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Ophiocerins are the compounds isolated by Gloer group 
during the investigations on aquatic fungi living in fresh 
water. They are tetrahydropyran-containing natural products 
and a total of four ophiocerins are known (Figure 1).1

Because tetrahydropyran rings have been an important 
structural part in many known natural products having biolo­
gical activities,2 synthesis of ophiocerins has attracted attention 
of synthetic chemists. Yadav and co-workers investigated the 
synthesis of ophiocerin B (2) and C (3). Their total synthesis 
was based on the asymmetric dihydroxylation to set up the 
required stereogenic centers.3 Our interests in ophiocerins 
have resulted in the total synthesis of ophiocerin A-C (1-3) by
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Figure 1. Ophiocerins.
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Scheme 1. Retrosynthesis of ophiocerin D (4) 

carbohydrate-based approaches.4 After completing the synthesis 
of ophiocerin A-C (1-3), we have been naturally interested in 
the synthesis of ophiocerin D (4). A synthesis of ophiocerin D 
(4) was reported recently starting from xylose.5 They used 
asymmetric dihydroxylation as a key step to implement two 
stereogenic centers and the resulting acyclic precursor was 
cyclized to prepare the tetrahydropyran ring with needed stereo­
chemistry. Herein we report a more efficient and simpler carbo­
hydrate-based approach to the synthesis of ophiocerin D (4). 
Scheme 1 shows the retrosynthetic analysis of ophiocerin D 
(4).

Ophiocerin D (4) would be derived from the acid and the 
sugar parts, which should be synthesized from the D-(+)- 
galactose with the right stereochemical relationship along the 
tetrahydropyran ring. It is first required to synthesize the core 
sugar part and our approach to the core part is summarized in 
Scheme 2. First, D-(+)-galactose was transformed to the bromo­
sugar 5 by a two-step procedure [(1) Ac2。, pyridine, (2) HBr] 
in excellent yield.6 Debromination was successfully achieved 
to provide the debromosugar 6 and it was hydrolyzed to pro­
duce compound 7.7 In order to differentiate four hydroxy 
groups in 7, we first protected C-4 and C-6 hydroxy groups 
(according to the galactose numbering system in Scheme 1) 
(benzaldehyde dimethyl acetal, p-TsOH)8 and acetylated the 
two remaining hydroxy groups at C-2 and C-3. Utilization of 
the selective bromination method (BaCO3, NBS, ABN) allowed 
bromination at C-6 as well as protection at C-4 hydroxy group 
with the benzoyl functionality.9
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Scheme 2. Synthesis of the sugar-derived part 14
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Scheme 3. Total synthesis of ophiocerin D (4)

Next, debromination9 successfully provided the C-6 deoxy­
genated and fully protected sugar derivative 11. The following 
issue is to find out the procedure for selective deprotection of 
acetyl groups with a benzoyl group remained intact. Hydrolysis 
under aqueous basic conditions, however, resulted in the removal 
of all the ester groups. After some experimentation in search 
of the reaction conditions, selective hydrolysis of the acetates 
was finally achieved (AcCl, MeOH)10 to provide 12. It is worth­
while to mention that hydrolysis with p-TsOH (in CH?Cl2/ 
MeOH) was slow and provided a mixture of partially and fully 
hydrolyzed products. After converting the diol 12 to the aceto­
nide 13 (2-methoxyproene, CSA),11 we were able to remove 
the benzoyl group (KOH, MeOH) to secure the intermediate 
14 successfully.12

Esterification is required for completion of the synthesis. 
We naively first tried the esterification of 14 with cis-2- 
butenoic acid.13 But we soon realized that the esterification 
gave rise to a mixture of cis- and trans-isomers (15a and 15b) 
(Eq. 1) under the conditions (DCC and Yamaguchi esterifica­
tion) we examined. We found that subjecting the pure desired 
ester 15a to the esterification conditions described previously 
led to the isomerization of the double bond geometry ending 
up with a mixture of 15a and 15b.

14
esterification

(1)

15근 15b

The required side chain was introduced by esterification 
with 2-butynoic acid in decent yield (DCC, DMAP)14 (53%) 
(Scheme 3). The Yamaguchi protocol did not provide any 
better yield. Removal of the acetonide protecting group1
followed by the selective hydrogenation with Lindlar catalyst 

provided ophiocerin D (4). The spectroscopic data as well as 
optical rotation were identical to those of the natural product.1

In conclusion, ophiocerin D (4) has been synthesized from 
galactose in a total of 14 steps. This synthesis has an advantage 
in the use of cheap and easily available D-(+)-galactose which 
already has all the required stereochemical relationships for 
the synthesis of ophiocerin D (4). The number of steps involved 
in this synthesis is shorter than that in the first synthesis5 (14 
steps from D-galactose vs. more than 17 steps from D-xylose). 
This synthesis presents an efficient way to differentiate stereo­
centers around galactose ring and therefore, could be used for 
the synthesis of other natural products with similar substitution 
patterns on the tetrahydropyaran rings. Selectivity in hydro­
lysis to differentiate acetyl groups from a benzoyl group is an 
interesting feature and could be valuable for the synthesis of 
related compounds, too. The pendent cis-butenoyl group is 
quite labile, readily isomerized to the trans isomer and needed 
to be installed at the last step.
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