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Three Lingzhilactone A, B, C (Figure 1) were isolated from 

Ganoderma lingzhi.  Among them, Lingzhilactone B exhibited in 

vitro and in vivo effects to protect against renal injuries by 

increasing the activities of antioxidants and inhibiting 

inflammation, thus showed potency on treating chronic kidney 

disease (CKD), which is unmet medical demand. 
 1
  

Figure 1  Structures of  Lingzhilactone A, B, C. 

 

 We seek to identify lead compounds for CKD and to 

understand its SAR.
2
 Therefore, we planned an efficient total 

synthesis of B with aryl introduction at a late stage, which will 

make SAR studies versatile 

 Structurally, 5/5 bicyclic ring construction with adjacent 

quaternary carbon is key to achieve total synthesis. From the anti 

configuration of C8’ and 10’ and the relative position between 6’ 

and 9’, a semipinacol rearrangement strategy
3,4

 is desirable. Thus, 

the retrosynthetic analysis was depicted in Scheme 1.  

The formaldehyde can be obtained by oxidation of vinyl. The 

aryl in 2 could be introduced by addition to aldehyde, which is a 

deprotective intermediate of acetal 3. The quaternary carbon in 3 

could be formed by semipinacol arrangement of vinyl epoxide 4. 

The epoxide could be prepared from keto ester 5 by routine 

Wittig reaction, subsequent allylic oxidation, vinyl addition and 

stereoselective epoxidation using a protocol disclosed by 

Sharpless et al.
5
 

 

 

 

 

Scheme 1  Retrosynthetic analysis 

Our synthesis began with alkylation of ethyl 2-oxo 

cyclopentanecarboxylate  with 2-bromomethyl-1,3-dioxolane as 

shown in Scheme 2. Wittig reaction of ketone 5 with t-BuOK in 

toluene gave exo-alkene smoothly
2
 and allylic oxidation with 

selenium dioxide and tert-butyl hydroperoxide  converted 6 into 

7 in  87% yield. 

  

Scheme 2 Preparation of enone 7 
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Total  synthesis of (±)-Lingzhilactone B has been achieved for the first time in 13 steps. The key 

step features a semipinacol rearrangement to construct 5/5 bicyclic ring with adjacent quaternary 

carbon. 
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Addition of vinyl magnesium bromide to enone 7 proceeded 

diastereoselectively at -78 ℃ to afford tertiary alcohol in 50% 

yield. The coordination of Magnesium cation to both oxygen 

atoms of ketone and ester block the bottom face, resulted in the 

cis configuration of hydroxyl group and ester in compound 8. 

Diastereoselective epoxidation proceeded in a cis manner and 

vinly epoxide 4 was isolated in 95% yield. With the precursor 4 

in hand, semipinacol rearrangement was performed with Lutidine 

and Trimethylsilyl triflate (TMSOTf)
6
. The rearrangement 

occurred smoothly to give compound 9 in 75% yield. Due to the 

cis configuration between epoxide and ethyl ester, lactone 

formed concomitantly in situ. 

 

Scheme 3.  Semipinacol rearrangement 

Next, installation of aryl side chain was attempted. Ketone 9 

was reduced with sodium borohydride to give 10 as a single 

disastereomer, The excellent selectivity may arise from chelation 

between ketone and ester which make the reduction occur from 

the other side. It was then protected as benzyl ether 10. 

Deprotection of acetal with acid gave aldehyde 11 in 98% yield. 

Addition of 2,5-dimethoxy phenyl magnesium bromide to 

aldehyde 11 furnished secondary benzylic alcohol and without 

isolation, it was oxidized into corresponding ketone 12 with 

Dess-Martin Periodinane (DMP) in 78% yield in 2 steps. 

Transformation of vinyl group into aldehyde was accomplished 

with dihydroxylation and subsequent oxidation with sodium 

periodate. Global deprotection of benzyl and two methoxy group 

with boron tribromide completed the total synthesis of 

Lingzhilactone B in 95% yield, the spectra data are identical  to 

the values of natural product. 

 

Scheme 4  Completion of total synthesis. 

The relative configuration of compound 12 was confirmed 

definitely by single crystal X-ray diffraction of 14, obtained from  

deprotection of 12. 

 

 

Scheme 5.  Determination of relative configuration. 

In conclusion, an efficient total synthesis of (±)-Lingzhilactone 

has been accomplished for the first time. The key reaction 

features a semipinacol rearrangement. The synthesis required 11 

steps and overall yield was  9%. 
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 total synthesis of (±)-Lingzhilactone B has been achieved for the first time. 

 Key reaction features a a semipinacol rearrangement to  construct 5/5 bicyclic ring with 

adjacent quaternary carbon  

 This synthesis took 11 steps and overall yield was 9%. 

 


