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Introduction 

�-Lactone is a common structural motif among many classes 
of natural products, some of which exhibit striking biological 
properties.1 Recently Yoshihito Shiono and co-workers isolated 
�-lactone containing polyketide natural product (5R,7R,9R)-7,9-
dihydroxy-5-decanolide 1 from rice cultures of Cylindrocarpon 

sp. SY-39 along with another compound (4E,6R,9R)-6,9-
dihydroxydec-4-enoic acid (2).2 The biological activity of 
compound 1 has not been fully evaluated, compound 2 exhibited 
moderate antimicrobial activity against Staphylococcus aureus 

NBRC 13276 and Aspergillus clavatus F 318a at a concentration 
of 50 µg per disk.2 As part of our research program targeting on 
the synthesis of lactone containing natural products, earlier we 
reported total synthesis of some lactone containing molecules.3 In 
continuation, herein we describe the stereoselective approach to 
the total synthesis of (5R,7R,9R)-7,9-dihydroxy-5-decanolide.2 

 

 

 

 

The envisaged retrosynthetic strategy for compound 1 is 
delineated in Scheme 1. A linear synthetic strategy was invoked 
wherein compound 1 was accessed from oxidative lactonization  
of corresponding acid obtained from 3, that might be prepared by 
regioselective ring-opening of epoxide 4 followed by dibenzyl 
deprotection. The epoxy alcohol 4 might in turn be obtained from 
chiral homo allylic alcohol 5, that could be prepared from 

commercially available 1, 5 Pentanediol by a sequential 
traditional steps.  

 

 

 

 

 

Scheme 1: Retrosynthetic analysis of  compound 1 
Accordingly, the synthesis of 1 commencing from the 

monoprotected 1,5-pentanediol 6
4 is shown in Scheme 2. The 

primary alcohol function in 6 oxidized under Swern conditions to 
give the aldehyde, which was immediately subjected to the Keck 
asymmetric allylation with (S)-BINOL, 4 Å MS, Ti(OiPr)4, 
allyltributylstannane, CH2Cl2, -78 oC to -20 oC, to afford homo 
allylic alcohol 5 in 80% yield (two steps) and 96% ee. All the 
spectral data of alcohol 5 matched with the reported values of an 
enantiomer but the optical rotation had the opposite sign.5 The 
newly formed hydroxy group in 5 was protected with benzyl 
bromide in the presence of sodium hydride in THF to afford the 
dibenzyl compound 7 in 87% yield. The one-pot oxidative 
cleavage of the terminal double bond in 7 with OsO4-NaIO4 and 
2,6-lutidine in dioxane-water (3:1)6 afforded the desired 
aldehyde, which was immediately treated with 
allyltrimethylsilane in the presence of titanium tetrachloride in 
CH2Cl2 at –78 °C according to Reetz’s protocol7 to give the anti 

1,3-homoallylic alcohol 8 stereoselectively in 73% yield (two 
steps). All the spectral data of this compound matched with our 
earlier data.4   
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Next, Boc protection  of  allylic alcohol 8 with di-tert-butyl 
dicarbonate in the presence of DMAP gave the homoallylic tert-
butyl carbonate 9 in 88% yield. Compound 9 was subjected to the 
Bartlett-Smith iodo-carbonate cyclization8 with NIS in CH3CN to 
furnish the cyclic carbonate derivative, which on treatment with 
K2CO3 in CH3OH delivered the desired syn-epoxy alcohol 4 in 
73% yield (two steps). Regioselective reductive opening of 
epoxide 4 using LiAlH4 in THF furnished syn-1,3-diol 10 in 88% 
yield. 

The relative stereochemistry of the 1,3-diol system in 10 was 
determined by Rychnovsky’s analogy.9 Thus, treatment of diol 
10 with 2,2-DMP in the presence of PPTS in CH2Cl2 at room 
temperature gave the syn-acetonide 11 (86% yield). The 13C 
NMR of 11 showed signals assigned to the acetonide methyl 
group at δ = 19.9 and 30.3 ppm  and quaternary carbon resonated 
at 98.3 ppm  in accordance with Rychnovsky’s9 model for a 1,3-
syn relationship between the acetonide-attached carbons. Thus the 
relative stereochemistry of the newly created stereogenic center 
was unequivocally assigned as syn to the existing one and the 
absolute stereochemistry of the newly created stereogenic carbon 
could be assigned as 'R'. 

 

 

In the next stage debenzylation of compound 10 under  H2 
and 10% Pd-C in CH3OH for 3 h at room temperature gave the 
tetrol 3 (86% yield) which was lactonized in a single step by 
selective oxidation of the primary alcohol to its corresponding 
acid with TEMPO and [bis(acetoxy)iodo]benzene in CH2Cl2, H2O 
(3:1)  followed by cyclization to afford the target molecule 1 in 
75% yield. 
 

 

 

 

Table 1. 
1H and 13C data of natural product and synthetic 

compound. 
_______________________________________________________ 
Position         Natural product                       Synthetic product (1)                                        
  δ 13C  NMR     1H NMR          δ 13C NMR     1H NMR 
 
   1               177.2                                     172.3 
  2,4,6,8       28.1, 34.7      1.79-1.82 m     25.0, 30.2     1.60-1.82 m 
                    43.3, 36.5       1.86-1.93 m     47.7, 45.4      1.86, 1.97 m 
               2.12-2.20 m                      
   3              28.8                2.40-2.45 m    29.2               2.44, 2.54m 
   7               67.7                3.99 m             67.5              4.33 m    
   9               67.1                4.04 m             67.2              4.49 m 
   5              78.9                4.90 quin         77.6              4.87 m 
  10              24.1                1.32 d              19.2              1.37 d 
 

 Surprisingly, the 1H and 13C NMR spectroscopic data of 
synthetic compound 1 are not in consistent with the reported data 
of natural product.2 Thorough examination of the 1H NMR data 
of the synthetic compound 1 revealed contrasting chemical shift 
differences of key hydrogens when compared to the natural 
product. Remarkably the hydrogens attached to the stereogenic 
centres H9 and H7 appeared upfield in the synthetic product 
(Table 1). Moreover, some minor differences between other 
hydrogens and several carbon chemical shifts were also found 
(Table 1).  
 To corroborate the structure assigned of the synthetic 
product further, we resorted to chemical correlation method. The 
diacetate of compound is already known in the literature.10 
Hence, compound 1 was converted into its diacetate under 
standard conditions to obtain 12 (80%). The 1H and 13C NMR 
spectra and other physical data of our synthetic compound 12 

was in complete agreement with literature data.10 The 
comparative chemical analysis of compound 12 with literature 
data confirmed the absolute stereochemistry of synthetic 12 as 
(5R,7R,9R) and since 12 was obtained from 1, extending the 
argument we thus established the structure of synthetic 
compound 1 as (5R,7R,9R)-7,9-dihydroxy-5-decanolide and is 
constitutionally correct. It is therefore likely that the spectral 
discrepancies are due to stereochemical misassignments of the 
natural product. 
 
 
 
 
 

 

In summary, we accomplished the linear, stereocontrolled 
total synthesis of (5R,7R,9R)-7,9-dihydroxy-5-decanolide.1 The 
key features of the synthesis include asymmetric Keck allylation, 
Bartlett-Smith iodocyclization, regioselective ring opening of 
epoxide and oxidative lactonization. The differences in the 
spectral data between synthetic 1 and natural product strongly 
suggested a structural misassignment during the isolation of 
(5R,7R,9R)-7,9-dihydroxy-5-decanolide and a structural revision 
is thus warranted. 
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HIGHLIGHTS 

• �-Lactone natural product 
• Keck asymmetric allylation 
• Iodo-carbonate cyclization 

 


