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Abstract 25 

A series of ursolic acid (UA), oleanolic acid (OA) and 18β-glycyrrhetinic acid (GA) 26 

derivatives were synthesized by introducing a range of substituted aromatic 27 

side-chains at the C-2 position after the hydroxyl group at C-3 position was oxidized. 28 

Their antibacterial activities were evaluated in vitro against a panel of four 29 

Staphylococcus strains. The results revealed that the introduction of aromatic 30 

side-chains at the C-2 position of GA led to the discovery of potent triterpenoid 31 

derivatives for inhibition of both drug sensitive and resistant S. aureus, while the 32 

other two series derivatives of UA and OA showed no significant antibacterial activity 33 

even at high concentrations. In particular, GA derivative 33 showed good potency 34 

against all four strains of Staphylococcus (MIC = 1.25 - 5 μmol/L) with acceptable 35 

pharmacokinetics properties and low cytotoxicity in vitro. Molecular docking was 36 

also performed using S. aureus DNA gyrase structure to rationalize the observed 37 

antibacterial activity. Therefore, this series of GA derivatives have strong potential for 38 

the development of a new type of triterpenoid antibacterial agent. 39 

Key words: Pentacyclic triterpenes; 18β-glycyrrhetinic acid; natural product 40 

derivatives; Gram-positive bacteria; antibacterial 41 

1. Introduction 42 

Many of the medical achievements of the last century could be lost through the 43 

spread of antimicrobial resistance[1-3]. Previously curable infectious diseases may 44 
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become untreatable and spread throughout the world, which has already started to 45 

happen[4, 5]. In particular, antibiotic resistant Staphylococcus aureus remains a 46 

serious clinical problem. Normal treatments become less effective as resistance 47 

develops[6, 7]. Herein, the development of new antibiotics is an urgent issue, meaning 48 

that the development of new classes of antibiotics to circumvent existing 49 

antimicrobial resistance is constantly needed[8-11]. 50 

 51 

Figure 1. The chemical structure of GA, UA and OA. 52 

The natural products of ursolic acid (UA), oleanolic acid (OA) and 53 

18β-glycyrrhetinic acid (GA) (Figure 1), are biologically active pentacyclic 54 

triterpenoids which are produced by secondary metabolism of plants and prevalent in 55 

various plants[12, 13]. Potent pharmacological activities of these triterpenes have 56 

been demonstrated including their ability to inhibit the growth of various pathogens 57 

[14, 15], against some infectious viruses[13, 16, 17], induce cancer cells 58 

differentiation and apoptosis[18, 19], and prevent herbivore infections in the host[20, 59 

21]. Some pentacyclic triterpenoids have already emerged as new series of 60 



chemotherapeutics and some of them are currently in clinical trials[22, 23]. Moreover, 61 

with these pronounced pharmacological activities, medicinal chemists were attracted 62 

by the safety characteristics of pentacyclic triterpenoids while compared with other 63 

clinically available chemotherapeutic agents that often suffer serious side effects[24, 64 

25]. However, the antibacterial activity of pentacyclic triterpenoids is relatively 65 

weak[26]. In a recent report by Huang and co-workers, tri-hydroxyl groups were 66 

introduced in ring A while an ester moiety was formed at C-20 of the oleanane-type 67 

triterpene GA to enhance their antimicrobial property[14]. Previous structure-activity 68 

relationship (SAR) studies of GA have suggested that the carboxylic acid group at 69 

C-20 and ring A are involved in various biological activities [27-29].  70 

We have focused on the modifications at the C-2 and C-3 positions of UA, OA 71 

and GA and report a series of GA derivatives displaying in vitro antibacterial activity 72 

against both antibiotic sensitive and resistant Staphylococcus spp. which are 73 

significantly higher than that of the parent compound and provide a basis for onward 74 

development of triterpenoids as antibacterial agents. 75 

2. Results and Discussion 76 

2.1 Derivatives design 77 

Previously, multiple series of pentacyclic triterpenoids derivatives were obtained 78 

by modification at positions of C-3 and C-28 in our group to evaluate their potential 79 

for α-glucosidase inhibition[30-33], such as compounds 1 - 9 (Figure 2). To our 80 

knowledge, their activity against bacteria were not evaluated or reported yet, so these 81 

derivatives of UA were assessed for their in vitro antibacterial activities in this study 82 



initially.  83 

84 

Figure 2. Structures of ursolic acid derivative 1 - 9. The fragments in blue are the introduced 85 

groups; the numbers within the structures are the crucial modification sites.
 86 

Three series of novel UA, OA and GA derivatives were prepared with 87 

modifications at C-2 and C-3 positions of selected pentacyclic triterpenoids in two 88 

high yielding steps as detailed in Scheme 1[34]. Jones reagent was used to oxidize the 89 

three pentacyclic triterpenoids to give the ketone intermediates 10, 11, and 12. Three 90 

series target derivatives were then produced by Claisen Schmidt condensation at C-2 91 

position of the ketone intermediates of UA, OA and GA, in which derivatives 13 - 34 92 

were obtained from parent compound GA, derivatives 35 and 36 were obtained from 93 

UA and derivatives 37 and 38 were obtained from OA. They were also evaluated for 94 

the in vitro antibacterial activities in this study as showed in Table 1 and Table 2. 95 



96 

Scheme 1 Synthesis of three series of pentacyclic triterpenoids derivatives at positions of C-2 and 97 

C-3. Reagents and conditions: (a) Jones reagent, acetone, 0 ℃ to rt, 2 h, 91-96%; (b) R5-CHO, 98 

KOH, EtOH, rt, 3h, 66-93%. 99 



2.2 Antibacterial activity 100 

The antibacterial activity of all the pentacyclic triterpenoids derivatives were assayed against four Gram-positive bacteria strains. All 101 

bacterial strains were cultured in Muller Hinton agar at 37 ℃ overnight. 102 

Table 1. Biological evaluation of series pentacyclic triterpenoids derivatives expressed in the inhibition zone (mm)
a
 103 

Compound code R5 

Bacterium and Inhibition Zone (mm)  

Dosage: 80 nmol 

Staphylococcus aureus 

(ATCC 6538) 

Staphylococcus aureus  

(ATCC 29213) 

Staphylococcus epidermidis 

(ATCC 12228) 

GA - 6.78±0.22 6.85±0.20 7.46±0.18 

UA - 6.76±0.33 6.55±0.27 7.24±0.19 

OA - 6.29±0.43 6.81±0.22 7.08±0.25 

1~12 - <6
b
 <6 <6 

13 
 

9.85±0.22 9.66±0.18 9.09±0.18 

14 
 

8.25±0.22 8.39±0.88 7.92±0.22 



15 

 

8.96±0.36 9.00±0.57 8.56±0.08 

16 
 

9.31±0.23 9.58±0.39 8.99±0.75 

17 
 

10.01±0.09 10.08±0.27 11.21±0.07 

18 

 

7.34±0.05 6.91±0.41 6.89±0.78 

19 
 

9.86±1.24 10.74±0.38 9.09±0.73 

20 
 

9.55±0.08 9.68±0.55 9.88±0.03 

21 
 

10.03±0.17 10.39±0.36 9.90±0.77 

22 

 

10.01±0.06 10.23±0.21 10.59±0.17 

23 
 

10.19±0.25 9.69±0.53 9.89±0.56 

24 

 

8.55±0.29 8.47±0.30 9.09±0.23 



25 
 

9.37±0.38 9.38±0.26 9.68±0.41 

26 
 

8.99±1.01 9.55±0.19 9.39±0.70 

27 
 

7.01±0.18 8.43±0.81 6.99±0.93 

28 
 

10.25±0.99 10.68±1.14 11.20±0.22 

29 

 

7.25±0.28 7.18±0.37 7.20±0.33 

30 

 

11.21±1.33 13.23±0.88 12.39±0.11 

31 

 

7.66±0.28 7.54±0.50 7.89±0.03 

32 

 

8.90±0.09 8.75±0.17 9.11±0.20 

33 

 

14.83±0.55 15.60±0.46 15.93±0.12 



34 

 

7.91±0.28 8.11±0.23 8.37±0.88 

35 
 

<6 <6 <6 

36 
 

<6 <6 <6 

37 
 

<6 <6 <6 

38 
 

<6 <6 <6 

Gatifloxacin
c
 - 19.12±0.73 17.13±0.64 18.67±0.25 

a
Results are expressed as the diameter of inhibition zone (mm), values represent the means of three independent replicates ± SD. 104 

b
<6, no measureable inhibition zone. 105 

c
 The dosage of gatifloxacin used in the inhibition zone assay was 1 nmol. 106 

The antimicrobial activity of the pentacyclic triterpenoid derivatives against three sensitive strains of Gram-positive bacteria were firstly 107 

assessed by a Kirby–Bauer assay and summarized in Table 1. The dosage of each examined derivative was 80 nmol in this assay. The sizes of 108 

the inhibition zone (IZ) diameter showed that the GA derivatives (13 - 34) were more potent than the parent compound of GA, the oxidized 109 

intermediates (GA-O, UA-O and OA-O) and all others derivatives of UA (1 – 9, 35 and 36) and OA (37 and 38), in which the IZ diameter was 110 

in the range from 6.89±0.78 to 15.93±0.12 mm of three examined Gram-positive strains. However, all the tested derivatives exhibited no 111 



obviously inhibitory activity against the two Gram-negative strains，Salmonella typhimurium (CMCC 50115) and Escherichia coli (CMCC 112 

44102) (data not showed). The difference of antibacterial activities among the series of GA derivatives (13 - 34) during this agar disk diffusion 113 

assay were not fully demonstrated, so a microtiter plate dilution method was conducted to determine the minimal inhibitory concentration (MIC) 114 

and the minimal bactericidal concentration (MBC) in 96-well plates. After incubation for 24 hours, the plates were evaluated for the presence or 115 

absence of bacterial growth. Each sample concentration was repeated four times and Gatifloxacin was employed as positive control in the assay. 116 

The final concentration of DMSO in the 96-well plate had no effect on bacterial growth. 117 

Table 2. Biological evaluation of pentacyclic triterpenoids derivatives
 
expressed in MIC

a
 and MBC

b
 (μmol/L) 118 

Compound code R5 

MICs and MBCs of Selected Bacterium (μmol/L) 

Staphylococcus 

aureus 

(ATCC 6538) 

Staphylococcus 

aureus 

(ATCC 29213) 

Staphylococcus 

epidermidis 

(ATCC 12228) 

Methicillin-resista

nt Staphylococcus 

aureus 

(MRSA) 

MIC
a
 MBC

b
 MIC MBC MIC MBC MIC MBC 

GA - 200 NT
c
 200 NT 200 NT ＞200 NT 



UA - ＞200 NT ＞200 NT ＞200 NT ＞200 NT 

OA - ＞200 NT ＞200 NT ＞200 NT ＞200 NT 

1~12 - ＞200 NT ＞200 NT ＞200 NT ＞200 NT 

13 
 

6.25 12.5 12.5 12.5 12.5 25 50 100 

14 
 

12.5 12.2 6.25 12.5 25 25 100 100 

15 

 

12.5 25 6.25 12.5 12.5 25 50 50 

16 
 

12.5 12.5 6.25 12.5 12.5 12.5 50 100 

17 
 

12.5 25 12.5 25 12.5 25 50 100 

18 

 

12.5 25 12.5 25 25 50 100 100 

19 
 

6.25 12.5 6.25 12.5 6.25 12.5 50 50 

20 
 

6.25 12.5 3.125 12.5 12.5 25 50 50 



21 
 

6.25 12.5 3.125 6.25 3.125 6.25 50 50 

22 

 

25 50 25 50 25 50 50 100 

23 
 

6.25 12.5 6.25 12.5 12.5 12.5 25 50 

24 

 

12.5 25 12.5 25 12.5 12.5 50 100 

25 
 

6.25 12.5 3.125 6.25 6.25 12.5 12.5 25 

26 
 

12.5 25 12.5 25 25 50 50 50 

27 
 

12.5 12.5 6.25 12.5 12.5 12.5 25 50 

28 
 

6.25 12.5 6.25 12.5 6.25 12.5 25 25 

29 

 

6.25 12.5 6.25 12.5 12.5 25 25 50 



30 

 

12.5 25 12.5 25 12.5 25 50 50 

31 

 

12.5 12.5 6.25 12.5 12.5 25 50 50 

32 

 

3.125 6.25 1.5625 3.125 6.25 12.5 25 25 

33 

 

1.25 2.5 1.25 2.5 1.25 2.5 5 5 

34 

 

5 5 5 10 5 5 5 10 

35 
 

＞200 NT ＞200 NT ＞200 NT ＞200 NT 

36 
 

＞200 NT ＞200 NT ＞200 NT ＞200 NT 

37 
 

＞200 NT ＞200 NT ＞200 NT ＞200 NT 

38 
 

＞200 NT ＞200 NT ＞200 NT ＞200 NT 

Gatifloxacin - 0.2 0.2 0.2 0.2 0.2 0.2 NT NT 



a
MIC (µmol/mL), minimum inhibitory concentration, i.e., the lowest concentration of the compound that completely inhibits the growth of bacteria. 119 

b
MBC (µmol/mL), minimum bactericidal concentration, i.e., the lowest concentration of the compound that completely kills the bacteria. 120 

c
NT, not tested.  121 

The MIC and MBC results of the derivatives determined by the micro-dilution method were presented in Table 2. The results suggested that 122 

GA derivatives 13 - 34 (MIC=1.25 - 100 μmol/L, MBC=2.5 - 100 μmol/L) had inhibitory activity against all four strains of Staphylococcus, 123 

which was in accordance with the agar disk diffusion study results (Table 1). These assays of GA derivatives displayed considerable effect on 124 

inhibition of Methicillin-resistant Staphylococcus aureus (MRSA) with MIC range from 5 to 100 μmol/L (Table 2). The results also confirmed 125 

that there is no improvement to the inhibitory of the tested bacterial strains by introducing exocyclic α, β-unsaturated ketone group at the similar 126 

(C-2) position of OA and UA (35 - 38). Since GA derivatives are structurally different from OA and UA derivatives in terms of their natural 127 

product cores, it suggests that the difference in antibacterial activity of three series derivatives might be related to the structural differences in 128 

ring C and ring E, such as the position of the carboxylic acid and/or the carbonyl group. Amongst the GA derivatives, different sizes of the 129 

aromatic side-chains are well tolerated at the C-2 position e.g. phenyl ring (13, MIC = 6.25 - 12.5 μmol/L) vs. quinolone ring (34, MIC = 5 130 

μmol/L) vs. biaryl rings (20 & 23, MIC = 6.25 - 12.5 μmol/L). A number of mono- or disubstituted phenyl or other heterocyclic aryl side-chains 131 

also promoted reasonable activities against the tested Gram-positive bacteria. In general, for this series of GA derivatives, the potency 132 

differences between the sensitive strain and resistant strains of S. aureus are small (≤ 2 fold) and the differences between corresponding MIC 133 



values and MBC values are also quite small (≤ 2 fold). Overall, this series of GA derivatives showed consistent activity against all four tested 134 

strains of Staphylococcus, which were significantly higher than both the parent compound (GA) and the ketone intermediate (10). In particular, 135 

compound 33 demonstrated the highest activity (MIC = 1.25 μmol/L) against all four strains within this series.  136 



 137 



Figure 3. The time killing kinetic studies of GA derivatives 21, 32 and 33 against three Gram-positive bacteria strains of Staphylococcus. Including two strains of 138 

Staphylococcus aureus (ATCC 6538 and ATCC 29213) and Staphylococcus epidermidis (ATCC 12228), exposed to four different concentrations of derivative 21 139 

(Figure 3A, 3B, 3C), 32 (Figure 3D, 3E, 3F) and 33 (Figure 3G, 3H, 3I) according to their respective MICs (n=4). 140 

The time killing kinetic studies were performed over a period of 20 hours’ assay at 37 ℃ according to previously reported study with a 141 

slightly modification [35-38]. Figure 3 displayed the time-kill curves of selected GA derivatives of 21, 32 and 33 against two strains of drug 142 

sensitive Staphylococcus aureus (ATCC 6538 and ATCC 29213) and Staphylococcus epidermidis (ATCC 12228). As presented in Figure 3, all 143 

tested strains of bacteria were effectively inhibited at the MICs of derivatives 21, 32 and 33 with a slight growth close to the end of the kinetic 144 

study. The bacterial growth was totally inhibited at higher concentrations of 2×MIC and 4×MIC at the end of the assay, which were also in 145 

accordance with the biological assay of MBCs. While the bacteria strains were incubated with 0.5×MIC of 21, 32 and 33, the number of bacteria 146 

initially decreased at a rapid rate, then gradually raised, and the bacteria inhibition was maintained for 6-8 hours. Furthermore, similar growth 147 

inhibition patterns were observed for all three strains of Staphylococcus. 148 

 149 



2.3 Molecular docking 150 

 151 

Figure 4. The poses of compound 33 docked in the cleavage site of S. aureus DNA gyrase with 152 

surface of electrostatic potential (A) and hydrophobic interaction (B). 153 

In order to rationalize the observed antibacterial activity and to investigate the 154 

interactions of the newly prepared compounds in the DNA gyrase catalytic site, 155 

compounds with significant antibacterial activity and target protein from S. aureus 156 

DNA gyrase (PDB code: 5cdq) were selected for molecular docking with the 157 

SYBYL-X 2.0 program. The binding model of compound 33 and gyrase-DNA is 158 

depicted in Figure 4, which revealed that compound is well filled in the binding 159 

pocket[39]. As show in Figure 4A, in this binding mode, the molecular structure of 160 

the compound exhibits a large bended shape and the carboxyl amide group in 161 

compound 33 is in close proximity (3.17 Å) with amino acid residue ASP512 and has 162 

the potentially of hydrogen bonding interaction. It can be seen from the molecular 163 

surface of the compound and protein that the high electrostatic potential position of 164 

the compound structure was located in the corresponding high electrostatic potential 165 

region of the protein and vice versa, which is propitious to form more stable ligand- 166 

protein complexes. The 2D hydrophobic interaction diagram (Figure 4B) showed that 167 

33 accommodated in the hydrophobic sub-pocket of the active site surrounded by the 168 

hydrophobic site chains of the amino acids Gly82, Gly459, Ser438, Gly436, Gly584, 169 



Glu435, Asp508, Asp510, Pro80, Val511, Hls81, Arg33, which enhanced the bonding 170 

force between the compound and the protein. Noticeably, the vast majority of the 171 

hydrophobic forces were concentrated in the site substituted with aromatic rings. 172 

2.4 Pharmacokinetics and cytotoxicity 173 

Table 3. DMPK and cytotoxicity data for selected GA derivatives 33 and 34 174 

 33 34 

LogD
a
 3.40 3.40 

Solubility at pH 7.4
b
 533 75 

Human PPB (% Free)
c
 0.28 0.05 

Rat Heps. Clint
d
 21.6 26.2 

Human Mics. Clint
e
 <3.00 54.40 

CC50
f
 >64 >64 

a
Octanol/water partitioning, pH 7.4, measured value. 175 

b
Aqueous solubility in pH 7.4 PBS buffer (μM). 176 

c
Human plasma protein binding (%free). 177 

d
Rat hepatocytes intrinsic clearance (μL·min

-1
 1 × 10

6
 cells

-1
). 178 

e
Human microsome intrinsic clearance (μL·min

-1
·mg

-1
). 179 

f
The concentration of the compound that reduced mammalian cell viability to 50% (μM), 180 

cycloheximide as positive control (CC50 = 0.25±0.03). 181 

Two GA derivatives, 33 and 34 were assessed for their DMPK properties (Table 182 

3). In terms of physiochemical properties, both compounds have similar lipophilicity 183 

and were highly bound to plasma protein, but 33 was noticeably more soluble than 34 184 

in aqueous medium. For metabolic stability, although their turnover rates by rat 185 

hepatocytes were both reasonably low, 33 showed much lower clearance than 34 by 186 

human microsome in vitro. In addition, from the in vitro toxicity assessment, both 33 187 

and 34 showed low cytotoxicity (CC50 > 64 μM) against BV2 microglial cells that 188 



demonstrated sufficient safety margin (> 50 folds) in comparison to the antibacterial 189 

activity in vitro. The in vitro DMPK and safety profiles of both compounds indicated 190 

they were suitable for further optimization as early leads for either an oral or IV 191 

administrative antibiotic series. 192 

3. Conclusion 193 

In summary, a number of derivatives of pentacyclic triterpenoids: UA, OA and 194 

GA, were synthesized and tested for their antibacterial activity. Amongst this group of 195 

natural product derivatives, those modified from GA showed significantly higher 196 

potency than their parent and other analogues derived from UA or OA cores. The 197 

modification in this work was mainly focused on the C-2 position of the pentacyclic 198 

triterpenoid scaffolds. With a wide range of side-chains substituted at the C-2 position 199 

of the GA scaffold, it indicated that this position can tolerate different sized and types 200 

of aromatic rings as substitutions, maintaining reasonable antibacterial activities. This 201 

finding lays a solid foundation for future optimization, and the SAR at this position, 202 

and indeed other positions of the GA scaffold, are being investigated in more detail in 203 

ongoing studies. Using molecular docking study, the selected lead compound 33 can 204 

fit in well with the binding site of the S. aureus DNA gyrase structure, although 205 

further computational and experiment studies are still required to investigate this 206 

preliminary observation. Preliminary assessments of DMPK and safety properties 207 

suggested that the two selected lead compounds were well positioned for further 208 

optimization and development. Other key aspects of the next stage 209 

optimization/development are to broaden the antibacterial spectrum of the GA 210 

derivatives against Gram-negative bacteria and to further understand the mechanism 211 

of action and resistance potential of this novel series of semi-synthetic compounds. 212 

4. Experimental Section 213 



4.1 Chemistry materials and methods 214 

All reagents were purchased from Adamas Reagent Ltd. (Shanghai China) in 215 

analytical reagent grade and were used directly without further purification. Flash 216 

chromatography was carried out using silica gel (200-300 mesh) which was supplied 217 

by Inno-chem Co., Ltd. (Beijing China). Analytical TLC was performed on pre-coated 218 

silica gel F254 plates (0.25 mm; E. Merck), and the products were visualized under 219 

UV (254 nm) or by treated with an ethanolic solution of p-anisaldehyde spray 220 

followed by heating. All derivatives of GA, UA and OA were characterized by 
1
H 221 

NMR, 
13

C NMR and HRMS. The antimicrobial activity was assayed by using a 222 

Multi-model Plate Reader (Infinite 200). The purities of all tested compounds were 223 

confirmed by analytical HPLC with a dual pump Shimadzu LC 20A system equipped 224 

with a C18 column (250 mm x 4.6 mm, 5 µM YMC). Analytical method conditions: 225 

flow rate = 0.5 mL/min, injection volume = 10 μL, isocratic elution system = 80% 226 

solvent A (70% water, 20% acetonitrile, 5% glacial acetic acid, 5% tetrahydrofuran) 227 

and 20% solvent B (acetonitrile) at room temperature and run time = 15 min. The 228 

purities of all compounds are over 95% and Rt are between 7.6~9.2 min. 229 

4.1.1 General procedure for the synthesis of GA derivatives (13~34) 230 

GA derivatives 13 - 34 were obtained according to Scheme 1. GA was dissolved 231 

in acetone at 0 ℃; Jones reagent was added to the reaction mixture drop-wisely until 232 

the solution colour was stable in light brown, which implied that the Jones reagent 233 

was in slight excess to oxidize the C-3 hydroxyl group into ketone to produce the 234 

intermediate 10. Purification of compound 10 by flash column chromatography was 235 

carried out using eluent (petroleum ether/ ethyl acetate, 3 : 1, containing 0.5% formic 236 

acid). Derivatives 13 - 34 could be prepared by Claisen Schmidt condensation of 237 

intermediate 10 with corresponding aldehydes in the presence of ethanolic potassium 238 



hydroxide in good yield at room temperature. All the results were detailed below. 239 

240 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-241 

1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydropicene-2-carboxylic 242 

acid (GA-O, 10, C30H44O4). Yield: 96%; white solid; mp: 291-292 ℃; 
1
H NMR (400 243 

MHz, CDCl3) δ 5.75 (s, 1H), 3.03 – 2.88 (m, 1H), 2.71 – 2.55 (m, 1H), 2.45 (s, 1H), 244 

2.42 – 2.31 (m, 1H), 2.22 (d, J = 10.7 Hz, 1H), 2.11 – 1.98 (m, 2H), 1.94 (d, J = 13.5 245 

Hz, 1H), 1.91 – 1.79 (m, 1H), 1.77 – 1.50 (m, 4H), 1.50 – 1.35 (m, 7H), 1.35 – 1.30 246 

(m, 1H), 1.30 – 1.20 (m, 8H), 1.18 (s, 3H), 1.11 (s, 3H), 1.07 (s, 3H), 1.05 – 0.99 (m, 247 

1H), 0.86 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 217.3, 199.8, 181.2, 169.9, 128.6, 248 

61.2, 55.7, 48.4, 47.9, 45.5, 43.9, 43.5, 41.2, 39.9, 37.9, 36.9, 34.4, 32.3, 32.1, 31.1, 249 

28.7, 28.6, 26.7, 26.6, 23.5, 21.6, 19.0, 18.7, 15.8. HRMS (ESI): C30H45O4 (469.3312) 250 

[M+H]
+
=469.3314. 251 

252 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-benzylidene)-2,4a,6a,6b,9,9,12a-hept253 

amethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-icosahydr254 

opicene-2-carboxylic acid (13, C37H48O4). According to the general procedure, 255 

derivative 13 was prepared by Claisen Schmidt condensation of intermediate 10 with 256 

benzaldehyde in the presence of ethanolic potassium hydroxide at room temperature. 257 

Purification of product by flash column chromatography was carried out using eluent 258 

(petroleum ether/ ethyl acetate, 6 : 1, containing 0.5% formic acid). Yield: 88%; white 259 



solid; mp: 262-263 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.52 (d, J = 7.5 Hz, 2H), 7.49 260 

(s, 1H), 7.41 (t, J = 7.4 Hz, 2H), 7.35 – 7.30 (m, 1H), 5.83 (s, 1H), 4.28 (d, J = 16.7 261 

Hz, 1H), 2.58 (s, 1H), 2.29 (t, J = 16.5 Hz, 2H), 2.14 – 1.96 (m, 3H), 1.90 (t, J = 12.0 262 

Hz, 1H), 1.81 – 1.64 (m, 2H), 1.63 – 1.49 (m, 3H), 1.49 – 1.41 (m, 5H), 1.40 – 1.29 263 

(m, 2H), 1.25 (d, J = 9.5 Hz, 6H), 1.21 (s, 3H), 1.20 – 1.14 (m, 6H), 1.13 – 1.03 (m, 264 

2H), 0.89 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.8, 199.5, 181.9, 170.0, 137.2, 265 

135.9, 134.0, 130.5, 128.6, 128.5, 128.4, 59.4, 53.3, 48.3, 45.4, 45.0, 44.6, 43.8, 43.38, 266 

41.0, 37.7, 36.2, 31.9, 31.5, 30.8, 29.7, 28.6, 28.4, 26.5, 26.4, 23.2, 22.5, 19.6, 18.0, 267 

15.4. HRMS (ESI): C37H49O4 (557.3625) [M+H]
+
=557.3632.  268 

269 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-di-270 

oxo-11-(thiophen-2-ylmethylene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13, 271 

14b-icosahydropicene-2-carboxylic acid (14, C35H46O4S). According to the general 272 

procedure, derivative 14 was prepared by Claisen Schmidt condensation of 273 

intermediate 10 with formylthiophene in the presence of ethanolic potassium 274 

hydroxide at room temperature. Purification of product by flash column 275 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 4 : 1, 276 

containing 0.5% formic acid). Yield: 85%; white solid; mp: 294-295 ℃; 
1
H NMR 277 

(400 MHz, CDCl3) δ 7.73 (s, 1H), 7.47 (d, J = 5.0 Hz, 1H), 7.33 (d, J = 3.4 Hz, 1H), 278 

7.10 (dd, J = 4.9, 3.9 Hz, 1H), 5.86 (s, 1H), 4.37 – 4.25 (m, 1H), 2.62 (s, 1H), 2.24 (t, 279 

J = 14.6 Hz, 2H), 2.13 – 1.96 (m, 3H), 1.89 (td, J = 13.4, 4.1 Hz, 1H), 1.77 – 1.62 (m, 280 

1H), 1.60 – 1.48 (m, 4H), 1.48 – 1.40 (m, 5H), 1.28 – 1.23 (m, 8H), 1.23 – 1.19 (m, 281 

6H), 1.17 (s, 3H), 1.13 (s, 2H), 0.88 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 206.8, 282 



199.6, 181.1, 170.0, 139.7, 132.7, 130.8, 130.5, 130.1, 128.9, 127.6, 59.7, 53.2, 48.5, 283 

45.2, 44.0, 43.6, 41.3, 37.9, 36.2, 32.1, 31.7, 31.1, 30.1, 29.9, 28.8, 28.6, 26.8, 26.6, 284 

23.4, 22.7, 19.9, 18.2, 16.0. HRMS (ESI): C35H47O4S (563.3190) [M+H]
+
=563.3187. 285 

286 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-3-methoxybenzylidene)-2,4a,6a,6b,9,287 

9,12a-heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14288 

b-icosahydropicene-2-carboxylic acid (15, C38H50O5). According to the general 289 

procedure, derivative 15 was prepared by Claisen Schmidt condensation of 290 

intermediate 10 with 3-methoxybenzaldehyde in the presence of ethanolic potassium 291 

hydroxide at room temperature. Purification of product by flash column 292 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 293 

containing 0.5% formic acid). Yield: 83%; white solid; mp: 183-184 ℃; 
1
H NMR 294 

(400 MHz, CDCl3) δ 8.68 (d, J = 4.3 Hz, 1H), 7.69 (td, J = 7.7, 1.4 Hz, 1H), 7.45 (d, J 295 

= 7.9 Hz, 1H), 7.42 (s, 1H), 7.14 (dt, J = 42.3, 21.1 Hz, 1H), 5.79 (s, 1H), 4.38 (d, J = 296 

18.1 Hz, 1H), 2.59 (s, 1H), 2.46 (d, J = 18.2 Hz, 1H), 2.24 (d, J = 10.8 Hz, 2H), 2.11 – 297 

1.93 (m, 3H), 1.86 (td, J = 13.4, 3.7 Hz, 2H), 1.78 – 1.59 (m, 3H), 1.59 – 1.46 (m, 4H), 298 

1.46 – 1.39 (m, 5H), 1.27 – 1.19 (m, 8H), 1.19 – 1.13 (m, 8H), 1.11 – 0.97 (m, 2H), 299 

0.83 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.83, 199.32, 181.64, 169.81, 159.42, 300 

137.16, 137.10, 134.33, 129.41, 128.62, 122.78, 115.70, 114.48, 59.38, 55.35, 53.32, 301 

48.27, 45.46, 45.06, 44.48, 43.82, 43.35, 40.99, 37.71, 36.26, 31.91, 31.53, 30.89, 302 

29.65, 28.61, 28.45, 26.56, 26.40, 23.27, 22.58, 19.61, 18.05, 15.52. HRMS (ESI): 303 

C38H51O5 (587.3731) [M+H]
+
=587.3734. 304 



305 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-diox306 

o-11-(pyridin-2-ylmethylene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-i307 

cosahydropicene-2-carboxylic acid (16, C36H47NO4). According to the general 308 

procedure, derivative 16 was prepared by Claisen Schmidt condensation of 309 

intermediate 10 with 2-pyridinecarboxaldehyde in the presence of ethanolic potassium 310 

hydroxide at room temperature. Purification of product by flash column 311 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 5 : 1, 312 

containing 0.5% formic acid). Yield: 79%; white solid; mp: 202-203 ℃; 
1
H NMR 313 

(400 MHz, CDCl3) δ 7.43 (s, 1H), 7.30 (t, J = 8.0 Hz, 1H), 7.09 (d, J = 7.7 Hz, 1H), 314 

7.03 (s, 1H), 6.86 (dd, J = 8.2, 2.3 Hz, 1H), 5.79 (s, 1H), 4.27 (d, J = 17.0 Hz, 1H), 315 

3.83 (s, 3H), 2.54 (s, 1H), 2.34 – 2.16 (m, 2H), 2.10 – 1.94 (m, 3H), 1.87 (td, J = 13.4, 316 

3.8 Hz, 2H), 1.79 – 1.60 (m, 2H), 1.52 (dd, J = 19.4, 11.4 Hz, 4H), 1.45 – 1.38 (m, 317 

5H), 1.25 (d, J = 6.8 Hz, 9H), 1.21 (s, 3H), 1.19 – 1.13 (m, 2H), 0.86 (s, 3H). 
13

C 318 

NMR (100 MHz, CDCl3) δ 207.9, 199.4, 182.0, 169.9, 159.6, 137.4, 137.3, 134.5, 319 

129.5, 128.8, 115.8, 114.7, 59.6, 55.5, 53.6, 48.4, 45.6, 45.2, 44.0, 43.5, 41.2, 37.9, 320 

36.5, 32.1, 31.7, 31.1, 29.8, 28.7, 28.6, 26.7, 26.6, 23.4, 22.7, 19.8, 18.2, 15.6. HRMS 321 

(ESI): C36H48NO4 (558.3578) [M+H]
+
=558.3585. 322 

323 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-11-((Z)-4-nit324 

robenzylidene)-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-ico325 



sahydropicene-2-carboxylic acid (17, C37H47NO6). According to the general 326 

procedure, derivative 17 was prepared by Claisen Schmidt condensation of 327 

intermediate 10 with 4-nitrobenzaldehyde in the presence of ethanolic potassium 328 

hydroxide at room temperature. Purification of product by flash column 329 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 330 

containing 0.5% formic acid). Yield: 89%; white solid; mp: 230-231 ℃; 
1
H NMR 331 

(400 MHz, CDCl3) δ 8.26 (d, J = 8.7 Hz, 2H), 7.65 (d, J = 8.7 Hz, 2H), 7.53 – 7.43 (m, 332 

1H), 5.74 (s, 1H), 4.44 (s, 3H), 4.25 – 4.16 (m, 1H), 3.38 – 3.24 (m, 1H), 2.62 (s, 1H), 333 

2.41 – 2.18 (m, 2H), 2.18 – 2.04 (m, 1H), 2.04 – 1.84 (m, 3H), 1.84 – 1.72 (m, 1H), 334 

1.70 – 1.51 (m, 5H), 1.48 – 1.38 (m, 5H), 1.29 (d, J = 16.3 Hz, 3H), 1.24 – 1.17 (m, 335 

6H), 1.17 – 1.14 (m, 3H), 1.12 – 1.05 (m, 2H), 0.86 (s, 3H). 
13

C NMR (100 MHz, 336 

CDCl3) δ 207.9, 200.0, 178.9, 171.8, 146.9, 142.15, 137.52, 134.19, 130.5, 129.5, 337 

128.8, 127.8, 123.3, 59.0, 53.2, 45.5, 44.8, 43.9, 43.4, 43.3, 41.0, 37.4, 36.1, 31.6, 338 

31.5, 31.1, 30.7, 28.9, 28.2, 27.9, 26.2, 26.0, 22.7, 22.1, 19.2, 17.6, 14.9. HRMS (ESI): 339 

C37H48NO6 (602.3476) [M+H]
+
=602.3478. 340 

341 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-3-chlorobenzylidene)-2,4a,6a,6b,9,9,342 

12a-heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a, 343 

9,10,11,12,12a,12b,13,14b-icosahydropicene-2-carboxylic acid (18, C37H47ClO4). 344 

According to the general procedure, derivative 18 was prepared by Claisen Schmidt 345 

condensation of intermediate 10 with 3-chlorobenzaldehyde in the presence of 346 

ethanolic potassium hydroxide at room temperature. Purification of product by flash 347 

column chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 348 



6 : 1, containing 0.5% formic acid). Yield: 81%; white solid; mp: 235-236 ℃; 
1
H 349 

NMR (400 MHz, CDCl3) δ 7.43 (s, 1H), 7.37 (s, 2H), 7.32 (t, J = 7.7 Hz, 1H), 7.29 – 350 

7.25 (m, 2H), 5.80 (s, 1H), 4.68 (s, 1H), 4.20 (d, J = 16.7 Hz, 1H), 2.54 (s, 1H), 2.23 351 

(d, J = 15.3 Hz, 2H), 2.11 – 1.94 (m, 3H), 1.94 – 1.81 (m, 1H), 1.80 – 1.60 (m, 1H), 352 

1.60 – 1.47 (m, 3H), 1.46 – 1.32 (m, 6H), 1.25 (d, J = 9.2 Hz, 3H), 1.20 (s, 3H), 1.18 353 

(s, 3H), 1.16 (s, 6H), 1.07 (d, J = 16.0 Hz, 2H), 0.86 (s, 3H).
13

C NMR (100 MHz, 354 

CDCl3) δ 207.6, 199.4, 181.8, 170.0, 137.9, 135.7, 135.6, 134.5, 130.5, 129.8, 128.8, 355 

128.5, 128.2, 59.5, 53.7, 48.5, 45.7, 45.2, 44.4, 44.0, 43.6, 41.2, 37.9, 36.5, 32.1, 31.7, 356 

31.1, 29.7, 28.8, 28.6, 26.8, 26.6, 23.4, 22.7, 19.7, 18.2, 15.6. HRMS (ESI): 357 

C37H48ClO4 (591.3236) [M+H]
+
=591.3235. 358 

359 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-360 

11-((Z)-4-((trifluoromethyl)thio)benzylidene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,1361 

2a,12b,13,14b-icosahydropicene -2-carboxylic acid (19, C38H47F3O4S). According to 362 

the general procedure, derivative 19 was prepared by Claisen Schmidt condensation 363 

of intermediate 10 with 4-(trifluoromethylthio)benzaldehyde in the presence of 364 

ethanolic potassium hydroxide at room temperature. Purification of product by flash 365 

column chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 366 

6 : 1, containing 0.5% formic acid). Yield: 82%; white solid; mp: 258-259 ℃; 
1
H 367 

NMR (400 MHz, CDCl3) δ 7.66 (d, J = 8.2 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.42 (s, 368 

1H), 5.83 (s, 1H), 4.24 (d, J = 17.0 Hz, 1H), 2.56 (s, 1H), 2.33 – 2.18 (m, 2H), 2.13 – 369 

1.94 (m, 3H), 1.88 (td, J = 13.3, 3.6 Hz, 1H), 1.79 – 1.69 (m, 1H), 1.65 (t, J = 13.6 Hz, 370 

1H), 1.60 – 1.48 (m, 2H), 1.48 – 1.33 (m, 6H), 1.33 – 1.25 (m, 2H), 1.24 (s, 3H), 1.21 371 



(s, 3H), 1.19 (s, 3H), 1.16 (d, J = 2.4 Hz, 6H), 1.07 (d, J = 14.0 Hz, 2H), 0.87 (s, 3H). 372 

13
C NMR (100 MHz, CDCl3) δ 207.6, 199.7, 181.8, 170.6, 138.5, 136.3, 136.2, 135.4, 373 

131.3, 131.2, 128.7, 128.1, 124.4, 59.5, 53.6, 48.5, 45.7, 45.2, 44.6, 44.0, 43.6, 41.2, 374 

37.9, 36.5, 32.1, 31.7, 31.1, 30.3, 29.7, 28.8, 28.6, 26.7, 26.6, 23.4, 22.7, 19.7, 18.2, 375 

15.6. HRMS (ESI): C38H48F3O4S (657.3220) [M+H]
+
=657.3222. 376 

377 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-378 

11-((Z)-4-(pyridin-2-yl)benzylidene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,1379 

3,14b-icosahydropicene-2-carboxylic acid (20, C42H51NO4). According to the general 380 

procedure, derivative 20 was prepared by Claisen Schmidt condensation of 381 

intermediate 10 with 4-(2-Pyridinyl)benzaldehyde in the presence of ethanolic 382 

potassium hydroxide at room temperature. Purification of product by flash column 383 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 384 

containing 0.5% formic acid). Yield: 89%; white solid; mp: 239-240 ℃; 
1
H NMR 385 

(400 MHz, CDCl3) δ 8.68 (d, J = 4.3 Hz, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.81 – 7.66 (m, 386 

2H), 7.60 (d, J = 8.3 Hz, 2H), 7.55 – 7.46 (m, 1H), 7.21 (t, J = 4.9 Hz, 1H), 5.79 (d, J 387 

= 9.9 Hz, 1H), 4.36 – 4.25 (m, 1H), 2.56 (d, J = 14.7 Hz, 1H), 2.38 – 2.18 (m, 2H), 388 

2.11 – 1.95 (m, 3H), 1.93 – 1.81 (m, 1H), 1.80 – 1.49 (m, 7H), 1.45 – 1.40 (m, 5H), 389 

1.26 (s, 3H), 1.23 (s, 3H), 1.20 – 1.15 (m, 9H), 1.06 (d, J = 13.1 Hz, 2H), 0.86 (s, 3H). 390 

13
C NMR (100 MHz, CDCl3) δ 207.7, 199.3, 181.2, 169.9, 156.7, 149.5, 138.9, 137.0, 391 

136.6, 136.5, 134.7, 130.9, 129.1, 128.7, 127.0, 126.9, 125.4, 122.3, 120.8, 59.5, 53.4, 392 

48.3, 45.5, 45.1, 44.8, 43.8, 43.4, 41.1, 37.7, 36.3, 31.9, 31.6, 29.7, 29.7, 28.6, 28.4, 393 

26.6, 26.5, 22.6, 19.6, 18.1, 15.5. HRMS (ESI): C42H52NO4 (634.3891) 394 



[M+H]
+
=634.3903. 395 

396 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-diox397 

o-11-((6-(trifluoromethyl)pyridin-3-yl)methylene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,398 

12,12a,12b,13,14b-icosahydropicene-2-carboxylic acid (21, C37H46F3NO4). 399 

According to the general procedure, derivative 21 was prepared by Claisen Schmidt 400 

condensation of intermediate 10 with 2-trifluoromethyl-pyridine-5-carbaldehyde in 401 

the presence of ethanolic potassium hydroxide at room temperature. Purification of 402 

product by flash column chromatography was carried out using eluent (petroleum 403 

ether/ ethyl acetate, 4 : 1, containing 0.5% formic acid). Yield: 84%; white solid; mp: 404 

174-175 ℃; 1H NMR (500 MHz, Chloroform-d) δ 8.88 – 8.66 (m, 1H), 8.01 (dd, J = 405 

8.2, 1.6 Hz, 1H), 7.71 (d, J = 8.2 Hz, 1H), 7.43 (s, 1H), 5.80 (s, 1H), 4.21 (d, J = 17.9 406 

Hz, 1H), 2.54 (s, 1H), 2.30 – 2.21 (m, 2H), 2.08 – 1.94 (m, 3H), 1.86 (td, J = 13.5, 4.1 407 

Hz, 1H), 1.79 – 1.69 (m, 1H), 1.63 (t, J = 13.6 Hz, 1H), 1.59 – 1.47 (m, 4H), 1.45 – 408 

1.39 (m, 5H), 1.36 – 1.31 (m, 1H), 1.30 – 1.20 (m, 8H), 1.19 – 1.13 (m, 8H), 1.10 – 409 

1.03 (m, 1H), 0.86 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 206.9, 199.6, 181.6, 170.9, 410 

151.7, 147.1, 138.7, 137.6, 134.8, 131.5, 128.6, 123.0, 120.3, 59.4, 53.8, 48.5, 45.9, 411 

45.2, 44.5, 43.9, 43.6, 41.2, 37.8, 36.6, 32.1, 31.7, 31.1, 29.6, 28.8, 28.5, 26.7, 26.6, 412 

23.4, 22.8, 19.7, 18.2, 15.6. HRMS (ESI): C37H47F3NO4 (626.3452) 413 

[M+H]
+
=626.3455. 414 



415 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-11-((2,6-dichloropyridin-3-yl)methylene)-2,416 

4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a417 

,12b,13,14b-icosahydropicene-2-carboxylic acid (22, C36H45Cl2NO4). According to 418 

the general procedure, derivative 22 was prepared by Claisen Schmidt condensation 419 

of intermediate 10 with 2,6-dichloropyridine-3-carbaldehyde in the presence of 420 

ethanolic potassium hydroxide at room temperature. Purification of product by flash 421 

column chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 422 

4 : 1, containing 0.5% formic acid). Yield: 76%; white solid; mp: 232-233 ℃; 
1
H 423 

NMR (400 MHz, CDCl3) δ 7.69 (d, J = 8.5 Hz, 1H), 7.54 (s, 1H), 6.69 (d, J = 8.4 Hz, 424 

1H), 5.77 (s, 1H), 4.03 (dd, J = 16.3, 7.6 Hz, 1H), 2.50 (d, J = 4.4 Hz, 1H), 2.29 – 425 

2.19 (m, 1H), 2.14 – 1.98 (m, 3H), 1.98 – 1.79 (m, 2H), 1.78 – 1.68 (m, 1H), 1.68 – 426 

1.59 (m, 1H), 1.59 – 1.54 (m, 2H), 1.54 – 1.47 (m, 2H), 1.46 – 1.32 (m, 9H), 1.23 (s, 427 

3H), 1.21 – 1.16 (m, 9H), 1.07 (d, J = 13.6 Hz, 2H), 0.86 (s, 3H).
 13

C NMR (126 MHz, 428 

CDCl3) δ 206.7, 199.8, 181.7, 171.1, 150.5, 149.4, 140.7, 138.1, 130.6, 129.7, 128.3, 429 

122.9, 59.2, 53.8, 48.3, 46.1, 45.1, 43.8, 43.5, 43.4, 41.0, 37.7, 36.7, 31.9, 31.6, 30.9, 430 

29.1, 28.6, 28.4, 26.5, 26.4, 23.2, 22.8, 19.4, 18.2, 15.51.  431 

432 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-4-(1H-1,2,4-triazol-1-yl)benzylidene)433 

-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,1434 

2a,12b,13,14b-icosahydropicene-2-carboxylic acid (23, C39H49N3O4). According to 435 



the general procedure, derivative 23 was prepared by Claisen Schmidt condensation 436 

of intermediate 10 with 4-(1H-1,2,4-triazol-1-yl) benzaldehyde in the presence of 437 

ethanolic potassium hydroxide at room temperature. Purification of product by flash 438 

column chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 439 

4 : 1, containing 0.5% formic acid). Yield: 75%; white solid; mp: 204-205 ℃; 
1
H 440 

NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 8.15 (s, 1H), 7.73 (d, J = 8.6 Hz, 2H), 7.64 (d, 441 

J = 8.6 Hz, 2H), 7.49 (s, 1H), 5.82 (s, 1H), 4.30 (d, J = 16.8 Hz, 1H), 2.57 (s, 1H), 442 

2.35 – 2.19 (m, 2H), 2.12 – 1.95 (m, 3H), 1.94 – 1.82 (m, 1H), 1.81 – 1.70 (m, 1H), 443 

1.65 (t, J = 13.5 Hz, 1H), 1.61 – 1.49 (m, 4H), 1.49 – 1.40 (m, 3H), 1.40 – 1.30 (m, 444 

2H), 1.27 – 1.21 (m, 7H), 1.21 – 1.15 (m, 9H), 1.07 (d, J = 15.1 Hz, 2H), 0.87 (s, 3H). 445 

13
C NMR (100 MHz, CDCl3) δ 207.4, 199.7, 180.7, 170.7, 152.3, 140.8, 136.4, 136.1, 446 

135.5, 135.3, 131.8, 128.6, 128.6, 123.0, 119.9, 59.5, 53.6, 48.5, 45.7, 45.1, 44.5, 43.8, 447 

43.5, 41.3, 37.8, 36.5, 32.0, 31.7, 31.1, 29.7, 28.7, 28.6, 26.7, 26.6, 23.4, 22.8, 19.7, 448 

18.2, 15.6. HRMS (ESI): C39H50N3O4 (624.3796) [M+H]
+
=624.3793. 449 

450 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-3-fluoro-4-methoxybenzylidene)-2,4a,451 

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,12452 

b,13,14b-icosahydropicene-2-carboxylic acid (24, C38H49FO5). According to the 453 

general procedure, derivative 24 was prepared by Claisen Schmidt condensation of 454 

intermediate 10 with 3-fluoro-4-methoxybenzaldehyde in the presence of ethanolic 455 

potassium hydroxide at room temperature. Purification of product by flash column 456 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 457 

containing 0.5% formic acid). Yield: 85%; white solid; mp: 188-189 ℃; 
1
H NMR 458 



(400 MHz, CDCl3) δ 7.37 (s, 1H), 7.28 – 7.22 (m, 2H), 6.98 (t, J = 8.8 Hz, 1H), 5.82 459 

(s, 1H), 4.21 (d, J = 16.8 Hz, 1H), 3.89 (s, 3H), 2.57 (s, 1H), 2.25 (d, J = 15.8 Hz, 2H), 460 

2.13 – 1.96 (m, 3H), 1.93 – 1.81 (m, 1H), 1.79 – 1.61 (m, 2H), 1.60 – 1.48 (m, 4H), 461 

1.48 – 1.34 (m, 6H), 1.31 – 1.22 (m, 3H), 1.20 (d, J = 8.4 Hz, 6H), 1.15 (s, 6H), 1.07 462 

(d, J = 13.7 Hz, 2H), 0.87 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.6, 199.6, 182.3, 463 

170.1, 152.0, 148.1, 136.03, 133.12, 129.3, 128.8, 127.3, 118.2, 113.2, 59.5, 56.3, 464 

53.4, 48.4, 45.4, 45.2, 44.7, 43.9, 43.5, 41.1, 37.8, 36.3, 32.0, 31.6, 31.0, 29.9, 28.7, 465 

28.5, 26.7, 26.6, 23.3, 22.7, 19.7, 18.2, 15.5. HRMS (ESI): C38H50FO5 (605.3637) 466 

[M+H]
+
=605.3642. 467 

468 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-11-((Z)-4-me469 

thylbenzylidene)-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-i470 

cosahydropicene-2-carboxylic acid (25, C38H50O4). According to the general 471 

procedure, derivative 25 was prepared by Claisen Schmidt condensation of 472 

intermediate 10 with p-tolualdehyde in the presence of ethanolic potassium hydroxide 473 

at room temperature. Purification of product by flash column chromatography was 474 

carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, containing 0.5% formic 475 

acid). Yield: 79%; white solid; mp: 292-293 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.45 (s, 476 

1H), 7.40 (d, J = 8.1 Hz, 2H), 7.18 (t, J = 7.4 Hz, 2H), 5.81 (s, 1H), 2.56 (s, 1H), 2.34 477 

(s, 3H), 2.31 – 2.18 (m, 2H), 2.11 – 1.95 (m, 3H), 1.87 (td, J = 13.4, 3.9 Hz, 1H), 1.78 478 

– 1.60 (m, 2H), 1.55 (s, 4H), 1.47 – 1.39 (m, 5H), 1.40 – 1.29 (m, 2H), 1.29 – 1.22 (m, 479 

3H), 1.21 (s, 3H), 1.19 (s, 3H), 1.15 (d, J = 2.6 Hz, 6H), 1.07 (d, J = 13.7 Hz, 2H), 480 

0.87 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.9, 199.6, 181.4, 169.9, 138.8, 137.5, 481 



133.3, 133.3, 130.7, 129.4, 128.8, 59.6, 53.5, 48.5, 45.5, 45.2, 44.9, 44.0, 43.5, 41.2, 482 

37.9, 36.4, 32.1, 31.7, 31.1, 29.9, 28.8, 28.6, 26.7, 26.6, 23.4, 22.7, 21.5, 19.8, 18.2, 483 

15.6. HRMS (ESI): C38H51O4 (571.3782) [M+H]
+
=571.3784. 484 

485 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-486 

11-((Z)-4-(trifluoromethyl)benzylidene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12487 

b,13,14b-icosahydropicene-2-carboxylic acid (26, C38H47F3O4). According to the 488 

general procedure, derivative 26 was prepared by Claisen Schmidt condensation of 489 

intermediate 26 with 4-trifluoromethylbenzaldehyde in the presence of ethanolic 490 

potassium hydroxide at room temperature. Purification of product by flash column 491 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 492 

containing 0.5% formic acid). Yield: 87%; white solid; mp: 280-281 ℃; 
1
H NMR 493 

(400 MHz, CDCl3) δ 7.64 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 8.3 Hz, 2H), 7.46 (s, 1H), 494 

5.81 (s, 1H), 4.24 (d, J = 16.8 Hz, 1H), 2.55 (s, 1H), 2.25 (d, J = 16.3 Hz, 2H), 2.12 – 495 

1.93 (m, 3H), 1.93 – 1.81 (m, 1H), 1.79 – 1.69 (m, 1H), 1.65 (t, J = 13.5 Hz, 1H), 1.60 496 

– 1.47 (m, 4H), 1.47 – 1.38 (m, 3H), 1.38 – 1.30 (m, 1H), 1.24 (dd, J = 16.6, 7.9 Hz, 497 

8H), 1.19 (s, 3H), 1.17 (d, J = 1.9 Hz, 6H), 1.07 (d, J = 13.3 Hz, 2H), 0.87 (s, 3H). 
13

C 498 

NMR (100 MHz, CDCl3) δ 207.3, 199.5, 180.6, 170.3, 139.4, 139.4, 136.2, 135.3, 499 

130.3, 128.6, 125.4, 59.3, 53.6, 48.4, 45.7, 45.1, 44.3, 43.7, 43.4, 41.1, 37.7, 36.4, 500 

31.9, 31.6, 30.9, 29.5, 28.6, 28.4, 26.6, 26.4, 23.2, 22.6, 19.6, 18.1, 15.4. HRMS (ESI): 501 

C38H48F3O4 (625.3499) [M+H]
+
=625.3501. 502 



503 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-diox504 

o-11-((E)-3-(p-tolyl)allylidene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b505 

-icosahydropicene-2-carboxylic acid (27, C40H52O4). According to the general 506 

procedure, derivative 27 was prepared by Claisen Schmidt condensation of 507 

intermediate 10 with trans-4-methylcinnamaldehyde in the presence of ethanolic 508 

potassium hydroxide at room temperature. Purification of product by flash column 509 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 510 

containing 0.5% formic acid). Yield: 83%; white solid; mp: 294-296 ℃; 
1
H NMR 511 

(400 MHz, CDCl3) δ 7.38 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 7.0 Hz, 2H), 7.11 (d, J = 512 

7.9 Hz, 2H), 7.03 – 6.93 (m, 1H), 6.88 (d, J = 15.4 Hz, 1H), 5.85 (s, 1H), 2.57 (s, 1H), 513 

2.34 – 2.22 (m, 4H), 2.13 (d, J = 17.4 Hz, 1H), 2.08 – 1.94 (m, 3H), 1.94 – 1.83 (m, 514 

1H), 1.79 – 1.61 (m, 2H), 1.59 – 1.48 (m, 3H), 1.48 – 1.40 (m, 3H), 1.39 – 1.33 (m, 515 

1H), 1.30 – 1.23 (m, 6H), 1.20 (s, 3H), 1.17 (d, J = 6.0 Hz, 6H), 1.13 (s, 3H), 1.07 (d, 516 

J = 13.5 Hz, 2H), 0.88 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 206.6, 199.9, 181.5, 517 

170.2, 140.9, 139.1, 137.9, 134.2, 132.4, 129.6, 128.9, 127.4, 123.0, 59.5, 53.7, 48.5, 518 

45.4, 45.2, 44.0, 43.6, 43.0, 41.2, 37.9, 36.4, 32.1, 31.8, 31.1, 29.8, 28.8, 28.6, 26.7, 519 

26.6, 23.4, 22.8, 21.5, 19.8, 18.3, 15.5. HRMS (ESI): C40H53O4 (597.3938) 520 

[M+H]
+
=597.3939. 521 

522 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-11-((5-met523 



hylpyrazin-2-yl)methylene)-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12524 

b,13,14b-icosahydropicene-2-carboxylic acid (28, C36H48N2O4). According to the 525 

general procedure, derivative 28 was prepared by Claisen Schmidt condensation of 526 

intermediate 10 with 2-pyrazinecarboxaldehyde,5-methyl- in the presence of ethanolic 527 

potassium hydroxide at room temperature. Purification of product by flash column 528 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 4 : 1, 529 

containing 0.5% formic acid). Yield: 88%; white solid; mp: 213-214 ℃；1
H NMR 530 

(400 MHz, CDCl3) δ 8.55 (d, J = 7.1 Hz, 2H), 7.40 (s, 1H), 5.80 (s, 1H), 4.48 (d, J = 531 

18.4 Hz, 1H), 2.60 (s, 1H), 2.56 (s, 3H), 2.50 (d, J = 19.7 Hz, 1H), 2.29 – 2.20 (m, 532 

1H), 2.13 – 1.95 (m, 3H), 1.87 (td, J = 13.3, 3.6 Hz, 1H), 1.80 – 1.61 (m, 2H), 1.59 – 533 

1.50 (m, 3H), 1.50 – 1.31 (m, 5H), 1.28 – 1.21 (m, 8H), 1.20 – 1.11 (m, 9H), 1.07 (d, 534 

J = 13.4 Hz, 2H), 0.87 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.6, 199.4, 181.6, 535 

169.8, 152.0, 148.5, 146.2, 144.3, 139.9, 130.8, 128.8, 59.3, 53.6, 48.5, 45.6, 45.3, 536 

45.2, 44.0, 43.6, 41.2, 37.9, 36.1, 32.1, 31.7, 31.1, 29.9, 28.8, 28.6, 26.7, 26.6, 23.4, 537 

22.6, 21.5, 19.8, 18.2, 15.6. HRMS (ESI): C36H49N2O4 (573.3687) [M+H]
+
=573.3692. 538 

539 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-4-bromo-2-fluorobenzylidene)-2,4a,6540 

a,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,12b541 

,13,14b-icosahydropicene-2-carboxylic acid (29, C37H46BrFO4). According to the 542 

general procedure, derivative 29 was prepared by Claisen Schmidt condensation of 543 

intermediate 10 with 2-bromo-4-fluorobenzaldehyde in the presence of ethanolic 544 

potassium hydroxide at room temperature. Purification of product by flash column 545 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 546 



containing 0.5% formic acid). Yield: 68%; white solid; mp: 282-283 ℃;
 1

H NMR 547 

(400 MHz, DMSO-d6) δ 12.12 (s, 1H), 7.69 – 7.59 (m, 1H), 7.52 – 7.39 (m, 2H), 7.36 548 

(s, 1H), 5.45 (s, 1H), 3.80 (d, J = 16.9 Hz, 1H), 2.64 (s, 1H), 2.45 (d, J = 18.7 Hz, 1H), 549 

2.17 – 2.03 (m, 2H), 1.86 – 1.66 (m, 5H), 1.66 – 1.48 (m, 3H), 1.44 – 1.34 (m, 6H), 550 

1.31 – 1.17 (m, 5H), 1.12 – 1.07 (m, 9H), 0.98 (s, 3H), 0.89 – 0.82 (m, 1H), 0.77 (s, 551 

3H). 
13

C NMR (100 MHz, DMSO-d6) δ 206.0, 199.0, 178.1, 171.0, 162.0, 156.2, 552 

137.4, 132.2, 128.0, 127.8, 127.3, 123.0, 119.7, 58.6, 52.6, 48.7, 45.5, 45.0, 43.7, 43.5, 553 

43.2, 41.2, 38.0, 36.2, 35.6, 32.1, 29.5, 28.9, 28.3, 26.6, 26.3, 23.2, 23.0, 19.4, 18.2, 554 

16.8, 15.4. HRMS (ESI): C37H46
79

BrFNaO4 (675.2456) [M+Na]
+
=675.2460, 555 

C37H46
81

BrFNaO4 (677.3442) [M+Na]
+
=677.2448. 556 

557 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-3-chloro-4-fluorobenzylidene)-2,4a,6558 

a,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,12b559 

,13,14b-icosahydropicene-2-carboxylic acid (30, C37H46ClFO4). According to the 560 

general procedure, derivative 30 was prepared by Claisen Schmidt condensation of 561 

intermediate 10 with 3-chloro-4-fluorobenzaldehyde in the presence of ethanolic 562 

potassium hydroxide at room temperature. Purification of product by flash column 563 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 564 

containing 0.5% formic acid). Yield: 66%; mp: 133-134 ℃; 
1
H NMR (400 MHz, 565 

CDCl3) δ 7.42 (dd, J = 7.1, 2.0 Hz, 1H), 7.40 – 7.33 (m, 1H), 7.03 (t, J = 8.7 Hz, 1H), 566 

6.45 (s, 1H), 5.78 (s, 1H), 3.73 (d, J = 14.8 Hz, 1H), 2.58 – 2.49 (m, 1H), 2.29 – 2.20 567 

(m, 2H), 2.12 – 1.81 (m, 5H), 1.79 – 1.60 (m, 3H), 1.60 – 1.54 (m, 2H), 1.46 – 1.39 568 

(m, 6H), 1.29 (s, 3H), 1.28 – 1.23 (m, 6H), 1.20 – 1.18 (m, 3H), 1.16 – 1.13 (m, 3H), 569 



1.07 (s, 2H), 0.87 (s, 3H).
 13

C NMR (126 MHz, CDCl3) δ 207.3, 199.5, 182.1, 170.3, 570 

157.8, 135.0, 134.8, 133.2, 133.0, 130.0, 128.6, 121.1, 116.6, 59.3, 53.4, 48.31, 45.6, 571 

45.1, 44.1, 43.8, 43.4, 41.0, 37.7, 36.3, 31.9, 31.5, 30.9, 29.6, 28.6, 28.4, 26.6, 26.4, 572 

23.2, 22.6, 19.6, 18.1, 15.4.
 

HRMS (ESI): C37H47ClFO4 (631.2960) 573 

[M+Na]
+
=631.2933. 574 

575 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-2,4-dimethoxybenzylidene)-2,4a,6a,6576 

b,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,13577 

,14b-icosahydropicene-2-carboxylic acid (31, C39H52O6). According to the general 578 

procedure, derivative 31 was prepared by Claisen Schmidt condensation of 579 

intermediate 10 with 2,4-dimethoxybenzaldehyde in the presence of ethanolic 580 

potassium hydroxide at room temperature. Purification of product by flash column 581 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 6 : 1, 582 

containing 0.5% formic acid). Yield: 85%; mp: 209-210 ℃; 
1
H NMR (400 MHz, 583 

CDCl3) δ 7.80 (s, 1H), 7.41 (d, J = 8.6 Hz, 1H), 6.51 (dd, J = 8.6, 2.3 Hz, 1H), 6.44 (d, 584 

J = 2.3 Hz, 1H), 5.79 (s, 1H), 4.17 (d, J = 16.6 Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 585 

2.54 (s, 1H), 2.27 – 2.14 (m, 2H), 2.12 – 1.92 (m, 3H), 1.87 (td, J = 13.4, 3.9 Hz, 1H), 586 

1.78 – 1.59 (m, 2H), 1.59 – 1.46 (m, 4H), 1.46 – 1.38 (m, 5H), 1.38 – 1.30 (m, 1H), 587 

1.29 – 1.21 (m, 3H), 1.21 – 1.11 (m, 12H), 1.06 (d, J = 13.8 Hz, 2H), 0.86 (s, 3H). 
13

C 588 

NMR (100 MHz, CDCl3) δ 207.4, 199.6, 181.0, 169.8, 161.6, 160.2, 132.7, 131.6, 589 

131.2, 128.9, 118.2, 104.4, 98.6, 59.7, 55.7, 55.5, 53.6, 48.5, 45.5, 45.2, 44.7, 43.9, 590 

43.5, 41.2, 37.9, 36.6, 32.1, 31.8, 31.1, 29.9, 28.7, 28.6, 26.7, 26.6, 23.4, 22.9, 19.8, 591 

18.3, 15.6. HRMS (ESI): C39H53O6 (617.3837) [M+H]
+
=617.3842. 592 



593 
(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-11-((5-fluoro-2-methoxypyridin-3-yl)methyl594 

ene)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-dioxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,595 

12,12a,12b,13,14b-icosahydropicene-2-carboxylic acid (32, C37H48FNO5). According 596 

to the general procedure, derivative 32 was prepared by Claisen Schmidt condensation 597 

of intermediate 10 with 5-fluoro-2-methoxynicotinaldehyde in the presence of 598 

ethanolic potassium hydroxide at room temperature. Purification of product by flash 599 

column chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 600 

5 : 1, containing 0.5% formic acid). Yield: 72%; white solid; mp: 194-195 ℃; 
1
H 601 

NMR (400 MHz, CDCl3) δ 7.95 (d, J = 2.9 Hz, 1H), 7.59 – 7.52 (m, 1H), 7.50 (dd, J 602 

= 8.6, 2.8 Hz, 1H), 5.79 (s, 1H), 4.17 – 4.04 (m, 1H), 3.96 (s, 2H), 2.53 (s, 1H), 2.35 – 603 

2.21 (m, 1H), 2.16 (dd, J = 16.6, 1.5 Hz, 1H), 2.12 – 1.93 (m, 3H), 1.87 (td, J = 13.3, 604 

3.7 Hz, 1H), 1.78 – 1.60 (m, 2H), 1.60 – 1.47 (m, 4H), 1.47 – 1.40 (m, 5H), 1.40 – 605 

1.26 (m, 3H), 1.27 – 1.22 (m, 4H), 1.21 – 1.12 (m, 10H), 1.12 – 1.03 (m, 2H), 0.87 (s, 606 

3H). 
13

C NMR (100 MHz, CDCl3) δ 206.9, 199.4, 182.0, 170.2, 158.6, 154.9, 136.5, 607 

133.0, 129.9, 128.7, 125.8, 120.0, 59.4, 54.2, 53.8, 48.4, 45.8, 45.2, 44.1, 43.9, 43.5, 608 

41.1, 37.8, 36.6, 32.0, 31.7, 31.0, 29.6, 28.7, 28.5, 26.7, 26.6, 23.3, 22.8, 19.7, 18.2, 609 

15.5. HRMS (ESI): C37H49FNO5 (606.3589) [M+H]
+
=606.3590. 610 

 611 

(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR)-11-((Z)-4-acetamidobenzylidene)-2,4a,6a,6b,612 



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,13,1613 

4b-icosahydropicene-2-carboxylic acid (33, C39H51NO5). According to the general 614 

procedure, derivative 31 was prepared by Claisen Schmidt condensation of 615 

intermediate 10 with 4-Acetamidobenzaldehyde in the presence of ethanolic 616 

potassium hydroxide at room temperature. Purification of product by flash column 617 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 2 : 3, 618 

containing 0.5% formic acid). Yield 82.3%; yellow solid; mp: 214-216 ℃; 1H NMR 619 

(500 MHz, DMSO-d6) δ 12.21 (s, 1H), 10.13 (s, 1H), 7.63 (d, J = 8.2 Hz, 2H), 7.45 (d, 620 

J = 8.2 Hz, 2H), 7.30 (s, 1H), 5.47 (s, 1H), 3.93 (d, J = 17.1 Hz, 1H), 2.67 (s, 1H), 621 

2.48 (s, 4H), 2.10 (d, J = 13.0 Hz, 2H), 1.87 – 1.61 (m, 6H), 1.59 – 1.45 (m, 3H), 1.41 622 

(d, J = 21.5 Hz, 5H), 1.35 (d, J = 13.4 Hz, 2H), 1.29 – 1.12 (m, 4H), 1.11 – 1.06 (m, 623 

8H), 1.04 (s, 2H), 0.96 (s, 3H), 0.76 (s, 2H). 
13

C NMR (126 MHz, DMSO-d6) δ 206.2, 624 

199.1, 178.1, 170.9, 169.0, 140.3, 136.3, 132.8, 131.7, 130.4, 128.0, 119.1, 58.6, 52.4, 625 

48.6, 45.0, 44.9, 43.8, 43.6, 43.5, 41.2, 38.0, 36.0, 32.0, 31.3, 30.8, 29.9, 29.0, 28.2, 626 

26.6, 26.3, 24.6, 23.2, 22.9, 19.6, 18.1, 15.5. HRMS (ESI): C39H51NNaO5 (636.3659) 627 

[M+Na]
+
=636.3649. 628 

 629 

(2S,4aS,6aS,6bR,8aR,12aS,12bR,14bR,Z)-2,4a,6a,6b,9,9,12a-heptamethyl-10,13-diox630 

o-11-(quinolin-8-ylmethylene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-631 

icosahydropicene-2-carboxylic acid (34, C40H49NO4). According to the general 632 

procedure, derivative 31 was prepared by Claisen Schmidt condensation of 633 

intermediate 10 with 8-quinolinecarboxaldehyde in the presence of ethanolic 634 

potassium hydroxide at room temperature. Purification of product by flash column 635 



chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 2 : 1, 636 

containing 0.5% formic acid). Yield 89%; white solid; mp: 210-211 ℃; 
1
H NMR (500 637 

MHz, CDCl3) δ 8.99 (dd, J = 4.2, 1.8 Hz, 1H), 8.65 (s, 1H), 8.16 (dd, J = 8.3, 1.7 Hz, 638 

1H), 7.87 (d, J = 7.2 Hz, 1H), 7.80 (d, J = 8.0 Hz, 1H), 7.61 (t, J = 7.7 Hz, 1H), 7.45 639 

(dd, J = 8.2, 4.2 Hz, 1H), 5.77 (s, 1H), 4.29 (d, J = 17.1 Hz, 1H), 2.55 (s, 1H), 2.32 – 640 

2.25 (m, 1H), 2.22 (dd, J = 13.2, 3.5 Hz, 1H), 2.09 – 2.00 (m, 2H), 1.98 – 1.92 (m, 641 

1H), 1.87 (td, J = 13.6, 4.1 Hz, 1H), 1.75 (t, J = 10.5 Hz, 1H), 1.66 (d, J = 13.6 Hz, 642 

1H), 1.58 (td, J = 16.3, 14.0, 6.3 Hz, 3H), 1.51 (d, J = 13.3 Hz, 2H), 1.43 (d, J = 14.9 643 

Hz, 6H), 1.27 (s, 3H), 1.26 (d, J = 1.8 Hz, 6H), 1.24 (s, 6H), 1.19 (s, 2H), 0.87 (s, 3H). 644 

13C NMR (126 MHz, CDCl3) δ 207.2, 199.6, 181.8, 170.1, 149.8, 147.1, 136.4, 134.8, 645 

134.8, 134.3, 130.2, 128.5, 128.5, 128.3, 126.2, 121.3, 59.3, 53.7, 48.2, 45.7, 45.1, 646 

44.1, 43.8, 43.4, 40.9, 37.7, 36.6, 31.9, 31.6, 30.9, 29.5, 28.6, 28.5, 26.5, 26.4, 23.3, 647 

22.9, 19.5, 18.1, 15.5. HRMS (ESI): C40H49NNaO4 (630.3554) [M+Na]
+
=630.3556. 648 

4.1.2 General procedure for the synthesis of UA derivatives 35, 36.  649 

UA derivatives 35, 36 were obtained according to Scheme 1. UA was dissolved 650 

in acetone at 0 ℃; Jones reagent was added to the reaction system drop-wisely until 651 

the solution colour was stable in light brown, implied that the Jones reagent was in 652 

slight excess to oxidize the C-3 hydroxyl group into ketone to provide intermediate 11 653 

without further purification. Derivatives 35, 36 were prepared by Claisen Schmidt 654 

condensation of intermediate 11 with corresponding aldehydes in the presence of 655 

ethanolic potassium hydroxide in good yield at room temperature. 656 

 657 

658 



(1S,2R,4R,6aS,6bR,12aR)-1,2,6a,6b,9,9,12a-heptamethyl-10-oxo-11-((Z)-4-(trifluoro659 

methyl)benzylidene)-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10, 660 

11,12,12a,12b,13,14b-icosahydropicene-4-carboxylic acid (35, C38H49F3O3). 661 

According to the general procedure, derivative 35 was prepared by Claisen Schmidt 662 

condensation of intermediate 11 with 4-trifluoromethylbenzaldehyde in the presence 663 

of ethanolic potassium hydroxide at room temperature. Purification of product by 664 

flash column chromatography was carried out using eluent (petroleum ether/ ethyl 665 

acetate, 8 : 1, containing 0.5% formic acid). Yield: 91%; white solid; mp: 171-172 ℃; 666 

1
H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 8.5 Hz, 3H), 5.27 667 

(t, J = 3.2 Hz, 1H), 2.98 (d, J = 16.3 Hz, 1H), 2.34 – 2.14 (m, 2H), 2.09 – 1.97 (m, 668 

1H), 1.94 (dd, J = 8.6, 3.2 Hz, 2H), 1.86 (td, J = 13.7, 4.0 Hz, 1H), 1.78 – 1.61 (m, 669 

4H), 1.59 – 1.46 (m, 3H), 1.46 – 1.18 (m, 6H), 1.14 (d, J = 7.9 Hz, 9H), 1.08 – 0.99 670 

(m, 1H), 0.96 (d, J = 6.1 Hz, 3H), 0.90 (d, J = 5.7 Hz, 3H), 0.87 (s, 3H), 0.81 (s, 3H). 671 

13
C NMR (100 MHz, CDCl3) δ 207.6, 183.7, 139.6, 139.6, 138.3, 136.0, 135.8, 130.4, 672 

125.6, 125.50, 125.46, 53.4, 52.8, 48.2, 45.5, 45.4, 44.1, 42.4, 39.6, 39.3, 39.0, 36.8, 673 

36.6, 32.2, 30.8, 29.7, 28.1, 24.2, 23.7, 23.6, 22.9, 21.3, 20.4, 17.2, 16.9, 15.6. 674 

ESI-MS m/z 609.4 [M-H]
-
. HRMS (ESI): C38H49F3NaO3 (633.3526) 675 

[M+Na]
+
=633.3525. 676 

677 
(1S,2R,4R,6aS,6bR,12aR)-1,2,6a,6b,9,9,12a-heptamethyl-11-((Z)-4-methylbenzyliden678 

e)-10-oxo-1,2,3,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a, 679 

12b,13,14b-icosahydropicene-4-carboxylic acid (36, C38H52O3). According to the 680 

general procedure, derivative 36 was prepared by Claisen Schmidt condensation of 681 



intermediate 12 with 4-methylbenzaldehyde in the presence of ethanolic potassium 682 

hydroxide at room temperature. Purification of product by flash column 683 

chromatography was carried out using eluent (petroleum ether/ ethyl acetate, 8 : 1, 684 

containing 0.5% formic acid). Yield: 87%; white solid: mp: 142-143 ℃; 
1
H NMR 685 

(400 MHz, CDCl3) δ 7.53 (s, 1H), 7.35 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 7.9 Hz, 2H), 686 

5.28 (s, 1H), 3.03 (d, J = 16.2 Hz, 1H), 2.38 (s, 3H), 2.31 – 2.24 (m, 1H), 2.22 (d, J = 687 

11.4 Hz, 1H), 2.09 – 1.93 (m, 3H), 1.86 (td, J = 13.4, 3.8 Hz, 1H), 1.78 – 1.61 (m, 3H), 688 

1.59 – 1.45 (m, 4H), 1.45 – 1.33 (m, 4H), 1.26 (s, 3H), 1.14 (d, J = 3.3 Hz, 9H), 0.96 689 

(d, J = 6.0 Hz, 3H), 0.91 (d, J = 6.4 Hz, 3H), 0.87 (s, 3H), 0.81 (s, 3H). 
13

C NMR 690 

(100 MHz, CDCl3) δ 207.9, 183.8, 138.8, 138.2, 137.8, 133.3, 133.1, 130.6, 129.4, 691 

125.8, 53.3, 52.9, 48.2, 45.5, 45.3, 44.3, 42.4, 39.6, 39.3, 39.0, 36.9, 36.4, 32.3, 30.8, 692 

29.8, 28.2, 24.3, 23.8, 23.6, 22.8, 21.5, 21.3, 20.5, 17.2, 16.9, 15.6. ESI-MS m/z 555.4 693 

[M-H]
-
. HRMS (ESI): C38H52NaO3 (579.3809) [M+Na]

+
=579.3812. 694 

4.1.3 General procedure for the synthesis of UA derivatives 37, 38 695 

OA derivatives 37, 38 were obtained according to Scheme 1. OA was dissolved 696 

in acetone at 0 ℃; Jones reagent was added to the reaction system drop-wisely until 697 

the solution colour was stable in light brown, implied that the Jones reagent was in 698 

slight excess to oxidize the C-3 hydroxyl group into ketone to provide the 699 

intermediate 12. Purification of compound 12 by flash column chromatography was 700 

carried out using eluent (petroleum ether/ ethyl acetate, 1 : 1, containing 0.5% formic 701 

acid). Derivatives 37, 38 were prepared by Claisen Schmidt condensation of 702 

intermediate 16 with corresponding aldehydes in the presence of ethanolic potassium 703 

hydroxide in good yield at room temperature. 704 



705 
(4aS,6aS,6bR,12aR)-2,2,6a,6b,9,9,12a-heptamethyl-10-oxo-1,3,4,5,6,6a,6b,7,8,8a,9,1706 

0,11,12,12a,12b,13,14b-octadecahydropicene-4a(2H)-carboxylic acid (OA-O, 12, 707 

C30H46O3). Yield: 91%; white solid; mp: 209-210 ℃; 
1
H NMR (400 MHz, CDCl3) δ 708 

5.31 (t, J = 3.3 Hz, 1H), 2.84 (dd, J = 13.8, 4.1 Hz, 1H), 2.63 – 2.47 (m, 1H), 2.42 – 709 

2.32 (m, 1H), 2.07 – 1.80 (m, 4H), 1.80 – 1.68 (m, 2H), 1.68 – 1.55 (m, 4H), 1.52 – 710 

1.45 (m, 3H), 1.43 (s, 1H), 1.41 – 1.17 (m, 6H), 1.15 (s, 3H), 1.09 (s, 3H), 1.04 (d, J = 711 

6.0 Hz, 5H), 0.99 – 0.85 (m, 7H), 0.81 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 217.7, 712 

183.2, 143.8, 122.6, 55.6, 47.6, 47.1, 46.8, 46.0, 42.0, 41.3, 39.5, 39.3, 37.0, 34.3, 713 

34.0, 33.2, 32.6, 32.4, 30.8, 27.9, 26.7, 26.0, 23.7, 23.7, 23.2, 21.6, 19.8, 17.2, 15.2. 714 

HRMS (ESI): C30H46NaO3 (477.3339) [M+Na]
+
=477.3342. 715 

716 
(4aS,6aS,6bR,12aR)-2,2,6a,6b,9,9,12a-heptamethyl-10-oxo-11-((Z)-4-(trifluoromethyl717 

)benzylidene)-1,3,4,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicene-718 

4a(2H)-carboxylic acid (37, C38H49F3O3). According to the general procedure, 719 

derivative 37 was prepared by Claisen Schmidt condensation of intermediate 12 with 720 

4-trifluoromethylbenzaldehyde in the presence of ethanolic potassium hydroxide at 721 

room temperature. Purification of product by flash column chromatography was 722 

carried out using eluent (petroleum ether/ ethyl acetate, 3 : 1, containing 0.5% formic 723 

acid). Yield: 90%; white solid; mp: 268-269 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.64 724 

(d, J = 8.2 Hz, 2H), 7.50 (d, J = 8.5 Hz, 3H), 5.33 (t, J = 3.1 Hz, 1H), 2.95 (d, J = 16.4 725 



Hz, 1H), 2.86 (dd, J = 13.5, 4.0 Hz, 1H), 2.28 (d, J = 16.3 Hz, 1H), 2.06 – 1.88 (m, 726 

3H), 1.85 – 1.55 (m, 7H), 1.55 – 1.31 (m, 7H), 1.20 (s, 4H), 1.17 (s, 3H), 1.15 (s, 3H), 727 

1.00 – 0.89 (m, 6H), 0.86 (s, 3H), 0.82 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.7, 728 

182.9, 143.9, 139.6, 136.0, 135.7, 130.4, 125.5, 125.5, 125.4, 122.4, 53.3, 46.8, 46.1, 729 

45.6, 45.5, 44.2, 42.2, 41.4, 39.4, 36.5, 34.0, 33.2, 32.5, 32.0, 30.8, 29.9, 29.8, 27.8, 730 

25.9, 23.8, 23.7, 23.2, 22.8, 20.5, 16.8, 15.4. HRMS (ESI): C38H49F3NaO3 (633.3526) 731 

[M+Na]
+
=633.3522. 732 

733 
(4aS,6aS,6bR,12aR)-2,2,6a,6b,9,9,12a-heptamethyl-11-((Z)-4-methylbenzylidene)-10-734 

oxo-1,3,4,5,6,6a,6b,7,8,8a,9,10,11,12,12a,12b,13,14b-octadecahydropicene-4a(2H)-c735 

arboxylic acid (38, C38H52O3). According to the general procedure, derivative 38 was 736 

prepared by Claisen Schmidt condensation of intermediate 12 with 737 

4-methylbenzaldehyde in the presence of ethanolic potassium hydroxide at room 738 

temperature. Purification of product by flash column chromatography was carried out 739 

using eluent (petroleum ether/ ethyl acetate, 3 : 1, containing 0.5% formic acid). Yield: 740 

93%; white solid; mp: 154-155 ℃; 
1
H NMR (400 MHz, CDCl3) δ 7.52 (s, 1H), 7.33 741 

(d, J = 8.1 Hz, 2H), 7.20 (d, J = 8.0 Hz, 2H), 5.33 (t, J = 3.1 Hz, 1H), 3.00 (d, J = 16.3 742 

Hz, 1H), 2.85 (dd, J = 13.6, 3.8 Hz, 1H), 2.38 (s, 3H), 2.28 (d, J = 15.9 Hz, 1H), 2.07 743 

– 1.88 (m, 3H), 1.83 – 1.69 (m, 3H), 1.69 – 1.54 (m, 3H), 1.54 – 1.44 (m, 3H), 1.44 – 744 

1.30 (m, 3H), 1.28 – 1.16 (m, 6H), 1.14 (d, J = 8.7 Hz, 6H), 0.92 (d, J = 7.2 Hz, 6H), 745 

0.85 (s, 3H), 0.81 (s, 3H). 
13

C NMR (100 MHz, CDCl3) δ 207.9, 183.9, 143.9, 138.8, 746 

137.7, 133.3, 133.0, 130.6, 129.3, 122.6, 53.2, 46.8, 46.1, 45.6, 45.3, 44.4, 42.1, 41.3, 747 

39.4, 36.4, 34.0, 33.2, 32.5, 32.0, 30.8, 29.9, 27.9, 25.9, 23.8, 23.7, 23.2, 22.8, 21.5, 748 



20.5, 16.8, 15.4. HRMS (ESI): C38H52NaO3 (579.3809) [M+Na]
+
=579.3803. 749 

4.2 Methods for biological assessments 750 

4.2.1 Microorganisms and Culture Media 751 

The bacterial strains of Staphylococcus aureus (ATCC 6538), Staphylococcus 752 

aureus (ATCC 29213), Staphylococcus epidermidis (ATCC 12228), 753 

Methicillin-resistant Staphylococcus aureus (MRSA), Salmonella typhimurium 754 

(CMCC 50115) and Escherichia coli (CMCC 44102) were obtained from Guangdong 755 

Culture Collection Center (Guangdong, People’s Republic of China). All the six 756 

strains were cultured in Mueller-Hinton Agar (MHA) and Mueller-Hinton broth 757 

(MHB). 758 

4.2.2 Agar disk diffusion method 759 

The antimicrobial activity of were determined according to the standard agar 760 

disk diffusion method with a slight modification [38, 40-42]. A 0.5 McFarland (1×10
7
 761 

to 1×10
8
 CFU/mL) concentration of the bacterial suspension was uniformly 762 

inoculated onto MHA solidified in 120 mm petri dishes. Once the dishes were 763 

prepared, 6 mm-diameter discs of filter paper containing 5 μL of the triterpenoids 764 

derivatives, which had been diluted ten times with dimethyl sulfoxide (DMSO), were 765 

pressed gently against the surface of the agar. Discs containing gatifloxacin was used 766 

as positive control, while DMSO was used as the negative control. The dishes were 767 

incubated in a constant temperature incubator at 37 ℃ for 24 h. The inhibition zone 768 

(IZ) diameter was measured by a vernier caliper. All experiments were performed in 769 

triplicate.  770 

4.2.3 Broth microdilution method 771 

 The minimum inhibitory concentration (MIC) and the minimum bactericidal 772 

concentration (MBC) were determined by a microdilution method in 96-well plates 773 



according to Clinical and Laboratory Standards Institute (CLSI), with a slight 774 

modification [37, 38, 43]. A dilution series of the triterpenoids derivatives were 775 

obtained with DMSO as the solvent by two-fold serial dilution. Each well received 5 776 

μL of a specific concentration of the triterpenoids derivative and 195 μL of MHB 777 

inoculated with the test microorganism (1.5×10
5
 CFU/mL); the final concentration of 778 

the examined derivative was reached. Gatifloxacin was used as positive control and 779 

DMSO was used as negative control. The microplates were incubated in a 780 

bacteriological oven for 24 h at 37 ℃, and the antibacterial results of the tested 781 

derivatives were monitored by measuring the absorbance at 600 nm using a 782 

Multimodel Plate Reader (Infinite 200). The lowest concentration without visible 783 

growth was defined as the MIC. 784 

The minimum bactericidal concentrations (MBCs) were determined based on the 785 

MIC results [38, 44, 45]: serial sub-cultivation of a 5 μL aliquot near the MIC in 786 

microtiter plates containing 195 μL of Mueller Hinton broth per well; incubation for 787 

24 h at 37 ℃. The lowest concentration of antimicrobial agent that killed at least 99.9% 788 

of the starting inoculum was defined as the MBC endpoint, which was determined by 789 

measuring the absorbance at 600 nm using a Multimodel Plate Reader (Infinite 200). 790 

All experiments were conducted in triplicate. 791 

4.2.4 Killing kinetic studies  792 

The killing kinetic assay on the Gram-positive strains [35-38], including 793 

Staphylococcus aureus (ATCC 6538), Staphylococcus aureus (ATCC 29213) and 794 

Staphylococcus epidermidis (ATCC 12228), was performed against three selected 795 

derivatives 21, 32 and 33 in 96-well plates and four different concentrations 796 

(0.5×MIC, 1×MIC, 2×MIC, 4×MIC) of each derivative were assayed. The 797 

microplates were incubated for 20 h at 37 ℃, and the growth of bacteria was 798 



monitored by measuring the absorbance at 600 nm using a Multimodel Plate Reader 799 

(Infinite 200) every 2 h. 800 

4.2.4 Molecular docking 801 

Molecular docking was carried out using the Surflex-Dock GeomX module of 802 

SYBYL-X 2.0. Briefly, potential ligand binding sites (ProtoMol) were defined for the 803 

protein-ligand complex based on the ligand bound in the original crystal structure. 804 

The top pose and protein were loaded into work area and the MOLCAD (Molecular 805 

Computer Aided Design) program was employed to visualize the binding mode 806 

between the protein and the ligand. MOLCAD calculates and exhibits the surfaces of 807 

channels and cavities. And the protein-ligand complexes were moved to LigPlus 808 

program to determine the hydrophobic interaction. 809 

4.2.5 Pharmacokinetic properties assays 810 

The DMPK results showed in the Table 3 were assessed through a high 811 

through-put platform kindly provided by AstraZeneca U.K. The methods of the five 812 

assays, including LogD7.4, aqueous solubility, plasma protein binding, microsome and 813 

hepatocyte clearance measurements have been reported previously[46, 47]. 814 

4.2.6 Cytotoxicity test 815 

BV2 microglial cells were cultured in Dulbecco's Modified Eagle Medium 816 

(DMEM) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS) and 817 

1% (v/v) penicillin-streptomycin (Gibco, CA, USA), and incubated at 37 ℃ under 818 

humidified atmosphere containing 5% CO2. 819 

The cytotoxicity of GA derivatives (33 and 34) was tested on BV2 cells by MTT 820 

assay. Briefly, BV2 cells were seeded in 96-well plates at a density of 5 × 10
3
 821 

cells/well. After incubation overnight, the medium was replaced with fresh medium 822 

containing various concentrations of 33 and 34 (0, 1, 2, 4, 8, 16, 32, 64 μM). After 823 



incubating for another 24 h, the cells were washed with PBS, and then incubated with 824 

fresh medium containing MTT (0.5 mg/mL) for 4 h. Subsequently, 200 μL of DMSO 825 

was added to each well, and the optical density was recorded at 550 nm by a 826 

Multiskan GO microplate reader (Thermo Fisher Scientific, MA, USA). The cell 827 

viability was calculated from: cell viability = (OD sample/OD control) × 100%, where 828 

the sample represents the cells treated with 33 and 34 solution and the control means 829 

non-treated cells. 830 
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