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Abstract 

A series of 18β-glycyrrhetinic acid (GA) conjugated aminobenzothiazole derivatives were 

designed, synthesized and evaluated for disruption activity of Hsp90-Cdc37 as well as the effects 

of in vitro cell migration. These compounds exhibited relatively good disruption activity against 

Hsp90-Cdc37 with IC50 values in low micromolar range. A docking study of the most active 

compound 11g revealed key interactions between 11g and Hsp90-Cdc37 complex in which the 

benzothiazole moiety and the amine chain group were important for improving activity. It is 

noteworthy that further antitumor activity screening revealed that some compounds exhibited 

better inhibitory activity than the commercial anticancer drug 5-FU and showed potent 

suppression activity against drug-resistant cancer cells. In particular, compound 11g appeared to 

be the most potent compound against the A549 cell line, at least partly, by inhibition of the 

activity of Hsp90 and apoptosis induction. The treatment of A549 cells with compound 11g 

resulted in inhibition of in vitro cell migration through wound healing assay and S phase of cell 

cycle arrested. In addition, 11g-induced apoptosis was significantly facilitated in A549 cells. Thus, 

we conclude that GA aminobenzothiazole derivatives may be the potential Hsp90-Cdc37 

disruptors with the ability to suppress cells migration and reversed drug-resistant. 

Keywords: 18β-glycyrrhetinic acid; aminobenzothiazole; Hsp90-Cdc37 interaction; Drug 

resistance; Migration 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

1. Introduction  

Cancer metastasis and drug resistance have been two major impediments to effective cancer 

treatment with conventional chemotherapeutic drugs and have been the leading cause of 

cancer-associated death in several cancers including liver, breast and lung cancers.
1-3

 One strategy 

to address this problem is to identify targets, such as Hsp90,
4
 the proteasome,

5
 and the 

autophagosome,
6
 that affect multiple signaling pathways or the basic machinery required for 

cancer cells to survive under stress. As metastasis and clinical drug resistance frequently hinders 

the treatment of neoplastic disease, extensive research has been carried out.
7
 Unfortunately, no 

useful method for efficient and clinical cancer treatment has been developed, which called for the 

urgent need for new classes of potent and specific anticancer drugs. 

  Heat shock protein 90 (Hsp90) is responsible for the conformational maturation, activation, 

and stability of more than 200 client proteins involved in signal transduction which is essential for 

oncogenic development, cancer cell survival, and drug resistance development.
8, 9

 Hsp90 is 

continuously overexpressed in cancer cells but not in normal cells and has been demonstrated to 

be a promising anticancer target with fewer side effects.
10

 Therefore, inhibition of Hsp90 is an 

attractive strategy for the therapeutics of cancers. Many inhibitors targeting Hsp90, including 

N-terminal Hsp90 inhibitors, C-terminal Hsp90 inhibitors, and non-ATP competitive Hsp90 

inhibitors, have been investigated in various clinical settings (Fig. 1).
11-15

 In addition to the N- or 

C-terminal Hsp90 inhibitors that bind to the ATP-binding pocket, the non-ATP competitive Hsp90 

inhibitors have attracted more and more interest recently and are expected to arrest the chaperone 

cycle by different mechanisms. It has been proposed that inhibitors targeting the 

Hsp90−cochaperone or the Hsp90−client complex may be more effective in regulating the 

function of Hsp90.
16

 Cdc37 is a highly specialized cochaperone adaptor in response for for 

loading kinase client proteins to Hsp90 supercomplex.
17

 Hsp90-Cdc37 complex is overexpressed 

and hyperactivated in many types of tumour cells.
18

 Silencing of Cdc37 down-regulates Hsp90 

kinase client proteins via a proteasome-mediated degradation pathway, leading to inactivation of 

multiple downstream signalling pathways and subsequent apoptosis of cancer cells.
19-21

 Thus, 

disruption of the Hsp90-Cdc37 interaction many results in the degradation of the oncogenic 

kinases and may represent an effective approach for cancer treatment. 

Recently, triterpenoids have been identified to be novel non ATP-competitive Hsp90 inhibitors. 



  

22, 23
 Triterpenoids are highly multifunctional and have attracted much attention as potential 

anticancer agents due to their ability to interact with multiple biological targets. 

18β-Glycyrrhetinic acid (GA) served as one of the major effective components of many traditional 

Chinese medicines has attracted a lot of interest because of its unique anticancer properties.
24, 25

 

Notably, GA and its derivatives are already known to target various kinases or to act as 

proteasome inhibitors.
26, 27

 However, to the best of our knowledge, the derivatives of GA have not 

been thoroughly explored for their antitumor activity, especially as the disruptors of Hsp90-Cdc37 

interaction. Thus, in order to search potentially important anticancer drug candidates, further study 

needed to investigate the mechanism of GA based Hsp90-Cdc37 disruptors. 

  Meanwhile, considerable attention has been also focused on benzothiazoles which have been 

widely used as functional groups in medicinal chemistry. Research had shown that the 

incorporation of a benzothiazoles moiety to pharmacy cores could effectively improve the 

antitumor activity and the cells selectively.
28-30

 Interestingly, aminobenzothiazole moiety could 

induce selective cytotoxicity in developing anti-tumor agents.
31, 32

 Moreover, it is reported that the 

introduction of ester-joined groups at 3-OH of GA could improve the antitumor effect.
33

 In view 

of these findings, aminobenzothiazole group was rationally designed and introduced to the GA 

structure. These congeners were evaluated for their in vitro anticancer activity and disruption 

activity of Hsp90-Cdc37. The mode of action of representative compound 11g that disrupted 

Hsp90-Cdc37 interaction was also investigated. 



  

 

Fig. 1. Chemical structures of Hsp90 inhibitors. 

2. Results and discussion 

2.1. Chemistry. 

The general procedures for the synthesis of glycyrrhetinic acid contained aminobenzothiazole 

derivatives are shown in Scheme 1. Aminobenzothiazole derivatives (2a-2k) were obtained by 

treating aniline with bromine, acetic acid, and ammonium thiocyanate. GA was acetylated in C-3 

with acetic anhydride in pyridine to obtain ester 4, then 4 followed by its acylation with oxalyl 

chloride in the presence of dry dichloromethane to obtain the key intermediate 5. Subsequently, 

the target compounds 6a-6k were achieved by the formation of amide bond between 5 and 2, 

respectively, in the presence of chloroform at reflux. Compound 6 was hydrolyzed by NaOH to 

afford compounds 7a-7k. GA was acetylated in C-30 with ethyl bromide to obtain 8. The 

3β-hydroxy group of 8 was reacted with succinic anhydride in the presence of 

4-dimethylaminopyridine (DMAP) to obtain the target product 9. The target compounds 11a-11k 

were synthesized from 9 by the same method as compounds 6a-6k. The structures of target 

compounds 6a-6k, 7a-7k and 11a-11k were then confirmed by 
1
H NMR, 

13
C NMR and high 

resolution mass spectrometry (HR-MS). 



  

Scheme 1. Synthetic route for the final compounds 6a-6k, 7a-7k and 11a-11k from 18β-glycyrrhetinic acid. 

Reagents and conditions: (a) aniline, NH4SCN, glacial acetic acid, 4 h; (b) pyridine, 0 oC, 24 h; (c) oxalyl chloride, 

CH2Cl2, 0 oC, 12 h; (d) CHCl3, reflux, 5 h; (e) NaOH aq., MeOH/THF, 40 oC, 5 h; (f) EtBr, K2CO3, acetone, 35 oC, 

48 h; (g) succinic anhydride, DMAP, CH2Cl2, rt, 24 h; (h) oxalyl chloride, CH2Cl2, 0 oC, 12 h;.(i) CHCl3, reflux, 5 

h. 

2.2. Biological evaluation. 

2.2.1. Hsp90–Cdc37 disruption activities. 

The synthesized GA derivatives containing aminobenzothiazole moiety were assayed disruption 

activity in vitro against Hsp90–Cdc37 interaction using time-resolved fluorescence resonance 

energy transfer (TR-FRET) according to a previously reported procedure.
34

 GA and a novel Hsp90 

inhibitor celastrol were taken as positive control. The IC50 values obtained in the performed in 

vitro inhibition assays of GA derivatives are summarized in Table 1. 

As shown in Table 1, the newly synthesized GA derivatives are potent Hsp90–Cdc37 inhibitors, 

with IC50 values mostly in micromolar or submicromolar levels. As we can see from Table 1, 

compound 6, the acetylated product of compound 7, substantially decreased Hsp90–Cdc37 

disruption activities compared with the un-substituted derivatives 7, which indicated C-30 position 

of GA was probably the key interacting fragment upon binding to Hsp90–Cdc37 complex. Notably, 

all compounds of 11 by introduction the long chain aminobenzothiazole to C-30 position of GA 



  

revealed considerably higher potency than compounds 6 and 7, suggesting further that the positive 

contribution of this position to Hsp90–Cdc37 disruption. The results also indicated that the longer 

chain may be beneficial for inhibition activity. It was established that the position of substituent on 

benzothiazole moiety as well as the polar significantly affected Hsp90–Cdc37 disruption activities. 

Among them, the most potent Hsp90–Cdc37 inhibitor, compound 11g bearing a 5-F moiety, 

effectively inhibited Hsp90–Cdc37 in the submicromolar range (IC50 = 0.14 μM). The effects of 

the position of substituent showed that the C-5 substitution on benzothiazole generally enhanced 

Hsp90–Cdc37 disruption, in comparison to a C-7 substitution. Thus, compound 11g showed the 

strongest inhibition against Hsp90–Cdc37 in the submicromolar range. In contrast, compound 

(11f), possessing the C-7 substitution scaffold on benzothiazole, was 7.5-fold weaker toward 

Hsp90–Cdc37 disruption (IC50 = 1.05 μM). On the other hand, analysis of the effects of the 

terminal substituents at the R1 or R2 positions of aminobenzothiazole moiety showed that a 

halogen group generally enhanced Hsp90–Cdc37 inhibition, compared with a methyl or methoxy 

group substitution. When the methyl of compound 11c was replaced with a chlorine group at the 

5-position on the benzothiazole (compound 11i), the inhibition potency was markedly increased, 

and the inhibitory activity was increased 17.8-fold compared with 11c. More, there was a 

remarkable increase in potency when replacing the 7-position on the phenyl ring with a chlorine or 

fluorine group to yield compounds 11f and 11h separately, demonstrating that the 

electron-withdrawing substituents may play a critical role in potent disruption activities against 

Hsp90–Cdc37. 

Table 1  

Hsp90–Cdc37 disruption activities and antiproliferative activities of GA and its derivatives 6, 7 and 11. 

  antiproliferative activities IC50 (μM) 

Compd. IC50 (μM) A549 MCF-7 HepG2 Hct-116 

6a >100 >100 >100 >100 >100 

6b >100 >100 >100 >100 >100 

6c >100 >100 >100 >100 >100 

6d >100 >100 >100 >100 >100 

6e 90.07±0.91 75.45±1.56 81.16±2.38 85.61±3.05 >100 

6f >100 >100 >100 >100 >100 

6g 54.33±0.69 85.45±2.36 71.16±2.28 65.61±2.15 >100 

6h >100 >100 >100 >100 >100 

6i 77.58±0.51 62.62±3.09 66.67±2.81 73.12±2.71 68.48±2.79 

6j >100 >100 >100 >100 >100 



  

6k 81.92±0.43 69.69±1.53 78.08±2.77 85.97±3.28 76.75±2.63 

7a 89.5±0.67 75.37±1.49 71.37±1.92 87.99±2.86 80.69±2.29 

7b >100 >100 >100 >100 >100 

7c 83.16±0.69 22.40±1.82 23.19±1.45 27.55±2.58 18.74±2.43 

7d >100 75.96±1.71 74.50±3.09 86.34±2.92 74.72±3.16 

7e 62.38±0.16 51.11±2.91 52.67±2.31 60.12±3.17 54.21±1.62 

7f 45.72±0.36 36.45±2.56 41.16±2.68 45.61±3.35 42.50±2.88 

7g 32.34±0.88 32.17±2.45 31.12±1.64 36.44±2.43 31.54±2.73 

7h 65.63±0.93 75.35±1.53 71.16±2.58 69.60±3.35 >100 

7i 36.87±0.47 22.81±1.16 16.52±1.22 21.76±1.59 16.34±1.61 

7j >100 >100 >100 >100 >100 

7k 41.30±0.72 33.36±0.78 33.82±2.35 39.49±0.96 37.35±2.07 

11a 9.09±0.24 18.81±1.16 20.52±1.22 25.76±1.59 22.34±1.61 

11b 21.85±0.15 22.81±1.16 26.52±1.22 31.76±1.59 26.34±1.61 

11c 14.87±0.11 19.09±1.35 22.48±1.17 27.51±1.34 23.58±1.06 

11d 10.36±0.23 16.36±0.84 20.09±0.63 21.87±1.36 23.11±1.41 

11e 8.24±0.38 15.48±0.92 18.54±0.59 20.45±1.65 21.26±1.32 

11f 1.05±0.11 9.07±0.68 10.91±1.46 12.52±1.17 10.06±1.53 

11g 0.14±0.03 4.04±0.66 6.37±0.82 10.56±1.03 7.97±0.47 

11h 1.67±0.12 13.57±0.79 15.01±1.05 16.98±0.89 15.36±1.08 

11i 0.83±0.08 6.09±1.12 8.66±0.79 12.41±1.43 10.95±0.81 

11j 15.26±0.42 20.66±1.37 24.45±1.29 29.93±0.60 26.77±1.59 

11k 5.07±0.54 14.25±0.79 16.08±0.93 19.04±1.16 15.89±1.18 

GA 78.39±0.81  84.25±1.09 74.75±1.77 94.45±1.73 91.25±1.29 

Celastrol 6.22±0.37 6.59 ± 0.44 6.84 ± 0.52 6.17 ± 1.03 5.26 ± 1.15 

5-FU - 19.52±0.58 15.78±1.87 23.60±2.11 17.25±1.98 

 

2.2.2. Molecular docking. 

To understand the disruption of the most active compound 11g on the target of Hsp90–Cdc37 

complex, we performed molecular docking calculations on the active site of Hsp90–Cdc37 using 

SYBYL-X 2.0 software and the results are summarized in Fig. 2 and Table 2. The binding mode 

of compound 11g (docking score 10.08), with the best docking score and interaction in the binding 

site of Hsp90–Cdc37 complex, is described and shown in Fig. 2. Some key residues, such as 

ARG166, LEU34, PHE124, HIS211 and THR171, as well as hydrogen bonds between the selected 

compound and the residues are also labeled. As shown in Fig. 2, compound 11g was stabilized 

predominantly by formation a tight network of hydrogen bonds with residues ARG166, LEU34, 

and PHE124. The carbonyl of the chain moiety, which was important for the Hsp90–Cdc37 

disruption activity, formed two hydrogen-bonds with the residues ASN37 and PHE124 of the 



  

active site. Furthermore, the benzothiazole moiety as an acceptor established one hydrogen bond 

with ASN37 and anchored deeply into the binding pocket as an acceptor, which confirmed that 

this moiety was also crucial for binding. In addition, the carbonyl of acetyl ester moiety formed 

two hydrogen bonds with the polar hydrogen of ARG166. The GA skeleton was incompletely 

occupied by hydrophobic residues consisting of ALA38, GLY121, ASP40, ARG167 and TRP168. 

  

Fig. 2. Binding modes of compound 11g in the active site of 1US7. Ligands and the important residues for binding 

interactions are represented by stick and line models. The hydrogen bonds are shown as yellow dotted lines (color 

figure online). 

Table 2  

Docking scores (kcal/mol) for all studied compounds 

Comd. Total 

score 

Crash Polar D_score PMF_score G_score Chem 

score 

Cscore 

6a 3.68 -2.20 0.00 -125.64 -3.07 -282.99 -17.88 3 

6b 4.01 -3.29 0.01 -141.07 4.54 -300.61 -22.78 4 

6c 4.23 -2.55 1.06 -128.89 -9.68 -255.17 -19.11 4 

6d 3.89 -1.72 0.09 -133.63 4.34 -271.22 -22.92 3 

6e 4.48 -2.82 0.01 -153.96 11.62 -276.21 -20.37 4 

6f 4.41 -2.20 4.01 -117.16 -18.78 -243.60 -16.70 5 

6g 6.01 -2.55 1.89 -113.97 -35.32 -239.85 -12.26 2 

6h 4.22 -2.16 1.09 -178.66 -11.53 -244.01 -18.58 3 

6i 5.35 -2.56 0.02 -205.29 -21.17 -277.26 -19.39 5 

6j 3.83 -1.38 0.68 -188.10 -52.43 -240.62 -22.82 4 

6k 4.93 -2.16 0.95 -189.46 -29.99 -283.71 -15.95 4 

7a 4.45 -1.68 2.33 -127.88 1.66 -272.92 -23.71 4 

7b 4.42 -2.35 0.22 -138.38 -14.14 -292.45 -20.70 4 

7c 4.87 -1.54 2.34 -129.53 -3.01 -274.88 -24.01 5 

7d 3.99 -1.60 1.77 -141.14 -0.92 -297.08 -23.90 4 

7e 5.97 -2.84 0.92 -157.53 -13.33 -308.57 -26.50 5 

7f 6.10 -1.47 1.74 -128.97 -3.60 -259.59 -21.18 4 

7g 6.82 -1.77 1.76 -129.46 8.68 -261.54 -21.34 4 

7h 5.06 -2.14 1.81 -231.01 6.77 -273.33 -24.77 3 



  

7i 6.70 -1.89 0.66 -221.64 -10.19 -239.76 -21.18 5 

7j 4.08 -1.39 1.66 -194.43 -0.23 -258.15 -23.55 4 

7k 6.29 -1.45 1.77 -221.83 -0.51 -258.38 -23.91 4 

11a 7.55 -3.54 0.85 -141.72 24.64 -297.38 -18.25 4 

11b 6.57 -1.47 2.48 -141.18 -19.03 -295.59 -21.14 3 

11c 7.14 -2.39 1.56 -170.01 -14.12 -343.57 -17.17 3 

11d 7.05 -2.21 3.99 -176.41 -52.55 -334.75 -23.44 5 

11e 7.22 -1.87 2.25 -146.82 -24.74 -268.48 -20.47 2 

11f 8.33 -2.55 2.30 -146.69 -13.88 -321.18 -22.99 4 

11g 10.08 -2.10 3.14 -167.30 -22.50 -350.12 -28.85 5 

11h 8.17 -2.56 2.49 -248.81 -15.11 -338.29 -19.75 4 

11i 9.84 -2.22 3.03 -298.95 -29.01 -365.32 -31.09 5 

11j 7.12 -1.91 3.46 -152.24 -16.99 -298.00 -21.73 3 

11k 7.88 -2.62 2.11 -245.72 -16.69 -296.96 -27.32 4 

GA 5.83 -1.04 2.41 -96.743 16.36 -223.06 -18.98 2 

 

2.2.3. Cytotoxicity test.  

GA has been reported to show potent anti-proliferative activities against various cancer cell 

lines.
35

 The in vitro cytotoxicity of GA and the synthesized target compounds 6, 7 and 11 were 

evaluated by MTT assay in a panel of four human cancer cell lines including A549 (lung), HepG2 

(hepatoma), MCF-7 (breast) and Hct-116 (colon). The commercial anticancer drugs 5-fluorouracil 

(5-FU) was served as positive control. The assay results are shown in Table 1. 

As shown in Table 1, the IC50 values of the most derivatives were lower than that of GA and 

5-FU, indicating that the introduction of an aminobenzothiazole moiety in the GA skeleton could 

improve cytotoxicity. The derivatives 6 and 7 with aminobenzothiazole groups on the carboxyl 

possessed retained cancer cell growth inhibition activities compared to GA. Derivatives 11 with 

aminobenzothiazole and longer chain groups on the hydroxy showed more potent 

anti-proliferative activities, indicating substituents at this position were favorable for the cellular 

activities. Moreover, compounds 11f-11i displayed better antitumor activity against the tested 

cancer cells, suggested the importance of introduction of polar groups as an electron acceptor 

group at 5 or 7-position for biological activity. However, it was observed that the introduction of 

hydrophobic (such as methyl and methoxy) substituents in aminobenzothiazole moiety 

(compounds 11b-11e) leaded to the decrease of potency against all the tested cancer cell lines. The 

derivative 11g with the most potent Hsp90–Cdc37 disruption activity also exhibited the best 

potent anti-proliferative activities.  



  

2.2.4. Effects of selected compounds on drug resistant cell lines.  

It is well-known that Hsp90 inhibitors were reported to be effective against various drug 

resistant cancer cells.
36

 According to the above biological results, we further evaluated the 

sensitivity of the selected compounds to doxorubicin (DOX) resistant and nonresistant cancer cells 

(NCI-H460/DOX), with DOX as the positive control. As shown in Table 3, DOX exhibited weaker 

activity than selected compounds against NCI-H460/DOX resistant cell line. Interestingly, the 

activity of compounds 11g and 11i was not markedly changed for the DOX resistant cancer cell 

line compared with the sensitive ones and their IC50 values of 11g and 11i against DOX resistant 

NCI-H460 cell line were 7.41 and 10.09 μM, respectively. It was significant to observe that 

compound 11i had the lowest resistance factor (1.13 for resistant NCI-H460 cell line). Moreover, 

all of the selected compounds not only exhibited potent cytotoxicity against parental cells and the 

corresponding DOX resistant cells comparable to that of DOX, but also possessed smaller 

resistance factors than DOX against DOX-resistant cells. In short, it could be speculated that these 

compounds might be useful in the treatment of drug refractory tumors resistant to DOX. 

Table 3  

Cytotoxic effects of selected compounds on NCI-H460/DOX cells line. 

Compd. IC50 (μM) 
b
 

 NCI-H460 NCI-H460/DOX  R F 
c
 

11a 16.45±1.65 19.22±1.81 1.17 

11f 12.52±2.07 15.36±1.47 1.23 

11g 7.41±1.43 10.09±1.33 1.36 

11h 13.98±0.89 18.05±1.29 1.29 

11i 10.56±1.03 11.97±1.71 1.13 

DOX 
a
 5.18 ± 1.75 37.95±1.36 7.33 

a Doxorubicin. b IC50 values are presented as the mean ± SD (standard error of the mean) from five separated 

experiments. c RF = resistant factor. 

2.2.5 Disruption effect of 11g on Hsp90-Cdc37complex. 

In order to investigate the disruption of Hsp90-Cdc37 interaction with compound 11g in A549 

cells, thus, we have further used western blot analysis of Cdc37 after immunoprecipitation of 



  

Hsp90. The positive drug geldanamycin was acted as positive control. As shown in Fig. 3, 

immunoprecipitation of Hsp90 pulled down Cdc37 as detected by Western blot, which suggested 

that Hsp90-Cdc37 formed a complex. The target compound 11g significantly down-regulated the 

amount of Cdc37 in the immunoprecipitated Hsp90 complex after cells treated with 11g at the 

indicated concentrations (5 and 10 μM), while GDA (10 μM) did not obvious change the level of 

Cdc37 in immunoprecipitated Hsp90 complex (Fig. 3). Moreover, similar to the Hsp90 inhibitor 

geldanamycin, 11g induced the up-regulation of Hsp90α and Hsp90β (Fig. 4). In short, these 

results indicated that 11g acted differently from geldanamycin by inhibiting Hsp90 through 

disruption of the Hsp90-Cdc37complex. 

 
Fig. 3. Compound 11g disrupts the Hsp90-Cdc37 interaction in lung cancer cells compared with geldanamycin 

(GDA). A549 cells were treated with compound 11g or GDA for 24 h. Hsp90 was immunoprecipitated from 

whole-cell lysates with an anti-Hsp90 antibody, then analyzed by Western blot with antibody against Cdc37 and 

Hsp90. An equal aliquot of input Hsp90 and Cdc37 were measured by Western blot analysis. 

 

Fig. 4. Effect of 11g on A549 cells was compared with geldanamycin (GDA). A549 cells were exposed to 11g or 

GDA for 24 h, and then whole-cell lysates were subjected to SDSPAGE followed by Western blot analysis of 

specified proteins. β-Actin was shown as a loading control. 

2.2.6. Effects of 11g on Hsp90 client proteins 

To clarify the correlation between the anti-proliferative activity and Hsp90 inhibitory activity of 



  

11g, we examined the ability of 11g to inhibit Hsp90 in the human lung cancer cell line A549. A 

decrease in Hsp90 client proteins and a compensatory increase in HSPs are the two most common 

biomarkers used for the inhibition of Hsp90 in cells. In Fig. 5, the down-regulation of Hsp90 

client proteins including pAkt and CDK4 and the compensatory induction of Hsp70 and Hsp27 in 

a dose-dependent manner were observed simultaneously as expected, demonstrating that 11g was 

an effective Hsp90 inhibitor. These results confirmed that the effects of 11g on cell proliferation 

were a consequence of Hsp90 function inhibition. 

 
Fig. 5. Western blot analysis of biomarkers modulation of derivatives 11g in A549 cells at the indicated 

concentrations and for the indicated times. β-Actin antibody was used as reference control. 

2.2.7. Compound 11g inhibited the migration of A549 cell in vitro. 

Migration of cells is a key attribute of practically each biological process, which is known to be 

associated with the tumor progression and metastatic cascade in cancer cells.
37

 So the inhibition of 

metastasis is vital for efficient cancer treatment. Moreover, it has been reported that Hsp90 

inhibitors are able to inhibit cancer cell growth and migration.
38

 In light of this, we investigated 

the effect of compound 11g on cell migration via wound healing assay in A549 cells. The 

migration of A549 cells was recorded by microscopic observations for 24 h after the treatment 

with 5 μM and 10 μM of compound 11g. It was clearly showed that the wound was almost healed 

completely in the control group after 24 h (Fig. 6). However, the process of wound healing was 

strongly suppressed in the cells when treated with 11g. 



  

 

Fig. 6. In vitro cell migration assay. A549 cells were treated with compound 11g (5 μM and 10 μM) and artificial 

scratches were done with sterile 200 mL pipette. The images were captured by using a Nikon Te2000 

deconvolution microscope (magnification 200×) at 0 h and 24 h. 

2.2.8. Cell cycle analysis. 

In order to confirm the possible role of cell cycle arrest in GA derivative induced growth 

inhibition, flow cytometric analysis was carried out to investigate the effects of compound 11g on 

the cycle distribution in A549 cells. A549 cells were treated under different concentrations of 11g 

for 48 h, with untreated cells as the negative control. As depicted in Fig. 7, when treated with 

compound 11g at 5 and 10 μM for 48 h, the percentage of G1 phases decrease from 70.16% (the 

negative control) to 52.92% and 47.14%, respectively. In addition, the percentages of cells in the S 

phases increased to 34.09% and 40.35% compared with the control (19.62%) under the same 

conditions. In short, these results indicated that target compound 11g mainly arrested A549 cells at 

S phase in a dose-dependent manner. 

 

Fig. 7. Compound 11g induced cell cycle arrest at S phase. A549 cells were treated with 5 or 10 μM compound 11g 

for 48 h. Cells were fixed, stained with propidium iodide (PI), and were assessed by flow cytometry. Cells 

untreated were used for comparison. 



  

2.2.9. Compound 11g induced apoptosis in A549 cells.  

The A549 cells apoptosis ratios induced by compound 11g were quantitatively detected by flow 

cytometry. The tested compound 11g was incubated with A549 cells for 24 h at the increasing 

concentrations and cells were co-stained with annexin-V FITC and PI. Untreated A549 cells were 

served as a negative control. Quadrants of Q1, Q2, Q3 and Q4 represented four different cell states: 

necrotic cells, late apoptotic or necrotic cells, living cells, and apoptotic cells, respectively (Fig. 8). 

As shown in Fig. 8, a small number of apoptotic A549 cells (0.11%) were presented in the control, 

while the apoptosis ratio rose to 12.29% and 20.07% after the A549 cells were treated with 

compound 11g at different concentrations (5 and 10 μM), respectively. In brief, these results 

suggested that target compound 11g could effectively induced apoptosis in A549 cells in a 

concentration-dependent manner. 

 

Fig. 8. Annexin V-FITC and PI staining to evaluate apoptosis in A549 cells following compound 11g treatment. 

A549 cells were treated with 11g (5 and 10 μM, for 24 h), incubated with annexin V-FITC and PI and analyzed 

using flow cytometry.  

2.2.10. Morphological characterization of A549 cell apoptosis by Hoechst 33258. 

In order to further validate cell apoptosis following treatment with compound 11g, A549 cells 

treated with compound 11g at 5 and 10 μM for 24 h were stained with Hoechst 33258. The 

observations showed that control cells exhibited weak blue fluorescence in the control group. 

After the treatment with compound 11g, some cells emitted brilliant blue fluorescence, and the 

nuclei of A549 cells appeared hyper-condensed (brightly stained). The number of apoptotic nuclei 

containing condensed chromatin increased significantly when A549 cells were treated with 

compound 11g (10 μM) for 24 h, indicating that apoptosis of A549 cells was induced by 

compound 11g in a dose-dependent manner (Fig. 9). 



  

   

            Control                   5 μM                    10 μM 

Fig. 9. Compound 11g induced apoptotic in A549 cells were determined by Hoechst 33258 staining and were 

photographed via fluorescence microscopy. A549 cells were treated with 11g (5 and 10 μM, for 24 h), incubated 

with Hoechst 33258. Images were acquired using a Nikon Te2000 deconvolution microscope (magnification 

200×). 

2.2.11. Compound 11g triggered ROS generation.  

ROS generations are closely related to mitochondrial depolarization and play a vital role in the 

progression of apoptosis.
39, 40

 Thus, to further investigate the role of ROS production in 

11g-induced apoptotic death in A549 cells, we used the fluorescent probe DCF-DA to detect ROS 

in cells by flow cytometry. A549 cells were treated with compound 11g (5 and 10 μM) for 24 h 

and untreated cells were used as the negative control. As shown in Fig. 10, the cells treated with 

11g exhibited the increase of ROS generation in a dose-dependent manner compared with control. 

Therefore, it was found that 11g could cause oxidative imbalance in A549 cells. 

 

Fig. 10. Compound 11g affected the levels of intracellular ROS in A549 cells. A549 cells treated with compound 

11g at 5 and 10 µM for 24 h, respectively, detected by flow cytometry. The values represent mean ± S.D. of three 

independent experiments (p<0.05). 

2.2.12. Effects of compound 11g on the expression of apoptosis-related protein.  

Previously, many studies suggested that the Bcl-2 family proteins have been described as key 

regulators of MMP.
41, 42

 In recent years, a lot of literatures have confirmed that natural products 

and its derivatives induced mitochondria mediated apoptosis in cancer cells through regulation of 

Bcl-2 family members.
43-46

 Thus, the expression of apoptosis-related proteins was also 



  

investigated. In the present study, western blot analysis displayed that compound 11g up-regulated 

the expression of pro-apoptotic proteins (e.g., Bax) and correspondingly down-regulated the 

expression of anti-apoptotic proteins (e.g., Bcl-2) in a dose-dependent manner (Fig. 11), 

respectively. In addition, caspase proteins such as caspase-3 and caspase-9 are at the core of 

apoptotic machinery, and play an important role in the execution of apoptosis. Therefore, we 

further analyzed the ability of compound 11g to modulate caspase-3 and caspase-9 activities. 

Further evidence from the Western blot assay demonstrated that compound 11g effectively 

up-regulated the expression of cleaved-caspase-3 and cleaved-caspase-9 in a 

concentration-dependent manner.  

  
Fig. 11. Western blot analysis of Bcl-2, Bax, cleaved-caspase-9 and cleaved-caspase-3 after treatment of A549 

cells with compound 11g at the indicated concentrations and for the indicated times. β-Actin antibody was used as 

reference control. Data are expressed as the mean ± S.D. of three independent experiments, P < 0.05. 

3. Conclusions 

A series of GA derivatives containing aminobenzothiazole moiety were designed and 

synthesized as Hsp90-Cdc37 disruptors with the ability to inhibit migration and drug-resistance. 

These compounds exhibited significant Hsp90–Cdc37 disruption activities with IC50 values at 

micromolar concentrations. Among them, 11g exhibited the most potent activity with an IC50 

value of 0.14 ± 0.02 μM. A docking study of the most active compound 11g revealed key 

interactions between 11g and Hsp90–Cdc37 complex in which the small bulky and strongly 

electrophilic group of aminobenzothiazole side chain at C-30 positions were important for 

improving activity. Notably, further antitumor activity screening revealed that some compounds 

exhibited better inhibitory activity than parent compound UA and commercial anticancer drug 

5-FU. Moreover, the selected compounds markedly reversed multidrug-resistance in 



  

DOX-resistant cancer cells. Simultaneous Western blotting analysis showed 11g could induce the 

degradation of clients p-Akt and CDK4 dose dependently, suggesting that 11g exerted its 

antitumor activities through Hsp90 inhibition in part. Furthermore, cell cycle analysis indicated 

that compound 11g arrested the A549 cell line in S phase and induced apoptosis through the 

mitochondria-mediated pathway. In conclusion, the rational design of aminobenzothiazole GA 

derivatives offers significant potential for the discovery of a new class of Hsp90 inhibitors with 

the ability to suppress migration and reverse multidrug resistance in A549 lung cancer cell line. 

4. Experimental section 

4.1. General information.  

All chemicals (reagent grade) used were purchased from Aldrich (U.S.A) and Sinopharm 

Chemical Reagent Co., Ltd (China). Separation of the compounds by column chromatography was 

carried out with silica gel 60 (200–300 mesh ASTM, E. Merck).The quantity of silica gel used was 

30–70 times the weight charged on the column. Then, the eluates were monitored using TLC 

(thin-layer chromatography). ESI mass spectra were obtained on a Mariner System 5304 mass 

spectrometer, and 
1
H NMR and 

13
C NMR spectra were recorded on Bruker AV-300 or 500 

spectrometer with chemical shifts reported as ppm (in CDCl3, TMS as the internal standard). 

4.2. Experimental section 

4.2.1. General procedure for preparation of compounds 2a-2k 

A mixture of aniline (0.05 mol) and NH4SCN (19.03 g, 0.25 mol) in glacial acetic acid (100 mL) 

was cooled to 10 
o
C in an ice bath and stirred for 10-20 min. Then bromine (2.82 mL, 0.055 mol) 

in glacial acetic acid was added drop wise at such a rate to keep the temperature below 10 
o
C. The 

mixture was stirred at room temperature for 4 h and then poured into hot water (500 mL), and 

basified to pH 11.0 with ammonia solution (NH4OH). The resulting precipitate was filtered, 

washed with water and dried to get a light yellow to brown solid. The crude product was purified 

by chromatography on silica gel using MeOH/CH2Cl2 to afford compounds 2a-2k in good yields. 

2-Aminobenzothiazole (2a). This was obtained as a light yellow solid (5.40 g, 72%). 
1
H NMR 

(300 MHz, CDCl3) δ 7.65 – 7.47 (m, 2H), 7.30 (t, J = 7.5 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 5.58 (s, 

2H, NH2). 



  

2-Amino-4-methylbenzothiazole (2b). This was obtained as a light yellow solid (5.82 g, 71%). 

1
H NMR (300 MHz, CDCl3) δ 7.43 (d, J = 7.7 Hz, 1H), 7.12 (d, J = 7.3 Hz, 1H), 7.03 (t, J = 7.6 

Hz, 1H), 5.67 (s, 2H, NH2), 2.55 (s, 3H, CH3). 

2-Amino-6-methylbenzothiazole (2c). This was obtained as a light yellow solid (5.74 g, 71%). 

1
H NMR (300 MHz, CDCl3) δ 7.45 – 7.36 (m, 2H), 7.11 (d, J = 8.1 Hz, 1H), 5.28 (s, 2H, NH2), 

2.39 (s, 3H, CH3). 

2-Amino-4-methoxybenzothiazole (2d). This was obtained as a light yellow solid (6.66 g, 74%). 

1
H NMR (300 MHz, CDCl3) δ 7.04 – 6.99 (m, 1H), 6.96 (d, J = 1.9 Hz, 1H), 6.67 (d, J = 8.1 Hz, 

1H), 4.08 (s, 2H, NH2), 3.88 (s, 3H, OCH3). 

2-Amino-6-methoxybenzothiazole (2e). This was obtained as a light yellow solid (7.20 g, 80%). 

1
H NMR (300 MHz, CDCl3) δ 7.44 (d, J = 8.8 Hz, 1H), 7.13 (d, J = 1.9 Hz, 1H), 6.95 – 6.86 (m, 

1H), 5.22 (s, 2H, NH2), 3.82 (s, 3H, OCH3). 

2-Amino-4-fluorobenzothiazole (2f). This was obtained as a light yellow solid (6.13 g, 73%). 
1
H 

NMR (300 MHz, CDCl3) δ 7.37 – 7.31 (m, 1H), 7.08 – 6.99 (m, 2H), 6.40 (s, 2H, NH2). 

2-Amino-6-fluorobenzothiazole (2g). This was obtained as a light yellow solid (6.30 g, 75%). 
1
H 

NMR (300 MHz, CDCl3) δ 7.37 – 7.24 (m, 2H), 7.04 (s, 2H, NH2), 6.98 – 6.90 (m, 1H). 

2-Amino-4-chlorobenzothiazole (2h). This was obtained as a light yellow solid (6.31 g, 69%). 

1
H NMR (300 MHz, CDCl3) δ 7.52 (d, J = 2.2 Hz, 1H), 7.33 – 7.28 (m, 1H), 6.79 (d, J = 8.5 Hz, 

1H), 4.40 (s, 2H, NH2). 

2-Amino-6-chlorobenzothiazole (2i). This was obtained as a light yellow solid (6.13 g, 67%). 
1
H 

NMR (300 MHz, CDCl3) δ 7.52 (s, 1H), 7.31 (d, J = 8.4 Hz, 1H), 7.16 (d, J = 8.3 Hz, 1H), 7.05 (s, 

2H, NH2). 

2-Amino-4-bromobenzothiazole (2j). This was obtained as a light yellow solid (8.74 g, 77%). 
1
H 

NMR (300 MHz, CDCl3) δ 7.50 (d, J = 7.7 Hz, 1H), 7.42 (s, 1H), 7.37 (s, 2H, NH2), 6.91 (t, J = 

7.8 Hz, 1H). 

2-Amino-6-bromobenzothiazole (2k). This was obtained as a light yellow solid (8.51 g, 77%). 

1
H NMR (300 MHz, CDCl3) δ 7.67 (s, 1H), 7.33 (d, J = 10.2 Hz, 2H), 6.93 (s, 2H, NH2). 

4.2.2. General procedure for preparation of compound 4. 

Acetic anhydride (5.0 mL) was added dropwise to a stirred solution of GA (500 mg, 1.06 mmol) 

in pyridine (7.5 mL) at 0 
o
C. The resulting solution was stirred at the room temperature for 24 h 



  

and monitored by TLC. After completion of reaction, the solvent was removed under the reduced 

pressure. Then the crude was diluted with CH2Cl2 (150 mL), washed with water (100 mL) and the 

organic phase dried over anhydrous Na2SO4 and concentrated under reduced pressure to obtain the 

target product compound 4 (515 mg, 95%) as the white solid precipitate.
 1

H NMR (300 MHz, 

CDCl3) δ 5.72 (s, 1H), 4.52 (dd, J = 11.3, 4.9 Hz, 1H), 2.80 (d, J = 13.5 Hz, 1H), 2.37 (s, 1H), 2.20 

(dd, J = 13.5, 2.8 Hz, 1H), 2.05 (s, 3H, CH3), 2.03 – 1.79 (m, 4H), 1.77 – 1.51 (m, 6H), 1.50 – 1.39 

(m, 4H), 1.37 (s, 3H, CH3), 1.34 – 1.25 (m, 2H), 1.23 (s, 3H, CH3), 1.15 (d, J = 10.9 Hz, 6H, 2×

CH3), 1.08 – 0.98 (m, 2H), 0.88 (s, 6H, 2×CH3), 0.84 (s, 3H, CH3). 

4.2.3. General procedure for preparation of compound 6a-6k. 

Compound 4 (1 mmol) added to dry CH2Cl2 (15 mL) was stirred at 0 
o
C and oxalyl chloride 

(2.0 mmol) was dripped into the mixture and stirred at the same temperature for 12 h. After the 

reaction, the solvent and excess oxalyl chloride was evaporated under the reduced pressure, then 

add CHCl3. Compounds 2 (1 mmol) and triethylamine (1.5 mmol) were added to the mixture and 

reflux at 65 
o
C for 5 h. After the reaction, the solvent was evaporated under reduced pressure, and 

the crude product was purified by chromatography on silica gel eluted with petroleum 

CH2Cl2/CH3OH (V: V = 60:1) to offer the target compounds 6a-6k in good yields.  

18β-3-O-Acetyl-11-oxo-olean-12-en-30-benzothiazolyl-amide (6a). This was obtained as a 

light yellow solid (495 mg, 77%).
1
H NMR (300 MHz, CDCl3) δ 9.29 (s, 1H, NH), 7.80 (d, J = 7.8 

Hz, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.42 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.8 Hz, 1H), 5.81 (s, 1H), 

4.60 – 4.49 (m, 1H), 2.89 – 2.75 (m, 1H), 2.38 (s, 1H), 2.30 – 2.21 (m, 1H), 2.05 (s, 3H, CH3), 

2.04 – 1.80 (m, 4H), 1.78 – 1.55 (m, 6H), 1.54 – 1.41 (m, 4H), 1.39 (s, 3H, CH3), 1.29 (s, 3H, 

CH3), 1.24 (d, J = 9.1 Hz, 2H), 1.15 (d, J = 8.6 Hz, 6H, 2×CH3), 1.10 – 0.99 (m, 2H), 0.88 (s, 6H, 

2×CH3), 0.83 (s, 3H, CH3).
 13 

C NMR (75 MHz, CDCl3) δ 199.34, 173.91, 170.50, 167.72, 

157.55, 147.81, 131.75, 128.40, 125.70, 123.39, 120.85, 120.40, 80.14, 61.25, 54.56, 47.28, 44.93, 

43.90, 42.70, 40.52, 38.35, 37.57, 36.93, 36.49, 32.23, 31.49, 30.91, 29.19, 28.28, 27.88, 27.57, 

25.91, 23.08, 22.93, 20.80, 18.21, 16.90, 16.19, 15.90. HR-MS (m/z) (ESI): calcd for 

C39H52N2O4S [M-H
+
]: 643.3570; found: 643.3554.                                                                  

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(4′-methylbenzothiazolyl)amide (6b). This was obtained 

as a light yellow solid (475 mg, 75%). 
1
H NMR (300 MHz, CDCl3) δ 9.33 (s, 1H, NH), 7.57 (d, J 

= 6.9 Hz, 1H), 7.20 – 7.12 (m, 2H), 5.85 (s, 1H), 4.58 – 4.50 (m, 1H), 2.83 (d, J = 13.5 Hz, 1H), 



  

2.57 (s, 3H, CH3), 2.38 (s, 1H), 2.25 (d, J = 11.9 Hz, 1H), 2.06 (s, 3H, CH3), 2.05 – 1.79 (m, 4H), 

1.78 – 1.51 (m, 6H), 1.46 (d, J = 14.5 Hz, 4H), 1.39 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.26 (s, 2H), 

1.15 (d, J = 11.2 Hz, 6H, 2×CH3), 1.10 – 1.02 (m, 2H), 0.89 (s, 6H, 2×CH3), 0.83 (s, 3H, CH3).
 

13
C NMR (75 MHz, CDCl3) δ 199.48, 173.87, 170.51, 168.11, 156.38, 146.93, 131.37, 130.03, 

128.22, 126.20, 123.19, 118.19, 80.14, 61.28, 54.56, 47.44, 44.94, 43.92, 42.71, 40.67, 38.37, 

37.57, 36.90, 36.46, 32.24, 31.53, 30.90, 29.19, 28.14, 27.83, 27.57, 25.93, 23.06, 22.94, 20.80, 

18.20, 17.70, 16.89, 16.20, 15.85. HR-MS (m/z) (ESI): calcd for C40H54N2O4S [M+Na
+
]: 

657.3762; found: 657.3777.    

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(6′-methylbenzothiazolyl)amide (6c). This was obtained 

as a light yellow solid (506 mg, 77%). 
1
H NMR (300 MHz, CDCl3) δ 9.26 (s, 1H, NH), 7.60 (d, J 

= 8.4 Hz, 2H), 7.23 (d, J = 9.0 Hz, 1H), 5.80 (s, 1H), 4.57 – 4.50 (m, 1H), 2.82 (d, J = 13.7 Hz, 

1H), 2.46 (s, 3H, CH3), 2.37 (s, 1H), 2.26 (d, J = 11.2 Hz, 1H), 2.05 (s, 3H, CH3), 2.04 – 1.84 (m, 

4H), 1.81 – 1.58 (m, 6H), 1.53 – 1.41 (m, 4H), 1.39 (s, 3H, CH3), 1.28 (s, 3H, CH3), 1.26 (s, 2H), 

1.14 (d, J = 10.0 Hz, 6H, 2×CH3), 1.05 (d, J = 13.4 Hz, 2H), 0.88 (s, 6H, 2×CH3), 0.82 (s, 3H, 

CH3).
 13

C NMR (75 MHz, CDCl3) δ 199.30, 173.82, 170.48, 167.72, 156.78, 145.69, 133.37, 

131.85, 128.39, 127.18, 120.61, 119.91, 80.14, 61.25, 54.56, 47.24, 44.91, 43.86, 42.70, 40.54, 

38.34, 37.57, 36.94, 36.48, 32.23, 31.48, 30.90, 29.19, 28.31, 27.87, 27.57, 25.91, 23.08, 22.93, 

20.95, 20.79, 18.20, 16.90, 16.19, 15.89. HR-MS (m/z) (ESI): calcd for C40H54N2O4S [M-H
+
]: 

657.3762; found: 657.3723.                         

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(4′-methoxylbenzothiazolyl)amide (6d). This was 

obtained as a light yellow solid (471 mg, 70%). 
1
H NMR (500 MHz, CDCl3) δ 8.51 (d, J = 8.5 Hz, 

1H, NH), 8.20 (s, 1H), 7.22 – 7.19 (m, 1H), 7.12 (d, J = 2.0 Hz, 1H), 5.78 (s, 1H), 4.59 – 4.54 (m, 

1H), 4.07 (s, 3H, OCH3), 2.90 – 2.82 (m, 1H), 2.43 (s, 1H), 2.31 – 2.25 (m, 1H), 2.22 – 2.10 (m, 

2H), 2.09 (s, 3H, CH3), 2.09 – 1.90 (m, 2H), 1.90 – 1.66 (m, 6H), 1.65 – 1.46 (m, 4H), 1.46 (s, 3H, 

CH3), 1.30 (s, 3H, CH3), 1.29 (s, 2H), 1.19 (d, J = 15.7 Hz, 6H, 2×CH3), 1.15 – 1.08 (m, 2H), 

0.93 (s, 6H, 2×CH3), 0.86 (s, 3H, CH3).
 13

C NMR (126 MHz, CDCl3) δ 199.87, 174.09, 170.93, 

168.99, 148.93, 129.53, 128.53, 124.61, 120.64, 117.24, 112.50, 110.91, 80.55, 61.88, 56.29, 

55.08, 48.24, 45.34, 43.22, 42.17, 38.93, 38.06, 37.40, 37.03, 32.70, 31.98, 31.43, 29.65, 29.40, 

28.44, 28.04, 26.45, 26.36, 23.54, 23.40, 21.24, 18.71, 17.36, 16.65, 16.40. HR-MS (m/z) (ESI): 

calcd for C40H54N2O5S [M-H
+
]: 673.3675; found: 673.3660. 



  

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(6′-methoxylbenzothiazolyl)amide (6e). This was 

obtained as a light yellow solid (485 mg, 72%). 
1
H NMR (500 MHz, CDCl3) δ 9.25 (s, 1H, NH), 

7.65 (d, J = 8.8 Hz, 1H), 7.31 (s, 1H), 7.07 – 7.04 (m, 1H), 5.84 (s, 1H), 4.59 – 4.54 (m, 1H), 3.90 

(s, 3H, OCH3), 2.88 – 2.83 (m, 1H), 2.41 (s, 1H), 2.29 (d, J = 13.3 Hz, 1H), 2.09 (s, 3H, CH3), 

2.06 – 1.84 (m, 4H), 1.73 – 1.58 (m, 6H), 1.52 – 1.45 (m, 4H), 1.43 (s, 3H, CH3), 1.31 (s, 3H, 

CH3), 1.30 (s, 2H), 1.20 (s, 3H, CH3), 1.16 (s, 3H, CH3), 1.12 – 1.07 (m, 2H), 0.92 (s, 6H, 2×

CH3), 0.86 (s, 3H, CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.78, 174.19, 170.95, 168.22, 156.81, 

156.06, 142.50, 133.44, 128.86, 121.43, 115.18, 104.24, 80.63, 61.73, 55.82, 55.05, 47.76, 45.40, 

44.30, 43.19, 41.04, 38.83, 38.05, 37.41, 36.97, 32.72, 31.96, 31.37, 29.66, 28.79, 28.35, 28.05, 

26.41, 23.55, 23.40, 21.25, 18.69, 17.38, 16.66, 16.36. HR-MS (m/z) (ESI): calcd for 

C40H54N2O5S [M-H
+
]: 673.3675; found: 673.3677.  

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(4′-fluorobenzothiazolyl)amide (6f). This was obtained 

as a light yellow solid (496 mg, 75%). 
1
H NMR (500 MHz, CDCl3) δ 9.46 (s, 1H, NH), 7.51 (d, J 

= 7.8 Hz, 1H), 7.23 – 7.17 (m, 1H), 7.13 – 7.08 (m, 1H), 5.87 (s, 1H), 4.57 – 4.50 (m, 1H), 2.82 (d, 

J = 13.7 Hz, 1H), 2.38 (s, 1H), 2.27 (d, J = 10.3 Hz, 1H), 2.05 (s, 3H, CH3), 2.04 – 1.75 (m, 4H), 

1.72 – 1.56 (m, 6H), 1.49 – 1.41 (m, 4H), 1.39 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.29 (s, 2H), 1.17 

(s, 3H, CH3), 1.13 (s, 3H, CH3), 1.06 (d, J = 13.4 Hz, 2H), 0.89 (d, J = 3.0 Hz, 6H, 2×CH3), 0.84 

(s, 3H, CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.91, 174.53, 170.95, 168.36, 158.18, 155.70, 

134.99, 128.77, 124.36, 124.31, 116.95, 111.94, 111.80, 80.62, 61.73, 55.04, 47.74, 45.44, 44.43, 

43.17, 40.98, 38.86, 38.06, 37.36, 36.95, 32.74, 32.00, 31.48, 29.67, 28.55, 28.24, 28.05, 26.43, 

23.56, 23.41, 21.26, 18.68, 17.39, 16.68, 16.34. HR-MS (m/z) (ESI): calcd for C39H51FN2O4S 

[M-H
+
]: 661.3476; found: 661.3458. 

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(6′-fluorobenzothiazolyl)amide (6g). This was 

obtained as a light yellow solid (483 mg, 73%). 
1
H NMR (500 MHz, CDCl3) δ 9.37 (s, 1H, NH), 

7.66-7.61 (m, 1H), 7.49 – 7.45 (m, 1H), 7.16 – 7.11 (m, 1H), 5.82 (s, 1H), 4.56 – 4.51 (m, 1H), 

2.82 (d, J = 13.6 Hz, 1H), 2.38 (s, 1H), 2.23 (d, J = 13.7 Hz, 1H), 2.05 (s, 3H, CH3), 2.02 – 1.80 

(m, 4H), 1.72 – 1.55 (m, 6H), 1.48 – 1.41 (m, 4H), 1.39 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 

2H), 1.15 (d, J = 13.0 Hz, 6H, 2×CH3), 1.10 – 1.04 (m, 2H), 0.89 (d, J = 2.5 Hz, 6H, 2×CH3), 

0.84 (s, 3H, CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.90, 174.49, 170.97, 168.27, 160.54, 144.77, 

128.84, 121.71, 121.64, 114.60, 114.41, 107.66, 107.45, 80.62, 61.75, 55.05, 47.91, 45.45, 44.38, 



  

43.20, 41.03, 38.84, 38.05, 37.38, 36.98, 32.72, 31.99, 31.35, 29.66, 28.68, 28.36, 28.04, 26.41, 

23.55, 23.41, 21.26, 18.69, 17.38, 16.66, 16.36. HR-MS (m/z) (ESI): calcd for C39H51FN2O4S 

[M-H
+
]: 661.3476; found: 661.3460. 

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(4′-chlorobenzothiazolyl)amide (6h). This was obtained 

as a light yellow solid (514 mg, 76%). 
1
H NMR (500 MHz, CDCl3) δ 8.58 (d, J = 8.8 Hz, 1H, NH), 

8.07 (s, 1H), 7.66 (d, J = 2.2 Hz, 1H), 7.52 – 7.49 (m, 1H), 5.76 (s, 1H), 4.59 – 4.54 (m, 1H), 2.87 

– 2.81 (m, 1H), 2.41 (s, 1H), 2.28 (d, J = 13.2 Hz, 1H), 2.09 (s, 3H, CH3), 2.06 – 1.85 (m, 4H), 

1.75 – 1.57 (m, 6H), 1.55 – 1.46 (m, 4H), 1.44 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.30 (s, 2H), 1.18 

(d, J = 17.6 Hz, 6H, 2×CH3), 1.14 – 1.07 (m, 2H), 0.92 (s, 6H, 2×CH3), 0.87 (s, 3H, CH3).
 13

C 

NMR (125 MHz, CDCl3) δ 199.67, 174.36, 170.94, 168.21, 136.42, 131.10, 130.61, 128.81, 

124.05, 122.45, 118.65, 109.96, 80.58, 61.77, 55.05, 47.91, 45.37, 43.23, 41.71, 38.85, 38.05, 

37.41, 36.98, 32.74, 32.01, 31.67, 29.66, 29.40, 28.37, 28.05, 26.44, 26.40, 23.56, 23.39, 21.25, 

18.70, 17.39, 16.66, 16.37. HR-MS (m/z) (ESI): calcd for C39H51ClN2O4S [M-H
+
]: 677.3180; 

found: 678.3177. 

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(6′-chlorobenzothiazolyl)amide (6i). This was obtained 

as a light yellow solid (541 mg, 80%). 
1
H NMR (500 MHz, CDCl3) δ 9.56 (s, 1H, NH), 7.77 (d, J 

= 1.9 Hz, 1H), 7.61 (d, J = 8.6 Hz, 1H), 7.41 – 7.38 (m, 1H), 5.88 (s, 1H), 4.59 – 4.55 (m, 1H), 

2.85 (d, J = 13.7 Hz, 1H), 2.42 (s, 1H), 2.28 – 2.24 (m, 1H), 2.09 (s, 3H, CH3), 1.92 – 1.82 (m, 

4H), 1.76 – 1.59 (m, 6H), 1.50 (d, J = 19.3 Hz, 4H), 1.43 (s, 3H, CH3), 1.34 (s, 3H, CH3), 1.33 (s, 

2H), 1.19 (d, J = 11.4 Hz, 6H, 2×CH3), 1.14 – 1.09 (m, 2H), 0.93 (d, J = 3.9 Hz, 6H, 2×CH3), 

0.88 (s, 3H, CH3).
 13

C NMR (125 MHz, CDCl3) δ 200.04, 174.63, 170.98, 168.43, 158.35, 146.95, 

133.49, 129.28, 128.79, 126.83, 121.58, 120.88, 80.62, 61.76, 55.05, 48.02, 45.49, 44.45, 43.22, 

41.03, 38.85, 38.06, 37.37, 36.98, 32.72, 32.02, 31.36, 29.67, 28.57, 28.39, 28.05, 26.42, 23.55, 

23.41, 21.27, 18.70, 17.39, 16.67, 16.35. HR-MS (m/z) (ESI): calcd for C39H51ClN2O4S [M-H
+
]: 

677.3180; found: 677.3182. 

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(4′-bromobenzothiazolyl)amide (6j). This was obtained 

as a light yellow solid (511 mg, 71%). 
1
H NMR (500 MHz, CDCl3) δ 9.37 (s, 1H, NH), 7.72 (d, J 

= 7.9 Hz, 1H), 7.60 (d, J = 7.8 Hz, 1H), 7.14 (t, J = 7.9 Hz, 1H), 5.82 (s, 1H), 4.57 – 4.50 (m, 1H), 

2.82 (d, J = 13.7 Hz, 1H), 2.38 (s, 1H), 2.30 – 2.24 (m, 1H), 2.05 (s, 3H, CH3), 2.00 – 1.76 (m, 

4H), 1.73 – 1.57 (m, 6H), 1.51 – 1.41 (m, 4H), 1.39 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 



  

1.17 (s, 3H, CH3), 1.13 (s, 3H, CH3), 1.06 (d, J = 11.0 Hz, 2H), 0.89 (s, 6H, 2×CH3), 0.82 (s, 3H, 

CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.78, 174.64, 170.95, 168.19, 158.50, 146.68, 133.05, 

129.51, 128.88, 124.72, 120.56, 114.37, 80.62, 61.75, 55.06, 47.62, 45.40, 44.46, 43.18, 40.92, 

38.85, 38.06, 37.43, 36.96, 32.73, 31.97, 31.39, 29.66, 28.58, 28.35, 28.05, 26.40, 23.56, 23.43, 

21.26, 18.69, 17.38, 16.67, 16.36. HR-MS (m/z) (ESI): calcd for C39H52BrN2O4S [M-H
+
]: 

721.2675; found: 721.2676. 

18β-3-O-Acetyl-11-oxo-olean-12-en-30-(6′-bromobenzothiazolyl)amide (6k). This was obtained 

as a light yellow solid (526 mg, 73%). 
1
H NMR (300 MHz, CDCl3) δ 9.64 (s, 1H, NH), 7.86 (s, 

1H), 7.48 (s, 2H), 5.88 (s, 1H), 4.56 – 4.50 (m, 1H), 2.81 (d, J = 13.6 Hz, 1H), 2.38 (s, 1H), 2.20 

(d, J = 13.3 Hz, 1H), 2.05 (s, 3H, CH3), 2.04 – 1.79 (m, 4H), 1.78 – 1.52 (m, 6H), 1.51 – 1.42 (m, 

4H), 1.38 (s, 3H, CH3), 1.31 (s, 3H, CH3), 1.26 (s, 2H), 1.15 (d, J = 4.9 Hz, 6H, 2×CH3), 1.11 – 

1.04 (m, 2H), 0.88 (d, J = 3.2 Hz, 6H, 2×CH3), 0.85 (s, 3H, CH3).
 13

C NMR (75 MHz, CDCl3) δ 

199.69, 174.22, 170.51, 168.13, 157.80, 146.84, 133.45, 129.01, 128.24, 123.25, 121.45, 116.14, 

80.13, 61.26, 54.54, 47.65, 45.03, 43.99, 42.72, 40.53, 38.37, 37.56, 36.86, 36.47, 32.22, 31.54, 

30.89, 29.19, 27.98, 27.93, 27.56, 25.94, 23.05, 22.92, 20.80, 18.21, 16.89, 16.19, 15.85. HR-MS 

(m/z) (ESI): calcd for C39H52BrN2O4S [M-H
+
]: 721.2675; found: 721.2687. 

4.2.4. General procedure for preparation of the target compounds 7a-7k.  

1 M NaOH aq. (180 mL, 0.18 mmol, 1.5 equiv) was added dropwise to a solution of compound 

6 (0.12 mmol, 1.0 equiv) in methanol (2 mL) and tetrahydrofuran (1 mL) at room temperature. 

The resulting solution was stirred at 40 
o
C for 5 h. Progress of the reaction was monitored by TLC. 

After completion of the reaction, the solvent was removed under reduced pressure. The resulting 

mixture was diluted with water (100 mL) and extracted with dichloromethane (50 mL × 2). The 

combined organic layers were washed with brine (50 mL) and dried over anhydrous sodium 

sulfate. After evaporation of the solvent, the crude residue was purified by column 

chromatography on silica gel eluted with petroleum CH2Cl2/CH3OH (V: V = 50:1) to give the 

compound 7a-7k in good yields. 

18β-11-Oxo-olean-12-en-30-benzothiazolyl-amide (7a). This was obtained as a light yellow 

solid (51 mg, 71%). 
1
H NMR (500 MHz, CDCl3) δ 9.94 (s, 1H, NH), 7.80 (d, J = 7.9 Hz, 1H), 

7.72 (d, J = 8.1 Hz, 1H), 7.42 (t, J = 7.7 Hz, 1H), 7.31 – 7.27 (m, 1H), 5.75 (s, 1H), 3.25 – 3.20 (m, 

1H), 2.78 (d, J = 13.6 Hz, 1H), 2.34 (s, 1H), 2.17 (d, J = 12.8 Hz, 1H), 2.11 – 2.02 (m, 4H), 1.90 – 



  

1.80 (m, 2H), 1.71 – 1.60 (m, 4H), 1.52 – 1.43 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 

(s, 2H), 1.13 (d, J = 8.9 Hz, 6H, 2×CH3), 1.06 (d, J = 13.9 Hz, 1H), 1.03 (s, 3H, CH3), 0.92 – 

0.88 (m, 1H), 0.83 (d, J = 6.5 Hz, 6H, 2×CH3).
 13

C NMR (126 MHz, CDCl3) δ 199.52, 174.63, 

167.98, 158.53, 148.23, 132.10, 128.74, 126.15, 123.79, 121.30, 120.81, 79.19, 61.89, 55.15, 

48.12, 45.44, 44.36, 43.17, 41.09, 39.58, 39.22, 37.31, 37.08, 32.83, 32.03, 31.11, 28.71, 28.26, 

28.17, 27.26, 26.47, 26.40, 23.51, 18.66, 17.55, 16.31, 15.59. HR-MS (m/z) (ESI): calcd for 

C37H50N2O3S [M-H
+
]: 601.3464; found: 601.3461. 

18β-11-Oxo-olean-12-en-30-(4′-methylbenzothiazolyl)amide (7b). This was obtained as a light 

yellow solid (51 mg, 69%). 
1
H NMR (300 MHz, CDCl3) δ 10.18 (s, 1H, NH), 7.67 – 7.58 (m, 

1H), 7.20 (q, J = 7.6 Hz, 2H), 5.74 (s, 1H), 3.25 – 3.13 (m, 1H), 2.79 (s, 1H), 2.61 (s, 3H, CH3), 

2.57 – 2.36 (m, 1H), 2.32 (s, 1H), 2.13 (d, J = 12.9 Hz, 2H), 2.03 – 1.83 (m, 4H), 1.72 – 1.58 (m, 

4H), 1.50 (d, J = 9.7 Hz, 4H), 1.43 (s, 3H, CH3), 1.30 (s, 3H, CH3), 1.23 (d, J = 15.9 Hz, 2H), 1.14 

(d, J = 6.8 Hz, 6H, 2×CH3), 1.10 – 1.06 (m, 1H), 1.03 (s, 3H, CH3), 1.00 – 0.86 (m, 1H), 0.83 (d, 

J = 5.0 Hz, 6H, 2×CH3).
 13

C NMR (75 MHz, CDCl3) δ 199.35, 174.47, 168.05, 157.56, 147.35, 

131.73, 130.37, 128.52, 126.76, 123.68, 118.75, 79.41, 61.90, 55.24, 48.40, 45.46, 44.34, 43.14, 

41.30, 39.85, 39.25, 37.22, 37.04, 32.83, 32.10, 30.98, 28.67, 28.18, 28.11, 27.27, 26.51, 26.35, 

23.57, 18.63, 18.11, 17.54, 16.30, 15.49. HR-MS (m/z) (ESI): calcd for C38H52N2O3S [M-H
+
]: 

615.3621; found: 615.3628. 

18β-11-Oxo-olean-12-en-30-(6′-methylbenzothiazolyl)amide (7c). This was obtained as a light 

yellow solid (50 mg, 68%). 
1
H NMR (300 MHz, CDCl3) δ 9.67 (s, 1H, NH), 7.60 (s, 2H), 7.23 (d, 

J = 7.0 Hz, 1H), 5.76 (s, 1H), 3.27 – 3.18 (m, 1H), 2.79 (d, J = 13.6 Hz, 1H), 2.47 (s, 3H, CH3), 

2.34 (s, 1H), 2.20 (d, J = 11.3 Hz, 1H), 2.05 (d, J = 14.0 Hz, 2H), 1.93 – 1.74 (m, 4H), 1.69 – 1.58 

(m, 4H), 1.53 – 1.43 (m, 4H), 1.41 (s, 3H, CH3), 1.27 (d, J = 6.7 Hz, 6H, 2×CH3), 1.14 (s, 3H, 

CH3), 1.12 – 1.09 (m, 2H), 1.02 (s, 3H, CH3), 0.97 – 0.86 (m, 2H), 0.82 (s, 6H, 2×CH3).
 13

C 

NMR (75 MHz, DMSO) δ 199.18, 173.97, 167.57, 157.14, 145.72, 133.40, 128.36, 127.23, 

123.33, 120.68, 119.94, 78.63, 61.43, 54.66, 47.52, 44.98, 43.90, 42.73, 40.66, 39.02, 38.78, 36.90, 

36.65, 32.38, 31.58, 30.77, 29.24, 28.36, 27.84, 27.71, 26.84, 25.97, 23.07, 21.00, 18.23, 17.09, 

15.89, 15.14. HR-MS (m/z) (ESI): calcd for C38H52N2O3S [M-H
+
]: 615.3621; found: 615.3600. 

18β-11-Oxo-olean-12-en-30-(4′-methoxylbenzothiazolyl)amide (7d). This was obtained as a 

light yellow solid (56 mg, 74%). 
1
H NMR (500 MHz, CDCl3) δ 8.55 – 8.49 (m, 1H, NH), 8.22 (s, 



  

1H), 7.40 – 7.33 (m, 1H), 7.15 – 7.06 (m, 1H), 5.76 (d, J = 2.7 Hz, 1H), 4.08 (d, J = 5.1 Hz, 3H, 

OCH3), 3.27 – 3.20 (m, 1H), 2.82 (d, J = 13.5 Hz, 1H), 2.38 (s, 1H), 2.26 (d, J = 13.4 Hz, 1H), 

2.22 – 2.07 (m, 2H), 2.06 – 1.76 (m, 4H), 1.69 – 1.60 (m, 6H), 1.47– 1.44 (m, 2H), 1.43 (s, 3H, 

CH3), 1.26 (s, 3H, CH3), 1.26 – 1.25 (m, 2H), 1.14 (d, J = 1.8 Hz, 6H, 2×CH3), 1.07 (d, J = 13.8 

Hz, 1H), 1.02 (s, 3H, CH3), 0.93 – 0.85 (m, 1H), 0.82 (d, J = 6.5 Hz, 6H, 2×CH3).
 13

C NMR (126 

MHz, CDCl3) δ 200.08, 174.13, 168.99, 148.61, 137.72, 128.62, 119.87, 119.79, 116.76, 116.61, 

104.62, 78.73, 61.98, 56.35, 55.02, 48.19, 45.33, 44.35, 44.29, 43.23, 39.29, 39.16, 37.43, 37.19, 

32.78, 32.00, 29.66, 29.47, 28.45, 28.10, 27.30, 26.49, 26.38, 23.47, 18.72, 17.49, 16.37, 15.55. 

HR-MS (m/z) (ESI): calcd for C38H52N2O4S [M-H
+
]: 633.3726; found: 633.3766. 

18β-11-Oxo-olean-12-en-30-(6′-methoxylbenzothiazolyl)amide (7e). This was obtained as a 

light yellow solid (53 mg, 70%). 
1
H NMR (300 MHz, CDCl3) δ 9.75 (s, 1H, NH), 7.61 (d, J = 8.9 

Hz, 1H), 7.27 (s, 1H), 7.05 – 6.99 (m, 1H), 5.76 (s, 1H), 3.87 (s, 3H, OCH3), 3.21 (d, J = 8.7 Hz, 

1H), 2.78 (d, J = 13.4 Hz, 1H), 2.34 (s, 1H), 2.18 (d, J = 12.5 Hz, 1H), 2.09 –1.99 (m, 4H), 1.90 – 

1.78 (m, 2H), 1.72 – 1.59 (m, 4H), 1.46 (d, J = 10.7 Hz, 4H), 1.41 (s, 3H, CH3), 1.28 (s, 3H, CH3), 

1.26 (s, 2H), 1.13 (d, J = 5.0 Hz, 6H, 2×CH3), 1.02 (s, 3H, CH3), 0.99 – 0.86 (m, 2H), 0.82 (s, 6H, 

2×CH3).
 13

C NMR (75 MHz, CDCl3) δ 199.17, 173.93, 167.61, 156.33, 142.01, 132.89, 128.31, 

126.48, 120.95, 114.74, 103.80, 78.68, 61.44, 55.40, 54.68, 47.60, 44.99, 43.85, 42.73, 40.65, 

39.08, 38.77, 36.89, 36.64, 32.38, 31.58, 30.71, 29.23, 28.35, 27.84, 27.72, 26.82, 25.96, 23.07, 

18.22, 17.09, 15.88, 15.15. HR-MS (m/z) (ESI): calcd for C38H52N2O4S [M-H
+
]: 631.3570; found: 

631.3544. 

18β-11-Oxo-olean-12-en-30-(4′-fluorobenzothiazolyl)amide (7f). This was obtained as a light 

yellow solid (51 mg, 69%). 
1
H NMR (500 MHz, CDCl3) δ 9.73 (s, 1H, NH), 7.55 (d, J = 7.7 Hz, 

1H), 7.26 – 7.21 (m, 1H), 7.15 – 7.10 (m, 1H), 5.78 (s, 1H), 3.25 – 3.21 (m, 1H), 2.81 – 2.77 (m, 

1H), 2.34 (s, 1H), 2.23 – 2.19 (m, 1H), 2.11 – 1.99 (m, 4H), 1.88 – 1.82 (m, 2H), 1.68 – 1.61 (m, 

4H), 1.50 – 1.43 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 1.13 (d, J = 8.8 Hz, 

6H, 2×CH3), 1.09 – 1.05 (m, 1H), 1.02 (s, 3H, CH3), 0.97 – 0.91 (m, 1H), 0.83 (d, J = 1.6 Hz, 6H, 

2×CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.64, 174.58, 167.92, 158.46, 137.04, 128.81, 124.44, 

124.39, 117.02, 116.95, 111.98, 111.84, 79.06, 61.86, 55.09, 47.93, 45.42, 44.39, 43.16, 41.05, 

39.41, 39.17, 37.32, 37.08, 32.83, 32.03, 31.26, 29.67, 28.66, 28.24, 28.12, 27.28, 26.45, 23.51, 



  

18.66, 17.53, 16.30, 15.52. HR-MS (m/z) (ESI): calcd for C37H49FN2O4S [M-H
+
]: 619.3370; 

found: 619.3334. 

18β-11-Oxo-olean-12-en-30-(6′-fluorobenzothiazolyl)amide (7g). This was obtained as a light 

yellow solid (57 mg, 77%). 
1
H NMR (300 MHz, CDCl3) δ 9.87 (s, 1H, NH), 7.68 – 7.61 (m, 1H), 

7.51-7.45 (m, 1H), 7.19-7.11 (m, 1H), 5.75 (s, 1H), 3.25 – 3.18 (m, 1H), 2.78 (d, J = 13.5 Hz, 1H), 

2.33 (s, 1H), 2.15 (d, J = 13.3 Hz, 1H), 2.05 (d, J = 9.8 Hz, 2H), 1.99 – 1.79 (m, 4H), 1.70 – 1.60 

(m, 4H), 1.54 – 1.45 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 1.13 (d, J = 3.5 

Hz, 6H, 2×CH3), 1.05 (s, 1H), 1.02 (s, 3H, CH3), 0.90 (d, J = 11.0 Hz, 1H), 0.83 (s, 6H, 2×CH3).
 

13
C NMR (75 MHz, CDCl3) δ 199.15, 174.18, 167.59, 157.51, 144.32, 128.28, 121.30, 121.18, 

114.23, 113.91, 107.31, 106.96, 78.77, 61.46, 54.72, 47.74, 45.02, 43.91, 42.73, 40.65, 39.16, 

38.78, 36.84, 36.64, 32.38, 31.61, 30.67, 28.28, 27.83, 27.72, 26.82, 26.02, 25.94, 23.08, 18.22, 

17.09, 15.87, 15.11. HR-MS (m/z) (ESI): calcd for C37H49FN2O4S [M-H
+
]: 619.3370; found: 

619.3344. 

18β-11-Oxo-olean-12-en-30-(4′-chlorobenzothiazolyl)amide (7h). This was obtained as a light 

yellow solid (54 mg, 71%). 
1
H NMR (300 MHz, CDCl3) δ 9.88 (s, 1H, NH), 7.92 (d, J = 1.4 Hz, 

1H), 7.56 (d, J = 8.6 Hz, 1H), 7.55 – -7.49 (m, 1H), 5.77 (s, 1H), 3.25 – 3.19 (m, 1H), 2.78 (d, J = 

13.6 Hz, 1H), 2.34 (s, 1H), 2.15 (d, J = 13.6 Hz, 1H), 2.09 – 1.98 (m, 4H), 1.88 (d, J = 13.8 Hz, 

2H), 1.69 – 1.60 (m, 4H), 1.53 – 1.46 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 

1.14 (d, J = 3.1 Hz, 6H, 2×CH3), 1.03 (s, 3H, CH3), 0.94 – 0.88 (m, 2H), 0.83 (s, 6H, 2×CH3). 

13
C NMR (75 MHz, CDCl3) δ 200.15, 176.34, 168.42, 156.66, 144.45, 132.04, 128.79, 

128.51,127.31, 126.72, 122.12, 78.75, 61.82, 60.28, 54.97, 48.38, 43.82, 43.21, 41.81, 41.10, 

39.12, 37.72, 37.10, 32.78, 31.12, 28.54, 28.29, 28.09, 27.31, 26.49, 26.44, 23.37, 18.68, 17.49, 

16.32, 15.55, 14.30. HR-MS (m/z) (ESI): calcd for C37H49ClN2O4S [M-H
+
]: 635.3074; found: 

635.3075. 

18β-11-Oxo-olean-12-en-30-(6′-chlorobenzothiazolyl)amide (7i). This was obtained as a light 

yellow solid (53 mg, 70%). 
1
H NMR (500 MHz, CDCl3) δ 9.85 (s, 1H, NH), 7.76 (d, J = 2.0 Hz, 

1H), 7.61 (d, J = 8.6 Hz, 1H), 7.39 – -7.35 (m, 1H), 5.76 (s, 1H), 3.24 – 3.19 (m, 1H), 2.80 – 2.76 

(m, 1H), 2.34 (s, 1H), 2.16 (d, J = 13.0 Hz, 1H), 2.07 (d, J = 8.1 Hz, 2H), 1.92 – 1.76 (m, 4H), 

1.68 – 1.61 (m, 4H), 1.54 – 1.45 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 1.13 

(d, J = 5.9 Hz, 6H, 2×CH3), 1.07 (d, J = 13.6 Hz, 1H), 1.02 (s, 3H, CH3), 0.95 – -0.89 (m, 1H), 



  

0.83 (d, J = 1.6 Hz, 6H, 2×CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.61, 174.67, 168.00, 158.65, 

146.93, 133.43, 129.29, 128.74, 126.86, 121.62, 120.92, 79.17, 61.90, 55.15, 48.17, 45.46, 44.39, 

43.17, 41.08, 39.56, 39.20, 37.28, 37.09, 32.82, 32.05, 31.13, 29.67, 28.67, 28.27, 28.15, 27.27, 

26.46, 23.51, 18.66, 17.53, 16.31, 15.54. HR-MS (m/z) (ESI): calcd for C37H49ClN2O4S [M-H
+
]: 

635.3074; found: 635.3057. 

18β-11-Oxo-olean-12-en-30-(4′-bromobenzothiazolyl)amide (7j). This was obtained as a light 

yellow solid (63 mg, 77%). 
1
H NMR (500 MHz, CDCl3) δ 10.35 (s, 1H, NH), 7.79 – 7.76 (m, 

1H), 7.67 – 7.64 (m, 1H), 7.19 (t, J = 7.9 Hz, 1H), 5.77 (s, 1H), 3.29 – 3.21 (m, 1H), 2.82 (d, J = 

2.7 Hz, 1H), 2.37 (d, J = 12.3 Hz, 2H), 2.15 – 2.05 (m, 4H), 1.98 – 1.90 (m, 2H), 1.72 – 1.65 (m, 

4H), 1.58 – 1.51 (m, 4H), 1.46 (s, 3H, CH3), 1.33 (s, 3H, CH3), 1.31 (s, 2H), 1.19 (d, J = 2.4 Hz, 

6H, 2×CH3), 1.13 – 1.09 (m, 1H), 1.07 (s, 3H, CH3), 1.05 (s, 1H), 0.88 (d, J = 14.7 Hz, 6H, 2×

CH3).
 13

C NMR (125 MHz, CDCl3) δ 199.27, 174.81, 167.77, 158.91, 146.72, 132.93, 129.48, 

128.63, 124.64, 120.55, 114.45, 79.50, 61.92, 55.29, 48.27, 45.48, 44.41, 43.14, 41.11, 39.87, 

39.30, 37.26, 37.06, 32.86, 32.10, 30.99, 28.60, 28.20, 28.17, 27.24, 26.51, 26.36, 23.59, 18.65, 

17.57, 16.33, 15.60. HR-MS (m/z) (ESI): calcd for C37H49BrN2O3S [M-H
+
]: 679.2569; found: 

679.2528. 

18β-11-Oxo-olean-12-en-30-(6′-bromobenzothiazolyl)amide (7k). This was obtained as a light 

yellow solid (60 mg, 73%). 
1
H NMR (300 MHz, CDCl3) δ 9.88 (s, 1H, NH), 7.91 (d, J = 1.4 Hz, 

1H), 7.56 (d, J = 8.6 Hz, 1H), 7.53 – 7.49 (m, 1H), 5.76 (s, 1H), 3.25 – 3.18 (m, 1H), 2.78 (d, J = 

13.6 Hz, 1H), 2.33 (s, 1H), 2.15 (d, J = 13.6 Hz, 1H), 2.08 – 1.98 (m, 4H), 1.88 (d, J = 13.8 Hz, 

2H), 1.69 – 1.60 (m, 4H), 1.53 – 1.45 (m, 4H), 1.41 (s, 3H, CH3), 1.29 (s, 3H, CH3), 1.26 (s, 2H), 

1.13 (d, J = 3.1 Hz, 6H, 2×CH3), 1.02 (s, 3H, CH3), 0.98 – 0.86 (m, 2H), 0.83 (s, 6H, 2×CH3).
 

13
C NMR (75 MHz, CDCl3) δ 199.63, 174.69, 168.04, 158.63, 147.27, 134.03, 129.55, 128.71, 

123.80, 122.01, 116.69, 79.17, 61.88, 55.13, 48.18, 45.45, 44.39, 43.15, 41.05, 39.56, 39.19, 37.26, 

37.06, 32.80, 32.04, 31.11, 28.65, 28.26, 28.14, 27.25, 26.45, 26.36, 23.50, 18.64, 17.51, 16.30, 

15.53. HR-MS (m/z) (ESI): calcd for C37H49BrN2O3S [M+H
+
]: 681.2725; found: 681.2738. 

4.2.5. Synthesis of 18β-11-Oxo-olean-12-en-30-oic acidethyl ester(8).  

Anhydrous K2CO3 (69.1 mg, 0.5 mmol, 1.0 equiv) and EtBr (55.9 mL, 0.75 mmol, 1.5 equiv) 

were added to a stirred solution of GA 1 (235.3 mg, 0.5 mmol, 1.0 equiv) in acetone (10 mL) at rt. 

The resulting solution was stirred at 35 
o
C for 48 h. Progress of the reaction was monitored by 



  

TLC. After completion of the reaction, the acetone was distilled off. The resulting mixture was 

diluted with water (15 mL) and extracted with dichloromethane (30 mL×2). The combined organic 

layers were washed with brine (10 mL) and dried over sodium sulfate. After evaporation of the 

solvent, the crude residue was purified by column chromatography on silica gel (petroleum ether: 

ethyl acetate = 3: 1) to give the compound 8 (211 mg, 85%) as the white solid. 
1
H NMR (300 

MHz, CDCl3) δ 5.64 (s, 1H), 4.23 – 4.10 (m, 2H), 3.23 (s, 1H), 2.84 – 2.75 (m, 1H), 2.34 (s, 1H), 

2.17 – 1.70 (m, 6H), 1.69 – 1.53 (m, 6H), 1.51 – 1.41 (m, 2H), 1.37 (s, 3H, CH3), 1.31 (d, J = 7.2 

Hz, 2H), 1.26 (t, J = 7.0 Hz, 3H, CH3)., 1.23 – 1.17 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.13 (s, 3H, 

CH3), 1.01 (s, 3H, CH3), 0.98 – 0.88 (m, 1H), 0.81 (s, 6H, 2×CH3), 0.70 (d, J = 11.5 Hz, 1H). 

4.2.6. Synthesis of 18β-3-O-(β-Carboxypropionyl)-11-oxo-olean-12-en-30-oic acid ethyl ester(9) 

Succinic anhydride (50.0 mg, 0.5 mmol, 5 equiv) and DMAP (24.4 mg, 0.2 mmol, 2.0 equiv) 

were added to a solution of compound 8 (49.8 mg, 0.1 mmol, 1.0 equiv) in dichloromethane (1 mL) 

at rt. The resulting solution was stirred at rt for 48 h. Progress of the reaction was monitored by 

TLC. After completion of the reaction, the mixture was acidified with 1 N HCl to pH ~3 and 

extracted with ethyl acetate (25 mL×3). The combined organic layers were washed with water (10 

mL) and brine (10 mL), and dried over sodium sulfate. After evaporation of the solvent, the crude 

residue was purified by column chromatography on silica gel (dichloromethane: methanol = 20: 1) 

to get the compound 9 (48 mg, 80%) as the white solid.
 1

H NMR (300 MHz, CDCl3) δ 5.63 (s, 

1H), 4.58 – 4.47 (m, 1H), 4.22 – 4.06 (m, 2H), 2.78 (d, J = 13.7 Hz, 1H), 2.70 – 2.58 (m, 4H), 

2.34 (s, 1H), 2.13 – 1.89 (m, 4H), 1.88 – 1.57 (m, 6H), 1.55 – 1.38 (m, 3H), 1.35 (s, 3H, CH3), 

1.32 – 1.27 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.23 – 1.16 (m, 2H), 1.15 – 1.10 (m, 9H, 3×

CH3), 1.00 (d, J = 12.7 Hz, 2H), 0.86 (s, 6H, 2×CH3), 0.78 (s, 3H, CH3). 

4.2.7. General procedure for preparation of the target compounds 11a-11k 

Compound 9 (0.1 mmol) added to dry CH2Cl2 (15 mL) was stirred at 0 
o
C and oxalyl chloride 

(2.0 mmol) was dripped into the mixture and stirred at the same temperature for 12 h. After the 

reaction, the solvent and excess oxalyl chloride was evaporated under the reduced pressure, then 

add CHCl3. Compounds 2 (0.1 mmol) and triethylamine (0.15 mmol) were added to the mixture 

and reflux at 65 
o
C for 5 h. After the reaction, the solvent was evaporated under reduced pressure, 

and the crude product was purified by chromatography on silica gel eluted with petroleum 

CH2Cl2/CH3OH (V: V = 60:1) to offer the target compounds 11a-11k in good yields.  



  

18β-3-O-(β-(benzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl ester (11a). 

This was obtained as a light yellow solid (58 mg, 80%). 
1
H NMR (500 MHz, CDCl3) δ 10.99 (s, 

1H, NH), 7.84 – 7.78 (m, 2H), 7.43 (t, J = 7.3 Hz, 1H), 7.31 (t, J = 7.6 Hz, 1H), 5.64 (s, 1H), 4.60 

– 4.53 (m, 1H), 4.22 – 4.08 (m, 2H), 2.82 – 2.78 (m, 5H), 2.34 (s, 1H), 2.13 – 1.91 (m, 4H), 1.82 – 

1.62 (m, 6H), 1.47 – 1.37 (m, 3H), 1.35 (s, 3H, CH3), 1.34 – 1.28 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, 

CH3), 1.20 – 1.16 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.11 (s, 3H, CH3), 1.07 – 0.99 (m, 2H), 0.85 (d, 

J = 9.1 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H).
 13

C NMR (125 MHz, CDCl3) δ 199.99, 

176.36, 172.09, 170.22, 169.35, 158.83, 148.05, 132.06, 128.44, 126.28, 123.94, 121.48, 120.69, 

81.58, 61.69, 60.30, 55.05, 48.41, 45.39, 43.83, 43.23, 41.09, 38.76, 38.09, 37.72, 36.94, 32.69, 

31.81, 31.26, 31.13, 29.24, 28.54, 28.28, 28.05, 26.49, 26.43, 23.53, 23.31, 18.68, 17.35, 16.65, 

16.34, 14.29. HR-MS (m/z) (ESI): calcd for C43H58N2O6S [M+H
+
]: 731.40938; found: 731.40949. 

18β-3-O-(β-(4′-methylbenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11b). This was obtained as a light yellow solid (57 mg, 76%). 
1
H NMR (300 MHz, CDCl3) 

δ 9.73 (s, 1H, NH), 7.66 – 7.60 (m, 1H), 7.20 (d, J = 7.0 Hz, 2H), 5.65 (s, 1H), 4.60 – 4.53 (m, 

1H), 4.21 – 4.10 (m, 2H), 2.80 (s, 5H), 2.61 (s, 3H, CH3), 2.35 (s, 1H), 2.15 – 1.92 (m, 4H), 1.88 – 

1.63 (m, 6H), 1.49 – 1.37 (m, 3H), 1.35 (s, 3H, CH3), 1.34 – 1.29 (m, 2H), 1.25 (t, J = 6.9 Hz, 3H, 

CH3), 1.22 – 1.17 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 3H, CH3), 1.05 – 0.98 (m, 2H), 0.86 (d, 

J = 3.5 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H).
 13

C NMR (75 MHz, CDCl3) δ 200.02, 

176.38, 172.10, 169.76, 169.40, 156.64, 147.50, 131.99, 130.72, 128.43, 126.81, 123.83, 118.78, 

81.62, 61.68, 60.31, 55.04, 48.41, 45.38, 43.83, 43.22, 41.08, 38.75, 38.10, 37.71, 36.93, 32.68, 

31.81, 31.28, 31.12, 29.31, 28.54, 28.29, 28.06, 26.48, 26.42, 23.54, 23.31, 18.67, 18.03, 17.34, 

16.67, 16.35, 14.29. HR-MS (m/z) (ESI): calcd for C44H60N2O6S [M+H
+
]: 745.42503; found: 

745.42616. 

18β-3-O-(β-(6′-methylbenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11c). This was obtained as a light yellow solid (60 mg, 81%). 
1
H NMR (300 MHz, CDCl3) 

δ 11.20 (s, 1H, NH), 7.67 (d, J = 8.3 Hz, 1H), 7.62 (s, 1H), 7.24 (d, J = 9.3 Hz, 1H), 5.64 (s, 1H), 

4.60-4.51 (m, 1H), 4.20 – 4.09 (m, 2H), 2.94 – 2.73 (m, 5H), 2.47 (s, 3H, CH3), 2.34 (s, 1H), 

2.15-1.94 (m, 4H), 1.90 – 1.63 (m, 6H), 1.55 – 1.40 (m, 3H), 1.35 (s, 3H, CH3), 1.29 (d, J = 1.7 

Hz, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.19 (s, 1H), 1.14 (s, 6H, 2×CH3), 1.11 (s, 3H, CH3), 1.04 

– 0.96 (m, 2H), 0.84 (d, J = 6.6 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.76 (s, 1H).
 13

C NMR (75 



  

MHz, CDCl3) δ 199.99, 176.36, 172.03, 170.14, 169.34, 158.16, 145.93, 133.95, 132.17, 128.44, 

127.75, 121.29, 120.19, 81.51, 61.68, 60.29, 55.04, 48.41, 45.38, 43.83, 43.21, 41.08, 38.75, 38.08, 

37.71, 36.93, 32.68, 31.81, 31.21, 31.12, 29.76, 29.23, 28.54, 28.28, 28.03, 26.43, 23.52, 23.31, 

21.42, 18.67, 17.34, 16.64, 16.34, 14.30. HR-MS (m/z) (ESI): calcd for C44H60N2O6S [M+H
+
]: 

745.42503; found: 745.42519. 

18β-3-O-(β-(4′-methoxylbenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11d). This was obtained as a light yellow solid (62 mg, 82%). 
1
H NMR (500 MHz, CDCl3) 

δ 8.44 (d, J = 8.5 Hz, 1H, NH), 7.98 (s, 1H), 7.14 – 7.11 (m, 1H), 7.04 (d, J = 1.9 Hz, 1H), 5.64 (s, 

1H), 4.59 – 4.52 (m, 1H), 4.22 – 4.10 (m, 2H), 3.93 (s, 3H, OCH3), 2.83 – 2.78 (m, 1H), 2.77 – 

2.70 (m, 4H), 2.35 (s, 1H), 2.13 – 1.90 (m, 4H), 1.87 – 1.62 (m, 6H), 1.49 – 1.38 (m, 3H), 1.36 (s, 

3H, CH3), 1.34 – 1.29 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.23 – 1.17 (m, 1H), 1.14 (d, J = 4.1 

Hz, 6H, 2×CH3), 1.12 (s, 3H, CH3), 1.06 – 1.00 (m, 2H), 0.87 (d, J = 1.3 Hz, 6H, 2×CH3), 0.80 

(s, 3H, CH3), 0.78 (s, 1H).
 13

C NMR (125 MHz, CDCl3) δ 199.96, 176.33, 172.36, 169.82, 169.35, 

148.58, 148.52, 129.60, 128.44, 124.51, 120.56, 117.14, 112.48, 81.33, 61.70, 60.28, 56.15, 55.08, 

48.41, 45.39, 43.83, 43.23, 41.10, 38.77, 38.10, 37.72, 36.95, 32.70, 32.53, 31.81, 31.12, 29.71, 

28.54, 28.28, 28.06, 26.49, 26.43, 23.55, 23.32, 18.68, 17.37, 16.66, 16.34, 14.30. HR-MS (m/z) 

(ESI): calcd for C44H61N2O7S [M+H
+
]: 761.41995; found: 761.42302. 

18β-3-O-(β-(6′-methoxylbenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11e). This was obtained as a light yellow solid (59 mg, 77%). 
1
H NMR (300 MHz, CDCl3) δ 

11.07 (s, 1H, NH), 7.68 (d, J = 8.9 Hz, 1H), 7.30 (d, J = 2.5 Hz, 1H), 7.05 –  7.00 (m, 1H), 5.64 

(s, 1H), 4.59 – 4.52 (m, 1H), 4.21 – 4.11 (m, 2H), 3.87 (s, 3H, OCH3), 2.85 – 2.79 (m, 1H), 2.79 (s, 

4H), 2.34 (s, 1H), 2.15 – 1.93 (m, 4H), 1.88 – 1.62 (m, 6H), 1.53 – 1.38 (m, 3H), 1.35 (s, 3H, 

CH3), 1.34 – 1.29 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.22 – 1.17 (m, 1H), 1.14 (s, 6H, 2×

CH3), 1.11 (s, 3H, CH3), 1.04 – 0.97 (m, 2H), 0.85 (d, J = 6.1 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 

0.76 (s, 1H). 
13

C NMR (75 MHz, CDCl3) δ 199.99, 176.36, 172.08, 170.03, 169.35, 156.92, 

156.84, 142.20, 133.29, 128.44, 121.24, 115.28, 104.39, 81.52, 61.68, 60.29, 55.83, 55.04, 48.41, 

45.38, 43.83, 43.22, 41.08, 38.75, 38.08, 37.71, 36.93, 32.68, 31.81, 31.18, 31.13, 29.25, 28.54, 

28.28, 28.04, 26.48, 26.43, 23.52, 23.31, 18.67, 17.35, 16.65, 16.34, 14.30. HR-MS (m/z) (ESI): 

calcd for C44H61N2O7S [M+H
+
]: 761.41995; found: 761.42057. 



  

18β-3-O-(β-(4′-fluorobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11f). This was obtained as a light yellow solid (54 mg, 72%). 
1
H NMR (500 MHz, CDCl3) δ 

11.13 (s, 1H, NH), 7.63 (d, J = 8.0 Hz, 1H), 7.31 – 7.28 (m, 1H), 7.21 – 7.16 (m, 1H), 5.68 (s, 1H), 

4.60-4.56 (m, 1H), 4.24 – 4.15 (m, 2H), 2.87 (s, 1H), 2.86 – 2.81 (m, 4H), 2.38 (s, 1H), 2.17 – 

2.00 (m, 4H), 1.88 – 1.66 (m, 6H), 1.53-1.43 (m, 3H), 1.39 (s, 3H, CH3), 1.35 (d, J = 8.3 Hz, 2H), 

1.30 (t, J = 6.9 Hz, 3H, CH3), 1.27 – 1.22 (m, 1H), 1.18 (s, 6H, 2×CH3), 1.15 (s, 3H, CH3), 1.05 

(d, J = 13.2 Hz, 2H), 0.89 (s, 3H, CH3), 0.87 (s, 3H, CH3), 0.84 (s, 3H, CH3), 0.81 (s, 1H).
 13

C 

NMR (125 MHz, CDCl3) δ 199.97, 176.36, 171.91, 170.51, 169.33, 159.25, 155.51, 136.77, 

134.90, 128.46, 124.62, 117.20, 112.13, 111.99, 81.49, 61.69, 60.30, 55.04, 48.42, 45.39, 43.84, 

43.23, 41.10, 38.75, 38.08, 37.73, 36.94, 32.70, 31.82, 31.14, 30.99, 29.23, 28.54, 28.29, 28.04, 

26.50, 26.44, 23.50, 23.32, 18.69, 17.36, 16.63, 16.34, 14.30. HR-MS (m/z) (ESI): calcd for 

C43H58FN2O6S [M+H
+
]: 749.39996; found: 749.40005. 

18β-3-O-(β-(6′-fluorobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11g). This was obtained as a light yellow solid (63 mg, 84%). 
1
H NMR (500 MHz, CDCl3) 

δ 10.70 (s, 1H, NH), 7.74-7.69 (m, 1H), 7.50 (dd, J = 8.0, 2.4 Hz, 1H), 7.15 (td, J = 8.9, 2.5 Hz, 

1H), 5.65 (s, 1H), 4.60-4.54 (m, 1H), 4.20 – 4.10 (m, 2H), 2.83-2.81 (m, 1H), 2.81-2.77 (m, 4H), 

2.35 (s, 1H), 2.14-1.92 (m, 4H), 1.86-1.63 (m, 6H), 1.53-1.38 (m, 3H), 1.35 (s, 3H, CH3), 

1.34-1.30 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.23-1.17 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 

3H, CH3), 1.06-0.99 (m, 2H), 0.86 (d, J = 5.2 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H). 

13
C NMR (126 MHz, CDCl3) δ 199.98, 176.36, 172.22, 170.18, 169.39, 160.60, 144.63, 128.45, 

121.69, 126.61, 114.70, 114.51, 107.84, 107.63, 81.72, 61.69, 60.30, 55.06, 48.42, 45.39, 43.84, 

43.24, 41.11, 38.77, 38.11, 37.73, 36.95, 32.70, 31.82, 31.25, 31.14, 29.24, 28.55, 28.28, 28.06, 

26.50, 26.44, 23.56, 23.31, 18.69, 17.37, 16.67, 16.35, 14.30. HR-MS (m/z) (ESI): calcd for 

C43H58FN2O6S [M+H
+
]: 749.39996; found: 749.39950. 

18β-3-O-(β-(4′-chlorobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11h). This was obtained as a light yellow solid (60 mg, 79%). 
1
H NMR (500 MHz, CDCl3) 

δ 10.68 (s, 1H, NH), 7.78 (d, J = 1.9 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.38 (dd, J = 8.6, 2.0 Hz, 

1H), 5.65 (s, 1H), 4.60 – 4.55(m, 1H), 4.19 – 4.11 (m, 2H), 2.84 – 2.81 (m, 1H), 2.80 (s, 4H), 2.34 

(s, 1H), 2.14 – 1.95 (m, 4H), 1.89 – 1.63 (m, 6H), 1.45 – 1.38 (m, 3H), 1.35 (s, 3H, CH3), 1.32 – 

1.30 (m, 2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.22 – 1.17 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 3H, 



  

CH3), 1.04 – 0.99 (m, 2H), 0.86 (d, J = 5.6 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H). 13
C 

NMR (125 MHz, CDCl3) δ 199.97, 176.35, 172.22, 170.24, 169.38, 158.72, 146.83, 133.44, 

129.47, 128.45, 126.94, 121.61, 121.07, 81.75, 61.69, 60.29, 55.06, 48.42, 45.39, 43.83, 43.23, 

41.10, 38.77, 38.11, 37.72, 36.95, 32.70, 31.82, 31.27, 31.14, 29.23, 28.55, 28.28, 28.06, 26.50, 

26.44, 23.56, 23.32, 18.69, 17.36, 16.66, 16.36, 14.30. HR-MS (m/z) (ESI): calcd for 

C43H58ClN2O6S [M+H
+
]: 765.37041; found: 765.37037. 

18β-3-O-(β-(6′-chlorobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11i). This was obtained as a light yellow solid (63 mg, 82%). 
1
H NMR (500 MHz, CDCl3) δ 

10.60 (s, 1H, NH), 7.78 (d, J = 2.0 Hz, 1H), 7.69 (d, J = 8.6 Hz, 1H), 7.38 (dd, J = 8.6, 2.0 Hz, 

1H), 5.65 (s, 1H), 4.59 – 4.53 (m, 1H), 4.19 – 4.12 (m, 2H), 2.83 – 2.81 (s, 1H), 2.80 (s, 4H), 2.35 

(s, 1H), 2.13 – 1.98 (m, 4H), 1.93 – 1.67 (m, 6H), 1.53 – 1.40 (m, 3H), 1.35 (s, 3H), 1.34 – 1.30 

(m, 2H), 1.26 (t, J = 6.9 Hz, 3H), 1.23 – 1.18 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 3H), 1.06 – 

1.01 (m, 2H), 0.86 (d, J = 5.2 Hz, 6H, 2×CH3), 0.80 (s, 3H), 0.77 (s, 1H). 13
C NMR (125 MHz, 

CDCl3) δ 199.97, 176.35, 172.23, 170.23, 169.39, 158.63, 146.85, 133.45, 129.46, 128.45, 126.93, 

121.64, 121.06, 81.76, 61.70, 60.30, 55.06, 48.42, 45.39, 43.84, 43.24, 41.11, 38.77, 38.12, 37.73, 

36.95, 32.70, 31.82, 31.29, 31.14, 29.24, 28.55, 28.29, 28.06, 26.50, 26.44, 23.56, 23.32, 18.69, 

17.37, 16.67, 16.36, 14.30. HR-MS (m/z) (ESI): calcd for C43H58ClN2O6S [M+H
+
]: 765.37041; 

found: 765.36987. 

18β-3-O-(β-(4′-bromobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11j). This was obtained as a light yellow solid (67 mg, 83%). 
1
H NMR (500 MHz, CDCl3) δ 

10.18 (s, 1H, NH), 7.75 (d, J = 7.9 Hz, 1H), 7.62 (d, J = 7.8 Hz, 1H), 7.16 (t, J = 7.9 Hz, 1H), 5.64 

(s, 1H), 4.58 – 4.52 (m, 1H), 4.20 – 4.11 (m, 2H), 2.83 – 2.78 (m, 5H), 2.35 (s, 1H), 2.15 – 1.92 

(m, 4H), 1.87 – 1.62 (m, 6H), 1.55 – 1.40 (m, 3H), 1.35 (s, 3H, CH3), 1.34-1.29 (m, 2H), 1.26 (t, J 

= 6.9 Hz, 3H, CH3), 1.22 – 1.17 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 3H, CH3), 1.05 – 1.00 (m, 

2H), 0.85 (d, J = 9.4 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H). 13
C NMR (125 MHz, 

CDCl3) δ 199.97, 176.37, 171.86, 170.19, 169.35, 158.41, 146.71, 133.05, 129.64, 128.45, 124.83, 

120.64, 114.44, 81.57, 61.69, 60.31, 55.04, 48.42, 45.39, 43.84, 43.23, 41.10, 38.75, 38.10, 37.72, 

36.95, 32.70, 31.82, 31.27, 31.14, 29.19, 28.55, 28.29, 28.06, 26.50, 26.44, 23.53, 23.33, 18.69, 

17.36, 16.68, 16.35, 14.30. HR-MS (m/z) (ESI): calcd for C43H58BrN2O6S [M+H
+
]: 811.31990; 

found: 811.31766. 



  

18β-3-O-(β-(6′-bromobenzothiazolyl)amidepropionyl)-11-oxo-olean-12-en-30-oic acid ethyl 

ester (11k). This was obtained as a light yellow solid (56 mg, 69%). 
1
H NMR (500 MHz, CDCl3) 

δ 10.63 (s, 1H, NH), 7.93 (d, J = 1.8 Hz, 1H), 7.64 (d, J = 8.6 Hz, 1H), 7.51 (dd, J = 8.6, 1.8 Hz, 

1H), 5.65 (s, 1H), 4.60 – 4.54(m, 1H), 4.20 – 4.11 (m, 2H), 2.82 (s, 1H), 2.80 (s, 4H), 2.35 (s, 1H), 

2.14 – 1.94 (m, 4H), 1.90-1.64 (m, 6H), 1.54 – 1.39 (m, 3H), 1.35 (s, 3H, CH3), 1.34 – 1.30 (m, 

2H), 1.26 (t, J = 6.9 Hz, 3H, CH3), 1.23 – 1.18 (m, 1H), 1.14 (s, 6H, 2×CH3), 1.12 (s, 3H, CH3), 

1.05 – 1.00 (m, 2H), 0.86 (d, J = 5.3 Hz, 6H, 2×CH3), 0.80 (s, 3H, CH3), 0.77 (s, 1H). 13
C NMR 

(125 MHz, CDCl3) δ 199.98, 176.35, 172.23, 170.25, 169.39, 158.69, 147.18, 133.92, 129.66, 

128.45, 123.97, 122.02, 116.89, 81.77, 61.70, 60.30, 55.06, 48.42, 45.40, 43.84, 43.24, 41.11, 

38.77, 38.12, 37.73, 36.95, 32.70, 31.82, 31.29, 31.14, 29.23, 28.55, 28.29, 28.07, 26.50, 26.44, 

23.56, 23.32, 18.69, 17.37, 16.67, 16.37, 14.30. HR-MS (m/z) (ESI): calcd for C43H58BrN2O6S 

[M+H
+
]: 811.31990; found: 811.31898. 

4.3. Hsp90-Cdc37 disruption measurement. 

The HTRF experiments were conducted in 384-well black low volume plate (Greiner#784076) 

in PBS buffer (containing 400 mM KF, pH = 7.3). For each assay, 4 μL His-tagged full-length 

Hsp90 (250 nM finial) and 4 μL GST-tagged Cdc37M (250 nM finial) were mixed into the plate 

wells. Then 4 μL diluted compounds were added and mixed. After incubated at 37 
o
C for 1 h, 4 μL 

anti-GST-Cryptate (61GSTKLA, CISBIO) and 4 μL anti-6His-XL665 (61HISXLA, CISBIO) were 

added and incubated at 37 
o
C for additional 0.5 h. Then the time-resolved fluorescence was 

measured using Molecular Device (SpectraMax paradigm; excitation = 320 nm, emissions = 665 

nm and 620 nm). The HTRF ratio was calculated as a two-wavelength signal ratio: (Signal 665 

nm/Signal 620 nm)×10,000. Negative control (His-Hsp90, GST-Cdc37M, anti-GST-Cryptate, 

anti-6His-XL665) and blank control (anti-6His-XL665 and anti-GST-Cryptate) were conducted 

for each assay. Data analysis was conducted by using Graphpad Prim 6.0 software.  

4.4. Molecular docking. 

All the docking studies were carried out using Sybyl-X 2.0 on a windows workstation. The 

crystal structure of the Hsp90-Cdc37 complex were retrieved from the RCSB Protein Data Bank 

(PDB: 1US7).
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The synthetic analogues 6, 7, and 11 were selected for the docking studies. The 

3D structures of these selected compounds were first built using Sybyl-X 2.0 sketch followed by 

energy minimization using the MMFF94 force field and Gasteiger-Marsili charges. We employed 



  

Powell’s method for optimizing the geometry with a distance dependent dielectric constant and a 

termination energy gradient of 0.005 kcal/mol. All the selected compounds were automatically 

docked into the binding pocket of Hsp90－Cdc37 by an empirical scoring function and a patented 

search engine in the Surflex docking program. Before the docking process, the natural ligand was 

extracted; the water molecules were removed from the crystal structure. Subsequently, the protein 

was prepared by using the Biopolymer module implemented in Sybyl. The polar hydrogen atoms 

were added. The automated docking manner was applied in the present work. Other parameters 

were established by default to estimate the binding affinity characterized by the Surflex-Dock 

scores in the software. Surflex-Dock total scores, which were expressed in -log10 (Kd) units to 

represent binding affinities, were applied to estimate the ligand-receptor interactions of newly 

designed molecules. A higher score represents stronger binding affinity. The optimal binding pose 

of the docked compounds was selected based on the Surflex scores and visual inspection of the 

docked complexes. 

4.5. Cell culture and maintenance. 

All human cancer cell lines and human normal liver cells in this study were purchased from 

China Life Science Collage (Shanghai, PRC). Culture medium Dulbecco’s modified Eagle 

medium (DMEM), fetal bovine serum (FBS), phosphate buffered saline (PBS, pH=7.2), and 

Antibiotice-Antimycotic came from KeyGen Biotech Company (China). Cell lines were grown in 

the supplemented with 10% FBS, 100 units/ml of penicillin and 100 g/ml of streptomycin in a 

humidified atmosphere of 5% CO2 at 37 
o
C. 

4.6. Cytotoxicity assay. 

The anticancer activity of the target compounds were dissolved in DMSO and evaluated in four 

human cancer cells (A549, MCF-7, HepG2, Hct-116, and NCI-H460) and DOX-resistance cells 

(NCI-H460/DOX), respectively. About 1.0×10
5 

cells/mL cells, which were in the logarithmic 

phase, were grown in each well of 96-well plates and incubated for 12 h at 37 °C in 5% CO2. The 

tested compounds at five different concentrations (2.5, 5, 10, 20 and 50 μM) were also added to 

the test well and then the cells were incubated at 37 °C in a 5% CO2 atmosphere for 48 h. An 

enzyme labeling instrument was used to read absorbance with 570/630 nm double wavelength 

measurement. Cytotoxicity was detected on the percentage of cell survival compared with the 

negative control. The final IC50 values were calculated by the Bliss method (n = 5). All of the tests 



  

were repeated in triplicate. 

4.7. Flow cytometry analysis of cell cycle distribution. 

A549 cells were grown on 6-well plates and treated with compound 11g at the indicated 

concentrations (5 and 10 μM) and maintained with of the proper culture medium in 5% CO2 at 

37 °C for 48 h. The untreated cells were served as negative control. After completion of incubation, 

cells were harvested and washed three times with ice-cold PBS, fixed with ice-cold 70% ethanol at 

-20 °C for overnight. The cells were treated with 100 μg /mL RNase A for 30 minutes at 37 °C 

after washed with twice ice-cold PBS, and finally stained with 1 mg/ml propidium iodide (PI) in 

the dark at 4 °C for 30 minutes. Analysis was performed with the system software (Cell Quest; BD 

Biosciences). 

4.8. Apoptosis analysis. 

Apoptosis was also investigated by flow cytometric analysis of annexin V/PI staining. A549 

cells were grown in each well of six-well plates at the density of 1.0×10
5 
cells/mL of the DMEM 

medium with 10% FBS to the final volume of 2 mL. The plates were incubated for overnight and 

treated with 11g at the indicated concentrations (5 and 10 μM) for 24 h. Briefly, cells were 

harvested and washed with twice ice-cold PBS, and then suspended cells in the annexin-binding 

buffer at a concentration of 5× 10
5
 cells /ml. cells were then incubated with 5 μL of annexin 

V-FITC and 5 μL of PI in the dark at 4 °C for 30 minutes. The cells were detected by system 

software (Cell Quest; BD Biosciences). 

4.9. Hoechest33258 staining. 

The Hoechst 33258 molecular probes were also used to investigate apoptotic cells. A549 cells 

(5.0×10
5 
cells) were grown in six-well tissue culture plates and treated with compound 11g at the 

indicated concentrations (5 and 10 μM) for 24 h and untreated cells were served as negative 

control. Then the cells were fixed in 4% paraformaldehyde for 30 minutes followed by the 

medium was discarded. Cells were then washed twice with ice-cold PBS and incubated with 0.5 

mL of Hoechst 33258 at dark for 20 minutes. After for 30 minutes incubation, cells were washed 

twice with ice-cold PBS and the results were analysis by a Nikon ECLIPSETE2000-S 

fluorescence microscope using 350 nm excitation and 460 nm emissions.  

4.10. ROS assay.  

The production of ROS was examined by flow cytometry using DCFH-DA. A549 cells were 



  

seeded into six-well plates and subjected to various treatments. On the following treatment, cells 

were collected at 2000 rpm and washed twice with ice-cold PBS, and then resuspend cells in 

10mM DCFH-DA dissolved in cell free medium at 37 °C for 20 minutes in dark, and then washed 

twice with ice-cold PBS. Cellular fluorescence was analyzed by flow cytometry at an excitation of 

485 nm and an emission of 538 nm. 

4.11. Western blot analysis.  

A549 cells were treated with the tested compound 11g at the indicated concentrations (5 and 10 

μM) for 24 h. After that time, cells were harvested, centrifuged, and washed twice with ice-cold 

PBS. The pellet was then resuspended in lysis buffer. After the cells were lysed on ice for 20 min, 

lysates were centrifuged at 20000g at 4 °C for 5 min. The protein concentration in the supernatant 

was analyzed using the BCA protein assay reagents (Imgenex, USA). Equal amounts of protein 

per line were was separated on 12% SDS polyacrylamide gel electrophoresis and transferred to 

PVDF Hybond-P membrane (GE Healthcare). Membranes were incubated with 5% skim milk in 

Tris-buffered saline with Tween 20 (TBST) buffer for 1 h and then the membranes being gently 

rotated overnight at 4 °C. Membranes were then incubated with primary antibodies against Bcl-2, 

Bax, caspase-9, caspase-3, or β-actin for overnight at 4 °C. Membranes were next incubated with 

peroxidase labeled secondary antibodies for 2 h. Then all membranes were washed with TBST 

three times for 15 minutes and the protein blots were investigated with chemiluminescence 

reagent (Thermo Fischer Scientifics Ltd.). The X-ray films were developed with developer and 

fixed with fixer solution. 

4.12. Immunoprecipitation 

A549 cells were treated with 11g and geldanamycin at the indicated concentrations (5 and 10 

μM) for 24 h. Cells were lysed in 20 mM Tris HCl (pH 7.4), 25 mM NaCl, 2 mM DDT, 20 mM 

Na2MoO4, 0.1% NP-40, and protein inhibitors. Lysates were incubated for 2 h at 4°C, rotating, 

and then centrifuged at 13,000×g for 10 min. Protein (500 μg) was incubated with anti-HSP90 

antibody overnight at 4°C, rotating. Protein G agarose (30 μl) was added to each sample, and 

samples were then incubated for 1 h at 4°C, rotating. The beads were washed five times with 1 ml 

lysis buffer. Bound proteins were isolated by boiling in sample buffer. The levels of HSP90 and 

coimmunoprecipitating proteins were analyzed by western blot. 

4.13. Statistical analysis. 



  

All statistical analysis was performed with SPSS Version 10. Data was analyzed by one-way 

ANOVA. Mean separations were performed using the least significant difference method. Each 

experiment was replicated thrice, and all experiments yielded similar results. Measurements from 

all the replicates were combined, and treatment effects were analyzed. 
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Highlights 

 A novel series of 18β-glycyrrhetinic acid (GA) conjugated aminobenzothiazole derivatives 

were synthesized. 

 Compound 11g disrupted the interaction of Hsp90-Cdc37.  

 Molecular modeling suggested that 11g tightly binds to the active site of Hsp90-Cdc37 

complex. 

 The inhibitors efficiently reversed drug-resistant and inhibited the cell migration of human 

lung cancer cells. 

 11g induced apoptosis and arrested cell cycle at S phase in A549 cells. 

 

 


