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The coverage of drimane hydroquinones chemical space was expanded by the facile construction of the focused libraries of 

(+)-chromazonarol relevant natural products, isomers and analogues for advance as pharmaceutical leads. Through the syner-

gistic interaction of the programmable synthesis and bioactivity-guided screening, the structure-activity relationship of (+)-

chromazonarol relevant (non)-natural products was delineated. The first divergent derivatization of (+)-chromazonarol demon-

strated that the phenolic hydroxyl group is one inviolable requirement for antifungal effect. Pinpoint modification of (+)-

yahazunol manifested the position of hydroxyl group was crucial for both antifungal and antitumor activities. (+)-Albaconol, 

(+)-neoalbaconol and two yahazunol isomers (24 and 25) were witnessed to be the novel pharmaceutical leads. The probable 

macromolecular targets were estimated to deliver new information about the biological potential resident in (+)-yahazunol rel-

evant products. This work also featured the first synthesis of (+)-albaconol and (+)-neoalbaconol, the first biological explora-

tion of (+)-dictyvaric acid and an improved preparation of (+)-8-epi-puupehedione and a promising pelorol analogue. 

Drimane meroterpenoids, divergent synthesis, structure-activity relationship, pharmaceutical leads, Suzuki coupling 

 

 

 

1 Introduction 

The accumulated evolutionary wisdom endows natural 

products with novel and diverse scaffolds and activities, 

which demonstrated an unparalleled valuable significance 

for the discovery of pharmaceutically important molecules, 

including both drugs and agrochemicals [1-5]. Either the 

natural scarcity or the structural complexity often hampers 

further optimization and investigation of potential natural 

products in the discovery pipeline of pharmaceutical candi-

dates. This situation became more serious in the basic re-

search of complex natural products as leads or probes for 

the discovery of new agrochemicals. Among the manifold 

and involute drimane meroterpenoids, the drimane (hy-

dro)quinones (Figure 1A), biosynthetically arising from the 

union of drimane-type terpenoids with phenols or the corre-

sponding oxidized segments [6], are a large family of sec-

ondary metabolites with various bioactivities. The constant 

characteristic assembling Csp3 hybridized skeleton with 

Csp2 hybridized aromatic units showed great pharmaceuti-

cal potentials. 

The agrochemical potentials were still underexplored and 

only sporadic reports were disclosed about this kind of natu-

ral metabolites. Interestingly, some structurally simple natu-

ral products in this category, including (-)-yahazunol, zona-

rol, isozonarol, zonarone, and isozonarone, were isolated 

and reported to show moderate antifungal effect against 

Phytophthora cinnamomic, Rhizoctonia solani, and Sclero-

tinia sclerotiorum. [7] Both (+)-Chromazonarol and its en-

antiomer occurred naturally as the ring formed congeners of 

yahazunol and demonstrated interesting biological poten-



tials [8-14]. Alongside the unique scaffold and various bio-

activities, these natural products possessed an irreplaceable 

role in target identification, e.g. siccanin was reported to 

target succinate dehydrogenase [15]. 

With the continuing interests in the discovery of new an-

tifungal agrochemicals, our basic research was inspired by 

not only the classical amide fungicides [16-18], but also the 

structurally different drimane hydroquinones and drug-like 

analogues [19-22]. Recently, we showcased the potential of 

(+)-chromazonarol as a novel antifungal scaffold [22], 

which is unique in agrochemical industry from the stand-

point of structural analysis. Any progress in the synthesis of 

focused libraries of (+)-chromazonarol will expand the cov-

erage of chemical space with favorable properties for ad-

vance as pharmaceutical leads. To the best of our 

knowledge, (+)-chromazonarol or its enantiomer was just 

products from bioactivity-guided isolation (vide supra) or 

used as a synthetic hub for the target-oriented synthesis of 

related natural products [22-26] (Figure 1B). We interrogate 

that the divergent optimization of (+)-chromazonarol may 

facilitate the discovery of new pharmaceutical leads. Modu-

lar and practical synthesis of this natural product is desira-

ble and will be powerful to solve the challenging supply of 

ample materials. This can spark specific works to make and 

explore structures that were previously inaccessible.   

 

 
Figure 1 progress in chromazonarol relevant drimane hydroquinones and this work.

 

In terms of project design, we would like to document the 

unprecedented function-oriented divergent optimization of 

chromazonarol through facile and programmable C(sp3)-

C(sp2) coupling for monitoring the pharmaceutical poten-

tials and structure and activity relationship (SAR). Structur-

ally complicated and simplified (+)-chromazonarol deriva-

tives and (non)-natural analogues will be discussed (Figure 

1C). The unprecedented yahazunol relevant natural products 

and isomers will be estimated as ideal models for the devel-

opment of novel class of antifungal or antitumor agents. The 

probable macromolecular targets will be predicted to deliver 

new information about the biological potential. Buoyed by 

these success, the first synthesis and antifungal profiles of 

(+)-albaconol and (+)-neoalbaconol, the first biological pro-

files and improved synthesis of (+)-dictyvaric acid, and an 

improved preparation of (+)-8-epi-puupehedione and a 

promising pelorol analogue will also be disclosed.  

2 Experimental 

2.1.1 Synthesis of compound 2 

To a stirred solution of the 2-bromobenzene-1,4-diol (187 

mg, 1.00 mmol, 1.0 equiv.) and K2CO3 (245 mg, 2.50 mmol, 

2.5 equiv.) in DMF (5.0 mL) was added benzyl bromide 

(296 μL, 2.5 mmol, 2.5 equiv.) at rt. The resultant mixture 

was stirred at 90 ℃ over night before it was quenched with 

saturated aq. NH4Cl (10.0 mL) and extracted with EtOAc (3 

×10 mL). The combined organic phases were washed with 

water and brine (10 mL), dried over anhydrous Na2SO4, 

filtered, and concentrated under vacuum. The residue was 

purified by column chromatography on silica gel (200-300 

m) with petroleum ether/EtOAc (v/v, 5/1) as the eluent gave 

the product 2 (white solid, 260 mg, 70 %). 1H NMR (400 

MHz, CDCl3) δ 7.50 – 7.43 (m, 2H), 7.43 – 7.30 (m, 8H), 

7.24 (d, J = 2.5 Hz, 1H), 6.89 – 6.82 (m, 2H), 5.09 (s, 2H), 

5.00 (s, 2H). 13C NMR (101 MHz, CDCl3) δ 153.51, 149.57, 

136.78, 136.65, 128.65 (2C), 128.56 (2C), 128.12, 127.94, 

127.53 (2C), 127.19 (2C), 120.04, 115.33, 114.63, 113.11, 

71.80, 70.77. All spectral data matches that of previously 

reported. 

 

2.1.2 Synthesis of compound 3 

To a schlenck flask equipped with a stir bar, Pd2(dba)3 (2 

mol%), NaOtBu (4 equiv.), Ruphos (4 mol%), the drimanyl 

Bpin 1 (1.2 equiv.) and 2 (0.25 mmol, 1.0 equiv.) were add-
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ed sequentially. The tube was evacuated and filled with N2 

(three cycles). tert-Butanol (1.0 mL), H2O (0.1 mL) were 

added in turn by syringe under an N2 atmosphere. The re-

sulting reaction mixture was stirred vigorously at 100 ºC 

metal heating mantle for 18 h. The reaction mixture was 

then diluted with EtOAc (5 mL), the reaction mixture was 

sequentially washed with water (5 mL) and saturated aque-

ous NaCl (5 mL), dried over anhydrous sodium sulfate, and 

concentrated under vacuum. Purification by silica gel col-

umn chromatography on silica gel (200−300 m) with petro-

leum ether/EtOAc with petroleum ether/EtOAc (5:1, v/v) as 

the eluent gave the product 3 (111 mg, 87 %, light yellow 

oil). 1H NMR (500 MHz, CDCl3) δ 7.51 – 7.28 (m, 10H), 

6.88 (s, 1H), 6.82 (d, J = 8.6 Hz, 1H), 6.72 (d, J = 8.6 Hz, 

1H), 5.03 – 4.92 (m, 4H), 2.80 (dd, J = 14.5, 5.1 Hz, 1H), 

2.58 (d, J = 14.5 Hz, 1H), 1.79 – 1.69 (m, 2H), 1.61 – 1.45 

(m, 4H), 1.37 – 1.27 (m, 3H), 1.26 – 1.19 (m, 1H), 1.15 (s, 

3H), 1.13 – 1.03 (m, 1H), 0.89 – 0.86 (m, 1H), 0.85 (s, 3H), 

0.83 (s, 3H), 0.77 (s, 3H), 0.76 – 0.72 (m, 1H). 13C NMR 

(126 MHz, CDCl3): δ 153.2, 150.3, 137.4, 136.8, 134.6, 

128.6 (2C), 128.6 (2C), 128.2, 128.1 (2C), 127.9, 127.6 

(2C), 118.2, 113.1, 111.8, 73.8, 71.3, 70.5, 62.5, 56.1, 43.4, 

41.8, 40.2, 39.2, 33.5, 33.3, 25.0, 24.3, 21.6, 20.2, 18.6, 

15.4. 

 

2.1.3 Synthesis of (+)-yahazunol 4 

To a stirred solution of the 3 (103 mg, 0.2 mmol, 1.0 equiv.) 

and ammonium formate (253 mg, 4.00 mmol, 20.0 equiv.) 

in MeOH (5.0 mL) was added Pd/C (5 %, 174 mg, 1.6 

mmol, 8.0 equiv.) at rt. The resultant mixture was stirred 

and heated at reflux temperature overnight. After the com-

plete disappearance of the 3 (monitored by TLC), the reac-

tion mixture was cooled to rt and filtered. The filtrate was 

washed twice with MeOH. Evaporation of the solvent under 

reduced pressure and subsequent chromatography on silica 

gel (200−300 m) with petroleum ether/EtOAc (5:1, v/v) as 

the eluent gave the (+)-yahazunol 4 (51 mg, 77 %, off-white 

solid). 1H NMR (500 MHz, Acetone-d6) δ 8.78 (s, 1H), 7.46 

(s, 1H), 6.63 (d, J = 2.8 Hz, 1H), 6.54 – 6.47 (m, 2H), 4.92 

(s, 1H), 2.84 (dd, J = 15.0, 2.3 Hz, 1H), 2.39 (dd, J = 15.0, 

6.2 Hz, 1H), 1.97 – 1.86 (m, 1H), 1.88 – 1.78 (m, 1H), 1.70 

– 1.54 (m, 4H), 1.41 – 1.30 (m, 3H), 1.29 (s, 3H), 1.10 (td, J 

= 13.6, 13.1, 4.3 Hz, 1H), 0.98 – 0.93 (m, 4H(s, 0.97)), 0.85 

(s, 3H), 0.82 (s, 3H), 0.71 (td, J = 13.2, 3.7 Hz, 1H). 13C 

NMR (126 MHz, Acetone-d6) δ 150.71, 150.12, 131.48, 

119.26, 117.83, 114.67, 75.51, 62.64, 57.28, 44.88, 42.87, 

41.73, 40.93, 34.19, 34.14, 28.35, 24.92, 22.21, 21.51, 

19.41, 16.25. All spectral data matches that of the isolated 

natural product. 

2.1.4 Synthesis of (+)-chromazonarol 5 

To a solution of (+)-yahazunol 4 (146 mg, 0.45 mmol) in 

anhydrous CH2Cl2 (5 mL) was added TFA (35.00 μL, 0.45 

mmol) at ambient temperature. The reaction mixture was 

stirred until full conversion as monitored by TLC. A saturat-

ed Na2CO3 aqueous solution (10 mL) was added to quench 

the reaction. The separated aqueous phase was extracted 

with CH2Cl2 (3 × 10 mL). The combined organic phases 

were washed with H2O (10 mL) and brine (10 mL), dried 

over anhydrous Na2SO4, filtered, and concentrated under 

reduced pressure. The resultant residue was purified by 

chromatography on silica gel (200-300 m) with petroleum 

ether/EtOAc (8:1, v/v) as the eluent gave the (+)-

chromazonarol 5 (127 mg, 91 %, white solid). 1H NMR 

(500 MHz, CDCl3) δ 6.63 (d, J = 8.5 Hz, 1H), 6.58 – 6.54 

(m, 2H), 4.97 (br, 1H), 2.59 – 2.51 (m, 2H), 2.07 – 2.02 (m, 

1H), 1.78 – 1.71 (m, 1H), 1.70 – 1.59 (m, 4H), 1.53 – 1.41 

(m, 1H), 1.40 – 1.30 (m, 2H), 1.19 – 1.12 (m, 4H(s, 1.17)), 

1.02 (dd, J = 12.1, 2.3 Hz, 1H), 0.98 – 0.93 (m, 1H), 0.90 (s, 

3H), 0.87 (s, 3H), 0.84 (s, 3H). 13C NMR (126 MHz, CDCl3) 

δ 148.78, 147.16, 123.49, 117.67, 116.01, 114.42, 56.26, 

52.20, 41.98, 41.25, 39.33, 36.96, 33.62, 33.37, 27.10, 

22.66, 21.80, 20.86, 19.92, 18.70, 15.03. All spectral data 

matches that of the isolated natural product. 

 

2.2.1 General procedure for synthesis etherified derivatives 

(6a~6g) of (+)-chromazonarol 

 

To a stirred solution of (+)-chromazonarol (62 mg, 0.2 

mmol) in anhydrous THF (10 mL) were added sodium hy-

drogen (NaH) (22 mg, 0.9 mmol, 4.5 eq) and iodomethane 

(75 μL, 1.5 mmol) dropwise at 0℃. Subsequently, the mix-

ture was stirred and the system gradually raised to room 

temperature. The reaction progress was monitored by TLC 

until the reaction was complete (∼5h). The solvent was re-

moved under reduced pressure, and the residue was added a 

saturated aqueous solution of NH4Cl (10 mL) and CH2Cl2 

(10 mL). The organic layer was separated, and the aqueous 

phase was extracted with CH2Cl2 (2 × 10 mL). The com-

bined organic layers were washed with brin (10 mL), dried 

over Na2SO4, and concentrated. The residue was purified by 

flash chromatography (200-300 mesh) with PE/EtOAc = 

20:1 (v/v) as eluent to give the compound 6a (64 mg, 98 %, 

white solid). 1H NMR (400 MHz, CDCl3) δ 6.70 – 6.65 (m, 

2H), 6.61 (d, J = 2.2 Hz, 1H), 3.74 (s, 3H), 2.64 – 2.54 (m, 

2H), 2.08 – 2.01 (m, 1H), 1.80 – 1.73 (m, 1H), 1.72 – 1.67 

(m, 2H), 1.65 – 1.61 (m, 2H), 1.50 – 1.42 (m, 2H), 1.41 – 

1.33 (m, 2H), 1.18 (s, 3H), 1.03 (dd, J = 12.2, 2.1 Hz, 1H), 

1.00 – 0.93 (m, 1H), 0.91 (s, 3H), 0.89 (s, 3H), 0.85 (s, 3H). 
13C NMR (101 MHz, CDCl3) δ 153.00, 147.28, 123.08, 

117.52, 114.43, 113.14, 76.75, 56.23, 55.80, 52.21, 41.93, 

41.23, 39.32, 36.91, 33.56, 33.32, 22.78, 21.74, 20.81, 

19.88, 18.65, 14.98. Compound 6a was confirmed unam-

biguously by X-ray single crystal with the CCDC number of 

1992589. 

The etherified derivatives (6b~6g) were synthesized 

through similar manipulation. 

 

2.2.2 General procedure for synthesis etherified derivatives 



(6h~6k) of (+)-chromazonarol 

 

To a 10 mL Schlenk tube containing a stirring bar was 

charged with (+)-chromazonarol (62 mg, 0.2 mmol, 1.0 

equiv.), aryl bromide (if solid, 0.24 mmol), copper(I) iodide 

(3.8 mg, 0.02 mmol, 10 mol%), picolinic acid (4.9 mg, 0.04 

mmol, 20 mol%) and K3PO4 (84.8 mg, 0.4 mmol). The tube 

was evacuated and back-filled with N2 for 3 times. Then, 

aryl bromide (if liquid, 0.24 mmol) and 0.4 mL of DMSO 

were added. The reaction mixture was stirred vigorously for 

24 h at 90 ºC. The reaction mixture was cooled to room 

temperature. Ethyl acetate (5 mL) and H2O (1 mL) were 

added and the mixture was stirred. The organic layer was 

separated and the aqueous layer was extracted twice more 

with ethyl acetate (10 mL). The combined organic phase 

was washed with brine (10 mL), dried over anhydrous 

Na2SO4, and concentrated under vacuum. Purification by 

silica gel column chromatography on silica gel (200-300 

mesh) with hexane/EtOAc = 5:1 (v/v) as the eluent to give 

the desired compound.  

 

2.2.3 General procedure for synthesis esterified derivatives 

(7c~7k) of (+)-chromazonarol 

 

To a stirred solution of (+)-chromazonarol (81 mg, 0.25 

mmol) in anhydrous CH2Cl2 (10 mL) was added acid (0.25 

mmol) followed by the addition of 1-Ethyl-3-(3-

dimethylaminopropyl) carbodiimide hydrochloride (EDCi-

HCl) (62 mg，0.325 mmol) and dimethylaminopyridine (9 

mg，0.05 mmol) in an ice bath. The mixture was stirred 

and allowed to warm to ambient temperature until it was 

complete as monitored by TLC. The mixture was added a 

saturated aqueous solution of NH4Cl (10 mL) and CH2Cl2 

(10 mL), and the combined organic phases were washed 

with water (3 × 15 mL) and brine (15 mL), then dried over 

anhydrous Na2SO4, filtered, and concentrated. The residue 

was purified by flash chromatography (200−300 mesh) with 

PE/EtOAc = 20:1 (v/v) as eluent to give the desired esteri-

fied compound. 

As shown in Figure 2, (+)-chromazonarol was reacted with 

different acyl chloride to obtain the esterified derivatives 7a 

and 7b. 

 

2.2.4 Synthesis of compound 8 

 

To a stirred solution of (+)-chromazonarol (0.4 mmol, 124.8 

mg) in anhydrous CH2Cl2 (10 mL) was added Et3N (0.8 

mmol, 110 μL) followed by the addition of (CF3SO2)2O (0.8 

mmol, 134 μL) in an ice bath. The reaction mixture was 

stirred at room temperature for 6 h. The reaction mixture 

was diluted with brine (10 mL) and extracted with DCM 

(2×10 mL). The combined organics were dried over Na2SO4, 

and concentrated in vacuo. The residue was purified by 

flash chromatography (200-300 mesh) with PE/EtOAc = 

10:1 (v/v) as eluent to afford the product 8 (yellow oil) in 89% 

yield. 1H NMR (500 MHz, CDCl3) δ 6.98 – 6.92 (m, 2H), 

6.75 (d, J = 8.6 Hz, 1H), 2.67 – 2.58 (m, 2H), 2.07 (dt, J = 

12.5, 3.2 Hz, 1H), 1.83 – 1.71 (m, 1H), 1.71 – 1.59 (m, 4H), 

1.51 – 1.45 (m, 1H), 1.44 – 1.34 (m, 2H), 1.19 (s, 3H), 1.15 

(dd, J = 13.5, 4.2 Hz, 1H), 1.02 (dd, J = 12.3, 2.3 Hz, 1H), 

0.96 (td, J = 13.0, 3.7 Hz, 1H), 0.91 (s, 3H), 0.88 (s, 3H), 

0.84 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 153.07, 142.31, 

124.14, 122.34, 119.99, 118.25 (2C), 77.98, 56.18, 51.58, 

41.86, 41.04, 39.27, 36.94, 33.53, 33.32, 22.61, 21.69, 

20.95, 19.81, 18.59, 15.03.  

 

2.2.5 General procedure for synthesis biphenyl derivatives 

of (+)-chromazonarol 

 

An oven-dried Schlenk tube was charged with 8 (0.1 mmol, 

45 mg), phenylboronic acid (0.2 mmol), Pd(OAc)2 (0.004 

mmol, 0.89 mg), Xphos (0.004 mmol, 1.9 mg) and K3PO4 

(0.28 mmol, 59 mg) was evacuated and refilled with N2 

three times, followed by adding anhydrous Tetrahydrofuran 

(1.0 mL). The reaction mixture was stirred at 75 °C for 8 h. 

The reaction mixture was cooled to room temperature and 

diluted with water (10 mL), then extracted with EtOAc (2 

×10 mL). The combined organic phases were washed with 

brine (15 mL), then dried over anhydrous Na2SO4, and con-

centrated in vacuo. The residue was purified by column 

chromatography (200-300 mesh) with PE/EtOAc = 10:1 

(v/v) as eluent to afford the compound. 

 

2.2.6 General procedure for synthesis carbamate derivatives 

of (+)-chromazonarol 

 

To a stirred solution of (+)-chromazonarol (46.8 mg，0.15 

mmol) in anhydrous CH2Cl2 (5 mL) were added triethyla-

mine (Et3N) (173 75 μL, 1.24 mmol, 8.3 eq) and Isocyanate 

(0.225 mmol) dropwise at 0℃. Subsequently, the mixture 

was stirred and the system gradually risen to room tempera-

ture. The reaction progress was monitored by TLC until the 

reaction was completed (∼5h). The solvent was removed 

under reduced pressure, and to the residue was added a satu-

rated aqueous solution of NH4Cl (10 mL) and CH2Cl2 (10 

mL). The organic layer was separated, and the aqueous 

phase was extracted with CH2Cl2 (2 × 10 mL). The com-

bined organic layers were washed with brine (10 mL), dried 

over Na2SO4, and concentrated. The residue was purified by 

flash chromatography (200-300 mesh) with PE/EtOAc = 

10:1 (v/v) as eluent to give the compound. 

 

2.2.7 Synthesis of compound 11a 

 

To a solution of (+)-chromazonarol (39 mg, 0.12 mmol, 1.0 

equiv.) in DMF (4 mL) was added NCS (19.5 mg, 0.14 

mmol, 1.2 equiv.) at rt. Then the reaction mixture was 

stirred at 100 ℃ until the full conversion of (+)-

chromazonarol monitored by TLC (about 5 h). Water was 
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added to the reaction mixture and the reaction mixture was 

extracted with ethyl acetate (3 × 10 mL). The organic layer 

was collected and washed brine, dried over anhydrous 

Na2SO4, filtered and concentrated under pressure to give 

crude products. The residue was purified by flash chroma-

tography (200-300 mesh) with PE/EtOAc = 10:1 (v/v) as 

eluent to give the compound 11a (54%, colorless oil). 1H 

NMR (500 MHz, CDCl3) δ 6.79 (d, J = 8.7 Hz, 1H), 6.63 (d, 

J = 8.7 Hz, 1H), 2.70 (dd, J = 17.2, 5.4 Hz, 1H), 2.42 (dd, J 

= 17.2, 13.1 Hz), 2.05 (dt, J = 12.5, 3.3 Hz, 1H), 1.82 – 1.71 

(m, 2H), 1.72 – 1.58 (m, 3H), 1.55 – 1.43 (m, 1H), 1.44 – 

1.37 (m, 2H), 1.19 (dd, J = 13.4, 4.3 Hz, 1H), 1.14 (s, 3H), 

1.03 (dd, J = 12.5, 2.3 Hz, 1H), 0.98 – 0.94 (m, 1H), 0.91 (s, 

6H), 0.85 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 147.52, 

144.89, 121.06, 119.88, 116.32, 114.06, 76.61, 56.25, 51.82, 

41.92, 40.92, 39.30, 36.97, 33.56, 33.34, 21.73 (2C), 20.58, 

19.85, 18.62, 14.92. 

2.3 Synthesis of (+)-8-epi-puupehedione 18 

 

To a solution of 17 (68.4 mg, 0.2 mmol) in 1,4-dioxane (4 

mL) was added DDQ (181.6 mg, 0.8 mmol) and TsOH·H2O 

(38 mg, 0.2 mmol) at room temperature. The mixture was 

warmed to 110 °C and stirred for 24 h. After 24 h, the sol-

vent was removed in vacuo and the residue was purified by 

silica gel column chromatography on silica gel (200−300 m) 

with petroleum ether/EtOAc (4:1, v/v) as the eluent gave the 

product (+)-8-epi-Puupehedione 18 (29 mg, 44 %, red solid). 
1H NMR (500 MHz, CDCl3) δ 6.27 (s, 1H), 6.13 (s, 1H), 

5.93 (s, 1H), 2.24 – 2.19 (m, 1H), 1.93 – 1.62 (m, 6H), 1.59 

(s, 3H), 1.56 – 1.52 (m, 1H), 1.49 – 1.39 (m,1H), 1.20 – 

1.13 (m, 4H (s, 1.18)), 1.10 (dd, J = 12.2, 2.2 Hz, 1H), 0.93 

(s, 3H), 0.89 (s, 3H). 13C NMR (126 MHz, CDCl3) δ 181.19, 

179.66, 166.40, 164.36, 137.87, 122.29, 114.47, 108.11, 

83.16, 53.13, 41.27, 41.17, 40.39, 37.74, 34.21, 33.30, 

30.82, 22.06, 21.81, 19.31, 18.71. All spectral data matches 

that of previously reported.  

 

2.4 Synthesis of (+)-Pelorol Analogue 33 

 

To a solution of 32 (21 mg, 0.06 mmol) in anhydrous 

CH2Cl2 (4 mL) was added BBr3 (0.27 mL, 1.0 M in CH2Cl2, 

0.27 mmol). at ambient temperature. The reaction mixture 

was stirred until full conversion as monitored by TLC. A 

saturated NaHCO3 aqueous solution (10 mL) was added to 

quench the reaction. The separated aqueous phase was ex-

tracted with CH2Cl2 (3 × 10 mL). The combined organic 

phases were washed with H2O (10 mL) and brine (10 mL), 

dried over anhydrous Na2SO4, filtered, and concentrated 

under reduced pressure to give a crude product. The result-

ant residue was purified by chromatography on silica gel 

(200-300 m) with petroleum ether/EtOAc (3:1, v/v) as the 

eluent gave the 33 (18 mg, 95 %, white solid). 1H NMR 

(500 MHz, CDCl3) δ 6.31 (s, 1H), 6.08 (s, 1H), 2.62 – 2.55 

(m, 1H), 2.48 (dd, J = 14.6, 6.2 Hz, 1H), 2.33 – 2.28 (m, 

1H), 1.85 – 1.66 (m, 4H), 1.65 – 1.58 (m, 1H), 1.54 – 1.48 

(m, 1H), 1.45 – 1.38 (m, 2H), 1.18 (td, J = 13.6, 13.1, 4.4 

Hz, 1H), 1.12 (s, 3H), 1.04 – 0.97 (m, 5H), 0.87 (s, 6H). 13C 

NMR (126 MHz, CDCl3) δ 155.02, 151.57, 146.25, 131.38, 

105.35, 101.24, 64.62, 57.41, 45.90, 42.68, 40.24, 38.71, 

37.05, 33.54, 33.28, 29.40, 21.23, 21.01, 19.69, 18.44, 

16.25. All spectral data matches that of previously reported.  

 

2.5 Synthesis of (+)-Albaconol 

2.5.1 Synthesis of compound 40 

To a solution of 3,5-dihydroxytoluene (620 mg, 5.0 

mmol) in methanol (25 mL) at 0 °C was added NBS (2.62 g, 

15 mmol, 3.0 equiv.). The reaction was stirred at 0 °C for 2 

h. A solution of Na2SO3 (1.25 g, 10 mmol, 2.0 equiv.) and 

NaOH (0.4 g, 10 mmol, 2.0 equiv.) in water (25 mL) was 

added, and it was reacted for 1 h. Conc. HCl was added to 

tune the pH to 1.0. The crude mixture was extracted with 

EtOAc (15 mL x 2). The combined organic layer was dried 

over Na2SO4, filtered, and concentrated. The residue was 

purified by column chromatography on silica gel (200-300 

m) with petroleum ether/EtOAc (v/v, 3/1) as the eluent gave 

product 2-bromo-phen-1,3-diol (white solid, 712 mg, 71 %).  

To a stirred solution of the 2-bromo-phen-1,3-diol (203 mg, 

1.00 mmol, 1.0 equiv.) and K2CO3 (245 mg, 2.50 mmol, 2.5 

equiv.) in DMF (5.0 mL) was added benzyl bromide (296 

μL, 2.5 mmol, 2.5 equiv.) at rt. The resultant mixture was 

stirred at 90℃ over night before it was quenched with satu-

rated aq. NH4Cl (10.0 mL) and extracted with EtOAc (3 

×10 mL). The combined organic phases were washed with 

water (10 mL) and brine (10 mL), dried over anhydrous 

Na2SO4, filtered, and concentrated under vacuum. The resi-

due was purified by column chromatography on silica gel 

(200-300 m) with petroleum ether/EtOAc (v/v, 5/1) as the 

eluent gave product (40, white solid, 200 mg, 52 %).1H 

NMR (500 MHz, CDCl3) δ 7.50 (d, J = 7.3 Hz, 4H), 7.42 – 

7.37 (m, 4H), 7.35 – 7.30 (m, 2H), 6.46 (s, 2H), 5.15 (s, 4H), 

2.29 (s, 3H). All spectral data matches that of previously 

reported. 

 

2.5.2 Synthesis of (+)-Albaconol 41 

 

To a schlenck flask equipped with a stir bar, Pd2(dba)3 

(4.6 mg, 0.005 mmol, 0.02 equiv.), NaOtBu (0.062 g, 0.63 

mmol, 2.5 equiv.), RuPhos (4.7 mg, 0.01 mmol, 0.04 equiv.), 

40 (0.107 g, 0.28 mmol, 1.1 equiv.) and 1 (0.1 g, 0.255 

mmol, 1.0 equiv.) were added sequentially. The flask was 

evacuated and filled with N2 (three cycles), tert-butanol (1.0 

mL), H2O (0.1 mL) were added in turn by syringe under an 

N2 atmosphere. The resulting reaction mixture was stirred 

vigorously at 100 ºC. After 18 h, the reaction was completed 

as detected by TLC. The reaction mixture was then diluted 

with EtOAc (20 mL), the reaction mixture was washed by 

saturated brine (10 mL × 2). The organic layer was dried 

over anhydrous Na2SO4, and concentrated under vacuum. 



The residue was purified by column chromatography on 

silica gel (200-300 m) with petroleum ether/EtOAc (v/v, 

10/1→8/1) as the eluent gave the product 19a (70 mg, 52 %, 

colorless oil). 

To a stirred solution of the 19a (64 mg, 0.12 mmol, 1.0 

equiv.) and ammonium formate (277 mg, 4.38 mmol, 36.0 

equiv.) in MeOH (5.0 mL) was added Pd/C (5 %, 277 mg, 

2.48 mmol, 20.0 equiv.) at rt. The resultant mixture was 

stirred and at reflux temperature. After the complete disap-

pearance of the 19a (monitored by TLC), the reaction mix-

ture was cooled to rt and filtered. The filtrate was washed 

twice with MeOH. Evaporation of the solvent under re-

duced pressure and purified by column chromatography on 

silica gel (200-300 m) with petroleum ether/EtOAc (5:1, v/v) 

as the eluent gave the product (+)-Albaconol 41 (16 mg, 

38 %, white solid). 1H NMR (500 MHz, Acetone-d6) δ 8.61 

(s, 2 H), 6.10 (s, 2 H), 5.08 (s, 1 H), 3.01 (dd, J = 15.3, 7.5 

Hz, 1H), 2.44 (d, J = 15.3 Hz, 1H), 2.17 – 2.12 (m, 1H), 

2.09 (s, 3 H), 1.94 – 1.89 (m, 1H), 1.68 – 1.59 (m, 3H), 1.59 

– 1.49 (m, 1H), 1.39 – 1.30 (m, 1H), 1.30 – 1.26 (m, 4 H (s, 

1.29)), 1.23 – 1.17 (m, 1H), 1.06 (td, J = 13.4, 4.1 Hz, 1H), 

0.97 (s, 3H), 0.92 (dd, J = 12.2, 2.1 Hz, 1H), 0.85 (s, 3H), 

0.81 (s, 3H), 0.56 (td, J = 13.3, 3.6 Hz, 1H). 13C NMR (126 

MHz, Acetone-d6) δ 156.59 (2C), 136.64, 114.12, 108.59 

(2C), 75.57, 61.45, 57.07, 44.64, 42.65, 39.97, 38.52, 33.82, 

33.75, 24.36, 21.88, 21.20, 21.05, 18.97, 18.74, 15.45. All 

spectral data matches that of the isolated natural product. 

More experimental details and characterizations are 

available in the Supporting Information online. 

3 Results and discussion 

The C(sp3) enrichment characteristic of natural products 

always results in a higher probability of identifying hits. 

(+)-Chromazonarol has attracted increasing attention from 

both synthetic chemists and medicinal scientists as its 

unique structure and the identified various activities, while 

there was no report disclosed on the versatile derivatization 

and SAR of this natural product. More insights into the (+)-

chromazonarol relevant (pseudo-)natural products may 

show profound effect in the discovery of new chemical enti-

ties of pharmaceutical importance.  

3.1 Scalable synthesis of (+)-yahazunol and (+)-

chromazonarol 

The interest in chromazonarol derivatives was sparked by 

the previous identification of its antifungal potential [22], 

while the diversity and semisynthetic modification was 

much limited. The practical and scalable process of generat-

ing (+)-chromazonarol was speculated as an onerous bottle-

neck en route to a diverse molecular library. Invigorated by 

our previous C(sp3)-C(sp2) cross-coupling for efficient 

linking the drimane segment and aromatic parts, practical 

preparation of chromazonarol related meroterpenoids was 

conceived to initiate the investigation. Gratifyingly, the es-

tablished tactic demonstrated feasibility with the genuinely 

complex natural products. The efficient synthesis of both 

(+)-yahazunol and (+)-chromazonarol was accomplished 

from the low-cost raw materials (-)-sclareol and 2-

bromobenzene-1,4-diol by merging decarboxylative boryla-

tion and Suzuki coupling (Scheme 1).  

 

 
Scheme 1 Efficient synthesis of (+)-yahazunol and (+)-chromazonarol.

The bench stable and easily accessible drimanyl BPin 1 

can be prepared in multigrams from inexpensive natural 

diterpene sclareol through RuCl3 catalyzed oxidation fol-

lowed by the condensation with N-hydroxyphthalimide and 

Cu-catalyzed borylation (see supporting information for a 

detailed procedure). The other part in this coupling para-

digm for (+)-yahazunol, can be prepared easily from O-

benzylated masked commercial phenols. The free phenol 

groups of commercially available 2-bromobenzene-1,4-diol 

was protected efficiently by benzyl bromide under basic 

conditions to give intermediate 2 in good yield. The follow-

ing Pd catalyzed Suzuki coupling of drimanyl BPin 1 and 

arylbromide 2 went smoothly, and furnished (+)-yahazunol 

after reductive deprotection of benzyl group assisted by 

Pd/C-HCOONH4 system. Treatment of (+)-yahazunol with 

TFA in DCM furnished the (+)-chromazonarol in good yield. 

All the manipulations in this tactic (Scheme 1) were carried 

out in gram to decagram scale, providing a significant op-

portunity to scale up to sufficient quantities of (+)-

chromazonarol, which could enable structural modification 

to be explored along with biological activity. 
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3.2 Antifungal activity oriented complication of (+)-

chromazonarol   

3.2.1 Synthesis of chromazonarol derivatives and (+)-8-epi-

puupehedione. 

 

Considering the antifungal potentials and synthetic tractabil-

ity, the natural product (+)-chromazonarol was selected as a 

lead for further modification to expand the chemical space 

aiming at improving biological potentials. The scaled reac-

tion conditions shown in Scheme 1 identified the practical 

route in pursuit of ample quantities of (+)-chromazonarol. 

Functional group directed simple but important transfor-

mations including etherification and esterification were im-

plemented firstly based on the phenolic hydroxyl group of 

(+)-chromazonarol (Figure 2A).  

The aliphatic ethers (6a-6g) were prepared by treating 

(+)-chromazonarol with halogenated hydrocarbons through 

nucleophilic substitution prompted by sodium hydride in 

acetone, and the methyl ether 6a was confirmed unambigu-

ously by X-ray single crystal with the CCDC number of 

1992589. The aromatic congeners (6h-6k) were synthesized 

by copper-picolinic acid catalyzed Ullmann-type coupling 

in moderate to good yields. Esterified derivatives (7a-7k) 

were provided efficiently by either employing EDCI medi-

ated steglich-type condensation or direct acylation with 

readily available acyl chloride in presence of a basic condi-

tion.

 
Figure 2 Synthesis and antifungal screening of ethers and esters of (+)-chromazonarol. 

 

As shown in Figure 3A, our attention was next turned to 

decorate the medicinally important biphenyl segments or 

equivalents on the drimane scaffold. (+)-Chromazonarol 

was first transformed to the triflate intermediate 8, and then 

underwent palladium catalyzed Suzuki coupling with dif-

ferent arylboronic acids (9a-9c) or heteroarylboronic acids 

(9d-9g). Noteworthily, introduction of different aromatic 

scaffolds requires a bespoke system and special attention 

should be paid to this transformation. Arylation of the 

chromazonarol triflate 8 went smoothly with less than 5 mol% 

palladium catalyst, while the synthesis of hetero-variants 

9e-9h need more rigorous conditions including a high cata-

lyst loading and an elevation of temperature. Condensation 

of chromazonarol with the isocyanates gave a facile access 

to the carbamates 10a and 10b. Late-stage chlorination with 

chlorosuccinimide (NCS) provided chloro-chromazonarol 

11a in good yield. 



  
Figure 3 Synthesis and antifungal screening of biphenyl, carbamates and chloro derivatives of (+)-chromazonarol.  

 

Based on the synthetic progress in (+)-chromazonarol, 

(+)-8-epi-puupehedione attracted our attention due to its 

reported enhanced bioactive potential than its natural con-

gener puupehedione [27]. Meanwhile, the target molecule 

can be deemed as a structure-complicated analogue of (+)-

chromazonarol, and the intermediates 13 and 16 thereof can 

be added to the arsenal of yahazunol mimics (Scheme 2). 

3,4-Dimethoxyphenol was selected as the starting aromatic 

segment, which was transformed conveniently to the cou-

pling precursor 12 in two steps (vide supra). The Suzuki 

coupling with drimanyl Bpin 1, deprotection of benzyl 

group and Lewis acid catalyzed cyclization went smoothly 

to deliver chromazonarol mimic 14. Attempt in the demeth-

ylation of 14 with BBr3 in DCM didn’t produce the desired 

hydroxylated chromazonarol. Alternatively, sesamol was 

employed instead of 3,4-dimethoxyphenol in the above 

transformation for the synthesis of chromazonarol mimic 17. 

Gratifyingly, the deprotection and oxidation was realized in 

one pot in presence of the mixture of TsOH-H2O and DDQ, 

producing (+)-8-epi-puupehedione 18 in appreciable 

amount for bioactivity test. Compared with the previous 

synthetic tactics, either via the classic addition of aryllithi-

um to carbonyl group [27-29], electrocyclization [30], bio-

mimetic cyclization [31], Diels-Alder cycloaddition [24] or 

Friedel-Crafts alkylation [32] as a key step, or the modular 

synthesis by palladium-catalyzed tandem carbene migratory 

insertion [23] or “borono-sclareolide” coupling, this ap-

proach is an alternative but improved route to (+)-8-epi-

puupehedione, in terms of step-economy, stereo-fidelity, 

availability of starting materials or synthetic tractability 

(Scheme 2).  

3.2.2 Preliminary antifungal evaluation. 

Inspired by our previous discovery of (+)-chromazonarol as 

a novel natural antifungal lead, exploration of the antifungal 

potentials of its derivatives were commenced subsequently 

at the concentration of 150 μM to probe the necessity for the 

direct decoration of this reference compound. As can be 

seen in Figure 2B and Figure 3B, the synthesized ethers 

(6a-6k), esters (7a-7k), arylated derivatives (9a-9g), carba-

mates (10a and 10b) and chlorinated mimic (11a) attenuated 

the inhibitory effect against the selected agriculturally im-

portant plant pathogens, including S. sclerotiorum, R. solani, 

and F. graminearum. The crucial role of the aromatic hy-

droxyl group may be attributed to the potential interaction 

with the amino acid residues of the protein targets via the 

hydrogen bonds. It is noteworthy that heteroaryl or biphenyl 

mimics of drimane hydroquinols have not been reported, 

suggesting that these fragments may be biosynthetically 

unrelated. The synthesized biaryl mimics may be beneficial 

for novel bioactivity, since they may be encoded by differ-

ent enzymes. Interestingly, the artificial biaryl mimics (9a-

9g) demonstrated an enhanced inhibitory effect against P. 

oryzae which was insensitive to (+)-chromazonarol. The 

small and electron-withdrawing aromatic with H-bond ac-

ceptor characteristic was speculated to contribute to this 

effect (9d), and introducing ring-expanded mimic (9e) or 

thiphene (9f) didn’t identify more promising leads albeit the 

antifungal effect against P. capsici was promoted. (+)-8-epi-

Puupehedione 18 was also subjected to this biotest, while it 

didn’t elevate the antifungal effect in the phenotypic screen-

ing, either did its alkoxylated analogues 14 and 17. Overall, 
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the phenolic hydroxyl group may be one inviolable re-

quirement for antifungal effect, and direct derivatization for 

structural complication is not recommended in the view of 

either synthetic economy and feasibility or the enhancement 

in antifungal activities. 

 
Scheme 2 Synthesis of (+)-8-epi-puupehedione and analogues of (+)-chromazonarol. 

3.3 Antifungal activity oriented simplication of (+)-

chromazonarol 

3.3.1 Diverted synthesis of yahazunol isomers, chromazona-

rol isomers and relevant natural products. 

The complexity without biological improvement in the op-

timization of chromazonarol stimulated our investigation to 

work backwards to (+)-yahazunol in pursuit of new simpli-

fied analogues to address biological issues. To assess the 

extent to which the position of hydroxyl group-dependent 

antifungal activity could be varied, a library of yahazunol 

isomers were prepared (Scheme 3). These simplified vari-

ants can be accessed easily and divergently by variation of 

the aromatic fragments in the Suzuki coupling with the ad-

vanced intermediate drimanyl BPin 1. Interestingly, a con-

stellation of unprecedented isomers (24, 25, 26, 27 and 28) 

of (+)-yahazunol were successfully prepared through this 

programmable manipulation (Scheme 3). The sterically hin-

dered reactants may attenuate the efficacy in both the cou-

pling and deprotection steps. It is noteworthy that com-

pound 28 from this synthetic philosophy was the reported 

intermediate en route to (+)-8-epi-puupehedione [33]. 

As the description in Scheme 3, treatment of these iso-

meric yahazunols with TFA will led to the isomers of (+)-

chromazonarol in good to excellent yields (80%-97%), in 

which compound 29 can be elected for the synthesis of 

hongoquercin A [34]. Alternatively, (+)-yahazunol isomer 

27 from 1-bromo-3,5-dimethoxybenzene was chosen for the 

construction of 6-6-5-6 ring fused skeleton 32 featured in 

pelorol. The structure was confirmed by single-crystal X-

ray diffraction (CCDC NO. 2096788) and the subsequent 

demethylation with BBr3 could produce the previously re-

ported promising SHIP2 inhibitor 33, which was more 

straightforward and efficient than the original one devel-

oped by Andersen. [35] 

This also provided an alternative approach to (+)-

dictyvaric acid 34 (Scheme 4), the natural product isolated 

from the brown alga Dictyopteris divaricata Okam [26, 36]. 

Meanwhile, the formally reductive analogue 35 to (+)-

dictyvaric acid was intentionally synthesized to study the 

SAR of yahazunol (vide infra). 

Our work opened up a new opportunity to achieve other 

natural drimane hydroquinols. The first synthesis of the 

natural products (+)-neoalbaconol 37 and (+)-albaconol 41 

was accomplished (Scheme 5), which were isolated and 

verified as promising antitumor and anti-inflammatory 

agents [37-42]. This will lay a good foundation for checking 

whether magic methyl effect exists in the antifungal screen-

ing compared with 24 and 25, respectively. Gratifyingly, 

drimanyl-(+)-neoalbaconol (39, or bidrimanyl 5-

methylresorcinol) was also synthesized in detectable yield 

based on the incipient dibromination of 5-methylresorcinol 

in MeOH media. This kind of condensed dimeric counter-

part comprised of two sterically hindered drimane segments 

bridging by an aromatic unit via C(sp3)-C(sp2) bond are far 

less prevalent in natural products. 

 

 



 
Scheme 3 Synthesis of isomers and analogues of (+)-yahazunol. 

 
Scheme 4 Synthesis of (+)-dictyvaric acid and its mimic.  

 
Scheme 5 Synthesis of (+)-neoalbaconol, (+)-albaconol and their mimics

 

 

3.3.2 Preliminary antifungal evaluation. 

The established Suzuki coupling sets a powerful platform 

for efficient synthesis of yahazunol related meroterpenoids. 

Yahazunol isomers 24-28 were prepared as pseudo-natural 

products for antifungal screening. As can be seen in Figure 

4, the tiny ortho-migration of phenolic hydroxyl group from 

C-18 position of yahazunol to either C-17 position or C-19 

position, dramatically increased the antifungal potency ex-

emplified by the synthesized pseudo natural products 24 and 

25 possessing the inhibitory rate of >80% against both S. 

sclerotiorum and R. solani. Resetting this hydroxyl group 
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from C-18 position to C-20 position was tolerant as com-

pound 26 kept similar activity comparative to that of yaha-

zunol. Curiously, shifting the C-21 hydroxyl group to C-20 

position led to a sharp erosion of the antifungal potency 

against all the test fungi (27 vs 4). Interestingly, formally 

synchronous rearrangement of the hydroxyl groups of yaha-

zunol for the acquirement of the new isomer 28, expanded 

the antifungal spectra than that of the mother natural prod-

uct, as the inhibitory effect against P. oryzae and P. capsici 

was improved significantly. 

Encouraged by these promising findings, the previously 

conformation-constrained optimization of (+)-yahazunol to 

(+)-chromazonarol with enhanced antifungal potential pro-

pelled us to investigate the chromanones 29, 30 and 31 ver-

sus the corresponding precursors 24, 25 and 26. This opti-

mization didn’t enhance the effect against S. sclerotiorum, R. 

solani and F. graminearum compared with their correspond-

ing flexible precursors 24, 25 and 26. The conformation 

restricted optimization to the 6-6-5-6 ring fused mimic of 

pelorol is necessary for enhancing the antifungal activity 

(33 vs 27). Worthy of note is that this is the first exploration 

of the antifungal potential of pelorol related analogue to our 

knowledge. 

(+)-Dictyvaric acid was isolated more than 15 years ago 

from the brown alga Dictyopteris divaricata Okam, [36] 
while no specific bioactivities were disclosed. As a natural 

mimic of yahazunol via formally replacing the C-18 hy-

droxyl group by a more polar carboxyl group, (+)-dictyvaric 

acid 34 could effectively inhibit both S. sclerotiorum and R. 

solani. The favor for the polar substituent was proofed by 

contradictory introduction of its mimic 35, which didn’t 

show obvious inhibitory effect against all the fungi at 150 

μM.  

Pinpoint decoration on the aromatic segment of yaha-

zunol model continued with the first synthesis and antifun-

gal test of (+)-neoalbaconol 37 and (+)-albaconol 41. To our 

delight, these two natural products showcased good inhibi-

tory effect against S. sclerotiorum and (+)-neoalbaconol 37 

demonstrated more promising tendency to inhibit R. solani. 

Interestingly, the magic methyl effect was observed as (+)-

neoalbaconol 37 gave more satisfying inhibitory effect 

against P oryzae compared with that of the isomeric yaha-

zunol 25. 

 
Figure 4 Antifungal screening of (+)-yahazunol relevant natural products, isomers and analogues.

3.4 Yahazunol isomers and relevant natural products as 

novel pharmaceutical leads. 

The aforementioned modular access to the natural drimane 

hydroquinones, isomers, or analogues provided unprece-

dented chemical space for phenotypic screening, which fa-

cilitated the discovery of new leads or probes that may be 

different from natural products. In general, antifungal phe-

notypic screening was accomplished for all the synthesized 

natural products, unpresented isomers and derivatives at 150 

μM, yet low activity with the inhibitory rate of <60% ex-

cluded these natural products or mimics from further bio-

logical analysis. An overview of antifungal optimization 

guided structure and activity relationship was summarized 

in Figure 5. 

Further antifungal test was carried out against selected 

fungi for promising natural products (+)-dictyvaric acid 34, 

(+)-neoalbaconol 37 and (+)-albaconol 41 together with the 

non-natural isomers 24 and 25 of (+)-yahazunol. Meanwhile, 

the antitumor activities of these compounds were also inves-

tigated to detect whether similar effect of specific structures 

on biological outcome occurred.  

 



 
Figure 5 Antifungal SAR of (+)-yahazunol, (+)-chromazonarol and mimics. 

 

The yahazunol isomers represented structures that were 

outside of the originally isolated natural counterparts, 

grounded in either rational design or bioactivity-guided 

scaffold diversification. As shown in Figure 4 and Figure 5, 

the tiny ortho-migration of phenolic hydroxyl group from 

C-18 position to either C-17 position or C-19 position, 

showed more than 3-fold enhancement in antifungal activity 

with S. sclerotiorum and R. solani. Among this, the (+)-

yahazunol isomer 25, with the EC50 value lower to 15.19 

μM against S. sclerotiorum, demonstrated >10-fold inhibito-

ry improvement than the natural yahazunol. Without specif-

ic bioactivities disclosed ever since its isolation [36], (+)-

dictyvaric acid 34 was demonstrated as a fruitful modifica-

tion for inhibiting both S. sclerotiorum and R. solani with 

EC50 values of 22.16 μM and 22.54 μM, respectively. 

Though further introduction of methyl group to (+)-

yahazunol isomers 24 and 25 didn’t improve the antifungal 

effect obviously, the magic methyl effect was observed for 

the resultant (+)-albaconol 41 and (+)-neoalbaconol 37, 

respectively. In a stark contrast with the yahazunol isomer 

24, the inhibitory effect of (+)-albaconol 41 against R. sola-

ni decrease exponentially as the EC50 value increased to > 

150 μM. The high antifungal selectivity between S. scleroti-

orum and R. solani may differentiate this natural product 

from the others in potential action mechanism and also pro-

vide a new orientation for the design of new chemical enti-

ties. The antifungal activity of (+)-neoalbaconol 37 against 

S. sclerotiorum reduced by half compared with compound 

25. The subtle yet complex influence of the hydroxyl group 

on the biological outcome was also observed in the antipro-

liferative activity against HepG2 and MCF-7. Except for 

(+)-dictyvaric acid 34, all other four promising antifungal 

leads showed significant inhibitory effect against cancer cell 

lines HepG2 and MCF-7 with the EC50 values ranging from 

10.08 to 16.04 μM, which verified over 3-fold enhancement 

than that of (+)-yahazunol. 

 

 
Figure 6 Bioactivities and calculated characteristics of the promising pharmaceutical leads. 

 

Given the profound effect of the intrinsic characteristics 

on the biological performance, the metrics consisted of mo-

lecular weight (MW), calculated octanol-water partition 

coefficients (CLogP), and topological polar surface area 

(TPSA) were retrieved from ChemBioOffice (Figure 6A). 

The variation range of these metrics was very limited and 

the isomers (4 vs 24 and 25, 37 vs 41) have same values of 

MW, TPSA and Fsp3. The MW values and CLogP values of 

these compounds correlated well with the statistical analysis 

for agrochemical fungicides [43]. Increment of Fsp3 was 

attested to be beneficial for the success in the development 

of pharmaceuticals [44], and the selected new potential 
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leads (Figure 6A) possessed an innate Csp3 hybridized 

drimane subunit as a significant contribute to this by im-

proving Fsp3 to > 0.6. The intrinsic complexity of the po-

tent leads measured by Böttcher score was also calculated 

[45], manifesting the isomerization of yahazunol to com-

pound 24 just by shifting the position of hydroxyl group on 

the phenyl ring can lead to significant differentiation in not 

only biological outcome but also the intrinsic complexity. 

Inspired by the aforementioned big difference from isom-

erization, the potential targets of these pharmaceutically 

important natural products and their isomers were predicted 

through SwissTargetPrediction [46] and the predicted top 3 

targets were listed in Figure 6B. Curiously, the yahazunol 

isomer 25 was speculated to interact with discrepant targets 

from that of yahazunol and another isomer 24. Meanwhile, 

the most probable macromolecular target of (+)-

neoalbaconol 37 was significant different from its isomer 

(+)-albaconol 41. These novelties may reinforce the value 

for further exploration. 

4 Conclusion 

In conclusion, drimane hydroquinones are structurally ad-

vantaged for biological exploration, but not very well-

organized for pharmaceutical development. With the preval-

idated antifungal (+)-chromazunarol as a model, antifungal 

activity oriented divergent optimization was executed and 

facilitated by the scalable and facile Suzuki coupling. This 

is the first divergent optimization of the complex natural 

product chromazonarol in discovery science for new phar-

maceutical leads. The phenolic hydroxyl group was demon-

strated to be one inviolable requirement for antifungal effect. 

Bioactivity oriented simplication of (+)-chromazonarol led 

to the identification of yahazunol relevant natural products 

and unprecedented isomers as antifungal and antitumor 

agents. The first synthesis and antifungal profiles of (+)-

albaconol and (+)-neoalbaconol, and the first biological 

profiles of (+)-dictyvaric acid were disclosed. Buoyed by 

these success, the synthetic approaches to (+)-8-epi-

puupehedione and the promising pelorol analogue were 

obviously improved. Through the synergistic interaction of 

the programmable synthesis and bioactivity-guided screen-

ing, the structure-activity relationship of yahazunol relevant 

(non)-natural products was delineated. The probable mac-

romolecular targets were also estimated and the resultant 

differentiation may deliver new information about the resi-

dent biological potential. This will add incentive to search 

for additional cryptic drimane hyhdroquinones, targeting at 

creating opportunities for addressing new biological issues. 
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