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Abstract

As a known natural product with anti-tumor activity, honokiol has been widely researched and 

structural modified. Lots of honokiol derivatives have been found to possess good anti-proliferative 

activity and showed great potential in cancer therapy, but the SAR (structure-activity relationship) 

was still confused. Here in, the SAR were comprehensively researched by summary of reported 

derivatives and synthesis of novel derivatives. Amongst novel derivatives, the promising compounds 

A6 and A10 exhibited potent and selective anti-proliferative activities against K562 cell line with the 

IC50 values of 5.04 and 7.08 μM respectively. The SAR was discussed around honokiol and 79 

derivatives by the means of CoMFA and theoretical calculation, which provided useful suggestion 

for further structural optimization of honokiol derivatives.
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Abbreviations

SAR                  Structure-activity Relationship

3D-QASR             Three-dimensional Quantitative Structure-activity Relationship

CoMFA               Comparative Molecular Field Analysis

DFT                  Density Functional Theory

HOMO                Highest Occupied Molecular Orbital
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LUMO                Lowest Unoccupied Molecular Orbital

1. Introduction

Honokiol is a pharmacologically active natural compound isolated from the root and stem bark of 

Magnolia species [1] which has been used as traditional herbal medicine for centuries [2]. A great 

number of studies showed honokiol could effectively inhibit the proliferation and growth of various 

tumor cell lines in vitro [3–6] and have visible anticancer activity in vivo [7–10]. In addition, the 

combination of honokiol with other anticancer therapies could generate better therapeutic effects 

[11–12]. And meanwhile, the anticancer mechanisms of honokiol have also been well researched and 

proved [13–19].

Inspired by the good anticancer effect of honokiol, a wide diversity of honokiol derivatives have 

been synthesized successively over the past 15 years [20–31]. Amongst them, some honokiol 

derivatives displayed better anti-proliferative activity than honokiol and showed good developing 

potential in anticancer field. However, the SAR (structure-activity relationship) of honokiol 

derivatives was still confused.

For improving the further development and application of honokiol derivatives on cancer 

therapy, we summarized the fragmentary and scattered researches. On this basis, a variety of 

honokiol derivatives (A1–A10, B1–B3 and C1–C4) were designed and synthesized to fill in the 

blank of SAR. All the target compounds were evaluated for their anti-proliferative activities. The 

SAR were preliminarily analyzed with the honokiol derivatives from literature and further validated 

and investigated based on molecular modeling, CoMFA analysis and DFT calculation. 

2. Results and Dicussion

2.1. Chemistry

Based on the existing research, seventeen honokiol derivatives were designed and synthesized 

(Scheme 1). Compounds A1–A10 were designed to study the influence of the substituents on 

phenyls to anti-proliferative activity. Among them, compound A1 was synthesized by Friedel-Crafts 

alkylation from honokiol. Compound A2 and A3 were prepared by nitration or nitrosation, 

respectively. Compound A4 was produced by the reduction of A3. Compound A5–A7 were 

generated by A4. Compound A8 was synthesized via Mannich reaction. Compound A9 was 
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synthesized through the hydrogenation of A8. And compound A10 was provided by the 

intramolecular cyclisation of A7.
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Scheme 1. Reagents and conditions: (a) t-BuOH, H2SO4(98%), 60°C, 29%; (b) HNO3(65–68%), DCM/AcOH, 

10°C, 52%; (c) NaNO2, HCl(36–38%), MeCN/H2O, r.t., 79%; (d) Zn, NH4Cl, HOAc, EtOH/H2O, r.t., 68%; (e) 

acetic anhydride, K2CO3, ethyl acetate, r.t., 95%; (f) acryloyl chloride, K2CO3, CH2Cl2, r.t., 48%; (g) chloroacetyl 

chloride, K2CO3, CH2Cl2, r.t., 53%; (h) dimethylamine(40%), HCHO(37%), MeOH, 60°C, 86%; (i) Pd/C, H2, 

MeOH, reflux, 60%; (j) DMAP, NEt3, THF, r.t., 63%; (k) i: m-CPBA (2.0 eq), CH2Cl2, r.t.; ii: NaOH, THF/H2O, 

r.t. 38%; (l) i: m-CPBA (3.5 eq), CH2Cl2, r.t.; ii: NaOH, THF/H2O, reflux. 66%; (m) Pd/C, H2, MeOH, reflux, 94%; 

(n) H2SO4(98%), DCE, 50°C, 12%; (o) Pd/C, H2, MeOH, reflux, 93%; (p) PdCl2, NaOAc, O2, DMA/H2O, 60°C, 

85%; (q) NaBH4, NiCl2·6H2O, EtOH, r.t., 81%.

Compounds B1–B3 were designed to investigate the influence of side chains on anti-proliferative 

activity. Among them, compound B1 and B2 were prepared via the tandem process of epoxidation 

and hydrolyzation by controlling the dosage of m-chloroperoxybenzoic acid and the temperature of 

hydrolyzation according to our previous study [32]. Compound B3 was produced through the 

hydrogenation of honokiol. In addition, four benzofuran-type derivatives C1–C4 were synthesized 

respectively according to our previous research [33].

2.2. Anti-proliferative activity of target compounds

The anti-proliferative activities of honokiol derivatives against K562 (human myelogenous 
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leukemia cells), HepG2 (human hepatoblastoma cells) and A549 (human lung carcinoma cells) 

tumor cell lines were evaluated by MTT assay. The results were described in IC50 (concentration 

required for 50% inhibition) and presented in Table 1. 

Table 1. IC50 values of honokiol and its derivatives against HepG2, A549 and K562 cell lines

IC50 (μΜ)
Compd.

K562 A549 HepG2

honokiol 23.91 ± 4.0 35.41 ± 5.2 34.30 ± 3.4

A1 32.55 ± 1.4 25.71 ± 4.5 31.10 ± 3.5

A2 >128 >128 >128

A3 >128 >128 >128

A4 >128 >128 >128

A5 >128 >128 >128

A6 5.04 ± 1.7 16.57 ± 3.7 19.13 ± 2.4

A7 21.55 ± 1.7 29.32 ± 7.2 19.11 ± 1.3

A8 31.57 ± 7.1 60.80 ± 9.8 47.46 ± 5.9

A9 26.25 ± 2.1 29.23 ± 4.2 34.54 ± 6.2

A10 7.08 ± 1.6 37.00 ± 2.2 27.39 ± 6.9

B1 99.96 ± 3.4 90.37 ± 4.7 25.33 ± 3.5

B2 >128 >128 >128

B3 18.19 ± 5.5 30.35 ± 0.4 30.76 ± 2.9

C1 126.2 ± 12.5 115.5 ± 2.0 125.6 ± 2.2

C2 72.86 ± 4.9 96.11 ± 7.1 121.6 ± 2.5

C3 67.87 ± 4.3 71.55 ± 1.9 107.2 ± 12.7

C4 73.92 ± 3.3 61.93 ± 2.7 88.27 ± 8.0

It is observed that the substituents on phenyls had a significant influence on the anti-proliferative 

activity. Several compounds exhibited more potent anti-proliferative activity than honokiol. Among 

them, compound A6 and A10 showed excellent inhibitory effect against K562 cell line with the IC50 

values of 5.04 and 7.08 μM, respectively. The side chains also made a difference, as compound B3 

exhibited higher activity than those of honokiol, B1 and B2. After change the skeleton, benzofuran-

type derivatives C1–C4 showed low anti-proliferative activity. The structure-activity relationship 

will be detailedly discussed below with reported honokiol derivatives.

Low selectivity was a common and severe problem for cancer chemotherapy. To some traditional 

anticancer drugs, human normal cells were even more sensitive than tumor cells [34]. For evaluate 



  

5

the potential clinical value of promising compounds, we studied the selectivity of promising 

compounds between tumor cells and normal cells by testing the anti-proliferative activities against 

human umbilical vein endothelial cell (HUVEC). As shown in Table 2, the selectivities of promising 

compounds A6 and A10 were 11.47 and 11.59 respectively, which were much higher than that of 

honokiol. It meant that compounds A6 and A10 were relatively less toxic for normal cells and could 

specifically inhibited the proliferation of K562 tumor cells. It’s also indicated that derivatives may 

have different mechanisms of action in comparison to honokiol. For example, honokiol is a Sirt3 

activator and NFkB inhibitor [35–37], but the derivatives may have different effect on Sirt3 and 

NFkB, or act through other pathways, in order to selectively inhibit the proliferation of tumor cells. 

Further studies about mechanisms of derivatives are ongoing.

Table 2. The selectivity of anti-proliferative activity of promising compounds.

IC50 (μΜ)
Compd.

K562 HUVEC
Selectivity a

honokiol 23.91 52.6 b 2.20

A6 5.04 57.79 11.47

A10 7.08 82.06 11.59
a Selectivity is defined as IC50 (HUVEC) / IC50 (K562)
b Data was cited from ref. 23

2.3. Preliminary SAR of honokiol derivatives

The Preliminary SAR of anti-proliferative activity of honokiol derivatives was summarized and 

discussed in Table S1-S5 of Supporting Information, including 17 compounds of this article (A1–

A10, B1–B3 & C1–C4) and 62 reported honokiol derivatives (1–62) (Fig. 1) [20–30]. It’s suggested 

that the hydrophobic side chain and free phenolic hydroxyl were essential for anti-proliferative 

activity, while the positions of phenolic hydroxyls had little influence. The substituents on phenyl 

will adjust the activity, and the restructuring of skeleton may cause surprising results. In addition, we 

found the logP value could be used as a significant parameter to predict the activity and design new 

compounds.

2.4. 3D-QSAR analysis

As the target compounds had more prominent activity and developing potential against K562 

tumor cell lines, the 3D-QSAR of the anti-proliferative activity against K562 was investigated by 
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using CoMFA. For increasing sample size and obtaining a more credible model, compounds with 

related IC50 values against K562 cell lines in the reference [27] were also selected to establish the 

CoMFA. The predictive biological activity versus the experimental biological activity were plotted 

in Fig. S1 of Supporting Information.

Fig. 1. Reported honokiol derivatives with anti-proliferative activity

The alignment of compounds in the training set and 3D contour maps for CoMFA were shown in 

Fig. 2a, in which the biphenyl structure in the target compounds was selected as a common skeletal 

structure for alignment. Compound A6, the most active compound, was used as the template to 

illustrate the structure-activity relationships (Fig. 2b). The 3D contour maps for CoMFA were shown 

in Fig. 2c and Fig. 2d, respectively. In Fig. 2c, the steric field contours are represented with different 
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colors: the green color on the substituted group of 5-position and 5’-position means a bulky group 

here would be favorable for higher anti-proliferative activity, while the yellow color on the 

substituted group of 3-position and 5’-position means oppositely. This is in agreement with the 

actual experimental data: For example, compounds A6 and A10 have higher anti-proliferative 

activity with a bulky group at 5-position while compounds B1 and 47 have lower anti-proliferative 

activity with a small-sized group at 5-position. The electrostatic contour plot is shown in Fig. 1d and 

displayed in distinguishable colors: Blue means an increase in the positive charge will lead to an 

increase in the activity, while the red contour defines in the opposite. Hence, the target compounds 

bearing an electron-withdrawing group on the biphenyls ring or an electron-donating group near the 

5’-position displayed higher activity. These results provided useful information for further 

optimization of honokiol derivatives.

Fig. 2. (a) Superposition modes of compounds. (b) The structure of template molecule A6.
(c) Steric map from the CoMFA model. (d) Electrostatic map from the CoMFA model.

2.5. Theoretical calculation

According to the frontier molecular orbital theory and our recent study [38], HOMO has the 

priority to provide electrons, while LUMO accept electrons in the first place [39]. These two frontier 

orbitals are the most important quantum-chemical descriptors that affect the bioactivity of 

compounds [40]. Therefore, by means of DFT/B3LYP, we calculated the frontier molecular orbitals 
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of representative compounds A6, A10, B3 and honokiol that have different biological activities, 

respectively. From Fig. 3, it was observed that the HOMO of honokiol was mainly located on the 

benzene ring α while the HOMO of the most active compound A6 was mainly located on the oxygen 

atoms of the amide group attached to the ring α; The LUMO of honokiol was mainly located on the 

benzene ring β while the LUMO of the compound A6 was mainly located on the carbon-oxygen 

double bond of the amide group attached to the ring β. Hence, there were striking differences 

between the frontier molecular orbitals of honokiol and compound A6 and this may help to explain 

the difference in the activity of them. 

Fig. 3. Frontier molecular orbitals of honokiol: (a) HOMO; (b) LUMO, and compound A6: (c) HOMO; (d) LUMO.

In addition, compounds B3 was obtained by reducing the double bonds of two allyl groups of 

honokiol. As shown in Table 3, comparing to the orbital energy of the honokiol, we found that the 

existence of a double bond helped to decrease the LUMO orbital energy level. A similar 

phenomenon was also clearly seen in the orbital energy levels of compounds A10 and A6, that is, the 

introduction of double bonds or the addition of conjugate system in 3-position and 4-position can 

reduce the LUMO orbital energy level of the target compounds, which may cause the improvement 

of corresponding biological activity. Therefore, considering both Table 3 and Fig. 2, it's not hard to 

draw a conclusion that increasing the volume of the substituent at 5’-position and meanwhile 

increasing the conjugate architecture to a certain degree may play a key role in further optimization 
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of honokiol derivatives. According to Fig. 4, the charges for both oxygen atoms of the amide groups 

in ESP mapping are found to be negative, which indicates the oxygen atoms may have some 

interactions with the receptor. Hence, it is quite valuable to improve anti-proliferative activity against 

K562 by introducing amide groups into the structure of honokiol.

Table 3. The molecular frontier orbital energy of some representative compounds.

DFT B3 honokiol A10 A6

EHOMO / Hartree α −0.22593 −0.23055 −0.24585 −0.22459

ELUMO / Hartree 0.03426 0.02768 0.01949 0.01579

∆E β / Hartree 0.26019 0.25823 0.26534 0.24038
α ΔE = ELUMO-EHOMO; β 1 Hartree = 4.35974417×10-18 J = 27.2113845 eV.

Fig. 4. ESP mapping of compound A6.

3. Conclusions 

In conclusion, 17 honokiol derivatives were synthesized and evaluated for their anti-proliferative 

activity against HepG2, A549 and K562 cell lines. Compound A6 and A10 displayed the best anti-

proliferative activities against K562 cell line with the IC50 values of 5.04 and 7.08 μM, which were 

obviously better than honokiol. Further research showed that the promising compounds A6 and A10 

were relatively low toxic for normal cells and had potential clinical value. The preliminary SAR was 

discussed with reported honokiol derivatives. It’s suggested that the hydrophobic side chains and free 

phenolic hydroxyl were essential for anti-proliferative activity, while the positions of phenolic 

hydroxyls had little influence. The substituents on phenyl will adjust the activity, and the 

restructuring of skeleton may cause surprising results. In addition, the logP value could be 
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considered as a significant parameter to predict the activity and design new compounds. 

Furthermore, the 3D-QSAR model and theoretical calculation results also provided useful suggestion 

which was given within each section. The results of this research will promote the development of 

honokiol derivatives in antitumor field and will also contribute to explore other biological activities.

4. Experimental 

4.1. Chemistry

4.1.1. General methods and materials

All the reagents were commercially available and used directly without further purification. 

Melting points were determined on an X-4 binocular microscope melting point apparatus (Beijing 

Taike Instruments Co., Ltd., Beijing, China). 1H and 13C NMR spectra were recorded on a Bruker-

400 (Bruker, Karlsruhe, Switzerland), using tetramethylsilane (TMS) as the internal standard and 

chemical shifts (δ) were expressed in ppm. Mass spectra were obtained by an Agilent 1100 series 

LC-MS (Agilent Technologies Inc., Santa Clara, America). Elemental analyses were performed on a 

Vario EL III (Elementar Analysensysteme GmbH, Langenselbold, Germany).

4.1.2. Synthesis of title compounds

Synthesis procedures and original spectra of all target compounds were provided in Supporting 

Information.

4.2. Biological Assays

4.2.1. Cell culture

The A549, K562, HepG2 and HUVEC cells were obtained from Institute of Cell Biology, 

Chinese Academy of Science (Shanghai China) and cultured in RPMI-1640 medium (Gibco; Thermo 

Fisher Scientifc, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Gibco; 

Thermo Fisher Scientifc, Inc.) and 100 U/mL penicillin-streptomycin at 37 °C in incubator with 5% 

CO2 /95% air atmosphere.

4.2.2. Anti-Proliferation Assay

The anti-proliferative activities of target compounds were evaluated by typical MTT assay or 

MTS assay according to our previous method [41,42]. The tumor cells were incubated with test 

compounds for 48 h. The IC50 (the concentration required for 50% inhibition) was calculated by the 

Logit method. The data are representative of 3 independent experiments.
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4.3. Calculation methods

4.3.1. 3D-QSAR Model

The 3D structures of compounds were built and minimized by using SYBYL 7.3 and the CoMFA 

studies were carried out with the QSAR model of Sybyl. Each structure was fully geometry 

optimized using a conjugate gradient procedure based on the TRIPOS force field and Gasteiger and 

Hückel charges. Compounds without IC50 values didn’t participate in the modeling. For establishing 

a more credible model, the data of compounds A8, B3 and C1 were removed, since compared to 

other compounds they have larger relative deviation, and along with other compounds they couldn't 

give a satisfying computational result. 

The “leave-one-out” (LOO) cross-validation method was applied to determine the optimum 

number of partial least-squares (PLS) components. The leave-one-out q2 value is 0.563 when the 

number of components is 4, indicating that the model is reliable. The non-cross-validated r2 value is 

0.974, with a standard error of estimate of 0.061 and an F value of 147.169. The steric and 

electrostatic contributions are 70.5% and 29.5%, respectively.

4.3.2. Theoretical calculation

Theoretical calculations carried out at the DFT-B3LYP/6-31G(d,p) [43,44] level and the full 

geometry optimization carried out using the 6-31G(d,p) basis set were implemented using the 

Gaussian 09 software [45]. Vibration analysis showed that the optimized structures were in 

accordance with the minimum points on the potential energy surfaces. All the convergent precisions 

were the system default values, and all the calculations were carried out on Xeon E5 server. 

The oil-water partition coefficients (LogP) were calculated from online server: 

http://www.molinspiration.com/cgi-bin/properties.

Acknowlegement

This work was supported by the National Natural Science Foundation of China (No. 21442014).

References

[1] Munroe M E, Businga T R, Kline J N, Gail A B. Anti-inflammatory effects of the neurotransmitter agonist 

Honokiol in a mouse model of allergic asthma. Journal of Immunology, 2010, 185(9), 5586-5597.

[2] Chao L K, Liao P C, Ho C L, Wang I C. Anti-inflammatory bioactivities of honokiol through inhibition of 

protein kinase C, mitogen-activated protein kinase, and the NF-κB pathway to reduce LPS-induced TNFα and 

NO expression. Journal of Agricultural and Food Chemistry, 2010, 58(6): 3472-3478.

http://www.molinspiration.com/cgi-bin/properties


  

12

[3] Chilampalli S, Zhang X, Fahmy H, Kaushik R S. Chemopreventive effects of honokiol on UVB-induced skin 

cancer development. Anticancer Research, 2010, 30(3): 777-783.

[4] Chen Y J, Wu C L, Liu J F, Fong Y C, Hsu S F, Li T M, Su Y C, Liu S H, Tang C H. Honokiol induces cell 

apoptosis in human chondrosarcoma cells through mitochondrial dysfunction and endoplasmic reticulum 

stress. Cancer Letters, 2010, 291(1): 20-30.

[5] Chen F, Wang T, Wu Y F, Gu Y, Xu X L, Zheng S, Hu X. Honokiol: a potent chemotherapy candidate for 

human colorectal carcinoma. World Journal of Gastroenterology, 2004, 10(23): 3459-3463.

[6] Ishitsuka K, Hideshima T, Hamasaki M, Raje N, Kumar S, Hideshima H, Shiraishi N, Yasui H, Roccaro A M, 

Richardson P, Podar K, Le S G, Chauhan D, Tamura K, Arbiser J, Anderson K C. Honokiol overcomes 

conventional drug resistance in human multiple myeloma by induction of caspase-dependent and-independent 

apoptosis. Blood, 2005, 106(5): 1794-1800.

[7] Wang X, Duan X, Yang G, Zhang X, Deng L, Zheng H, Deng C, Wen J, Wang N, Peng C, Zhao X, Wei Y, 

Chen L. Honokiol crosses BBB and BCSFB, and inhibits brain tumor growth in rat 9L intracerebral 

gliosarcoma model and human U251 xenograft glioma model. PloS One, 2011, 6(4): 18490.

[8] Hahm E R, Arlotti J A, Marynowski S W, Singh S V. Honokiol, a constituent of oriental medicinal herb 

magnolia officinalis, inhibits growth of PC-3 xenografts in vivo in association with apoptosis induction. 

Clinical Cancer Research, 2008, 14(4): 1248-1257.

[9] Bai X, Cerimele F, Ushio-Fukai M, Wagas M, Campbell P M, Govindarajan B, Der C J, Battle T, Frank D A, 

Ye K, Murad E, Dubiel W, Soff G, Arbiser J L. Honokiol, a small molecular weight natural product, inhibits 

angiogenesis in vitro and tumor growth in vivo. Journal of Biological Chemistry, 2003, 278(37): 35501-

35507.

[10] Arora S, Singh S, Piazza G A, Contreras C M, Panyam J, Singh A P. Honokiol: a novel natural agent for 

cancer prevention and therapy. Current Molecular Medicine, 2012, 12(10): 1244-1252.

[11] Hu J, Chen L, Liu L, Chen X, Chen P L, Yang G, Hou W L, Tang M H, Zhang F, Wang X H, Zhao X, Wei Y 

Q. Liposomal honokiol, a potent anti-angiogenesis agent, in combination with radiotherapy produces a 

synergistic antitumor efficacy without increasing toxicity. Experimental & Molecular Medicine, 2008, 40(6): 

617-628.

[12] Liu Y, Chen L, He X, Fan L, Yang G, Chen X, Lin X, Du L, Li Z, Ye H, Mao Y, Zhao X, Wei Y. 

Enhancement of therapeutic effectiveness by combining liposomal honokiol with cisplatin in ovarian 

carcinoma. International Journal of Gynecological Cancer, 2008, 18(4): 652-659.

[13] Battle T E, Arbiser J, Frank D A. The natural product honokiol induces caspase-dependent apoptosis in B-cell 

chronic lymphocytic leukemia (B-CLL) cells. Blood, 2005, 106(2): 690-697.

[14] Li L, Han W, Gu Y, Qiu S, Lu Q, Jin J, Luo J, Hu X. Honokiol induces a necrotic cell death through the 

mitochondrial permeability transition pore. Cancer Research, 2007, 67(10): 4894-4903.

[15] Hahm E R, Singh S V. Honokiol causes G0-G1 phase cell cycle arrest in human prostate cancer cells in 

association with suppression of retinoblastoma protein level/phosphorylation and inhibition of E2F1 

transcriptional activity. Molecular Cancer Therapeutics, 2007, 6(10): 2686-2695.

[16] Li J, Shao X, Wu L, Feng T, Jin C, Fang M, Wu N, Yao H. Honokiol: an effective inhibitor of tumor necrosis 



  

13

factor-α-induced up-regulation of inflammatory cytokine and chemokine production in human synovial 

fibroblasts. Acta Biochimica et Biophysica Sinica, 2011, 43(5): 380-386.

[17] Leeman-Neill R J, Cai Q, Joyce S C, Grandis J R. Honokiol inhibits epidermal growth factor receptor 

signaling and enhances the antitumor effects of epidermal growth factor receptor inhibitors. Clinical Cancer 

Research, 2010, 16(9): 2571-2579

[18] Garcia A, Zheng Y, Zhao C, Toschi A, Fan J, Shraibman N, Brown H A, Bar-Saqi D, Foster D A, Arbiser J L. 

Honokiol suppresses survival signals mediated by Ras-dependent phospholipase D activity in human cancer 

cells. Clinical Cancer Research, 2008, 14(13): 4267-4274.

[19] Raja S M, Chen S, Yue P, Acker T M. The natural product honokiol preferentially inhibits cellular FLICE-

inhibitory protein and augments death receptor–induced apoptosis. Molecular Cancer Therapeutics, 2008, 

7(7): 2212-2223.

[20] Kong Z L, Tzeng S C, Liu Y C. Cytotoxic neolignans: an SAR study. Bioorganic & Medicinal Chemistry 

Letters, 2005, 15(1): 163-166.

[21] Amblard F, Govindarajan B, Lefkove B, Lefkove B, Rapp K L, Detorio M, Arbiser J L, Schinazi R F. 

Synthesis, cytotoxicity, and antiviral activities of new neolignans related to honokiol and magnolol. 

Bioorganic & Medicinal Chemistry Letters, 2007, 17(16): 4428-4431.

[22] Lin J M, Gowda A S P, Sharma A K, Amin S. In vitro growth inhibition of human cancer cells by novel 

honokiol analogs. Bioorganic & Medicinal Chemistry, 2012, 20(10): 3202-3211.

[23] Ma L, Chen J, Wang X, Liang X, Luo Y, Zhu W, Wang T, Peng M, Li S, Jie S, Peng A, Wei Y, Chen L. 

Structural modification of honokiol, a biphenyl occurring in Magnolia officinalis: the evaluation of honokiol 

analogues as inhibitors of angiogenesis and for their cytotoxicity and structure–activity relationship. Journal of 

Medicinal Chemistry, 2011, 54(19): 6469-6481.

[24] Chen L J, Ye H Y. Preparation of honokiol derivatives for treating cancer and angiogenesis-related diseases. 

Chin. Pat. Appl., CN106278829A. 2015-05-28

[25] Youn U J, Chen Q C, Jin W Y, Lee I S, Kim H J, Lee J P, Chang M J, Min B S, Bae K H. Cytotoxic lignans 

from the stem bark of Magnolia officinalis. Journal of Natural Products, 2007, 70(10): 1687-1689.

[26] Zhu W, Fu A, Hu J, Wang T, Luo Y, Peng M, Ma Y, Wei Y, Chen L. 5-Formylhonokiol exerts anti-

angiogenesis activity via inactivating the ERK signaling pathway. Experimental & Molecular Medicine, 2011, 

43(3): 146.

[27] Luo Y, Xu Y, Chen L, Hu J, Peng C, Xie D, Shi J, Huang W, Xu G, Peng M, Han J, Li R, Yang S, Wei Y. 

Semi-synthesis and anti-proliferative activity evaluation of novel analogues of Honokiol. Bioorganic & 

Medicinal Chemistry Letters, 2009, 19(16): 4702-4705.

[28] Luo Y, Xu Y, Chen L, Luo H, Peng C, Fu J, Chen H, Peng A, Ye H, Xie D, Fu A, Shi J, Yang S, Wei Y. 

Preparative purification of anti-tumor derivatives of honokiol by high-speed counter-current chromatography. 

Journal of Chromatography A, 2008, 1178(1-2): 160-165.

[29] Chou J, Chen L. Effects of honokiol derivatives on apoptosis in human hepatoma cell line(HepG2). Sichuan 

Chemical Industry, 2014, 17(1): 1-3.

[30] Ran Y, Ma L, Wang X, Chen L. Design, synthesis, and anti-proliferative evaluation of [1, 1′-biphenyl]-4-ols 



  

14

as inhibitor of HUVEC migration and tube formation. Molecules, 2012, 17(7): 8091-8104.

[31] Bernaskova M, Kretschmer N, Schuehly W, Huefner A, Weis R, Bauer R. Synthesis of tetrahydrohonokiol 

derivates and their evaluation for cytotoxic activity against CCRF-CEM leukemia, U251 glioblastoma and 

HCT-116 colon cancer cells. Molecules, 2014, 19(1): 1223-1237.

[32] Lin D, Yi Y J, Xiao M W, Chen J, Ye J, Hu A X, Lian W W, Liu A L, Du G H. Design, synthesis and 

biological evaluation of honokiol derivatives as influenza neuraminidase inhibitors. Journal of Asian Natural 

Products Research, Doi: 10.1080/10286020.2018.1509854.

[33] Lin D, Wang L, Yan Z, Ye, J, Hu A, Liao H, Liu J, Peng J. Semi-synthesis, structural modification and 

biological evaluation of 5-arylbenzofuran neolignans. RSC Advances, 2018, 8, 34331-34342.

[34] Meurette O, Fontaine A, Rebillard A, Le Moigne G, Lamy T, Lagadic-Dossmann D, Dimanche-boitrel M T. 

Cytotoxicity of TRAIL/anticancer drug combinations in human normal cells. Annals of the New York 

Academy of Sciences, 2006, 1090(1): 209-216.

[35] Pillai V B, Samant S, Sundaresan N R, Pillai V B, Samant S, Sundaresan N R, Raghuraman H, Kim G, Bonner 

M Y, Arbiser J L, Walker D I, Jones D P, Gius D, Gupta M P. Honokiol blocks and reverses cardiac 

hypertrophy in mice by activating mitochondrial Sirt3. Nature communications, 2015, 6: 6656.

[36] Akamata K, Wei J, Bhattacharyya M, Cheresh P, Bonner M Y, Arbiser J L, Raparia K, Gupta M P, Kamp D 

W, Varga J. SIRT3 is attenuated in systemic sclerosis skin and lungs, and its pharmacologic activation 

mitigates organ fibrosis. Oncotarget. 2016, 7(43): 69321-69336.

[37] Pillai V B, Kanwal A, Fang Y H, Sharp W W, Samant S, Arbiser J, Gupta M P. Honokiol, an activator 

of Sirtuin-3 (SIRT3) preserves mitochondria and protects the heart from doxorubicin-induced cardiomyopathy 

in mice. Oncotarget. 2017, 8(21): 34082-34098.

[38] Yan Z, Liu A, Huang M, Liu M, Pei H, Huang L, Yi H, Liu W, Hu A. Design, synthesis, DFT study and 

antifungal activity of the derivatives of pyrazolecarboxamide containing thiazole or oxazole ring. European 

Journal of Medicinal Chemistry, 2018, 149: 170-181.

[39] Catalano A, Carocci A, Defrenza I, Muraglia M, Carrieri A, Bambeke F V, Rosato A, Corbo F, Franchini C. 

2-Aminobenzothiazole derivatives: search for new antifungal agents. European Journal of Medicinal 

Chemistry, 2013, 64: 357-364.

[40] Liu Y, Wang Y, Dong G, Zhang Y, Wu S, Miao Z, Yao J, Zhang W, Sheng C. Novel benzothiazole 

derivatives with a broad antifungal spectrum: design, synthesis and structure–activity relationships. Medicinal 

Chemistry Communication, 2013, 4(12): 1551-1561.

[41] Wu Z L, Fang Y L, Tang Y T, Xiao M W, Ye J, Li G X, Hu A X. Synthesis and antitumor evaluation of 5-

(benzo-[d][1,3]dioxol-5-ylmethyl)-4-(tert-butyl)-N-arylthiazol-2-amines. Medicinal Chemistry 

Communication, 2016, 7(9): 1768-1774. 

[42] Fang Y L, Wu Z L, Xiao M W, Tang Y T, Li K M, Ye J, Xiang J N, Hu A X. One-Pot Three-component 

synthesis of novel diethyl((2-oxo-1,2-dihydroquinolin-3-yl)(arylamino)methyl)phosphonate as potential 

anticancer agents. International Journal of Molecular Sciences, 2016, 17(5): 653.

[43] Lee C, Yang W, Parr R G. Development of the Colle-Salvetti correlation-energy formula into a functional of 

the electron density. Physical Review B, 1988, 37(2): 785.



  

15

[44] Wang B L, Shi Y X, Zhang S J, Ma Y, Wang H X, Zhang L Y, Wei W, Liu X H, Li Y H, Li Z M, Li B J. 

Syntheses, biological activities and SAR studies of novel carboxamide compounds containing piperazine and 

arylsulfonyl moieties. European Journal of Medicinal Chemistry, 2016, 117: 167-178.

[45] Frisch M J, Trucks G W, Schlegel H B, Scuseria G E, Robb M A, Cheeseman J R, Scalmani G, Barone V, 

Mennucci B, Petersson G A, Nakatsuji H, Caricato M, Li X, Hratchian H P, Izmaylov A F, Bloino J, Zheng G, 

Sonnenberg J L, Hada M, Ehara M, Toyota K, Fukuda R, Hasegawa J, Ishida M, Nakajima T, Honda Y, Kitao 

O, Nakai H, Vreven T, Montgomery J J A, Peralta J E, Ogliaro F, Bearpark M, Heyd J J, Brothers E, Kudin K 

N, Staroverov V N, Kobayashi R, Normand J, Raghavachari K, Rendell A, Burant J C, Iyengar S S, Tomasi J, 

Cossi M, Rega N, Millam N J, Klene M, Knox J E, Cross J B, Bakken V, Adamo C, Jaramillo J, Gomperts R, 

Stratmann R E, Yazyev O, Austin A J, Cammi R, Pomelli C, Ochterski J W, Martin R L, Morokuma K, 

Zakrzewski V G, Voth G A, Salvador P, Dannenberg J J, Dapprich S, Daniels A D, Farkas Ö, Foresman J B, 

Ortiz J V, Cioslowski J, Fox D J. Gaussian 09, revision A. 1. Gaussian Inc. Wallingford CT, 2009, 27: 34.

Graphical Abstract

[46] 

HO

HO

honokiol
(from Magnolia species)

honokiol derivatives structure-activity relationship


