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The biologically validated natural products are important 

resource for lead generation and development of new 

pharmaceuticals. These structurally complex natural molecules 

are historically a significant inspiration for the design and 

synthesis of bioactive compounds in medicinal chemistry.1,2 

The gibberellins (GAs) area family of tetracyclic ent-kaurenoid 

diterpenes presented widely in the plant kingdom, and some of 

them are used agriculturally as regulators to promote plant 

germination and growth.3 Gibberellic acid (1, Figure 1) is 

nowadays produced commercially in tonne quantities by 

fermentation of the fungus Gibberella fujikuroi.4, 5 We initiated 

the studies towards anti-tumor activities of gibberellin 

derivatives on 2003 and a number of anti-cancer gibberellin 

derivatives were designed and synthesized in the next decade.6 

We found that some gibberellins bearing ,-unsaturated 

ketone units (for example, compound 3 IC50＝2.9 μM against 

HT29, compound 4 IC50＝0.21 μM against MKN28) possessed 

potent cycotoxic activity against a panel of human cancer cell 

lines and inhibited completely the topoisomerase I activity.7a-7c 
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We also found that compound 3 (GA-13315) blocked 

angiogenesis by inhibiting VEGF receptor signaling.7b In 2009, 

Koehler discovered that gibberellic acid (1) and 9-H 

allogibberic acid (6) could modulate the NF-κB signaling 

pathway,8 a transcription pathway associated with various 

cancer diseases.9 Recently, pharbinilic acid (7), an allogibberic 

acid derivative possessing anti-cancer activity, was isolated10 

and pharbinilic acid and a number of allogibberic acid 

derivatives were synthesized.11,12 Schindler’s research indicated 

that pharbinilic acid was not active in an NF-κB reporter gene 

assay, however, conversion of pharbinilic acid to its methyl 

ester substantially enhanced activity against NF-κB factor.12 

 

 

 

 

 

 

 

Figure 1. Bioactive gibberellin derivatives and 1,2,3-triazole containing 

drug. 
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Sixty novel allogibberic acid derivatives containing 1,2,3-triazole pharmacophore were designed 

and synthesized. The key chemical processes include aromatization of the A ring in gibberellins, 

formation of allogibberic azides and its copper mediated Huisgen 1,3-dipolar cycloaddition with 

alkynes. A number of hybrids containing α,β-unsaturated ketone moiety exhibited excellent in 

vitro cytotoxic activities. Some of the hybrids were more selective to MCF-7 and SW480 cell 

lines with IC50 values at least 8-fold more cytotoxic than cisplatin (DDP). The most potent 

compounds C43 and C45 are more cytotoxic than cisplatin (DDP) against all tested five tumor 

cell lines, with IC50 values of 0.25–1.72 µM. Mechanism of action studies indicated that    

allogibberic-triazole derivative C45 could induce the S phase cell cycle arrest and apoptosis in 

SMMC-7721 cell lines. 

2018 Elsevier Ltd. All rights reserved. 
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For the last five years, our research group has been interested 

in the design, synthesis and biological evaluation of a series of 

new hetercyclic hybrid derivatives.13 We are curious to know if 

a suitable N-heterocycle could be incorporated into the 

allogibberic acid system to produce hybrid compounds. We also 

wish to determine whether the hybrid molecules combining N-

heterocycle and allogibberic unit might also have cytotoxic 

properties when used in anti-tumor screens. 

In order to synthesize hybrid molecules containing both N-

heterocycle moiety and allogibberic acid derivatives, we need to 

choose a suitable N-hetercycle moiety, 1,2,3-triazole thus comes 

up to our mind. 1,2,3-Triazole is an important building block in 

drug discovery, and it has gained considerable interests because 

of its broad range of biological and pharmacological activity, 

including anticancer, anti-fungal, antimalarial, 

immunosuppressive, anti-allergic, anti-HIV, anti-tubercular, 

antimicrobial and anti-inflammatory activities.14 This moiety 

has also been present in antibacterial drug Tazobactam (8, 

Figure 1).14b It is of our interests to combine allogibberic acid 

derivatives and the pharmacophore 1,2,3-triazoletogether. In 

this paper, we report the synthesis and cytotoxic evaluation of a 

series of allogibberic acid derivatives containing 1,2,3-triazoles. 

The purpose of this study was to investigate the antitumor 

activity of the allogibberic structure based hybrids, with the 

final goal of finding novel antitumor agents. 

 

The 1,2,3-triazole hybrids (C1-C8) were prepared from 

commercially available gibberellin GA3 (1) via sequential 

esterification, oxidation and aromatization to give the 

allogibberic acid methyl ester (Scheme 1, 12).12 After reduction, 

tosylation and azide formation to yield allogibberic azides,11b 

the copper catalyzed Huisgen 1,3-dipolar cyclization (click 

chemistry)15 of the resulting allogibberic azides with alkynes 

provided the title compounds (Scheme 1, C1-C8). In particular, 

the gibberellin GA3 was treated with dimethylsulfate and 

potassium carbonate to yield the methyl ester 9. After oxidation 

with Dess-Martin periodinane (DMP), enone 10 was obtained in 

high yields. Aromatization of enone 10 using Pd(PPh3)4 in 

DMSO/H2O solution12 at 80 ºC provided phenol 12 in 49% 

yield over three steps. Treatment of phenol 12 with lithium 

aluminum hydride (LiAlH4) followed by p-toluenesulfonyl 

chloride afforded tosylate 14 (67%, two steps). Azidation of 

compound 14 with sodium azide (NaN3)
11b provided azide 15 in 

75% yield. Treatment of the azide with a number of terminal 

alkynes in the presence of copper acetate [Cu(OAc)2]
15 afforded 

a variety of 1,2,3-triazoles hybrids (C1-C8) in good to excellent 

yields. 

The allogibberic-triazole hybrids (C9-C16) were obtained 

similarly from gibberellin GA3 (Scheme 2). Aromatization of 

the A ring in gibberellin GA3 was achieved by reacting GA3 

with hydrochloric acid at 65 ºC.11a, 16 After reduction of ester 17 

with LiAlH4, tosylation with p-toluenesulfonyl chloride and 

azidation with NaN3, azide 20 was obtained in 28% yield over 5 

steps. After cyclization with Huisgen reaction, the hybrids (C9-

C16) were obtained.  

The 1,2,3-triazole-allogibberic hybrids (C17-C31) were 

prepared from phenol 12 as outlined in Scheme 3. Treatment of 

compound 12 with tert-butyldimethylsilyl chloride (TBSCl) 

followed by reduction with LAH and tosylation with p-

toluenesulfonyl chloride provided compound 23. Removal of 

the tert-butyldimethylsilyl group with tetrabutylammonium 

fluoride (TBAF), followed by azidation with NaN3, provided 

azide 25 in 39% yield over 5 steps. Next, the hybrids (C17-

C24) were synthesized using Huisgen reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1.  Synthesis of hybrid compounds C1-C8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 2. Preparation of hybrid compounds C9-C16. 

 



  

 
 

To see the electronic effect on the benzene ring of the 

allogibberic system, the 1,2,3-triazoles hybrids (C25-C31) were 

also synthesized from azide 25 (Scheme 3) by bromination of 

azide 25 with N-bromosuccinimide (NBS) in dichloromethane 

and copper mediated Huisgen cyclization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3. Procedure for hybrid compounds C17-C31. 

 

In our previous studies, we found that ,-unsaturated ketone 

functionality presented in the gibberellins ring system is the key 

factor for anti-tumor activities,6,7 therefore we decided to 

prepare hybrids with this moiety (C32-C37, Scheme 4). Starting 

from tosylate 14, allylic oxidation with selenium dioxide (SeO2) 

and tert-butyl hydroperoxide (TBHP) afforded the desire 

alcohol 27. To our surprise, ketone product 28 was also 

obtained in 45% yield, and this is obviously produced by a 

Wagner–Meerwein rearrangement of allylic alcohol 14.16 

Treatment of compound 27 with sodium azide followed by 

Huisgen reaction provided corresponding triazoles in good 

yields. After oxidation with DMP, hybrid compounds C32-C37 

bearing ,-unsaturated ketone unit in the D ring of 

allogibberic system were obtained. It is noteworthy that the 

formation of ,-unsaturated ketone unit must be conducted 

right after the Huisgen’s 1,3-dipolar cyclization. To increase the 

structure diversity, a number of hybrids (C46-C53) bearing a 

rearranged D ring system were also synthesized with similar 

transformations. 

Next, a number of hybrid compounds containing α,β-

unsaturated ketone moiety (C38-C45) were also synthesized 

from compound 21 (Scheme 5). Allylic oxidation of 21 with 

SeO2 afforded alcohol 33 in 78% yield. With similar 

transformation, hybrids (C38-C45) were obtained in good 

yields. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 4. Synthesis of hybrids C32-C37 and C46-C53. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 5.  Synthesis of allogibberic hybrids C38-C45. 

 

Although the structure of compound 24 is similar to 

intermediate 14 (Scheme 1), it behaved differently when 

subjected to oxidative condition with SeO2 and TBHP. The 

Wagner–Meerwein rearrangement product 31 was obtained as 

the major product (Scheme 6). In order to investigate the 

biological activities of more D-ring rearranged hybrids, we also 



  

 
 

synthesized 1,2,3-triazoles (C54-C60) based on intermediate 

31. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 6. Preparation of hybrid compounds C54-C60. 

 

 

The cytotoxic potential of all hybrid allogibberic triazole 

derivatives were evaluated in vitro against a panel of human 

tumor cell lines according to procedures described in the 

literature.17, 18 The panel comprised human myeloid leukaemia 

(HL-60), human lung carcinoma (A549), human liver 

carcinoma (SMMC-7721), human colon carcinoma (SW480) 

and human breast carcinoma (MCF-7) cell lines. Taxol and 

Cisplatin (DDP) were used as the reference drugs. The results 

were indicated in Table 1 and Table 2. 

 

Table 1 

Cytotoxic activities of hybrid compounds C1-C31 in vitrob
 (IC50, mean 

± SD, M
a
). 

Compd HL-60 SMMC-7721 A-549 MCF-7 SW480 

C1 >20 >20 >20 >20 >20 

C2 >20 >20 >20 >20 >20 

C3 >20 >20 >20 >20 >20 

C4 >20 >20 >20 >20 >20 

C5 >20 >20 >20 >20 >20 

C6 >20 >20 >20 >20 >20 

C7 >20 >20 >20 >20 >20 

C8 >20 >20 >20 >20 >20 

C9 >20 >20 >20 >20 >20 

C10 >20 >20 >20 >20 >20 

C11 >20 >20 >20 >20 >20 

C12 >20 >20 >20 >20 >20 

C13 >20 >20 >20 >20 >20 

C14 >20 >20 >20 >20 >20 

C15 >20 >20 >20 >20 >20 

C16 >20 >20 >20 >20 >20 

C17 >20 >20 >20 >20 >20 

C18 >20 >20 >20 >20 >20 

C19 >20 >20 >20 >20 >20 

C20 >20 >20 >20 >20 >20 

C21 8.95±0.48 >20 10.37±1.44 12.41±2.13 >20 

C22 >20 >20 >20 >20 >20 

C23 >20 >20 >20 >20 >20 

C24 >20 >20 >20 >20 >20 

C25 >20 >20 >20 >20 >20 

C26 >20 >20 >20 >20 >20 

C27 >20 >20 >20 >20 >20 

C28 7.38±0.71 12.81±0.90 9.28±0.60 8.10±0.83 15.21±1.97 

C29 >20 >20 >20 >20 >20 

C30 5.59±0.34 19.14±0.79 10.52±0.40 10.18±0.53 17.99±2.17 

C31 6.60±0.95 >20 17.92±0.88 19.22±4.05 >20 

DDP 2.52±0.16 12.33±0.64 9.68±0.81 11.52±2.01 5.91±1.06 

 Taxol <0.008 <0.008 <0.008 <0.008 <0.008 

a 
Cytotoxicity as IC50 for each cell line, is the concentration of 

compound which reduced by 50% the optical density of treated cells 

with respect to untreated cells using the MTT assay. 
b 

Data represent the mean values of three independent determinations.  

 

Table 2 

Cytotoxic activities of hybrid compounds C32-C60
 in vitrob

 (IC50, mean 

± SD, M
a
). 

Compd  HL-60 SMMC-7721 A-549 MCF-7 SW480 

C32 1.02±0.02 4.32±0.60 1.63±0.18 0.25±0.06 1.59±0.09 

C33 1.02±0.12 1.72±0.14 1.47±0.06 0.31±0.03 1.64±0.38 

C34 1.81±0.07 2.83±0.09 2.31±0.06 0.32±0.06 1.97±0.26 

C35 1.11±0.09 4.41±0.92 1.83±0.24 0.32±0.04 1.46±0.10 

C36 1.26±0.07 6.18±0.41 1.87±0.17 1.44±0.46 2.39±1.08 

C37 1.29±0.11 4.28±0.07 1.95±0.04 0.33±0.07 1.63±0.26 

C38 0.75±0.10 1.32±0.08 1.16±0.03 1.74±0.44 0.26±0.01 

C39 0.56±0.04 1.30±0.05 1.14±0.01 0.27±0.02 0.31±0.01 

C40 1.15±0.26 0.86±0.03 1.25±0.17 1.71±0.39 0.22±0.05 

C41 1.97±0.32 1.27±0.13 1.57±0.19 2.24±0.76 0.41±0.15 

C42 0.72±0.15 1.44±0.06 1.11±0.04 1.84±0.11 0.37±0.03 

C43 0.83±0.19 0.92±0.05 1.26±0.06 0.37±0.08 0.33±0.05 

C44 0.69±0.06 0.67±0.01 0.64±0.08 2.47±0.15 0.28±0.05 

C45 0.66±0.04 0.85±0.05 0.94±0.05 1.70±0.26 0.25±0.03 

C46 >20 >20 >20 >20 >20 

C47 >20 >20 >20 >20 >20 

C48 >20 >20 >20 >20 >20 

C49 >20 >20 >20 >20 >20 

C50 >20 >20 >20 >20 >20 

C51 >20 >20 >20 >20 >20 

C52 >20 >20 >20 >20 >20 

C53 >20 >20 >20 >20 >20 



  

 
 

C54 >20 >20 >20 >20 >20 

C55 >20 >20 >20 >20 >20 

C56 >20 >20 >20 >20 >20 

C57 >20 >20 >20 >20 >20 

C58 >20 >20 >20 >20 >20 

C59 >20 >20 >20 >20 >20 

C60 >20 >20 >20 >20 >20 

DDP 1.77±0.22 3.62±0.60 5.40±0.97 11.52±2.01 8.22±1.62 

Taxol <0.008 <0.008 <0.008 <0.008 <0.008 

a 
Cytotoxicity as IC50 for each cell line, is the concentration of 

compound which reduced by 50% the optical density of treated cells 

with respect to untreated cells using the MTT assay. 
b 

Data represent the mean values of three independent determinations.  

 

As displayed in Table 1 and Table 2, the allogibberic 

triazoles C1-C20, C22-C27, C29 and C46-C60 were inactive 

against all five human cancer cell lines at concentrations lower 

than 20 µM. The hybrid compounds C21, C28, C30, C31 

showed weak activities, however, the hybrid compounds C32-

C45 containing α,β-unsaturated ketone moiety exhibited 

excellent activities against all five human tumor cell lines. The 

p-toluenesulfonate hybrids (C32-C37) exhibited potent 

cytotoxic activities against A-549, MCF-7 and SW480 cell lines 

with IC50 value of 0.25-2.31 M. Specifically, the allogibberic 

p-toluenesulfonate derivatives (C32-C37) were more selective 

to MCF-7 cell lines with IC50 values 46-fold, 37-fold, 36-fold, 

36-fold, 8-fold and 35-foldbetter than DDP, respectively. To 

our delight, the phenolic hybrids C38-C45 also displayed 

excellent inhibitory activities against HL-60, SMMC-7721, 

A549, MCF-7 and SW480 cell lines as compared with standard 

drug Cisplatin (DDP). Interestingly, the allogibberic phenol 

derivatives (C38-C45) were more sensitive to SW480 cell lines 

with IC50 values 31-fold, 26-fold, 29-fold, 20-fold, 22-fold, 25-

fold, 29-fold and 33-fold better than DDP, respectively. 

Among hybrid compounds without α,β-unsaturated ketone 

system, only four compounds, namely C21, C28, C30, C31, 

bearing electron withdrawing groups in the 4-phenyl-1,2,3-

triazole units showed weak activities against cancer cell lines. 

These results suggested that electron withdrawing groups 

presented on the phenyl ring of the 4-phenyl-1,2,3-triazole 

system might play some role. 

In general, the bioassay results of compounds C1-C60 

indicated that presence of α,β-unsaturated ketone moiety in the 

allogibberic units is vital for anti-tumor activities. For the 4-

aryl-1,2,3-triazole system, 4-phenyl-1,2,3-triazoles are better 

than 4-pyridyl substituent compounds. Although the electronic 

effects, based on hybrids C32-C45, are not obvious, the 

electron withdrawing 4-chlorophenyl-1,2,3-triazole and 4-

fluorophenyl-1,2,3-triazole hybrid compounds are more 

cytotoxic than electron donating 4-methoxyphenyl substituent 

compounds. Compound C43-C45 have broad spectrum of 

anticancer activity and can be used for further studies. The 

structure-activity relationship (SAR) results were summarized 

in Scheme 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 7. Structure-activity relationship of allogibberic 1,2,3-triazole 

hybrids. 

 

 

We also conducted experiments on apoptosis and the cell 

cycle distribution of SMMC-7721 cell lines with hybrid 

compound C45. The SMMC-7721 cell lines were exposed to 

increasing concentrations of compound C45 and cell apoptosis 

was determined with Annexin V-FITC/PI double-labeled cell 

cytometry. As displayed in Figure 2, after treatment of cells 

with compound C45 at 0.425, 0.85, 1.7 and 3.4 μM for 48 h, the 

apoptotic cell rate was 15.90±0.16%, 18.63±0.13%, 

55.20±0.85% and 97.81±0.01%, respectively, which were 

statistically different from the control (0.035±0.0007%).  

To determine whether the high inhibitory effect of hybrid 

compound C45 was caused by cell cycle accumulation at a 

certain phase, a cell-cycle cytotoxicity assay was performed by 

treating SMMC-7721 cells at different concentrations of 

compound C45
 (0, 0.425, 0.85, 1.7, 3.4 M). The results of cell-

cycle cytotoxicity assay on SMMC-7721 cell lines treated with 

compound C45 were indicated in Figure 3. Compared with the 

control cells, the proportion of cells in the S phase was 

increased in the cells incubated with compound C45 in a dose 

dependent manner. Meanwhile, the percentage of cells in the 

G0/G1 and G2/M phases decreased slightly. The data suggest 

that compound C45 may induce S phase arrest in the cell cycle. 

 

 



  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Compound C45 caused significant apoptosis of SMMC-7721 cell lines. (1) Cells were treated with 0.425, 0.85, 1.7 and 3.4 μM compound 

C45 for 48 h. Cell apoptosis was determined by Annexin V-FITC/PI double-staining assay. (2) The quantification of cell apoptosis. Data represents 

the mean ± S.D. of three independent experiments. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Cell-cycle cytotoxicity assay in SMMC-7721 cell lines. (1) Cells were treated with 0.425, 0.85, 1.7 and 3.4 μM of compound C45 for 24 h. 

Cell cycle was determined by PI staining and cell cytometry. (2) The percentages of cells in different phases were quantified. At least three 

independent experiments were performed and data of one representative experiment is displayed.  

 

A series of novel alligibberic 1,2,3-triazole hybrids were 

designed and synthesized. Their biological activities were 

evaluated in vitro against five human tumor cell lines. The 

results indicated that the presence of α,β-unsaturated ketone 

moiety in the allogibberic units had remarkable effects for anti-

tumor cytotoxicity. The hybrid compounds C21, C28, C30, 

C31 showed only weak activities against five human tumor cell 

lines. However, the hybrids C32-C45 bearing α,β-unsaturated 

ketone moiety exhibited excellent in vitro cytotoxicity. 

Compounds C32-C37 were more sensitive to MCF-7 cell lines 

while the hybrids C38-C45 were more selective to SW480 cell 

lines, with IC50 values at least 8 to 20-fold more cytotoxic than 

Cisplatin (DDP). Compounds C43-C45 have broad spectrum of 

anticancer activities. The best potent compounds were C43 and 

C45, with IC50 values of 0.33–1.26 µM and IC50 values of 0.25–

1.72 µM against all five tested tumor cell lines respectively. 

Mechanism of action studies indicated that compound C45 can 

cause the S phase cell cycle arrest and apoptosis in SMMC-

7721 cell lines. In summary, compounds C43, C44 and C45 

were promising hybrids of allogibberic derivatives and 1,2,3-

Treatment 

SMMC 7721 (%) 

G0/G1 S G2/M 

DMSO 77.85±1.90 13.71±0.62 5.72±0.59 

0.425 μM C45 78.27±0.07 13.92±0.06 6.24±0.82 

0.85 μM   C45 74.23±0.69 17.38±1.74 7.70±5.30 

1.70 μM   C45 70.87±0.30 19.35±1.92 6.05±1.70 

3.40 μM   C45 71.54±0.17 22.73±0.63 0.89±0.01 

(2) 

DMSO

0.425 μΜ C45

0.85 μΜ C45

1.7 μΜ C45

3.4 μΜ C45
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Annexin V/FITC

DMSO 0.425 0.85 1.7
P

ro
p

id
iu

m
Io

d
id

e

C45  (μΜ)       48 h

3.4
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triazoles. This kind of hybrid structure could serve as a new 

starting point to explore better lead compounds for the 

development of new anti-breast and colon cancer agents. 
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Highlights 

► Novel allogibberic acid derivatives containing 

1,2,3-triazole were prepared. 

► Their anti-proliferative activity were evaluated.  

► Hybrids containing α,β-unsaturated ketone 

exhibited excellent cytotoxic activity.  

► Hybrids C43 and C45 were found to be the most 

potent derivatives.  

► C45 can induce the S phase cell cycle arrest and 

apoptosis in SMMC-7721 cells.  

 


