA-18)

To a solution of GA-2 (48 mg, 0.1 mmol, 1.0 eq.) in acetic acid (10 mL) was added
4-chlorophenylhydrazine hydrochloride (22 mg, 0.12 mmol, 1.2 eq.) at 118 °C for 4 h.
After cooling to room temperature, the solvents were removed and the residue was
purified by a column chromatography (petroleum ether/AcOEt, 8/1-6/1—-4/1, v/v) to
give GA-18 (47.1 mg, 80%) as a light red solid. "H NMR (500 MHz, CDCl3) 6 7.45 (d,
J=19 Hz, 1H), 7.18 (d, J = 8.5 Hz, 1H), 7.05 (dd, J = 2.0, 8.5 Hz, 1H), 5.77 (s, 1H),
3.72 (s, 3H), 2.63 (s, 3H), 2.18 (d, J = 3.0 Hz, 6H), 1.69 — 1.61 (m, 4H), 1.42 (s, 4H),
1.37 (d, J=20.2 Hz, 4H), 1.32 (d, J = 4.5 Hz, 4H), 1.22 (s, 3H), 1.19 (d, J = 6.4 Hz,
2H), 1.17 (s, 5H), 0.88 (s, 2H), 0.85 (s, 3H); *C NMR (125 MHz, CDCl;) ¢ 210.8,
199.6, 176.9, 169.2, 141.7, 134.5, 128.7, 124.6, 121.1, 118.1, 111.0, 107.2, 69.5, 60.4,
53.8,52.9, 51.8, 48.4, 45.3, 44.0, 43.3, 41.2, 38.0, 37.8, 37.4, 34.1, 31.7, 31.0, 29.7,
29.2,28.6, 28.3, 26.5,23.4, 23.3, 18.3, 16.0; HRMS (ESI): m/z calcd for C57H49CINO;

[M+H]": 590.3395, found 590.3372.

4.1.19 Methyl (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-13-bromo-2,4a,6a,6b,9,9,15a-
heptame-thyl-16-o0x0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-ctadecahydro-
1H-chrys-eno[2,1-b]carbazole-2-carboxylate (GA-19)

Compound GA-19 was synthesized in the same procedure as that of GA-18 (yield
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75%); brownish red solid. '"H NMR (500 MHz, CDCls) 6 7.61 (s, 1H), 7.20 — 7.12 (m,
2H), 5.77 (s, 1H), 3.72 (s, 3H), 2.63 (s, SH), 1.63 (d, J=13.5 Hz, 4H), 1.53 (d, J=12.5
Hz, 2H), 1.42 (s, SH), 1.32 (d, J = 5.1 Hz, 6H), 1.23 — 1.18 (m, 6H), 1.17 (d, J = 1.7
Hz, 6H), 0.88 (t, J = 6.9 Hz, 3H), 0.85 (s, 3H); *C NMR (125 MHz, CDCl3) ¢ 210.8,
199.6, 176.9, 169.2, 141.5, 134.8, 130.1, 128.7, 123.6, 121.1, 111.5, 107.1, 60.4, 53.8,
52.9, 51.8, 48.4, 45.3, 44.0, 43.3, 41.2, 38.0, 34.1, 31.9, 31.7, 31.2, 31.0, 29.7, 29.2,
28.6, 28.3, 26.6, 23.3, 22.7, 18.3, 16.0, 14.1; HRMS (ESI): m/z calcd for

C37H4sBrNOs;Na [M+Na]*: 656.2710, found 656.2702.

4.1.20 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14
-0x0-12-(tr-ifluoromethyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,11,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-20)

To a solution of GA-5 (57.4 mg, 0.1 mmol, 1.0 eq.) in MeOH (20 mL) was added
NaOH (20.0 mg, 0.5 mmol, 5.0 eq.) at room temperature for 72 h. After the reaction,
dilute hydrochloric acid was added to neutralize (pH = 5). The solvents which had been
neutralized were removed and the residue was purified by a column chromatography
(petroleum ether/AcOEt, 4/1-2/1-1/1 v/v) to get GA-20 (33.6 mg, 60%) as a pale
yellow solid. 'H NMR (500 MHz, CDCl;) ¢ 5.78 (s, 1H), 2.64 (s, 1H), 2.57 (s, 1H),
2.25(d,J=13.4 Hz, 1H), 2.11 (d, J= 16.4 Hz, 1H), 2.04 (dd, J = 7.2, 15.6 Hz, 2H),
1.95(d,J=12.3 Hz, 1H), 1.91 — 1.83 (m, 1H), 1.74 (d, /= 11.1 Hz, 1H), 1.68 — 1.60
(m, 3H), 1.58 — 1.49 (m, 3H), 1.44 (d, J= 7.9 Hz, 2H), 1.40 (s, 3H), 1.34 (s, 4H), 1.23
(s, 3H), 1.20 (d, J=5.0 Hz, 4H), 1.13 (s, 3H), 1.07 (t, /= 10.8 Hz, 2H), 0.92 (t, J=7.5
Hz, 1H), 0.86 (s, 3H); 3C NMR (125 MHz, CDCl3) 6 199.0, 180.7, 169.4, 148.6, 128.6,
122.5,120.1, 114.3,59.9, 53.8, 52.3, 48.1,45.3, 43.7, 43.3, 38.0, 37.7, 33.1, 31.9, 31.0,

29.7,29.3,29.2,28.6, 28.4, 26.4, 23.8, 23.2,22.7, 18.2, 15.7, 14.1. HRMS (ESI): m/z
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calcd for C3,H43F3N,O3Na [M+Na]*: 583.3118, found 583.3144.

4.1.21  (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,11,13,13a,13b,14,15b-octadecahydro-1H-chryseno
[1,2-f]indazole-2-carboxylic acid (GA-21)

Compound GA-21 was synthesized in the same procedure as that of GA-20 (yield
55%); pale yellow solid. 'H NMR (500 MHz, CDCl3) 6 7.54 (s, 1H), 6.17 (s, 1H), 2.64
—2.58 (m, 1H), 2.35 (t,J= 7.5 Hz, 1H), 2.05 — 1.96 (m, 4H), 1.86 (d, /= 11.1 Hz, 2H),
1.74 (s, 3H), 1.66 (s, 4H), 1.42 (s, 3H), 1.39 (s, 4H), 1.10 (s, 4H), 1.08 (s, 1H), 0.99 (s,
3H), 0.94 (s, 3H), 0.88 (t,J= 6.9 Hz, 7H); *C NMR (125 MHz, CDCls) 6 198.5, 178.9,
165.2,162.7,132.4,123.1,87.5,59.4,50.2,45.4,44.6,43.8,36.5,34.9,32.6,31.9,31.3,
30.9,294,293,29.2,29.1,27.1,24.7, 23.1, 22.7, 22.1, 20.6, 18.1, 15.5, 14.1; HRMS

(ESI): m/z calcd for C31HysN,O3 [M+H]*: 493.3425, found 493.3430.

4.1.22 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
oxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,13,13a,13b,14,15b-octadecahydropiceno[2,3-
dJisoxazole-2-car-boxylic acid (GA-22)

Compound GA-22 was synthesized in the same procedure as that of GA-20 (yield
65%); white solid. '"H NMR (500 MHz, CD;0D) ¢ 8.07 (d, J = 13.7 Hz, 1H), 5.70 (s,
1H), 3.80 (d, /= 15.5 Hz, 1H), 2.54 (d, /= 11.1 Hz, 1H), 2.29 — 2.11 (m, 3H), 2.10 —
1.81 (m, 6H), 1.79 — 1.59 (m, 4H), 1.55 (d, J=19.8 Hz, 3H), 1.40 — 1.37 (m, 4H), 1.36
—1.33 (m, 4H), 1.16 (d, J = 6.4 Hz, 6H), 1.04 (s, 4H), 0.82 (d, J = 5.5 Hz, 4H); 13C
NMR (125 MHz, CD;0D) 6 200.3,179.2, 167.5, 153.9, 151.4, 128.0, 113.3, 59.6, 53.0,
45.2,43.6,43.4,41.2,37.7, 37.6, 344, 33.7, 31.8, 31.6, 31.1, 30.9, 29.5, 28.4, 28.1,

26.5, 26.2, 24.5, 23.0, 18.2, 18.0, 15.0; HRMS (ESI): m/z calcd for C;;H43NO4Na
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[M+Na]": 516.3084, found 516.3123.

4.1.23  (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
oxo0-10-ph-enyl-12-(trifluoromethyl)-,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahy-dro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-23)

Compound GA-23 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.49 (dt, J= 7.0, 14.2 Hz, 5H),
5.62 (s, 1H), 3.77 (d, J=15.8 Hz, 1H), 2.53 (s, 1H), 2.30 (d, /= 11.3 Hz, 1H), 2.16 (t,
J=9.4 Hz, 3H), 2.06 — 1.81 (m, 4H), 1.71 (d, J = 12.0 Hz, 3H), 1.64 — 1.53 (m, 6H),
1.47 (dd, J=11.7, 21.5 Hz, 6H), 1.37 (s, 3H), 1.35 (s, 1H), 1.07 (s, 7H), 0.84 (d, J =
8.5 Hz, 1H), 0.74 (s, 3H); 3C NMR (125 MHz, CD;0D) 6 199.9, 181.1, 167.7, 148 4,
140.9, 139.4, 129.9, 129.2, 128.8 (2xC), 128.7 (2xC), 123.7, 113.0, 59.1, 53.7, 45.1,
43.6, 42.1, 40.4, 37.3, 36.2, 35.9, 35.6, 34.7, 32.8, 31.7, 29.5, 28.8, 28.6, 28.4, 26.6,
22.1, 20.3, 18.2, 17.9, 15.7, 15.7; HRMS (ESI): m/z caled for Cs;sH47F3N,0O;Na

[M+Na]*: 659.3431, found 659.3428.

4.1.24 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-fluorophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-oxo0-12-(trifluoromethyl)-,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,
13b,14,15b-octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-24)
Compound GA-24 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.41 (d, J= 7.2 Hz, 2H), 7.21
—7.15 (m, 2H), 5.62 (s, 1H), 3.77 (d, J = 15.9 Hz, 1H), 2.53 (s, 1H), 2.30 (d, /= 10.6
Hz, 1H), 2.20 — 2.12 (m, 3H), 2.05 — 1.86 (m, 3H), 1.70 (t, /= 12.7 Hz, 3H), 1.64 —
1.54 (m, 5H), 1.48 (dd, J=13.1, 21.7 Hz, 5H), 1.17 (d, J = 8.4 Hz, 5H), 1.07 (s, 7H),
0.93 - 0.80 (m, 3H), 0.74 (s, 3H); '*C NMR (125 MHz, CD;0D) ¢ 199.8, 181.0, 167.7,

162.1, 148.6, 136.9, 136.9, 130.9, 130.8, 123.7, 115.7, 115.5, 113.2, 113.2, 59.1, 53.7,
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45.1, 43.6, 42.1, 40.4, 37.3, 36.2, 35.9, 35.6, 34.7, 32.8, 31.7, 30.3, 29.5, 28.9, 28.6,
28.4, 26.6, 22.1, 20.3, 18.2, 17.9, 15.7; HRMS (ESI): m/z calcd for CssHycF4sN,O3;Na

[M+Na]*": 677.3337, found 677.3351.

4.1.25 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-chlorophenyl)-,4a,6a,6b,9,9,13a
-hepta-methyl-14-oxo-12-(trifluoromethyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,
14,15b-o-ctadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-25)
Compound GA-25 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.47 (s, 2H), 7.38 (s, 2H), 5.62
(s, 1H), 3.77 (d, J = 15.8 Hz, 1H), 2.53 (s, 1H), 2.30 (d, /= 10.8 Hz, 1H), 2.16 (s, 4H),
2.08 — 1.84 (m, 3H), 1.77 — 1.67 (m, 3H), 1.64 — 1.55 (m, 5H), 1.48 (d, J = 12.2 Hz,
5H), 1.38 (s, 3H), 1.31 (d, J = 10.9 Hz, 3H), 1.08 (s, 7H), 0.85 (d, J = 16.6 Hz, 1H),
0.74 (s, 3H); *C NMR (125 MHz, CD;0D) ¢ 199.8, 181.0, 167.8, 148.6, 139.4, 135.9,
130.3, 128.9, 125.8, 123.6, 120.6, 113.3, 59.1, 53.7, 45.1, 43.6, 42.1, 40.4, 37.3, 36.2,
35.8, 35.6, 34.7, 32.8, 31.7, 30.3, 29.5, 28.9, 28.4, 26.6, 22.2, 20.3, 18.2, 17.9, 15.7,
15.6; HRMS (ESI): m/z caled for Cs;gHsCIF;N,O3Na [M+Na]™: 693.3041, found

693.3059.

4.1.26 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-bromophenyl)-,4a,6a,6b,9.9,
13a-hepta-methyl-14-oxo-12-trifluoromethyl)-,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,
13b, 14,15b-0-ctadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-26)
Compound GA-26 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.68 — 7.59 (m, 2H), 7.33 —
7.27 (m, 2H), 5.62 (s, 1H), 3.77 (d, J=15.9 Hz, 1H), 2.53 (s, 1H), 2.30 (d, /= 11.6 Hz,
1H), 2.15 (d, J=22.8 Hz, 5H), 2.06 — 1.86 (m, 3H), 1.70 (t, /= 12.5 Hz, 2H), 1.59 (t,

J=12.5 Hz, 5H), 1.52 — 1.43 (m, 5H), 1.37 (s, 4H), 1.31 (d, J = 8.8 Hz, 2H), 1.07 (s,
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7H), 0.89 — 0.79 (m, 1H), 0.74 (s, 3H); '3C NMR (125 MHz, CD;0D) § 199.8, 181.0,
167.7, 148.6, 139.9, 132.0 (2xC), 130.5 (2xC), 124.0, 123.7, 122.7, 120.6, 113.3, 59.1,
53.7,45.1, 43.6, 42.1, 40.4, 37.3, 36.2, 35.9, 35.6, 34.7, 32.8, 31.7, 29.5, 28.9, 28.6,
28.4, 26.6, 22.2, 203, 18.2, 17.9, 15.7, 15.7; HRMS (ESI): m/z caled for

Ci33H4BrF3N,O3Na [M+Na]*: 737.2536, found 737.2555.

4.1.27 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
oxo-10-ph-enyl-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-octadecahydro-1H-
chryseno[1,2-f]indazole-2-carboxylic acid (GA-27)

Compound GA-27 was synthesized in the same procedure as that of GA-20 (yield
65%); pale yellow solid. 'H NMR (500 MHz, CD;0D) 6 7.49 — 7.41 (m, 3H), 7.36 (d,
J=4.0 Hz, 2H), 7.30 (s, 1H), 5.71 (s, 1H), 3.70 (d, J = 15.4 Hz, 1H), 2.60 (d, J = 8.3
Hz, 1H), 2.23 (d,J=11.6 Hz, 1H),2.19 -2.11 (m, 2H), 2.06 (s, 1H), 1.93 (dd, J=15.0,
20.8 Hz, 3H), 1.77 — 1.54 (m, 4H), 1.51 (d, J = 7.3 Hz, 2H), 1.40 (d, J = 3.9 Hz, 5H),
1.17 (s, 6H), 1.13 (s, 3H), 1.08 — 1.04 (m, 4H), 1.02 (s, 3H), 0.83 (s, 4H); 3C NMR
(125 MHz, CD;0D) ¢ 200.6, 179.2, 171.5, 146.4, 141.5, 138.0, 129.3, 129.1 (2xC),
128.5 (2xC), 128.1, 114.4, 60.3, 54.3, 45.2, 43.6, 43.4, 41.2, 37.9, 37.7, 37.4, 34.7,
31.8,30.9,29.5,29.1, 28.4, 28.1, 28.0, 26.4, 26.3, 23.0, 22.2, 18.2, 18.0, 15.3; HRMS

(ESI): m/z calced for C37H49N,O3 [M+H]™: 569.3738, found 569.3742.

4.1.28 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-fluorophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-28)

Compound GA-28 was synthesized in the same procedure as that of GA-20 (yield
55%); pale yellow solid. "TH NMR (500 MHz, Acetone-dg) 6 10.72 (s, 1H), 7.45 (dd, J

=4.9, 8.8 Hz, 2H), 7.34 (s, 1H), 7.24 (t, J= 8.7 Hz, 2H), 5.62 (s, 1H), 3.71 (d, J = 15.4
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Hz, 1H), 2.66 (s, 1H), 2.31 — 2.10 (m, 4H), 1.99 — 1.85 (m, 4H), 1.79 (t, J = 13.4 Hz,
2H), 1.65 — 1.58 (m, 2H), 1.56 — 1.48 (m, 3H), 1.47 (s, 3H), 1.20 (d, J = 3.8 Hz, 6H),
1.15 (s, 3H), 1.09 (d, J = 4.6 Hz, 3H), 1.04 (s, 4H), 0.90 (d, J = 7.4 Hz, 1H), 0.86 (s,
3H); 13C NMR (125 MHz, Acetone-dg) 5 198.2, 177.0, 169.5, 163.7, 138.6, 137.6, 131.8,
128.1, 115.2 (2xC), 115.0 (2xC), 114.4, 70.2, 60.0, 54.0, 48.4, 44.9, 43.4, 43.3, 41.2,
37.8, 37.1, 34.6, 31.7, 31.6, 30.7, 28.2, 27.5, 26.4, 26.2, 22.7, 21.9, 19.1, 18.2, 17.7,

15.0; HRMS (ESI): m/z calcd for Cs7H4sFN,O5 [M+H]*: 587.3643, found 587.3649.

4.1.29 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-chlorophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[ 1,2-f]indazole-2-carboxylic acid (GA-29)

Compound GA-29 was synthesized in the same procedure as that of GA-20 (yield
60%); yellow solid. '"H NMR (500 MHz, Acetone-d¢) 0 10.67 (s, 1H), 7.53 (d, J=8.7
Hz, 2H), 7.43 (d, J = 8.7 Hz, 2H), 7.33 (s, 1H), 5.62 (s, 1H), 3.70 (d, /= 15.4 Hz, 1H),
2.66 (s, 1H),2.29-2.16 (m, 3H), 1.90 (ddd, /=6.2,8.7,17.9 Hz, 3H), 1.79 (t, /= 13.4
Hz, 2H), 1.60 (ddd, J=17.9, 12.7, 17.6 Hz, 2H), 1.55 — 1.48 (m, 2H), 1.46 (s, 3H), 1.42
(dd, J=2.9, 9.8 Hz, 4H), 1.20 (d, J = 3.0 Hz, 6H), 1.15 (s, 3H), 1.09 (s, 3H), 1.05 (s,
3H), 0.89 (s, 1H), 0.86 (s, 3H); '*C NMR (125 MHz, Acetone-ds)  198.2, 192.4, 169 .4,
138.4, 134.3, 133.0, 131.1 (2xC), 128.5 (2xC), 128.1, 121.7, 120.0, 60.0, 54.1, 48.4,
449, 44.4, 433, 43.3, 41.2, 37.8, 37.2, 34.5, 31.7, 31.7, 31.7, 30.7, 28.2, 27.5, 26 .4,
26.2,22.7,22.1,18.2, 17.7, 15.0; HRMS (ESI): m/z calcd for C37;H4sCIN,O5 [M+H]*:

603.3348, found 603.3341.

4.1.30 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-bromophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-o0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-

octadecahydro-1H-ch-ryseno[ 1,2-f]indazole-2-carboxylic acid (GA-30)
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Compound GA-30 was synthesized in the same procedure as that of GA-20 (yield
60%); yellow solid. '"H NMR (500 MHz, Acetone-dg) 6 10.66 (s, 1H), 7.71 — 7.66 (m,
2H), 7.39 — 7.32 (m, 3H), 5.62 (s, 1H), 3.71 (d, J = 15.4 Hz, 1H), 2.66 (s, 1H), 2.19 (d,
J=15.5Hz, 3H), 1.94 — 1.87 (m, 3H), 1.79 (t, J = 13.4 Hz, 3H), 1.64 — 1.57 (m, 3H),
1.52 (d, J=12.8 Hz, 3H), 1.46 (s, 4H), 1.20 (d, J = 3.3 Hz, 6H), 1.15 (s, 3H), 1.10 (s,
3H), 1.05 (s, 3H), 0.86 (s, 4H); 3C NMR (125 MHz, Acetone-ds) 6 198.2, 189.1, 176.9,
169.4, 161.5, 137.9, 136.4, 131.6 (2xC), 131.4 (2xC), 128.1, 120.0, 60.0, 56.7, 54.1,
51.8,48.4,44.9,43.4,43.3,41.2, 37.8, 37.1, 34.5, 31.7, 30.7, 28.2, 27.5, 26.4, 26.2,
22.7,22.4,22.1,18.2, 17.7, 15.0; HRMS (ESI): m/z calcd for C37H4sBrN,O5; [M+H]*:

647.2843, found 647.2841.

4.1.31 (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-2,4a,6a,6b,9,9,15a-heptamethyl-16-
0x0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-octadecahydro-1H-hryseno[2,1-
b]carbazo-le-2-carboxylic acid (GA-31)

Compound GA-31 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.37 (d, J = 7.6 Hz, 1H), 7.27
(d,/=7.9 Hz, 1H), 7.01 (t,J= 7.4 Hz, 1H), 6.95 (d, J= 7.4 Hz, 1H), 5.62 (s, 1H), 3.75
(d, J=15.3 Hz, 1H), 2.62 (s, 1H), 2.31 (d, J=11.2 Hz, 1H), 2.27 — 2.11 (m, 4H), 2.09
—1.99 (m, 1H), 1.93 (t, /= 12.6 Hz, 1H), 1.77 (dd, J=12.5, 24.2 Hz, 1H), 1.73 — 1.66
(m, 2H), 1.60 (t,J=11.8 Hz, 5H), 1.31 (d, /= 7.2 Hz, 4H), 1.23 (s, 9H), 1.21 (s, 6H),
0.88 — 0.80 (m, 1H), 0.75 (s, 3H); '*C NMR (125 MHz, CD;0D) ¢ 200.8, 181.1, 167.4,
140.7, 136.5, 127.8, 123.8, 120.2, 117.9, 117.5, 110.3, 105.6, 59.5, 53.2, 45.1, 43.9,
42.2, 404, 37.8, 37.5, 37.4, 35.9, 35.5, 34.0, 33.1, 31.7, 30.4, 29.5, 28.4, 26.6, 22.7,
20.3, 18.4, 18.0, 15.8, 15.7;HRMS (ESI): m/z calcd for C;sH4;NOsNa [M+Na]*:

564.3448, found 564.3477.
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4.1.32 (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-13-fluoro-2,4a,6a,6b,9,9,15a-
heptamethyl-16-0x0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-octadecahydro-
1H-chryseno[2,1-b]carbazole-2-carboxylic acid (GA-32)

Compound GA-32 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. '"H NMR (500 MHz, CD;0D) 6 7.16 (dd, J=4.4, 8.7 Hz, 1H),
6.99 (dd, J=2.4, 9.8 Hz, 1H), 6.74 (td, J= 2.5, 9.2 Hz, 1H), 2.60 (d, J = 6.7 Hz, 1H),
2.33 = 2.22 (m, 2H), 2.20 — 2.13 (m, 2H), 2.07 — 1.87 (m, 3H), 1.82 — 1.64 (m, 4H),
1.64 — 1.54 (m, 5H), 1.47 (d, J=10.2 Hz, 4H), 1.40 — 1.32 (m, 7H), 1.30 (s, 3H), 1.19
(d,J=3.2 Hz, 6H), 0.84 (t,J=6.9 Hz, 1H), 0.74 (s, 3H); 3C NMR (125 MHz, CD;0D)
0201.1,179.2,171.3,158.2, 156.4, 142.8, 133.0, 128.1, 110.7, 108.1, 102.4, 60.5, 53.0,
45.4, 43.6, 43.4, 41.2, 38.0, 37.7, 37.5, 34.2, 32.0, 31.8, 30.9, 30.4, 29.5, 28.7, 28.4,
28.1, 26.5, 26.3, 23.0, 22.8, 18.4, 18.1, 15.7;, HRMS (ESI): m/z calcd for

C36H46FNOsNa [M+Na]": 582.3354, found 582.3385.

4.1.33 (2S,4aS,6aS,6bR,8aR,15aS,15bR,17bR)-13-chloro-2,4a,6a,6b,9,9,15a-
heptamethyl-16-0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,15,15a,15b,16,17b-octadecahydro-
1H-chryseno[2,1-b]carbazole-2-carboxylic acid (GA-33)

Compound GA-33 was synthesized in the same procedure as that of GA-20 (yield
55%); pale yellow solid. "H NMR (500 MHz, CD;0D) ¢ 7.53 — 7.48 (m, 2H), 6.98 (dd,
J=2.0,8.5 Hz, 1H), 5.62 (s, 1H), 3.63 (s, 1H), 2.61 (s, 1H), 2.34 — 2.22 (m, 2H), 2.17
(s, 1H), 2.09 — 1.86 (m, 4H), 1.84 — 1.69 (m, 4H), 1.64 (d, /= 10.0 Hz, 4H), 1.58 (t, J
=11.2 Hz, 4H), 1.48 (d, J=10.1 Hz, 4H), 1.41 (s, 3H), 1.33 (s, 5H), 1.10 (s, 3H), 0.79
(d, J=4.1 Hz, 1H), 0.75 (s, 3H); 13C NMR (125 MHz, CD3;0D) ¢ 201.7, 181.2, 167.7,

144.7, 134.8, 129.7, 124.4, 123.8, 120.5, 117.4, 111.5, 106.8, 54.5, 50.6, 45.8, 45.4,
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434, 42.2,404, 37.5, 35.9, 35.5, 34.1, 32.6, 31.6, 30.0, 29.5, 29.2, 28.7, 26.7, 23.2,
22.5,20.7, 18.3, 15.9, 13.7; HRMS (ESI): m/z calcd for C;5H4CINO3;Na [M+Na]*:

598.3058, found 598.3063.

4.1.34 (2S,4a8S,6aS,6bR,8aR,15aS,15bR,17bR)-13-bromo-2,4a,6a,6b,9,9,15a-
heptamethyl-16-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,15,15a,15b,16,17b-octadecahydro-
1H-chryseno[2,1-b]carbazole-2-carboxylic acid (GA-34)

Compound GA-34 was synthesized in the same procedure as that of GA-20 (yield
55%); light brown solid. 'H NMR (500 MHz, CD;0D) ¢ 7.50 — 7.47 (m, 1H), 7.14 (d,
J=28.5Hz, 1H), 7.07 (dd, J= 1.9, 8.5 Hz, 1H), 5.71 (s, 1H), 3.79 (d, /= 15.4 Hz, 1H),
2.67 (s, 1H), 2.28 — 2.19 (m, 2H), 2.16 (d, J = 9.4 Hz, 3H), 2.07 (td, /= 4.1, 13.6 Hz,
1H), 1.98 — 1.83 (m, 4H), 1.82 — 1.74 (m, 1H), 1.65 (q, J = 13.5, 14.5 Hz, 3H), 1.61 —
1.49 (m, 4H), 1.42 (s, 3H), 1.40 — 1.36 (m, 3H), 1.19 (s, 3H), 1.16 (s, 3H), 1.11 (s, 4H),
0.84 (d, J= 5.0 Hz, 4H); '*C NMR (125 MHz, CD;0D) ¢ 201.0, 179.2, 171.3, 142.3,
135.2,129.7,128.1,122.8,120.2, 111.7,111.1, 105.6, 60.5, 53.0, 45.4, 43.6,43.4, 41.2,
37.9,37.7,37.4, 34.1, 31.8, 30.9, 30.3, 29.5, 28.7, 28.4, 28.1, 26.5, 26.3, 23.0, 22.7,
18.4, 18.1, 15.6; HRMS (ESI): m/z caled for C3;4HysBrNO;Na [M+Na]*: 642.2553,

found 642.2566.

4.1.35 Methyl (28S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-fluorophenyl)-,4a,6a,6b,
9.9, 13a-heptamethyl-14-0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-octade
cahydro-1H-chryseno[1,2-f]indazole-2-carboxylate (GA-35)

Compound GA-35 was synthesized in the same procedure as that of GA-6 (yield
70%); pale yellow solid. 'H NMR (500 MHz, Acetone-dg) 0 7.59 — 7.50 (m, 1H), 7.34
—7.26 (m, 3H), 7.22 (dt, J = 2.2, 9.5 Hz, 1H), 5.62 (s, 1H), 3.70 (s, 3H), 2.78 (d, J =

16.9 Hz, 2H), 2.20 — 2.13 (m, 3H), 1.97 — 1.86 (m, 3H), 1.84 — 1.76 (m, 2H), 1.60 (dd,
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J=2.8,11.1 Hz, 2H), 1.57 — 1.49 (m, 2H), 1.46 (s, 3H), 1.44 — 1.37 (m, 3H), 1.20 (s,
4H), 1.15 (d, J = 2.5 Hz, 6H), 1.11 (s, 3H), 1.07 (s, 3H), 0.84 (s, 4H); 3C NMR (125
MHz, Acetone-dg) 5 198.3, 176.2, 169.2, 162.9, 138.3,129.9, 129.8, 128.1, 125.4, 116.7,
115.8,115.7, 114.3, 60.1, 54.1, 51.0, 48.3, 44.9, 43.8, 43.2, 41.1, 37.8, 37.7, 37.2, 34.5,
31.7,31.7,30.7, 29.6, 28.1, 27.4, 26.4, 26.1, 22.7, 22.1, 18.2, 17.7, 15.0; HRMS (ESI):

m/z calcd for C3gHsoFN,O; [M+H]*: 601.3800, found 601.3822.

4.1.26 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-fluorophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[ 1,2-f]indazole-2-carboxylate (GA-36)

Compound GA-36 was synthesized in the same procedure as that of GA-6 (yield
70%); pale yellow solid. 'TH NMR (500 MHz, Acetone-dg) 0 7.63 — 7.56 (m, 1H), 7.53
(td, J=1.6, 7.7 Hz, 1H), 7.38 — 7.29 (m, 3H), 5.62 (s, 1H), 3.70 (s, 3H), 2.80 (s, 1H),
2.66 (s, 1H), 2.24 — 2.15 (m, 3H), 2.08 (s, 3H), 1.99 — 1.86 (m, 3H), 1.84 — 1.76 (m,
2H), 1.66 — 1.55 (m, 2H), 1.54 — 1.48 (m, 2H), 1.46 (s, 3H), 1.42 (ddt,J=3.7,7.0, 13.7
Hz, 3H), 1.34 (dd, /=3.8, 14.1 Hz, 1H), 1.30 — 1.24 (m, 2H), 1.20 (s, 3H), 1.15 (s, 6H),
1.09 (s, 1H), 1.04 (s, 1H), 0.84 (s, 3H); *C NMR (125 MHz, Acetone-dg) 6 198.3, 176.2,
169.2, 159.8, 157.8, 138.7, 131.7, 128.1, 124.1, 124.1, 116.2, 116.0, 114.1, 60.0, 51.1,
48.3, 44.9, 43.8, 43.6, 43.2, 41.1, 37.9, 37.7, 37.2, 34.3, 31.7, 31.7, 30.7, 29.7, 28.1,
28.1,27.4,26.4,26.2,22.7,19.0, 18.2, 17.7, HRMS (ESI): m/z caled for C33Hs0FN,0;

[M+H]": 601.3800, found 601.3817.

4.1.37 Methyl (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-chlorophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[1,2-f]indazole-2-carboxylate (GA-37)

Compound GA-37 was synthesized in the same procedure as that of GA-6 (yield
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72%); pale yellow solid. 'H NMR (500 MHz, Acetone-dg) 0 7.61 — 7.49 (m, 2H), 7.46
(t,J=1.8 Hz, 1H), 7.40 (dt,J= 1.7, 7.4 Hz, 1H), 7.29 (d, J=4.9 Hz, 1H), 5.62 (s, 1H),
3.70 (s, 3H), 2.77 (s, 1H), 2.65 (s, 1H), 2.22 — 2.14 (m, 3H), 1.98 — 1.86 (m, 3H), 1.85
— 1.75 (m, 2H), 1.60 (ddd, J = 3.0, 13.0, 23.8 Hz, 2H), 1.54 — 1.48 (m, 2H), 1.46 (s,
3H), 1.44 — 1.37 (m, 3H), 1.36 — 1.31 (m, 1H), 1.27 (d, /= 10.5 Hz, 3H), 1.15 (d, J =
2.9 Hz, 6H), 1.10 (s, 3H), 1.07 (s, 3H), 0.84 (s, 4H); '3C NMR (125 MHz, Acetone-dg)
0 198.3, 176.2, 169.2, 138.4, 133.3, 129.8, 129.3, 128.9, 128.1, 127.9, 120.5, 118.3,
114.4, 60.1, 54.1, 51.0, 48.3, 44.9, 43.8, 43.2, 41.1, 37.8, 37.7, 37.2, 34.5, 31.7, 31.7,
30.7,29.6, 28.1, 27.4, 26.4, 26.1, 22.7,22.2, 18.2, 17.7, 15.0; HRMS (ESI): m/z calcd

for C33Hs5oCIN,O5 [M+H]": 617.3504, found 617.3522.

4.1.38 Methyl (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-chlorophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[ 1,2-f]indazole-2-carboxylate (GA-38)

Compound GA-38 was synthesized in the same procedure as that of GA-6 (yield
70%); pale yellow solid. 'TH NMR (500 MHz, Acetone-dg) 6 7.65 — 7.46 (m, 4H), 7.34
(d, J=3.1 Hz, 1H), 5.62 (s, 1H), 3.70 (s, 3H), 2.77 (s, 2H), 2.23 — 2.13 (m, 3H), 1.98 —
1.86 (m, 3H), 1.85 — 1.77 (m, 2H), 1.65 — 1.49 (m, 4H), 1.47 (d, /= 1.9 Hz, 3H), 1.44
—1.39 (m, 2H), 1.34 (dd, J = 3.7, 14.1 Hz, 1H), 1.30 — 1.21 (m, 4H), 1.20 (d, /= 1.8
Hz, 3H), 1.18 (d, /= 1.8 Hz, 3H), 1.15 (s, 3H), 1.12 (s, 1H), 1.08 — 1.01 (m, 1H), 1.00
(s, 1H), 0.92 (s, 1H), 0.84 (s, 3H); '3C NMR (125 MHz, Acetone-ds) § 200.6, 198.3,
197.6, 176.2, 164.6, 160.2, 143.0, 138.7, 131.6, 129.9, 128.1, 127.1, 114.1, 60.1, 59.9,
54.1, 53.9, 51.0, 48.3, 44.9, 44.9, 43.8, 43.2, 41.1, 38.0, 37.7, 37.3, 34.4, 31.7, 30.7,
28.1,27.4,26.2,22.7,22.4,19.9, 17.7, 14.5; HRMS (ESI): m/z calcd for C33Hs¢CIN,O;

[M+H]*: 617.3504, found 617.3532.
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4.1.39 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-bromophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-39)

Compound GA-39 was synthesized in the same procedure as that of GA-6 (yield
75%); yellow solid. 'TH NMR (500 MHz, CDCl;) ¢ 7.61 — 7.55 (m, 2H), 7.36 (d, J =
12.2 Hz, 2H), 7.31 (t,J = 7.8 Hz, 1H), 5.75 (s, 1H), 3.77 (d, J = 15.6 Hz, 1H), 3.70 (s,
3H), 2.54 (s, 1H), 2.15 (s, 1H), 2.12 (d, /= 3.6 Hz, 1H), 2.09 — 1.92 (m, 4H), 1.85 (td,
J=43,13.6 Hz, 1H), 1.75—-1.67 (m, 1H), 1.62 (t, J = 13.5 Hz, 1H), 1.56 (dt, J = 5.8,
9.9 Hz, 1H), 1.53 — 1.46 (m, 2H), 1.32 (d, /= 9.4 Hz, 2H), 1.28 (dd, J=2.7, 11.6 Hz,
2H), 1.25 (s, 3H), 1.18 (s, 3H), 1.15 (d, J/=2.2 Hz, 6H), 1.08 (s, 3H), 1.04 (s, 3H), 1.02
(d, J=2.2 Hz, 1H), 0.83 (s, 3H); 3C NMR (125 MHz, CDCl;) § 199.5, 176.9, 169.5,
145.8, 143.5, 138.9, 132.4, 132.1, 129.7, 128.7, 127.8, 121.8, 114.7, 60.4, 54.4, 51.8,
48.3, 45.1, 44.0, 43.3, 41.2, 37.9, 37.8, 37.5, 34.8, 32.0, 31.9, 31.1, 30.9, 29.7, 28.6,
28.3, 26.4, 23.2, 22.6, 18.4, 18.2, 15.6; HRMS (ESI): m/z caled for Cs;3HsoBrN,O;

[M+H]": 661.2999, found 661.3029.

4.1.40 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-bromophenyl)-,4a,6a,6b,
9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[1,2-f]indazole-2-carboxylate (GA-40)

Compound GA-40 was synthesized in the same procedure as that of GA-6 (yield
75%); yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.72 (td, J= 1.3, 7.8 Hz, 1H), 7.59
—7.39 (m, 3H), 7.36 (d, J=2.9 Hz, 1H), 5.69 (d, J=3.4 Hz, 1H), 4.25 - 4.09 (m, 1H),
3.75-3.67 (m, 3H), 2.63 (t, /= 8.1 Hz, 1H), 2.30 — 2.04 (m, 4H), 2.01 — 1.83 (m, 3H),
1.79 - 1.66 (m, 2H), 1.62 — 1.47 (m, 4H), 1.43 (d, /=3.8 Hz, 3H), 1.35 (d, /J=12.4 Hz,

2H), 1.19 (s, 3H), 1.18 (s, 1H), 1.16 (d, J= 6.3 Hz, 6H), 1.12 (s, 1H), 1.06 (d, J = 16.1
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Hz, 3H), 0.94 (s, 2H), 0.87 (s, 1H), 0.84 (s, 3H); '3C NMR (125 MHz, CD;0D) 6 200.5,
177.3, 168.7, 146.1, 145.9, 140.7, 138.6, 133.2, 131.1, 128.0, 124.9, 114.8, 60.3, 54.3,
51.3, 45.1, 44.0, 43.4, 41.1, 37.9, 34.5, 34.4, 31.7, 30.8, 29.7, 29.4, 28.1, 27.5, 27.1,
26.3, 26.1, 22.7, 19.9, 18.2, 17.7, 15.3, 14.5, 13.6; HRMS (ESI): m/z caled for

Ci33Hs0BrN,O; [M+H]": 661.2999, found 661.3024.

4.1.41 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-methoxyphenyl)-,4a,6a,
6b,9, 9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[ 1,2-f]indazole-2-carboxylate (GA-41)

Compound GA-41 was synthesized in the same procedure as that of GA-6 (yield
75%); white solid. 'H NMR (500 MHz, CDCl;) ¢ 7.38 (s, 1H), 7.30 (d, J= 8.4 Hz, 2H),
6.92 (d, J= 8.7 Hz, 2H), 5.75 (s, 1H), 3.85 (s, 3H), 3.78 (s, 1H), 3.71 (s, 3H), 2.54 (s,
1H), 2.12 (d,J=4.5 Hz, 1H), 2.08 — 1.92 (m, 4H), 1.85 (td, /=4.2, 13.6 Hz, 1H), 1.77
—1.58 (m, 3H), 1.57 — 1.45 (m, 4H), 1.25 (s, 5H), 1.20 (d, /= 7.7 Hz, 1H), 1.18 (s, 3H),
1.16 (s, 6H), 1.08 (s, 3H), 1.03 (s, 3H), 0.89 (dt, J=7.3, 13.9 Hz, 1H), 0.83 (s, 3H); 13C
NMR (125 MHz, CDCl3) 0 199.5, 176.9, 169.4, 159.8, 149.8, 145.9, 137.9, 130.2, 130.2,
128.7,128.7,114.3,113.6, 60.4, 55.5, 54.4,51.8,48.4,45.1,44.0,43.3,41.2, 38.0, 37.8,
34.8,32.0, 31.9, 31.1, 30.9, 29.7, 29.3, 28.6, 28.3, 26.4, 23.2, 22.4, 18.4, 18.2, 15.6;

HRMS (ESI): m/z calcd for C39Hs,N,O4Na [M+Na]*: 635.3819, found 635.3831.

4.1.42 Methyl (28S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-methoxyphenyl)-,4a,6a,
6b,9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chrysenol[1,2-f]indazole-2-carboxylate (GA-42)

Compound GA-42 was synthesized in the same procedure as that of GA-6 (yield
75%); white solid. "TH NMR (500 MHz, CD;0D) 6 7.40 — 7.31 (m, 1H), 7.29 (s, 1H),

7.01 (d, J = 7.8 Hz, 1H), 6.95 (d, J = 7.5 Hz, 1H), 6.92 — 6.87 (m, 1H), 5.70 (s, 1H),
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3.80 (d, J= 2.6 Hz, 3H), 3.70 (d, J = 2.7 Hz, 4H), 2.66 — 2.48 (m, 1H), 2.19 — 2.01 (m,
4H), 1.99 — 1.84 (m, 3H), 1.78 — 1.62 (m, 2H), 1.54 (d, J = 24.9 Hz, 4H), 1.40 (d, J =
4.3 Hz, 5H), 1.17 (d,J=3.5 Hz, 3H), 1.14 (d, J= 4.7 Hz, 6H), 1.10 (d, J = 3.6 Hz, 3H),
1.05 (d, J = 3.1 Hz, 4H), 0.82 (d, J = 3.1 Hz, 4H); '3C NMR (125 MHz, CD;0D) ¢
200.5,177.4,173.8,159.5, 146.2, 142.6, 138.0, 129.1, 128.1, 121.3, 114.9, 114.4, 102.7,
60.4, 59.8, 55.2, 54.3, 45.2, 44.0, 43.4, 41.1, 37.8, 37.7, 37.4, 34.7, 31.8, 30.9, 29.5,
29.1,29.0, 28.4, 27.8, 26.4, 26.2, 22.9, 22.2, 18.2, 17.9, 15.3; HRMS (ESI): m/z calcd

for C39Hs53N,O4 [M+H]": 613.4000, found 613.4011.

4.1.43 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-methoxyphenyl)-2,4a,6a,
6b,9,9,13a-heptamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahyd-ro-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-43)

Compound GA-43 was synthesized in the same procedure as that of GA-6 (yield
75%); white solid. 'H NMR (500 MHz, CD;0D) ¢ 7.46 (t, J = 7.1 Hz, 1H), 7.31 (s,
2H), 7.10 — 6.93 (m, 2H), 5.69 (d, J=4.2 Hz, 1H), 4.30 — 4.00 (m, 1H), 3.77 — 3.60 (m,
6H), 2.60 (s, 1H), 2.14 (d, J = 17.5 Hz, 5H), 2.07 — 1.81 (m, 4H), 1.68 (dd, J = 15.5,
29.5 Hz, 2H), 1.58 — 1.46 (m, 3H), 1.40 (s, 4H), 1.18 (s, 3H), 1.14 (d, /= 6.7 Hz, 6H),
1.11 (s, 1H), 1.05 (s, 3H), 0.96 (s, 2H), 0.85 (d, J=23.9 Hz, 5H); 3C NMR (125 MHz,
CD;0D) 0 200.5, 177.4, 176.9, 171.1, 156.5, 138.3, 138.2, 131.1, 130.7, 128.1, 119.8,
114.1, 111.8, 60.4, 55.1, 54.3, 51.5,45.2, 44.0, 43.8, 43.4, 41.1, 37.9, 37.7, 34.6, 31.8,
30.9,30.2,29.3,28.3,27.8, 26.8,26.4,26.2,22.9,22.1, 17.9, 15.4, 14.9; HRMS (ESI):

m/z calcd for C390Hs3N,O4 [M+H]*: 613.4000, found 613.4023.

4.1.44 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-0-x0-10-(4-(trifluoromethyl)phenyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,

13,13a,13b,14,15b-octa-decahydro-1H-chryseno|[ 1,2-f]indazole-2-carboxylate (GA-44)
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Compound GA-44 was synthesized in the same procedure as that of GA-6 (yield
75%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.76 (d, J = 8.3 Hz, 2H), 7.63
—7.52 (m, 3H), 5.70 (s, 1H), 3.70 (s, 4H), 2.61 (s, 1H), 2.20 — 2.12 (m, 3H), 2.08 (d, J
=4.2 Hz, 1H), 2.01 — 1.81 (m, 4H), 1.78 — 1.63 (m, 3H), 1.54 (dd, J = 12.9, 25.3 Hz,
5H), 1.41 (s, 3H), 1.18 (s, 3H), 1.15 (d, /= 2.6 Hz, 6H), 1.08 (s, 3H), 1.04 (s, 3H), 0.86
(s, 1H), 0.83 (s, 3H); 3C NMR (125 MHz, CD3;0D) 6 200.5, 177.4, 171.3, 146.6, 145.0,
138.7, 131.5, 131.2, 129.7, 128.1, 125.7, 124.7, 122.5, 114.9, 60.3, 54.2, 51.5, 45.2,
44.0, 43.4,41.1, 37.8, 37.6, 37.2, 34.6, 31.7, 30.8, 29.5, 29.2, 28.2, 27.7, 26.4, 26.2,
22.8, 22.4, 22.3, 18.2, 17.8, 15.2; HRMS (ESI): m/z caled for Cs;9H49F3N,O3Na

[M+Na]": 673.3587, found 673.3589.

4.1.45 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-0-x0-10-(3-(trifluoromethyl)phenyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,
13,13a,13b,14,15b-octa-decahydro-1H-chryseno[ 1,2-f]lindazole-2-carboxylate (GA-45)
Compound GA-45 was synthesized in the same procedure as that of GA-6 (yield
75%); pale yellow solid. "TH NMR (500 MHz, CD;0D) 6 7.78 (s, 1H), 7.71 — 7.58 (m,
4H), 5.70 (d, J = 5.2 Hz, 1H), 3.75 — 3.66 (m, 4H), 2.60 (d, J = 13.6 Hz, 1H), 2.22 —
2.11 (m, 4H), 2.09 — 1.76 (m, 5H), 1.66 (d, J = 13.3 Hz, 3H), 1.41 (d, J= 6.6 Hz, 5H),
1.18 (s, 3H), 1.14 (s, 6H), 1.06 (d, J= 5.3 Hz, 4H), 1.02 (d, J = 4.3 Hz, 4H), 0.83 (d, J
=3.5Hz, 4H); 3C NMR (125 MHz, CD;0D) 6200.4, 177.4, 160.4, 146.7, 142.3, 138.7,
132.6,129.5,128.1, 126.1, 124.4, 122.3,120.0, 115.0, 60.3, 54.2, 51.6,45.2, 44.0, 43 .4,
42.2,41.1, 37.8, 37.7, 37.2, 34.7, 31.8, 30.9, 29.5, 29.2, 28.3, 27.9, 26.4, 26.2, 22.9,
22.3,18.2, 17.9, 15.3; HRMS (ESI): m/z calcd for C39Hs0F3N,O3 [M+H]™: 651.3768,

found 651.3792.

4.1.46 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
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heptamethyl-14-0x-0-10-(2-(trifluoromethyl)phenyl)-,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,
13a,13b,14,15b-octa-decahydro-1H-chryseno[1,2-f]indazole-2-carboxylate (GA-46)
Compound GA-46 was synthesized in the same procedure as that of GA-6 (yield
75%); pale yellow solid. "H NMR (500 MHz, CD;0D) ¢ 7.82 — 7.76 (m, 1H), 7.70 (td,
J=2.3,5.9,6.5 Hz, 2H), 7.59 (dd, /= 1.4, 7.4 Hz, 2H), 5.70 (d, /= 2.3 Hz, 1H), 3.70
(s, 3H), 2.65 —2.57 (m, 2H), 2.23 — 2.09 (m, 4H), 2.00 — 1.82 (m, 4H), 1.78 — 1.63 (m,
3H), 1.41 (d, J = 6.8 Hz, 5H), 1.22 (s, 2H), 1.19 — 1.17 (m, 5H), 1.15 (d, J = 4.9 Hz,
5H), 1.07 (s, 3H), 0.90 (s, 2H), 0.83 (s, 3H), 0.80 (s, 2H); *C NMR (125 MHz, CD;0D)
0 200.5, 177.4, 171.2, 146.7, 138.6, 138.6, 131.9, 131.6, 130.2, 130.1, 128.1, 127.7,
115.1, 114.9, 60.1, 54.4, 51.5,45.1, 44.0,43.4,41.1, 37.9, 37.7, 37.3, 34.8, 34.6, 31.7,
30.8, 30.3, 29.5, 28.6, 28.3, 27.7, 26.2, 22.8, 20.7, 17.8, 15.5, 14.2; HRMS (ESI): m/z

calcd for C39H49F3N,O3Na [M+Na]*: 673.3587, found 673.3600.

4.1.47 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-o0-x0-10-(p-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chr-yseno[ 1,2-f]indazole-2-carboxylate (GA-47)

Compound GA-47 was synthesized in the same procedure as that of GA-6 to
obtain a colorless oil, which was used to hydrolysis reaction without further purification.

HRMS (ESI): m/z calcd for C39Hs3N,O5 [M+H]*: 597.4051, found 597.4015.

4.1.48 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-0-x0-10-(m-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chr-yseno[1,2-f]indazole-2-carboxylate (GA-48)

Compound GA-48 was synthesized in the same procedure as that of GA-14 to
obtain a colorless oil, which was used to hydrolysis reaction without further purification.

HRMS (ESI): m/z calcd for C39Hs3N,O5 [M+H]™: 597.4051, found 597.4013.
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4.1.49 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-0-x0-10-(o-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chr-yseno[ 1,2-f]indazole-2-carboxylate (GA-49)

Compound GA-49 was synthesized in the same procedure as that of GA-14 to
obtain a colorless oil, which was used to hydrolysis reaction without further purification.

HRMS (ESI): m/z calcd for C39Hs3N,O5 [M+H]™: 597.4051, found 597.4003.

4.1.50 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-10-(4-(methylsulfonyl)phenyl)-14-o0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,
13a,13b,14,15b-octa-decahydro-1H-chryseno[ 1,2-f]lindazole-2-carboxylate (GA-50)
Compound GA-50 was synthesized in the same procedure as that of GA-6 to
obtain a pale yellow oil, which was used to hydrolysis reaction without further
purification. HRMS (ESI): m/z calcd for C;9Hs3N,OsS [M+H]": 661.3670, found

661.3697.

4.1.51 Methyl (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-
heptamethyl-14-0x0-10-(4-sulfamoylphenyl)-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,
13b,14,15b-octadecahy-dro-1H-chryseno[ 1,2-f]indazole-2-carboxylate (GA-51)
Compound GA-51 was synthesized in the same procedure as that of GA-14. to
obtain a pale yellow oil, which was used to hydrolysis reaction without further
purification. HRMS (ESI): m/z calcd for C;3Hs;N;0sS [M+H]*: 662.3622, found

662.3665.

4.1.52 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-fluorophenyl)-2,4a,6a,6b,9,9,

13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
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octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-52)

Compound GA-52 was synthesized in the same procedure as that of GA-20 (yield
67%); pale yellow solid. '"H NMR (500 MHz, CDCl3) ¢ 7.51 — 7.34 (m, 2H), 7.25 —
7.16 (m, 2H), 6.97 (s, 1H), 5.79 (s, 1H), 3.81 — 3.73 (m, 1H), 2.55 (s, 1H), 2.30 — 2.21
(m, 1H), 2.04 (ddd, J=10.5, 21.2, 48.8 Hz, 5H), 1.90 — 1.82 (m, 1H), 1.75 — 1.60 (m,
3H), 1.53 (dd, J=9.5, 28.2 Hz, 4H), 1.42 (d, /= 10.4 Hz, 5H), 1.35 (dd, /= 5.0, 12.5
Hz, 2H), 1.19 (s, 3H), 1.15 (s, 4H), 1.07 (s, 3H), 1.02 (s, 3H), 0.87 (s, 4H); *C NMR
(125 MHz, CDCl;3) ¢ 199.3, 181.2, 169.9, 163.6, 143.0, 129.9, 129.5, 128.6, 127.9,
117.5,116.4,115.3,105.9,71.3,60.2, 54.1,48.2,45.1,43.3,41.0, 37.7, 34.9,31.9, 30.9,
29.7,29.1, 28.6, 28.4, 26.5,26.4,23.2,22.7,22.2, 18.3, 18.2, 15.6, 14.1; HRMS (ESI):

m/z calcd for C37H4FN,O; [M+H]": 587.3643, found 587.3645.

4.1.53 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-fluorophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-53)

Compound GA-53 was synthesized in the same procedure as that of GA-20 (yield
66%); pale yellow solid. 'H NMR (500 MHz, CDCl;) ¢ 7.44 (s, 3H), 7.25 — 7.14 (m,
2H), 5.78 (s, 1H), 3.77 (d, J = 15.4 Hz, 1H), 2.56 (s, 1H), 2.23 (d, J = 12.9 Hz, 1H),
2.10—1.80 (m, 5H), 1.68 (dt, J=14.5, 41.7 Hz, 3H), 1.51 (dd, J = 13.2, 23.3 Hz, 4H),
1.43 (d, J=10.1 Hz, 2H), 1.39 (s, 3H), 1.37 — 1.28 (m, 4H), 1.25 (s, 4H), 1.22 (s, 4H),
1.19 (s, 4H), 0.86 (s, 4H); '3C NMR (125 MHz, CDCl;) 6 199.2, 193.3, 181.5, 169.6,
150.7, 139.5, 132.8, 131.4, 130.2, 128.7, 123.9, 123.8, 116.5, 60.4, 54.0, 48.2, 45.2,
43.8, 43.3, 41.0, 37.7, 34.5, 32.0, 31.9, 30.9, 29.7, 29.3, 28.6, 28.4, 26.5, 26.4, 23.2,
22.7, 18.4, 18.2, 14.1, 13.9; HRMS (ESI): m/z caled for Cs;;H4FN,O3 [M+H]*:

587.3643, found 587.3663.
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4.1.54 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-chlorophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-54)

Compound GA-54 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. "H NMR (500 MHz, CD;0D) ¢ 7.53 — 7.46 (m, 2H), 7.41 (dd,
J=18.9,16.9 Hz, 2H), 7.31 (d, J= 8.0 Hz, 1H), 5.71 (s, 1H), 3.71 (d, /= 15.5 Hz, 1H),
2.60 (d,J=13.9 Hz, 1H), 2.28 —2.19 (m, 2H), 2.18 —2.01 (m, 4H), 1.90 (ddd, J=10.7,
16.2,38.5 Hz, 4H), 1.73 (t,J = 12.4 Hz, 2H), 1.66 — 1.55 (m, 4H), 1.54 — 1.48 (m, 3H),
1.17 (d, J=5.2 Hz, 6H), 1.12 (s, 3H), 1.08 (s, 3H), 1.03 (s, 3H), 0.89 (dd, J = 6.0, 8.8
Hz, 1H), 0.83 (s, 3H); 3C NMR (125 MHz, CD;0D) ¢ 200.5, 179.3, 171.6, 147.1,
142.1, 138.8, 134.0, 129.8, 129.7, 129.5, 128.0, 127.7, 114.9, 60.3, 54.2, 45.2, 43.6,
43.4,41.2,37.8, 37.7, 37.2, 34.7, 31.8, 30.9, 29.5, 29.1, 28.4, 28.1, 26.4, 26.2, 22.9,
22.5, 22.2, 18.2, 17.9, 15.3; HRMS (ESI): m/z calcd for Cs;;H4CIN,O; [M+H]":

603.3348, found 603.3354.

4.1.55 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-chlorophenyl)-2.,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-55)

Compound GA-55 was synthesized in the same procedure as that of GA-20 (yield
62%); pale yellow solid. '"H NMR (500 MHz, CDCl;) ¢ 7.58 — 7.31 (m, 5H), 5.77 (s,
1H), 3.77 (d, J = 15.3 Hz, 1H), 2.56 (d, J=10.3 Hz, 1H), 2.26 — 2.19 (m, 1H), 2.09 —
1.91 (m, 3H), 1.90 — 1.79 (m, 1H), 1.71 (t,J=11.1 Hz, 1H), 1.62 (t, /= 13.9 Hz, 1H),
1.58 — 1.45 (m, 4H), 1.38 (d, /= 6.9 Hz, 3H), 1.36 — 1.28 (m, 3H), 1.24 (d, /= 3.7 Hz,
3H), 1.20 (s, 3H), 1.18 (s, 3H), 1.15 (d, /=5.9 Hz, 3H), 1.09 (s, 2H), 1.00 (s, 2H), 0.91

(s, 2H), 0.85 (s, 3H); '3C NMR (125 MHz, CDCly) § 199.7, 181.3, 169.7, 139.7, 139.3,
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135.0,131.3,130.5,130.1, 130.1, 128.6, 126.7, 114.4,60.4, 54.4,53.8,48.2,45.2,43.8,
43.3, 41.0, 38.0, 37.7, 34.5, 31.9, 30.9, 30.1, 29.7, 29.2, 28.6, 28.4, 26.4, 23.2, 18.4,
18.2, 15.8, 15.1; HRMS (ESI): m/z calcd for C57;H43CIN,O; [M+H]": 603.3348, found

603.3362.

4.1.56 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-bromophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[ 1,2-f]indazole-2-carboxylic acid (GA-56)

Compound GA-56 was synthesized in the same procedure as that of GA-20 (yield
55%); yellow solid. '"H NMR (500 MHz, CDCl3) 6 7.61 (d, J= 7.7 Hz, 2H), 7.45 - 7.29
(m, 3H), 5.79 (s, 1H), 3.78 (d, J=15.6 Hz, 1H), 2.55 (s, 1H), 2.28 —2.22 (m, 1H), 2.01
(ddt,J=38.6, 16.9,25.7 Hz, 4H), 1.92 — 1.82 (m, 2H), 1.76 — 1.61 (m, 4H), 1.26 (s, 4H),
1.25 (s, 3H), 1.23 (s, 3H), 1.19 (s, 3H), 1.16 (s, 3H), 1.09 (s, 3H), 1.05 (s, 4H), 0.94 —
0.90 (m, 1H), 0.87 (s, 3H); '3C NMR (125 MHz, CDCI;) J 199.5, 180.5, 169.6, 156.6,
139.8, 138.8, 134.0, 132.4, 130.8, 129.8, 128.7, 127.9, 121.8, 60.3, 53.7, 48.2, 45.2,
43.7, 43.3, 41.0, 37.7, 34.8, 31.9, 30.9, 29.7, 29.3, 29.2, 28.6, 28.4, 26.5, 26.4, 23.2,
22.7, 18.4, 18.2, 15.6, 14.1; HRMS (ESI): m/z calcd for Cs;;H4BrN,O; [M+H]*:

647.2843, found 647.2868.

4.1.57 (25,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(2-bromophenyl)-2,4a,6a,6b,9,9,
13a-hepta-methyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-ch-ryseno[1,2-f]indazole-2-carboxylic acid (GA-57)

Compound GA-57 was synthesized in the same procedure as that of GA-20 (yield
50%); yellow solid. 'H NMR (500 MHz, CD;0D) 6 7.68 (td, /= 1.3, 8.0 Hz, 1H), 7.51
(ddd,J=1.6,7.8,17.9 Hz, 1H), 7.46 — 7.41 (m, 1H), 7.37 (q, J=4.9, 5.8 Hz, 2H), 5.70

(s, 1H), 3.70 (dd, J= 2.5, 15.4 Hz, 1H), 2.59 (d, J = 8.9 Hz, 1H), 2.28 — 2.01 (m, 4H),
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2.00 - 1.81 (m, 4H), 1.72 (t,J = 12.1 Hz, 1H), 1.65 — 1.46 (m, 6H), 1.39 (d, /= 5.9 Hz,
SH), 1.16 (d, J= 4.7 Hz, 7TH), 1.14 (d, J = 4.6 Hz, 3H), 1.10 (s, 1H), 1.03 (d, J = 12.2
Hz, 3H), 0.85 (d, J= 6.8 Hz, 1H), 0.82 (s, 3H); '3C NMR (125 MHz, CD;0D) § 200.6,
179.3, 171.5, 146.3, 140.6, 138.9, 133.3, 131.1, 128.1, 127.5, 125.0, 114.8, 60.2, 54.3,
452, 43.6, 43.4, 41.2, 37.9, 37.7, 37.4, 34.6, 34.5, 31.8, 30.9, 30.0, 29.5, 28.4, 28.1,
27.3,26.3,23.0,22.7,20.2, 18.0, 15.6, 14.7; HRMS (ESI): m/z calcd for C37H,sBrN,05

[M+H]": 647.2843, found 647.2854.

4.1.58 (2S,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(4-methoxyphenyl)-2,4a,6a,6b,9,9,
13a-hep-tamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-58)

Compound GA-58 was synthesized in the same procedure as that of GA-20 (yield
55%); white solid. '"H NMR (500 MHz, CDCl;) ¢ 7.37 (s, 1H), 7.30 (d, J= 8.0 Hz, 2H),
6.92 (d, J= 8.5 Hz, 2H), 5.78 (s, 1H), 3.85 (s, 3H), 3.76 (d, J = 15.2 Hz, 1H), 2.55 (s,
1H), 2.25 — 2.20 (m, 1H), 2.09 — 1.92 (m, 4H), 1.87 (dt, J = 6.8, 13.4 Hz, 1H), 1.76 —
1.59 (m, 3H), 1.58 — 1.46 (m, 4H), 1.25 (d, J = 1.9 Hz, 6H), 1.22 (s, 3H), 1.19 (s, 3H),
1.16 (s, 3H), 1.07 (s, 3H), 1.03 (s, 3H), 0.87 (d, J= 7.8 Hz, 4H); 3C NMR (125 MHz,
CDCly) 0 210.8, 199.7, 180.8, 169.5, 159.8, 145.9, 138.0, 134.8, 130.3, 128.7, 120.0,
114.2, 113.5, 60.4, 55.5, 54.4, 53.7,48.2,45.2, 43.7, 43.3, 41.0, 38.0, 37.7, 34.8, 31.9,
30.9,29.7,29.2, 28.6, 28.4, 26.4, 23.2,22.7,22.4, 18.2, 15.6, 14.1; HRMS (ESI): m/z

calcd for C3gHs N,O4 [M+H]*: 599.3843, found 599.3850.

4.1.59 (25,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-10-(3-methoxyphenyl)-2,4a,6a,6b,9,9,
13a-hep-tamethyl-14-o0x0-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-59)

Compound GA-59 was synthesized in the same procedure as that of GA-20 (yield
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55%); white solid. "TH NMR (500 MHz, CD;0D) ¢ 7.39 — 7.28 (m, 2H), 7.06 — 7.00 (m,
1H), 6.98 — 6.93 (m, 1H), 6.91 (d, /= 2.2 Hz, 1H), 5.71 (d, /= 3.5 Hz, 1H), 3.81 (d, J
=1.6 Hz, 3H), 3.70 (dd, /= 3.0, 15.4 Hz, 1H), 2.60 (q, /=4.8, 6.3 Hz, 1H), 2.27 - 2.20
(m, 1H), 2.16 (d, J = 3.3 Hz, 4H), 2.00 — 1.85 (m, 3H), 1.72 (d, /= 11.1 Hz, 1H), 1.66
(d,/J=13.3 Hz, 1H), 1.59 (d, /= 10.2 Hz, 2H), 1.51 (d, /= 12.1 Hz, 2H), 1.41 (s, 3H),
1.31(d,J=11.6 Hz, 3H), 1.17 (d, J = 6.0 Hz, 6H), 1.13 (s, 3H), 1.10 (s, 3H), 1.06 (s,
3H), 0.84 (s, 3H); 3C NMR (125 MHz, CD;0D) ¢ 200.6, 179.3, 171.6, 159.6, 129.1,
128.1,126.5,124.0,121.4,115.2,114.9,114.9,114.4,60.3,55.3,54.3,45.2,43.6,43 4,
41.2,37.8, 37.7, 37.4, 34.8, 31.8, 31.8, 30.9, 29.5, 29.1, 28.4, 28.1, 27.0, 26.5, 26.3,
23.0, 22.9, 18.2, 15.3; HRMS (ESI): m/z calcd for C3gHsiN,O4 [M+H]": 599.3843,

found 599.3845.

4.1.60 (2S,4aS,6aS,6bR,8aR,13aS,13bR, 1 5bR)-10-(2-methoxyphenyl)-2,4a,6a,6b,9,9,
13a-hep-tamethyl-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[1,2-f]indazole-2-carboxylic acid (GA-60)

Compound GA-60 was synthesized in the same procedure as that of GA-20 (yield
60%); white solid. 'TH NMR (500 MHz, CD;0D) 6 7.61 — 7.59 (m, 1H), 7.48 (t, /= 8.1
Hz, 1H), 7.40 — 7.31 (m, 2H), 7.06 — 7.02 (m, 1H), 5.71 (s, 1H), 3.74 (d, /= 9.7 Hz,
3H), 2.61 (d, J = 4.2 Hz, 1H), 2.27 — 2.15 (m, 3H), 2.10 — 2.04 (m, 1H), 1.93 (d, J =
34.3 Hz, 3H), 1.73 (d, J = 13.2 Hz, 2H), 1.69 — 1.62 (m, 2H), 1.58 (dd, J = 8.0, 14.5
Hz, 3H), 1.51 (d, J= 12.8 Hz, 2H), 1.41 (d, J= 3.5 Hz, 4H), 1.39 — 1.34 (m, 3H), 1.18
(s, 3H), 1.17 (s, 3H), 1.14 (s, 2H), 1.12 (d, J = 4.6 Hz, 3H), 1.06 (s, 2H), 0.84 (s, 3H);
BC NMR (125 MHz, CD;0D) 6 200.7, 179.1, 171.6, 156.4, 156.4, 137.9, 131.3, 130.6,
128.0, 119.8, 115.4, 114.2, 111.8, 60.3, 55.0, 54.0, 45.2, 45.2, 43.6, 43.4, 41.2, 37.9,

37.9, 37.6, 34.6, 31.7, 30.8, 29.4, 28.3, 27.9, 26.2, 24.8, 22.8, 22.4, 19.9, 17.8, 15.3,
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13.5; HRMS (ESI): m/z calcd for C3gHs;N,O4 [M+H]*: 599.3843, found 599.3879.

4.1.61 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
ox0-10-(4-(trifluoromethyl)phenyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahy-dro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-61)

Compound GA-61 was synthesized in the same procedure as that of GA-20 (yield
55%); yellow solid. '"H NMR (500 MHz, CD;0D) 6 7.77 (d, J = 8.0 Hz, 2H), 7.57 (d,
J=17.9 Hz, 2H), 7.40 (s, 1H), 5.71 (s, 1H), 3.72 (d, J=15.5 Hz, 1H), 2.61 (s, 1H), 2.25
(d, J=7.8 Hz, 1H), 2.18 (s, 1H), 2.09 (s, 1H), 1.98 — 1.87 (m, 3H), 1.74 (d, J=11.5
Hz, 1H), 1.65 (t,J=13.5 Hz, 1H), 1.58 (s, 2H), 1.52 (d, /= 12.3 Hz, 2H), 1.42 (s, 3H),
1.39 (d, /= 4.8 Hz, 1H), 1.36 (d, J = 8.1 Hz, 3H), 1.18 (s, 3H), 1.17 (s, 3H), 1.14 (s,
3H), 1.08 (s, 3H), 1.04 (s, 3H), 0.86 (d, J = 6.1 Hz, 1H), 0.84 (s, 3H); 3C NMR (125
MHz, CD;0D) ¢ 200.5, 179.5, 171.8, 147.0, 144.6, 138.9, 131.7, 129.9 (2xC), 129.0,
128.0, 125.7 (2xC), 115.1, 60.3, 54.2, 45.2, 43.6, 43.4, 41.2, 37.8, 37.7, 37.2, 34.7,
31.7,29.5,29.1, 28.5, 28.3, 27.9, 26 .4, 26.2, 22.8, 22.4, 22.2, 18.2, 17.8, 15.2; HRMS

(ESI): m/z calced for C3gHygF3N,O; [M+H]™: 637.3612, found 637.3625.

4.1.62 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
0x0-10-(3-(trifluoromethyl)phenyl)-2,3,4,4a,5,6,6a,6b,7,8,82,9,10,13,13a,13b,14,15b-
octadecahy-dro-1H-chryseno[1,2-f]indazole-2-carboxylic acid (GA-62)

Compound GA-62 was synthesized in the same procedure as that of GA-20 (yield
55%); yellow solid. "H NMR (500 MHz, CD;0D) 6 7.79 (d, J = 7.7 Hz, 1H), 7.70 —
7.57 (m, 4H), 5.71 (s, 1H), 3.72 (d, J = 15.5 Hz, 1H), 2.61 (s, 1H), 2.27 - 2.23 (m, 1H),
2.18 (s, 1H), 2.08 (dt, J= 6.8, 13.7 Hz, 1H), 1.98 — 1.84 (m, 4H), 1.73 (d, J = 9.6 Hz,
1H), 1.65 (t, J=13.4 Hz, 2H), 1.61 — 1.56 (m, 2H), 1.55 — 1.48 (m, 3H), 1.42 (s, 3H),

1.18 (s, 3H), 1.17 (s, 3H), 1.14 (s, 3H), 1.06 (d, J = 6.8 Hz, 4H), 1.03 (s, 3H), 0.86 (d,
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J=5.1 Hz, 1H), 0.84 (s, 3H); '*C NMR (125 MHz, CD,0D) § 200.5, 171.7, 165.1,
146.7, 138.8, 132.7, 131.2, 129.5, 128.0, 127.3, 126.1, 123.7, 122.3, 115.0, 60.3, 54.2,
452, 43.6, 43.4, 41.2, 37.8, 37.6, 37.2, 34.6, 31.7, 30.8, 29.5, 29.1, 28.3, 27.9, 26.4,
26.2, 22.8, 22.4, 22.2, 18.2, 17.8, 15.2; HRMS (ESI): m/z caled for CssHusF3N,05

[M+H]*: 637.3612, found 637.3627.

4.1.63 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
0x0-10-(2-(trifluoromethyl)phenyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahy-dro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-63)

Compound GA-63 was synthesized in the same procedure as that of GA-20 (yield
60%); yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.85 — 7.75 (m, 1H), 7.69 (td, J =
2.3, 6.1, 6.6 Hz, 2H), 7.57 (s, 1H), 7.34 (d, J = 3.4 Hz, 1H), 5.71 (d, J = 2.5 Hz, 1H),
3.73-3.67 (m, 1H), 2.61 (d, J=8.0 Hz, 1H), 2.28 — 2.02 (m, 5H), 1.98 — 1.83 (m, 4H),
1.73 (s, 2H), 1.65 (t, J = 13.5 Hz, 2H), 1.60 — 1.55 (m, 3H), 1.51 (dd, /= 3.1, 12.9 Hz,
3H), 1.46 (s, 1H), 1.06 (s, 3H), 1.03 (s, 1H), 0.90 (s, 3H), 0.87 (s, 1H), 0.85 (s, 1H),
0.84 — 0.83 (m, 4H), 0.82 (d, J = 2.6 Hz, 1H), 0.79 (d, J=9.7 Hz, 4H); 3C NMR (125
MHz, CD;0D) 6 200.6, 179.2, 171.6, 146.7, 146.4, 138.7, 138.6, 131.9, 131.6, 130.2,
128.0,127.7,115.1,114.9,60.1, 54.5,45.1,43.6,43.4,41.2,37.9,37.6,34.7,31.7, 30.8,
30.3,29.5,28.3,28.0,26.2, 24.8, 23.0, 22.8, 22.5, 17.9, 17.8, 14.3, 13.6; HRMS (ESI):

m/z calcd for C3gHygF3N,O5 [M+H]*: 637.3612, found 637.3643.

4.1.64 (2S.,4a8S,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
ox0-10-(p-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-octadecahydro-1H-
chryse- no[1,2-f]indazole-2-carboxylic acid (GA-64)

Compound GA-64 was synthesized in the same procedure as that of GA-20 (yield

65%); pale yellow solid. "H NMR (500 MHz, CD;0D) ¢ 7.28 (s, 1H), 7.26 — 7.21 (m,
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4H), 5.70 (s, 1H), 3.69 (d, J = 15.4 Hz, 1H), 2.59 (d, J = 6.4 Hz, 1H), 2.44 — 2.38 (m,
3H), 2.23 (d, J = 13.5 Hz, 1H), 2.17 (d, J = 9.8 Hz, 1H), 2.14 — 2.02 (m, 2H), 1.99 —
1.79 (m, 4H), 1.64 (d, J = 13.6 Hz, 2H), 1.50 (d, J=10.0 Hz, 2H), 1.40 (d, /= 4.2 Hz,
6H), 1.17 (s, 6H), 1.13 (s, 3H), 1.10 — 1.05 (m, 4H), 1.03 — 1.01 (m, 3H), 0.87 — 0.80
(m, 4H); 3C NMR (125 MHz, CD;0D) ¢ 200.6, 179.2, 171.6, 146.3, 139.5, 139.0,
137.7, 129.0 (2xC), 128.8 (2xC), 128.0, 114.3, 60.3, 54.3,45.2, 43.6, 43.4,41.2, 37.9,
37.6, 37.3, 34.6, 31.8, 31.7, 30.8, 29.5, 28.9, 28.3, 27.9, 26.4, 26.2, 22.8, 22.0, 20.6,
18.2, 17.8, 15.1; HRMS (ESI): m/z calcd for CsgHs;N,O; [M+H]": 583.3894, found

583.3930.

4.1.65 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
oxo0-10-(m-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-octadecahydro-
1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-65)

Compound GA-65 was synthesized in the same procedure as that of GA-20 (yield
60%); pale yellow solid. 'H NMR (500 MHz, CD;0D) ¢ 7.30 (d, /= 17.3 Hz, 3H), 7.16
(s, 2H), 5.71 (s, 1H), 3.70 (d, J = 15.4 Hz, 1H), 2.58 (s, 1H), 2.37 (s, 3H), 2.22 (d, J =
11.3 Hz, 1H), 2.15 (s, 3H), 2.05 (s, 1H), 1.97 — 1.85 (m, 3H), 1.71 (s, 1H), 1.65 — 1.53
(m, 3H), 1.50 (s, 2H), 1.41 — 1.38 (m, 4H), 1.16 (s, 6H), 1.12 (s, 3H), 1.07 (s, 4H), 1.02
(s,3H), 0.83 (s, 4H); 3C NMR (125 MHz, CD;0D) ¢ 200.6, 179.3, 152.9, 146.6, 138.6,
138.1,130.1, 129.7,128.2, 128.1, 128.0, 126.2, 114.4, 60.3, 54.3,45.2,43.6,43.4,41.2,
37.8,37.7,37.3, 34.7, 31.8, 30.9, 29.5, 29.5, 29.1, 28.4, 28.2, 28.1, 26.4, 26.3, 23.0,
22.1, 18.2, 18.0, 15.3; HRMS (ESI): m/z caled for C;3Hs;N,O3 [M+H]": 583.3894,

found 583.3919.

4.1.66 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-

ox0-10-(o-tolyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-octadecahydro-1H-
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chryseno[1,2-f]indazole-2-carboxylic acid (GA-66)

Compound GA-66 was synthesized in the same procedure as that of GA-20 (yield
55%); pale yellow solid. '"H NMR (500 MHz, CD;0D) ¢ 7.32 (ddd, J= 6.4, 11.7, 25.9
Hz, 5H), 5.71 (s, 1H), 3.70 (dd, J = 6.3, 15.3 Hz, 1H), 2.61 (s, 1H), 2.24 (d, J = 14.3
Hz, 1H), 2.16 (s, 2H), 2.06 (s, 1H), 1.99 — 1.91 (m, 3H), 1.91 — 1.83 (m, 3H), 1.73 (s,
1H), 1.68 — 1.44 (m, 5H), 1.43 — 1.37 (m, 5H), 1.19 — 1.15 (m, 9H), 1.13 — 1.10 (m,
3H), 1.04 (d, J= 13.1 Hz, 1H), 0.94 (d, J = 3.0 Hz, 2H), 0.84 (s, 5H); 3C NMR (125
MHz, CD;0D) ¢ 200.6, 179.3, 171.5, 145.9, 140.4, 138.1, 137.6, 130.6, 129.6, 129.3,
128.0,125.7,114.4,60.2,54.3,45.2,43.6,43.4,41.2,37.9,37.7,37.4,34.7,34.5,31.8,
30.9, 29.7,29.5, 28.3, 28.0, 27.0, 26.4, 26.2,22.9, 22.5, 19.9, 18.2, 17.9; HRMS (ESI):

m/z calcd for C3gHsN,O5; [M+H]*: 583.3894, found 583.3907.

4.1.67 (2S,4aS,6aS,6bR,8aR,13aS,13bR, 15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-10-(4-
(methy-lsulfonyl)phenyl)-14-ox0-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahy-ro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-67)

Compound GA-67 was synthesized in the same procedure as that of GA-20 (yield
60%); yellow solid. '"H NMR (500 MHz, CD;0D) ¢ 8.06 (d, J = 8.5 Hz, 2H), 7.63 (d,
J=8.5Hz, 2H), 7.36 (s, 1H), 5.71 (s, 1H), 3.72 (d, J=15.5 Hz, 1H), 3.16 (s, 3H), 2.59
(s, 1H), 2.23 (dd, J=3.4, 13.3 Hz, 1H), 2.19 - 2.12 (m, 2H), 2.07 (td, J=4.3, 13.5 Hz,
1H), 1.98 — 1.82 (m, 3H), 1.77 — 1.69 (m, 1H), 1.67 — 1.57 (m, 2H), 1.52 (t, J=11.9
Hz, 2H), 1.40 (d, J = 5.4 Hz, 4H), 1.36 — 1.30 (m, 2H), 1.17 (d, J = 6.5 Hz, 6H), 1.14
(s, 3H), 1.07 (s, 3H), 1.04 (s, 4H), 0.83 (s, 4H); '3C NMR (125 MHz, CD;0D) ¢ 200.5,
179.2,171.6, 146.8, 146.6, 141.2, 139.2, 130.1 (2xC), 128.0, 128.0 (2xC), 115.2, 60.3,
54.2,45.2,43.8, 43.6,43.4, 41.2, 37.8, 37.6, 37.3, 34.7, 31.8, 31.8, 30.9, 29.5, 29.4,

28.3, 28.1, 264, 26.2, 22.9, 22.6, 18.2, 17.9, 15.3; HRMS (ESI): m/z calcd for
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C33Hs50N,OsSNa [M+Na]™: 669.3333, found 669.3354.

4.1.68 (2S,4aS,6aS,6bR,8aR,13aS,13bR,15bR)-2,4a,6a,6b,9,9,13a-heptamethyl-14-
ox0-10-(4-sulfamoylphenyl)-2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,13,13a,13b,14,15b-
octadecahydro-1H-chryseno[ 1,2-f]indazole-2-carboxylic acid (GA-68)

Compound GA-68 was synthesized in the same procedure as that of GA-20 (yield
60%); yellow solid. '"H NMR (500 MHz, CD;0D) ¢ 7.99 (d, J = 8.3 Hz, 2H), 7.50 (d,
J=8.2 Hz, 3H), 7.42 (s, 1H), 7.34 (s, 1H), 5.71 (s, 1H), 3.71 (d, /= 15.6 Hz, 1H), 2.59
(d, J=20.7 Hz, 1H), 2.22 (d, J=13.4 Hz, 1H), 2.18 — 2.09 (m, 2H), 2.04 (s, 1H), 1.97
—1.81 (m, 3H), 1.71 (s, 1H), 1.58 (d, J = 29.1 Hz, 3H), 1.51 (s, 2H), 1.39 (d, J = 4.7
Hz, 5H), 1.16 (s, 6H), 1.12 (s, 3H), 1.05 (d, J=4.2 Hz, 3H), 1.02 (d, J = 3.8 Hz, 4H),
0.82 (s, 4H); *C NMR (125 MHz, CD;0D) 6 200.5, 179.2, 171.6, 146.7, 144.8, 144.2,
138.8, 129.6 (2xC), 128.0, 126.6 (2xC), 115.0, 60.3, 54.2, 45.2,43.6,43.4, 41.2, 37.8,
37.6,37.3, 34.7, 31.8, 30.9, 29.5, 29.2, 28.6, 28.3, 28.0, 26.4, 26.2, 22.9, 22.4, 18.2,
17.9, 15.3; HRMS (ESI): m/z calcd for C;7H;50N30sS [M+H]*: 648.3466, found

648.3452.

4.2 Cell Culture

Murine macrophage-like RAW264.7 cells were kindly provided by Stem Cell Bank,
Chinese Academy of Sciences. RAW264.7 cells were cultured in Dulbecco Modified
Eagle Medium (DMEM, GBICO) supplemented with 10% fetal bovine serum and 1%

penicillin/streptomycin at 37°C, 95% humidity, and 5% CO,.

4.3 Animals

All animal experiments were performed in accordance with the National Institutes of
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Health guidelines and approved by the Animal Care and Use Committee of the Second
Military Medical University. Male C57BL/6J mice (6-8 weeks) were purchased from
BiKai biochemistry Co. (Shanghai, China). Mice were maintained under appropriate
temperature and humidity and an automated 12-hour dark-light cycle, and free access

to standard dry diet and tap water.

4.4 Cell Cytotoxicity

Cell cytotoxicity was evaluated by cell counting kit-8 (CCK-8, Dojindo
Laboratories). RAW264.7 cells were incubated in 96-well plates at a density of 10,000
cells per well. Each group consisted of three wells. All compounds were dissolved in
dimethyl sulfoxide (DMSO, WAK-Chemie Medical GmbH, Steinbach, Germany) and
diluted to a concentration of 300 uM, 100 uM, 30 uM, 10 uM, and 3 uM. After a day’s
incubation, GA derivates were treated afterward and cultured for another 24 h. After
the incubation, 10 pL. CCK-8 was added into 100 pL of culture media, and cells were
incubated for 2 h. The 450 nm wave-length absorption values were measured on an
EnSpire multimode plate reader (PerkinElmer, MA, USA). The IC50 values were

calculated using SPSS 20.0.

4.5 Griess Assay

The production of NO in living cells was assayed and calculated using the NO assay
kit (Beyotime Institute of Biotechnology, Shanghai, China). RAW264.7 cells were
incubated in 96-well plates at a density of 50,000 cells per well. Each group consisted

of two wells. All compounds were dissolved in DMSO and diluted to a concentration
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of 30 uM, 10 uM, 3 uM, 1 uM, and 0.3 uM. After a day’s incubation, LPS and GA
derivates were treated afterward and cultured for another 24 h. The cell supernatant was
then harvested and processed according to the NO assay kit instructions. The 540 nm

wave-length absorption values were measured on an EnSpire multimode plate reader

(PerkinElmer, MA, USA).

4.6 Measurement of supernatant TNF-a, IL-6 levels

RAW264.7 cells were incubated in 96-well plates at a density of 50,000 cells per
well. Each group consisted of two wells. All compounds were dissolved in DMSO and
diluted to a concentration of 30 uM, 10 uM, 3 uM, 1 uM, and 0.3 uM. After a day’s
incubation, LPS and GA derivates were treated afterward and cultured for another 24
h. The supernatant was collected and stored at -80°C before use. LEGENDplex bead-
based immunoassays (Biolegend, San Diego, CA) were used to analyze the cell
supernatant TNF-a and IL-6 levels according to the manufacturer’s instructions. Briefly,
25 pL of the standard, cell supernatant, and buffer solutions were added. To each well,
25 puL of mixed beads were added. Then, the plate was covered with a plate sealer and
shook at 500 rpm for 2 hours at room temperature. After three washes, 25 pL of
detection antibodies were added to each well. The plate was then covered with a plate
sealer and shook at 500 rpm for another 1h at room temperature. After three washes, 25
uL of SP-FA was added to each well. The plate was then covered with a plate sealer
and shook at 500 rpm for 0.5 h at room temperature. After three washes, the samples

were tested on a flow cytometer. Data were calculated and collected using the
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LEGENDplex data analysis software (Biolegend, San Diego, CA).

4.7 Annexin V-FITC Apoptosis

RAW264.7 cells were incubated at 1*10° per well in 6 wells for 24 h. The media was
aspirated, and each well refilled with different compounds (10 uM) in serum-free
DMEM. After 2 h, 100 ng/mL LPS was treated and cultured for 24 h. Detection Kit
(MultiSciences Biotech, Hangzhou, China) was used to carry out the measurements.
Cell were trypsinized and washed twice with PBS. Then, cells were stained with
annexin V-FITC and propidium iodide (PI) for 15 min in the dark at room temperature.

The analysis was performed on BD FACS-Calibur flow cytometer (BD Biosciences).

4.8 Western Blot

RAW264.7 cells were harvested in NP-40 Lysis Buffer (Beyotime Institute of
Biotechnology, Shanghai, China). And the preparation of nuclear and cytoplasmic
proteins was conducted using a Nuclear and Cytoplasmic Protein Extraction Kit
(Beyotime Institute of Biotechnology, Shanghai, China). Protein concentration was
normalized with a BCA protein assay kit (Beyotime Institute of Biotechnology,
Shanghai, China). Prepared protein samples were resolved on 8-12% SDS-PAGE gel
and transferred to nitrocellulose (NC) membrane (Millipore, Bedford, MA, USA). After
blocking, the membrane was incubated overnight at 4°C with various primary
antibodies, respectively. After washing with TBST, HRP-conjugated secondary
antibodies were treated for one hour at room temperature. The bands were visualized

and quantified with the Odyssey Infrared Imaging System (LI-COR Biotechnology,
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Germany).

4.9 SPR biosensor analysis

Analysis of GA-60 binding to HMGB1 was conducted using a BIAcore T200 system
(GE Healthcare, Sweden). Glycyrrhetinic acid (GA) was used as a positive control.
HMGBI1 diluted by 10mM sodium acetate buffer (pH 4.5) was immobilized by the
amine coupling method on a CM5 sensor chip, giving a response unit of 5537.5 RU,
according to the manufacturer’s instructions. GA and GA-60 were diluted in phosphate
buffer saline (PBS, Wisent Inc., Quebec, Canada) with 5% DMSO (WAK-Chemie
Medical GmbH, Steinbach, Germany) running buffer at concentrations ranging from
0.5 uM to 128 uM with a duplicate middle concentration at the end of each running to
confirm the stability of the sensor surface. GA and GA-60 were injected at a flow rate
of 30 uL/min. The association and dissociation times were the 60 s and the 120 s. The
affinity fitting was calculated using BIAcore T200 evaluation software by global fitting

with the steady-state affinity model.

4.10 Sepsis model

Sepsis was induced by a single intraperitoneal injection (i.p.) injection of LPS (15
mg/kg) or CLP, as described previously[33]. All mice had free access to food and water
after recovery from anesthesia. GA and GA-60 were dissolved in 5% anhydrous ethanol,
5% Kolliphor HS15 (HS15) and 90% PBS. Mice were treated with GA, GA-60, or
vehicle for a dose of 10 mg/kg 12 h once by i.p. injection, starting from 30 min before

LPS injection or CLP induction.

72



4.11 ELISA assay

The supernatant was collected as described above. Each group consisted of three
wells. For the quantification of plasma TNF-a and HMGBI level in LPS-induced
C57BL/6 mice, plasma was collected 24 h after LPS stimulation. TNF-a and HMGB1
concentrations were measured using mouse TNF-a ELISA kits (eBioscience; Thermo
Fisher Scientific Inc., USA) and mouse HMGB1 ELISA kits (Elab Science
Biotechnology Co., Ltd) respectively according to the manufacturer’s instructions. All
experiments were independently performed at least three times.

4.15 Statistical analysis

SPSS software and GraphPad Prism software were used to examine statistical
analysis. Data were presented as mean + Standard Deviation (SD). One-way analysis
of variance (ANOVA) was performed to analyze significant differences among
multiple study groups. Survival analysis was performed using the Kaplan-Meier

method. The p-value less than 0.05 was indicated as statistical significance.

Associated content
Supporting Information. Inhibition rate of released NO, TNF-a, and IL-6 upon
treatment with all derivatives in rage of 0.3~30 uM; The full bolts of western blots
analysis; Results of PAINS and False Positive Remover; Chemical structure, 'H NMR,
13C NMR, and HR-MS spectrum spectra of All GA Derivatives; SMILES molecular

formula strings (CSV).
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3. Candidate compound GA-60 extended survival in LPS/CLP induced mouse models
of sepsis.

4. Candidate compound GA-60 exhibited excellent inhibitory functions on NO, TNF-
o, and IL-6.

5. Candidate compound GA-60 could interfere with phosphorylation of p38, ERK, INK

MAPKSs, as well as that of NF-kB p65 and IKKo/f.

83



Declaration of interests

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

CThe authors declare the following financial interests/personal relationships which may be
considered as potential competing interests:

84



Highlights:

1. Novel Glycyrrhetinic Acid (GA) derivatives with fused heterocycles on A ring were
structure-based designed and synthesized.

2. Candidate compound GA-60 could bind to HMGBI.

3. Candidate compound GA-60 extended survival in LPS/CLP induced mouse models
of sepsis.

4. Candidate compound GA-60 exhibited excellent inhibitory functions on NO, TNF-
o, and IL-6.

5. Candidate compound GA-60 could interfere with phosphorylation of p38, ERK, INK

MAPKSs, as well as that of NF-kB p65 and IKKo/f.

85



