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Abstract – We previously reported the total synthesis of several Teucrium 

clerodane diterpenoids including teucvin (1), 12-epi-teucvin (2), montanin A (3) 

and teuscorolide (4) in a unified Diels-Alder approach. A full account for the 

tactical installation of the C4-C6 furan ring of 3 from an α,β-unsaturated lactone 

moiety, and the elaboration of the resulting furan unit into an α,β-unsaturated 

γ-hydroxyl lactone for preparing 4 is discussed herein. In addition, the 

transformation of 3 and its 12-epimer into 1 and 2 by the air-mediated furan 

oxidation reaction is described.  

INTRODUCTION 

Clerodane diterpenoids1 are a large family of natural products with over one thousand members having 

been isolated in the past decades. They have attracted considerable attention from synthetic community2 

owing to their challenging structural complexity and interesting biological properties.2d,3 It has been 

known that the most abundant source of clerodanes including some 19-nor variants is the plants of genus 

Teucrium (family Lamiaceae),4 and the isolated individuals usually contain a decalin core bearing a C-9 

(clerodane numbering) spiro γ-lactone ring with a furyl appendage (Figure 1). As compared with other 

classes of clerodane products, much less attention has been paid to the synthesis of Teucrium clerodanes 

in spite of their intriguing structural features and useful bioactivities2b,5 This fact may arise from the lack 

of efficient routes for reaching the compact and densely functionalized tricyclo-spiro ring system in 

correct steric sense. Among few documented examples, Lee and co-worker recently reported the first total 

synthesis of (−)-teucvidin,6 by employing a Michael/Conia-ene cascade cyclization reaction to establish 

the cis-decalin framework. In addition, Ley et al. described an approach for assembly of the spiro 
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γ-lactone clerodane skeleton in a modified Jung's Diels-Alder strategy,7 but without achieving any natural 

targets.  

Back to 2003,8 we reported the first total synthesis of (±)-teucvin (1), an amoebicidal agent,4a and its 

naturally occurring 12-epimer 2 as an application of our long-time pursued Diels-Alder strategy within 

α-activated cycloalkenone systems.9 In the sequence, a completely regio-, stereo- and facial selective 

Diels-Alder reaction between an α-formyl cyclohexenone and trans-2,4-pentadien-1-ol was utilized to 

assembly the decalin core with establishing two essential contiguous stereocenters (C-9 and C-10) 

(Scheme 1). It turned out that the hemiacetal ring concomitantly formed during the addition, after being 

protected in the acetate form, could ensure a stereo-controlled installation of the C-17 methyl group in the 

subsequent 1,4-addition reaction. Treatment of the resulting adduct with aqueous NaOH caused the acetyl 

deprotection and the selective hydrolysis of the primary ester at C-9. After this, the hydrogenation 

followed by the consecutive construction of the fused α,β-unsaturated lactone and the spiro γ-lactone 

completed the total synthesis of 1 and 2.   
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Figure 1. Some representative Teucrium clerodanes and 19-nor-clerodanes 
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Scheme 1. Synthetic scheme to 1 and 2 

2092 HETEROCYCLES, Vol. 89, No. 9, 2014



 

In an alternative route, the 1,4-addition adduct, by reacting with sodium ethoxide, was converted to a keto 

alcohol with maintaining both ester groups at C-9 (Scheme 2). The resulting compound was then 

transferred into lactone 5 in three steps. With 5 in hand, we initially tried to selectively reduce the primary 

ester into an aldehyde for installing the requisite spiro lactone in 1 and 2. However, the α,β-unsaturated 

lactone was found to be easily reduced, in producing a fused C4-C6 furan ring after in situ elimination. 

This finding has resulted in the synthesis of another natural target, montanin A (3),4b as we reported in the 

subsequent communication.10 Additionally, by taking the advantage of the liberty of the furan under the 

chromium oxidation conditions, a straightforward synthesis of teuscorolide (4)4d from 3 was achieved.10 

Herein, we wish to disclose a full account of these elegant elaborations, as well as directly transferring 3 

and its 12-epimer into 1 and 2 via an air-mediated furan oxidation reaction.    
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Scheme 2. Preparation of lactone 5 

RESULTS AND DISCUSSION  

A few semi-syntheses of 3 from other Teucrium clerodanes have been previously reported.11 In these 

cases, the assembly of the C4-C6 furan ring was a pillar but none of them was accomplished from a 

lactone. When 5 was subjected to the reduction with Dibal-H in THF at -40 ºC,12 the reaction offered 

three products 6-8 in varying yields depending on the amount of the employed agent. From the results 

outlined in Scheme 3, it can be seen that the lactone was reduced prior to the ester groups due to the least 

congested nature of the carbonyl group (reactivity: lactone＞primary ester＞tertiary ester). In the event, 

after the C=O double bond was attacked by the hydride from the less hindered side, the resulting 

aluminum complex would immediately undergo a β-elimination to yield the furan (Scheme 4).  
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Scheme 3. Reduction of 5 with Dibal-H 
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Scheme 4. Formation of 6 via reductive elimination of lactone 

Of three products (6, 7 and 8), compound 7 was recognized as a competent intermediate to 3 because of 

conceivable ease of introducing the furyl-appended spiro lactone. To this end, we intended to first oxidize 

the hydroxyl group of 7 into an aldehyde. However, this expected oxidation turned out to be highly 

formidable. We first attempted Dess-Martin, Swern13 and N-iodosuccinimide (NIS)14 oxidative conditions 

on 7 (Table 1, entries 1-3), but these reactions merely gave the poor formation of the desired intermediate 

9 (entry 1) or complex mixtures (entries 2 and 3). When pyridinium chlorochromate (PCC) or pyridinium 

dichromate (PDC) was employed, an unexpected furan ring-opening was encountered to afford keto 

aldehyde 10 in 10 to 95% yields (entries 4-6). The results in entry 4 suggest that this ring-opening process 

should be inevitable even with using molar equivalent of chromium oxidant. After considerable 

experiments, we found that 9 could be obtained in high yields utilizing Fetizon's reagent15 in refluxing 

benzene (entry 7). Also, use of RuCl2(PPh3)3
16 as the oxidant offered 9 in comparable yields (entry 8). 

Treatment of 9 with 3-furyllithium led to a mixture of diastereomers 11 and 11' (ca. 1:1). These easily 

separated alcohols were individually subjected to lithium hydride-induced intramolecular 

transesterification furnishing (±)-montanin A (3) and its 12-epimer (3'),17 respectively (Scheme 5).  
 

Table 1. Evaluation of conditions for oxidation of 7 
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entry  oxidation conditions time (h) 
 yield (%)a 

9 10
1b DMP (4 eq)/CH2Cl2/rt 12 10 -
2c DMSO/(COCl)2/Et3N/-30 ºC  2  - - 
3d NIS/TBAI/CH2Cl2/rt 12 - - 
4e PCC (1 eq)/CH2Cl2/rt 4 16 10 
5 PCC (4 eq)/CH2Cl2/rt 4 16 50 
6 PDC (4 eq)/CH2Cl2/rt 4 - 95 
7 Ag2CO3 (8 eq)/Celite/benzene/reflux 48 88 - 
8 RuCl2(PPh3)3 (1.5 eq)/benzene/rt 96 85 - 

a) Isolated yields. b) 50% of 7 were recovered. c) The reaction was performed by the procedure given in 
Ref 13. d) The reaction was performed by the procedure given in Ref 14. e) 60% of 7 were recovered.  
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Scheme 5. Synthesis of montanin A (3) and 12-epi-montanin A (3') 

The opening of the furan ring by chromium oxidants is probably resulted from the cycloaddition between 

the furan diene moiety and the Cr(VI)=O double bond as we proposed before.10 On the other hand, the 

almost quantitative formation of 10 under the conditions of PDC (4 equiv)/CH2Cl2/rt (Table 1, entry 6) 

provoked our interest to elaborate 3 into montanin B, a natural product isolated from the same source as 

3.4b When 3 was exposed to the same reaction conditions, the desired keto aldehyde 12 was produced in 

good yield (Scheme 6). In this reaction, the C-12 furyl appendage was not affected, and the 

chemoselective ring-opening is presumably attributed to the strong tendency to release the rigidity of the 

fused tricycle and/or the favorable electron-rich nature of the C4-C6 furan to attend the cycloaddition 

with chromate. To our surprise, reduction of 12 by NaBH4 did not afford montanin B, but led back to 3 as 

a result of recyclization and dehydration. Moreover, the use of the more powerful LiAlH4 (4 equiv) in 

THF also afforded 3 exclusively (80%). Thus, it can be concluded that once the aldehyde was reduced, 

the resulting hydroxyl group would spontaneously participate in an intramolecular cyclization with the 

C-6 keto moiety before further reduction of the ketone can occur.   
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Scheme 6. Attempt to synthesize montanin B from montanin A 
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Failing to the reduction, we then turned our attention to oxidizing the aldehyde into a carboxylic acid. 

This operation is for constructing a γ-hydroxyl α,β-unsaturated lactone through the incorporation with the 

C-6 keto group, to potentially allow the elaboration of 3 into teuscorolide (4). The use of PDC in DMF 

(Corey-Schmidt Method),18 a well-known procedure for directly transferring primary alcohols into acids, 

seemed to be a choice for our purpose. Diester 6 in lieu of 3 was first selected as the model substrate to 

simplify our analysis of possible products. We were pleased to find that under the action of PDC in DMF, 

the anticipated furan ring-opening, the aldehyde oxidation and the lactonization could be realized in 

one-pot to afford compound 13 as a single diasteromer (Scheme 7). The stereochemistry of the γ position 

of the lactone was established by the X-ray analysis (Figure 2). Notably, the reaction conduced in CH2Cl2 

only yielded keto aldehyde 14, thus validating the key role that DMF played on the oxidation. 

Furthermore, the dehydration of 13 with p-toluenesulfonic acid in refluxing benzene led to the generation 

of compound 15 possessing the diene structural motif found in 4 (Scheme 8).   
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Scheme 7. Oxidation of 6 by PDC   

 

 

Figure 2. ORTEP drawing of 13 
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With the two-step procedure on our model system assured, we turned to the preparation of teuscorolide (4) 

from 3. In the event, the critical Corey-Schmidt oxidation of 3 with PDC in DMF proceeded with 

complete chemoselectivity giving a single diastereomer 1619 (Scheme 9). Upon exposure to the 

dehydrating conditions in Scheme 8, 16 was cleanly transformed to teuscorolide (4). Meanwhile, the same 

sequence was readily translated to the synthesis of 12-epi-teuscorolide (4')17 from 3' (3'→16'19→4').  
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Scheme 9. Synthesis of teuscorolide and 12-epi-teuscorolide 

The auto-oxidation of furan by molecular oxygen is a well-known approach for preparing unsaturated 

carbonyl derivatives.20 In light of this, we also accomplished the direct conversion of montanin A (3) and 

its 12-epimer (3') into teucvin (1) and 12-epi-teucvin (2). The reaction was carried out by stirring 1 or 2 

under balloon pressure of air in CHCl3 at rt for 3 days, to lead to the generation of 14b or 2 in 82% or 76% 

yield (Scheme 10). According to literature reports,20 we envisioned that the reaction should be initiated by 

the cycloaddition of molecular oxygen with the diene of the furan to give a peroxide intermediate. 

Following this, a radical-mediated process involving the homolysis of the C-O bond, the radical 

abstraction from CHCl3
21 followed by the formation of C=O bond is assumed to produce the unsaturated 

lactone. The reaction proceeded with the complete diastereoselectivity regarding the stereochemistry at 

C-6, and again, the electron-rich nature of the C4-C6 fused furan may account for the observed 

chemoselectivity.    
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Scheme 10. Conversion of 3 and 3' to 1 and 2 and proposed mechanism 
 

CONCLUSION 

The furan-based transformations are quite useful in organic synthesis, and this realization has been well 

demonstrated by the results from our total synthetic studies on Teucrium clerodanes. In which, the 

efficient construction of the fused C4-C6 furan via the reductive elimination of the α,β-unsaturated 

lactone has led to the total synthesis of montanin A and 12-epi-montanin A. In addition, the extremely 

liberal character of the very furan ring under the Corey-Schmidt and air oxidative conditions has allowed 

the straightforward synthesis of teuscorolide, 12-epi-teuscorolide, teucvin and 12-epi-teucvin from 

montanin A and 12-epi-montanin A. As such, a unified synthetic route to 19-nor clerodane diterpenoids 

has been established.    

EXPERIMENTAL 

Unless otherwise stated, all of the reagents were obtained from commercial suppliers and used without 

further purification. Tetrahydrofuran (THF) was distilled from sodium-benzophenone, and benzene and 

dimethyl formamide (DMF) were distilled from calcium hydride before use. TLC analysis was carried out 

on Merck 25 DCAlufolien Kieselgel 60F254 aluminum-backed plates visualized by using UV light, or by 

means of an ethanolic solution of vanillin (5%) with sulphuric acid (5%). All of the products were 

purified by flash chromatography using Merck Art.9385 Kiesegel 60 silica gel (230-400 mesh). NMR 

spectra (1H, 13C) were recorded on a Brücker 400 spectrometer using deuteriochloroform (CDCl3) as 

solvent. Chemical shifts measurements are reported in delta () units. Splitting patterns are described as 

singlet (s), doublet (d), triplet (t), quartet (q) or multiplet (m). Coupling constants (J) are reported in Hertz 

(Hz). Infrared (IR) spectra were recorded on an IR-FT JASCO 410 spectrophotometer (neat) and 

resonances are reported in wave numbers (cm-1). High resolution mass spectra (HRMS) were determined 

by using a A. E. I. model MS-50 mass spectrometer in fast atom bombardment (FAB) mode. Synthesis 

and spectral data for 3, 4, 5, 6, 7, 9, 10, 11, 11' and 16 are found in the electronic supplementary 
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information accompanying with reference 10 in different designated numbers. 

(6R*,7R*,8S*)-7-(Hydroxymethyl)-7-(hydroxyethyl)-6-methyl-3-oxatricyclo[6.3.1.04,12]dodec-1,4-

diene (8) 

To a solution of compound 5 (232 mg, 0.66 mmol) in THF (5 mL) at −40 °C under an atmosphere of 

nitrogen was added Dibal-H (1.0 M in hexane, 3.3 mmol, 3.3 mL) slowly. The resulting solution was 

stirred at −40 °C for 25 min, quenched with aqueous 6N HCl carefully to reach pH = 2, and the mixture 

was allowed to warm to room temperature. The aqueous layer was extracted with Et2O (2 x 10 mL). The 

combined organic extracts were washed with water (2 x 10 mL) and brine (30 mL), dried over anhydrous 

magnesium sulfate, filtered and concentrated. The crude residue was purified with flash chromatography 

on silica gel (EtOAc:hexanes = 1:10) to provide readily separable compounds 7 (93mg, 48%) and 8 (73 

mg, 44%). 

8: IR 3387 cm-1. 1H NMR (CDCl3, 400 MHz): δ 7.00 (s, 1H), 3.83 (t, J = 7.4 Hz, 2H), 3.50 (s, 2H), 2.62 

(m, 2H), 2.51 (br d, J = 12.2 Hz, 1H), 2.40-2.29 (m, 2H), 2.05-1.95 (m, 2H), 1.88 (m, 4H), 1.25-1.21 (m, 

2H), 1.12 (d, J = 6.9 Hz, 3H). 13C-NMR (CDCl3, 100 MHz): δ 146.8 (C), 135.9 (CH), 120.7 (C), 119.4 

(C), 62.7 (CH2), 59.0 (CH2), 42.1 (C), 39.6 (CH), 37.1 (CH), 34.2 (CH2), 30.1 (CH2), 25.1 (CH2), 24.4 

(CH2), 19.4 (CH2), 16.7 (CH3). HRMS (EI) calcd. for C15H23O3 [M+1]+: 251.1647, found: 251.1655. 

Generation of 9 using RuCl2(PPh3)3 (Table 1, entry 8): To a solution of 7 (48 mg, 0.16 mmol) in 

benzene (8 mL) at room temperature under nitrogen was added RuCl2(PPh3)3 (90 mg, 0.24 mmol). The 

resulting mixture was stirred for 4 days, filtered with celite, and the solvent was removed from the filtrate 

to provide the crude product. The crude residue was purified with flash chromatography on silica gel 

(EtOAc:hexanes = 1:10) to provide compound 9 (40.5 mg) in 85% yield. 

12-epi-Montanin A (3'): To a solution of compound 11' (12 mg, 0.03 mmol) in THF (5 mL) at room 

temperature under nitrogen was added quickly lithium hydride (0.3 mg, 0.04 mmol). The resulting 

mixture was heated to reflux for 2 h, and allowed to cool to room temperature. The reaction was 

quenched with water (3 mL) and the aqueous layer was separated and extracted with Et2O (2 x 3 mL). 

The combined organic layers were washed with brine (6 mL), dried over anhydrous magnesium sulfate 

and the solvents were removed. The crude product thus obtained was placed onto flash chromatography 

column and eluted (EtOAc:hexane = 1:15), giving 3' (9 mg, 86%) as a colorless liquid.  

IR (film) 1762 cm-1. 1H NMR (CDCl3, 400 MHz): δ 7.45 (m, 1H), 7.42 (m, 1H), 7.05 (s, 1H), 6.41-6.38 

(m, 1H), 5.36 (t, J = 8.6 Hz, 1H), 2.78-2.54 (m, 5H), 2.49-2.20 (m, 4H), 2.07-1.90 (m, 3H), 1.27 (d, J = 

8.8 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 175.5 (C), 147.9 (C), 144.3 (CH), 144.1 (CH), 139.6 (CH), 

136.2 (CH), 125.5 (C), 119.7 (C), 117.0 (C), 108.1 (CH), 71.6 (CH), 50.7 (C), 39.7 (CH2), 39.1 (CH), 

30.0 (CH3), 25.6 (CH2), 23.9 (CH2), 19.1 (CH2), 17.7 (CH3). HRMS (EI) calcd. for C19H20O4: 312.1362, 

found: 312.1357. 
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(1R*,4’R*,5S*,6R*,7R*,10R*)-1-Formyl-7-methylbicyclo[4.4.0]-decan-9-one-6-spiro-1’-[4’-(3- 

furyl)-3’-oxacyclopetan-2’-one] (12): To a solution of 3 (15 mg, 0.048 mmol) in CH2Cl2 (4 mL) at room 

temperature was added PDC (73 mg, 0.19 mmol) under a nitrogen atmosphere. The resulting mixture was 

stirred for 4 h, filtered with celite, and the solvent was removed from the filtrate to provide the crude 

product. Purification with flash chromatography on silica gel (EtOAc:hexane = 1:5) gave the compound 

12 (13 mg, 80%) as a colorless oil. 

IR 1760 cm-1. 1H NMR (CDCl3, 400 MHz): δ 9.63 (s, 1H), 7.46 (d, J = 0.6 Hz, 1H), 7.44 (d, J = 1.7 Hz, 

1H), 6.39 (d, J = 0.9 Hz, 1H), 5.47 (t, J = 8.6 Hz, 1H), 3.18 (dd, J = 15.9, 13.1 Hz, 1H), 2.78-2.70 (m, 

2H), 2.67 (br, 1H), 2.60-2.48 (m, 4H), 2.30-2.12 (m, 4H), 1.09 (d, J = 6.6 Hz, 3H). 13C NMR (CDCl3, 100 

MHz): δ 200.3 (C), 192.2 (CH), 176.1 (C), 147.8 (C), 146.0 (C), 144.3 (CH), 139.6 (CH), 124.7 (C), 

107.9 (C), 72.3 (CH), 52.8 (C), 46.8 (CH), 45.6 (CH2), 39.2 (CH2), 37.3 (CH), 25.1 (CH2), 23.3 (CH2), 

20.3 (CH2), 17.6 (CH3). HRMS (FAB) calcd. for C19H21O5 [M+1]+: 329.1389, found: 329.1389. 

(4S*,6R*,7R*,8S*)-7-Carbethoxy-7-(carbethoxymethyl)-6-methyl-4-hydroxy-3-oxatricyclo- 

[6.3.1.04,12]dodec-1-en-2-one (13): To a solution of compound 6 (37 mg, 0.11 mmol) in DMF (2 mL) at 

room temperature was added PDC (165 mg, 0.44 mmol) under a nitrogen atmosphere. The resulting 

mixture was stirred for 4 h, filtered with celite, and the solvent was removed from the filtrate to provide 

the crude product. Purification with flash chromatography on silica gel (EtOAc:hexane = 1:2) gave the 

compound 13 (23 mg, 58%) as a white powder, which was recrystallized from hexane to yield a 

crystalline solid suitable for X-ray analysis. 

IR 3462, 1729 cm-1. 1H NMR (CDCl3, 400 MHz): δ 4.08 (q, J = 7.0 Hz, 2H), 4.00 (q, J = 7.1 Hz, 2H), 

3.18 (t, J = 7.7 Hz, 1H), 2.92 (d, J = 14.9 Hz, 1H), 2.60 (d, J = 14.9 Hz, 1H), 2.50-1.80 (m, 7H), 1.46 (qt, 

J = 10.3, 0.2 Hz, 1H), 1.20 (t, J = 7.1 Hz, 3H), 1.11 (t, J = 7.1 Hz, 3H), 1.11-0.92 (m, 2H), 0.89 (d, J = 6.9 

Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 171.4 (C), 171.3 (CH), 171.2 (C), 162.7 (C), 126.5 (C), 102.3 

(C), 60.9 (CH2), 60.7 (CH2), 55.2 (C), 40.7 (CH2), 36.1 (CH2), 35.2 (CH), 33.2 (CH), 23.7 (CH2), 21.5 

(CH2), 19.3 (CH2), 16.1 (CH3), 14.0 (CH3), 13.9 (CH3). HRMS (FAB) calcd. for C19H27O7 [M+1]+: 

367.1757, found: 367.1757. 

(4R*,5R*,6S*)-5-Carbethoxy-5-(carbethoxymethyl)-10-formyl-4-methylbicyclo[4.4.0]dec-10-en-2-one

(14): To a solution of compound 6 (38 mg, 0.11 mmol) in CH2Cl2 (8 mL) at room temperature was added 

PDC (124 mg, 0.33 mmol) under a nitrogen atmosphere. The resulting mixture was stirred for 4 h, filtered 

with celite, and the solvent was removed from the filtrate to provide the crude product. Purification with 

flash chromatography on silica gel (EtOAc:hexane = 1:5) gave the compound 14 (37 mg, 95%) as a 

colorless oil. 
1H NMR (CDCl3, 400 MHz): δ 9.64 (s, 1H), 4.18-3.97 (m, 4H), 2.99-2.91 (m, 2H), 2.84 (d, J = 13.5 Hz, 

1H), 2.76-2.72 (m, 3H), 2.63 (d, J = 13.2 Hz, 1H), 2.39 (dd, J = 12.5, 2.0 Hz, 1H), 2.04-1.95 (m, 1H), 
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1.91 (dd, J = 11.1, 2.8 Hz, 1H), 1.73 (td, J = 7.9, 2.6 Hz, 2H), 1.24 (t, J = 5.8 Hz, 3H), 1.20 (t, J = 5.6 Hz, 

3H), 1.05 (d, J = 5.8 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 200.5, 192.6, 173.2, 170.6, 148.5, 145.6, 

61.0, 60.7, 51.1, 46.3, 41.0, 39.7, 35.5, 23.9, 23.4, 20.7, 16.1, 14.0, 13.9. HRMS (EI) calcd. for C19H26O6: 

350.1729, found：350.1729. 

(4S*,6R*,7R*,8S*)-7-Carbethoxy-7-(carbethoxymethyl)-6-methyl-3-oxatricyclo[6.3.1.04,12]dodec- 

1,3-dien-2-one (15): To a solution of p-toluenesulfonic acid (35 mg, 0.21mmol) in benzene (5 mL) at 

room temperature was added the solution of compound 13 (80 mg, 0.22 mmol) in benzene (2 mL) under 

nitrogen. The resulting mixture was then heated to reflux for 15 min, allowed to cool to room temperature, 

diluted with CH2Cl2 (3 mL), and quenched with dilute aqueous sodium bicarbonate (3 mL). The aqueous 

layer was separated and extracted with CH2Cl2 (3 x 3 mL), and the combined organic layers was washed 

with brine, dried over anhydrous magnesium sulfate. Filtration, concentration, and purification with flash 

chromatography on silica gel (EtOAc:hexane = 1:1) gave the desired product 15 (48 mg, 98%) as a 

colorless liquid.  
1H NMR (CDCl3, 400 MHz): δ 5.21 (d, J = 2.0 Hz, 1H), 4.12 (qd, J = 5.7, 1.5 Hz, 2H), 4.08-3.95 (m, 2H), 

3.14-3.07 (m, 2H), 2.91 (d, J = 12.3 Hz, 1H), 2.75 (d, J = 12.3 Hz, 1H), 2.37 (dd, J = 14.4, 3.9 Hz, 1H), 

2.20-2.12 (m, 1H), 2.08 (dd, J = 8.9, 3.8 Hz, 2H), 1.66-1.57 (m, 1H), 1.24 (t, J = 5.7 Hz, 3H), 1.13 (d, J = 

6.6 Hz, 3H), 1.09 (t, J = 5.7 Hz, 3H), 0.8-0.7 (m, 1H). 13C NMR (CDCl3, 100 MHz): δ 171.0 (C), 170.9 

(C), 169.8 (C), 153.4 (C), 147.4 (C), 121.9 (C), 108.7 (CH), 60.8 (CH2), 60.7 (CH2), 54.2 (C), 37.0 (CH), 

35.6 (CH2), 35.3 (CH), 29.0 (CH2), 22.4 (CH2), 19.3 (CH2), 16.3 (CH3), 14.1 (CH3), 13.9 (CH3). HRMS 

(EI) calcd. for C19H24O6: 348.1573, found: 348.1572. 

(4’R*,6R*,7R*,8S*)-6-Methyl-4-hydroxy-3-oxatricyclo[6.3.1.04,12]dodec-1-en-2-one-7-spiro-1’-[4’- 

(3-furyl)-3’-oxacyclopetan-2’-one] (16'): To a solution of compound 3' (4 mg, 0.012 mmol) in DMF (2 

mL) at room temperature was added PDC (18 mg, 0.048 mmol) under a nitrogen atmosphere. The 

resulting mixture was stirred for 4 h, filtered with celite, and the solvent was removed from the filtrate to 

provide the crude product. Purification with flash chromatography on silica gel (EtOAc:hexane = 1:2) 

gave the compound 16' (2 mg, 38%) as a colorless oil. 

IR 3347, 1764 cm-1. 1H NMR (CDCl3, 400 MHz): δ 7.45 (s, 1H), 7.43 (d, J = 1.7 Hz, 1H), 6.38 (d, J = 0.9 

Hz, 1H), 5.36 (t, J = 8.5 Hz, 1H), 2.70 (tt, J = 3.0, 2.96 Hz, 1H), 2.62 (dd, J = 14.0, 7.4 Hz, 1H), 2.40 (dd, 

J = 13.9, 7.4 Hz, 1H), 2.35-2.25 (m, 2H), 2.22 (t, J = 12.6 Hz, 3H), 2.18-2.04 (m, 3H), 2.00-1.78 (m, 2H), 

1.16 (d, J = 6.9 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 175.6 (C), 170.6 (C), 159.9 (C), 144.3 (CH), 

139.6 (CH), 128.7 (C), 125.0 (C), 107.9 (CH), 102.0 (C), 71.9 (CH), 54.3 (C), 40.3 (CH2), 40.0 (CH), 

38.2 (CH2), 37.9 (CH), 29.6 (CH2), 24.2 (CH2), 21.6 (CH2), 14.1 (CH3). HRMS (FAB) calcd. for 

C19H21O6 [M+1]+: 345.1338, found：345.1337. 
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12-epi-Teuscorolide (4'): To a solution of p-toluenesulfonic acid (2 mg, 0.009 mmol) in benzene (2 mL) 

at room temperature was added the solution of compound 16' (2 mg, 0.006 mmol) in benzene (5 mL) 

under nitrogen. The resulting mixture was then heated to reflux for 15 min, allowed to cool to room 

temperature, diluted with CH2Cl2 (3 mL), and quenched with dilute aqueous sodium bicarbonate (1 mL). 

The aqueous layer was separated and extracted with CH2Cl2 (3 x 3 mL), and the combined organic layers 

were washed with brine, dried over anhydrous magnesium sulfate. Filtration, concentration, and 

purification with flash chromatography on silica gel (EtOAc:hexane = 1:1) gave the desired product 4' (2 

mg, 99%) as a colorless liquid.  

IR 1763, 1708 cm-1. 1H NMR (CDCl3, 400 MHz): δ 7.45 (s, 1H), 7.44 (d, J = 1.6 Hz, 1H), 6.37 (t, J = 0.6 

Hz, 1H), 5.40 (t, J = 8.4 Hz, 1H), 5.23 (d, J = 1.5 Hz, ,1H), 2.89 (t, J = 6.7 Hz, 1H), 2.73-2.67 (m, 1H), 

2.59 (dd, J = 14.0, 8.4 Hz, 1H), 2.43 (dd, J = 14.0, 8.4 Hz, 1H), 2.37 (d, J = 6.0 Hz, 1H), 2.35-2.20 (m, 

1H), 2.20-2.10 (m, 1H), 2.02 (dq, J = 12.0, 3.6 Hz, 1H), 1.70-1.50 (m, 2H), 1.33 (d, J = 7.4 Hz, 3H). 13C 

NMR (CDCl3, 100 MHz): δ 174.7, 169.6, 150.9, 148.0, 144.3, 139.6, 125.2, 124.5, 107.9, 107.3, 71.6, 

53.5, 40.1, 39.4, 39.4, 23.5, 22.4, 19.4, 17.2. HRMS (FAB) calcd. for C19H19O5 [M+H]+: 327.1232, found: 

327.1229. 

Synthesis of Teucvin (1) from Montanin (3): The solution of 3 (18 mg, 0.056 mmol) in CHCl3 (2 mL) 

was stirred at room temperature under an air atmosphere for 3 days. The solvent was removed then the 

residue was purified by flash chromatography giving teucvin (1) (15 mg, 82%).  
1H NMR (CDCl3, 400 MHz): δ 7.44 (m, 2H), 6.37(m, 1H), 5.43 (t, J = 8.5 Hz, 1H), 4.74-4.73 (m, 1H), 

2.67-2.62 (m, 1H), 2.53 (d, J = 8.6 Hz, 2H), 2.13-2.25 (m, 5H), 2.02-1.99 (m, 3H), 1.92-1.86 (m, 1H), 

1.05 (d, J = 6.8 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 175.9 (C), 173.0 (C), 161.3 (C), 144.3 (CH), 

139.5 (CH), 126.2 (C), 125.0 (C), 108.0 (CH), 78.2 (CH), 71.7 (CH), 53.5 (C), 42.1 (CH), 40.9 (CH2), 

36.0 (CH), 35.2 (CH2), 24.8 (CH2), 21.7 (CH2), 19.6 (CH2), 17.0 (CH3). HRMS (EI) calcd. for C19H20O5: 

328.1311, found: 328.1308. 

Synthesis of 12-epi-Teucvin (2) from 12-epi-Montanin A (3'): The solution of 3' (12 mg, 0.039 mmol) 

in CHCl3 (2 mL) was stirred at room temperature under an air atmosphere for 3 days. The solvent was 

removed then the residue was purified by flash chromatography giving 12-epi-teucvin (2) (10 mg, 82%).  
1H NMR (CDCl3, 400 MHz) δ 7.44 (m, 2H), 6.40 (m, 1H), 5.37 (t, J = 8.6 Hz, 1H), 4.76-4.71 (m, 1H), 

2.60 (dd, J = 14.0, 8.1 Hz, 1H), 2.57-2.54 (m, 1H), 2.40 (dd, J = 14.0, 9.1 Hz, 1H), 2.30-2.24 (m, 1H), 

2.18-1.92 (m, 7H), 1.42-1.32 (m, 1H), 1.20 (d, J = 6.6 Hz, 3H). 13C NMR (CDCl3, 100 MHz): δ 175.4 (C), 

173.0 (C), 161.5 (C), 144.3 (CH), 139.7 (CH), 126.9 (C), 125.0 (C), 107.9 (CH), 78.3 (CH), 71.9 (CH), 

53.8 (C), 40.7 (CH2), 40.1 (CH), 38.2 (CH), 35.5 (CH2), 24.3 (CH2), 21.9 (CH2), 19.6 (CH2), 16.8 (CH3). 

HRMS (EI) calcd. for C19H20O5: 328.1311, found: 328.1305. 
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