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ABSTRACT: The first stereoselective total synthesis of the natural products Marliolide-(4R,SR,3E)-4-hydroxy-S-methyl-3-
tetradecylidenedihydrofuran-2(3H)-one (1) and Vittarilide-B (1b) has been accomplished using a carbohydrate-based approach
starting from D-glucose. The synthesis of Marliolide-(4R,SR,3E)-4-hydroxy-S-methyl-3-tetradecylidenedihydrofuran-2(3H)-one (1)
was achieved in 13 steps with an overall yield of 6.5%, featuring key transformations such as reduction, Wittig olefination, TEMPO-
mediated oxidation, isomerization, and debenzylation. Vittarilide-B (1b) was synthesized in 18 steps with an overall yield of 8.8%,
involving crucial steps like inversion, radical-mediated lactonization, Steglich esterification, and deprotection. The synthesis of
Marliolide (1) led to the discovery of a notable isomerization phenomenon, where the Z-isomer was converted to the E-isomer
during the oxidation step using BAIB and TEMPO. Various reaction conditions were investigated for this isomerization process, with
the TEMPO-mediated reaction consistently providing the best results. The synthesis of Vittarilide-B (1b) required the inversion of
stereochemistry at the C-2 position of the common intermediate 6b, followed by a sequence of steps to obtain the final product. The
analytical data for both synthetic Marliolide-(4R,5SR,3E)-4-hydroxy-S-methyl-3-tetradecylidenedihydrofuran-2(3H)-one (1) and
Vittarilide-B (1b) were consistent with the data reported for the natural compounds. This work demonstrates the efficiency of using
readily available chiral pool materials like D-glucose in the stereoselective synthesis of complex natural products and provides a
foundation for further exploration of their biological activities and potential therapeutic applications.

y-Lactones, organic compounds found in various natural development.'™ In this study, we focus on synthesizing
products, exhibit a wide range of biological activities, including compounds that include y-lactones, given their frequent
occurrence in nature. Various p-butyrolactones have been
discovered in Litsea japonica, each displaying unique biological
activities, following the identification of Litsenolides.’ ™’
Additionally, Chin et al. found that extracts from the bark of

od_, o N0 Cinnamomum cambodianum possess potent anti-inflammatory
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antimicrobial, anticancer, anti-inflammatory, and antioxidant

properties. These activities are crucial for drug discovery and

Figure 1. Structures of Marliolide (1) and Vittarilide-B (1b).
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Scheme 1. Retrosynthetic Pathway of Marliolide (1) and Vittarilide-B (1b)
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properties, primarily attributed to Marliolide-(4R,5R,3E)-4-
hydroxy-S-methyl-3-tetradecylidenedihydrofuran-2(3H)-one
(1), sparking further research into its structural variants.®

Marliolide-(4R,SR,3E)-4-hydroxy-5-methyl-3-tetradecylide-
nedihydrofuran-2(3H)-one (1), a natural product, which has
been identified in the leaves of Mollinedia marliae, a plant
known for its anti-inflammatory, antimicrobial, and antioxidant
properties. This discovery adds to the growing list of bioactive
compounds derived from the Mollinedia genus, underscoring
their significance in natural product chemistry.”'" To date,
only the racemic synthesis of Marliolide, has been accom-
plished, with most studies focusing on synthesizing its
structural derivatives."'™*® However, the synthesis of
(4R,SR,3E)-4-hydroxy-5-methyl-3-tetradecylidenedihydrofur-
an-2(3H)-one (Marliolide) (1) has not yet been reported. This
study presents the first asymmetric synthesis of Marliolide-
(4R,5R,3E)-4-hydroxy-5-methyl-3-tetradecylidenedihydrofur-
an-2(3H)-one (1), an «, B-unsaturated y-lactone with an
exocyclic double bond side chain at C-2. This work is part of
ongoing efforts to develop novel chemical entities derived from
D-glucose.

In 2005, Wu et al. identified Vittarilide-B (1b), a component
of the crude methanol extract of Vittaria anguste-elongata
Hayata, which exhibited moderate cytotoxicity against lung,
gastric, and nasopharyngeal carcinoma cell lines."*"> The study
also reported the successful total synthesis and absolute
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stereochemical assignment of Vittarilide-B (1b), a promising
target for synthesis due to its low natural abundance and
significant biological activity. This study will be helpful in
developing novel chemical entities derived from D-glucose and
exploring their pharmacological potential and applications in
medicine (see Figure 1).

Our retrosynthetic plan, inspired by the structural features of
the target compounds, led us to focus on obtaining D-glucose
from commercially available sources. Both compounds were
synthesized from D-glucose using the intermediates methyl
glycosides 6a and 6b. These secondary alcohols, 6a and 6b,
can be readily obtained from p-glucose following established
procedures.'™"® Marliolide (1), a trisubstituted olefin system,
was produced via the Wittig olefination of ketone 4 with Wittig
salt . Ketone 4 was synthesized by oxidizing the fi-anomer of
intermediate 6a.

According to our retrosynthetic analysis, Vittarilide-B (1b)
can be synthesized through the esterification of secondary
alcohol 3b with di-TBS protected trans-caffoeyl moiety 4b.
The secondary alcohol 3b, in turn, can be derived from the
common intermediate 6b by inverting the stereochemistry at
the C-2 position and subsequent lactonization (Scheme 1).

Marliolide (1), and Vittarilide-B (1b) were obtained in 86%
yield from the chiral pool precursor p-glucose, which was first
converted into diacetonide 9 using acetone and CuSO, in an
acidic medium. In the synthesis of Vittarilide-B (1b), the

https://doi.org/10.1021/acsomega.4c10876
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Scheme 2. Synthesis of Marliolide (1) and Vittarilide-B (1b) Intermediates 6a and 6b
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Scheme 3. Synthesis of Marliolide (1)
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stereochemistry at the C-3 position was inverted by oxidation
to a ketone using DMP, followed by reduction with NaBH,,
resulting in a 78% yield. However, in Marliolide (1), the
stereochemistry remained unchanged. The secondary alcohol
at the C-3 position was protected as a benzyl ether 10a in 86%
yield using BnBr and NaH as a base, while Vittarilide-B (1b)
afforded 10b in an 85% yield under similar conditions. The
acetonide deprotection at the C-5 and C-6 positions of the
benzyl ether was carried out using 60% AcOH, resulting in
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compounds 1la and 11b, with an 88% yield for both
Marliolide (1) and Vittarilide-B (1b).

The resulting diol was oxidized using silica-supported
sodium periodate to produce the corresponding aldehyde,
which, upon reaction with sodium borohydride, yielded the
corresponding primary alcohols 12a and 12b in 87% yield. The
next step involved protecting of this primary alcohol by
tosylation with TsCl and TEA, yielding 13a in 84% yield for
Marliolide (1) and 13b in 91% yield for Vittarilide-B (1b). The
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Scheme 4. Isomerization:Z-Isomer to E-Isomer
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Table 1. Reaction Conditions for the Conversion of 17Z to
18E or 18Z

S.No | Reactant Conditions Product Yield
1 BAIB, TEMPO, 60%
DCM, 0 °C, rt,
2h 18E
2 Jones reagent, 0 40%
°C, 1t, 2h
177
3 DMP, DCM, 0 56%
°C, rt, 16h
187
4 Swern oxidation 45%
-78 °C, rt, 16h
Merged
Olefinic-H Splitted \
l Olefinic-H

rd

18Z- isomer 18E- isomer

Figure 2. '"H NMR spectral comparison of 18Z and 18E isomers.

tosylates were then treated with LAH in 1M THF at 70 °C,
producing the deoxygenated methyl derivatives 14a for
Marliolide (1) in 85% yield and 14b for Vittarilide-B (1b) in
89% yield. This deoxygenated derivative was then treated with
Amberlite-IR-120 (H*) to yield methyl glycoside anomers 6a
(40%) and 6 (46%) in 86% yield for Marliolide (1) and 91%
yield for Vittarilide-B (1b)'°~"® (Scheme 2).

The @- and f-anomers were separated for the synthesis of
Marliolide (1), whereas for Vittarilide-B (1b), the synthesis
proceeded with a mixture of anomers. The @- and f-anomers

3202

Anomers were Splitted

6b Sb
Figure 3. Inversion of 6b to Sb depicted in '"H NMR spectra.

Anomers were m‘crgcd

were structurally confirmed using various 2D NMR techniques,
including COSY, NOE, HSQC, and NOESY. In the '"H NMR
spectrum, the 6@-anomer resonated at § 4.94 (d, ] = 4.8 Hz,
1H) ppm, while the 6f-anomeric proton appeared at 6 4.75 (d,
J = 2.5 Hz, 1H) ppm. In the *C NMR spectra, the 6a-
anomeric carbon resonated at § 101.5 ppm, while the 6f-
anomeric carbon resonated at § 109.2 ppm. Consistently, in 'H
NMR, the @-anomers appeared further downfield and had
higher J values than the f-anomers, while in *C NMR, the f-
anomers showed greater chemical shift values than the a-
anomers.

We continued with the f-isomer for the rest of the synthesis,
which was oxidized using Dess-Martin periodinane to give
ketone 4 in quantitative yield. The keto compound 4 was
treated with Wittig salt § [(tetradecyl)triphenylphosphonium
bromide] in the presence of n-BuLi in THF, yielding a 38%
mixture of 2E (22%) and 2Z (16%) isomers. 1 In the 'H NMR
spectrum, the E-isomer shows a resonance at ¢ 5.87 ppm,
slightly downfield compared to the Z-isomer, which resonates
at 6 5.78 ppm. The distinction between the E and Z isomers
was further confirmed using 2D NMR techniques, specifically
NOE and HSQC analysis.

Our next objective was to produce the lactol, which was
subsequently oxidized to produce the lactone with the E
isomer. The 2E-isomer was then treated with 2N HCl in THF
to produce lactol 16E in quantifiable yield. The lactol 16E was
then treated with BAIB and catalgftlc TEMPO in DCM,
yielding lactone 18E in 64% yield” and the same reaction
performed in Dess-Martin periodinane in DCM yielded
lactone in 50%. The characteristic lactone peak was observed

https://doi.org/10.1021/acsomega.4c10876
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Scheme 5. Synthesis of Vittarilide-B (1b)
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in the *C NMR spectrum at § 170.05 ppm. The final step
involved deprotecting the benzyl group by treating lactone 18E
with BBr; in dichloromethane, yielding Marliolide (1) in
77%"" (Scheme 3). The analytical results for synthetic
Marliolide (1) were consistent with existing data for the
natural compound.

"We investigated the synthesis of the lactone corresponding
to the Z-isomer from the lactol intermediate and discovered a
notable isomerization phenomenon. The 2Z-isomer was
treated with 2N HCI in THF, resulting in Lactol 17Z with
quantitative yield. Lactol 17Z was subsequently reacted with
BAIB and TEMPO in dichloromethane (DCM), yielding
lactone 18E in 60% yield, rather than the anticipated Z-isomer
18Z. This reaction facilitated both oxidation and isomerization
in a single step (Scheme 4). Various reagents were evaluated
for the isomerization process, as summarized in Table 1. The
TEMPO-mediated reaction consistently delivered the best
results compared to the Jones reagen‘c.22 In contrast, Dess-
Martin periodinane and Swern oxidation did not induce
isomerization, and the stereochemistry at the 17Z-isomer
remained unchanged.

The '"H NMR spectrum of the 18Z-isomer exhibited the
olefinic proton at § 6.41—6.36 ppm (m, 1H), appearing upfield
compared to the corresponding signal in the 18E-isomer,
which resonated at § 6.97—6.93 ppm (m, 1H). In the 18Z-
isomer, the benzyl methylene protons and the C-3 and C-4
protons displayed splitting, whereas in the 18E-isomer these
signals merged. The '"H NMR spectra for both 18Z and 18E
are shown in Figure 2.

Vittarilide-B. In the synthesis of Vittarilide-B (1b), the
secondary alcohol 6b was oxidized to the corresponding
ketone using Dess-Martin periodinane in dichloromethane.
Subsequent reduction of the ketone with NaBH, in methanol
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afforded compound Sb in 86% yield. The transformation was
confirmed by TLC and 'H NMR analysis. In 6b, the methoxy
protons of the anomers were well-separated, while in Sb, they
shifted closer together. The 'H NMR spectra for both 6b and
Sb are shown in Figure 3.

The Lactol 19 was obtained in 81% yield”” by demethylating
the methyl glycoside Sb with 0.5N H,SO, at 70 °C and was
subsequently converted to lactone 20 in 84% yleld using N-
iodosuccinimide and tetrabutylammonium iodide.*

The alcohol 20 was protected w1th TBS using TBSCI and
imidazole, resulting 21 in a 90% yield.”* The benzyl ether was
hydrogenated in the presence of 10% Pd/C in methanol,
producing secondary alcohol 3b in 82% yield.””

In the penultimate phase, we employed Steglich esterifica-
tion to produce the tri-TBS derivative 2b in 89% yield by
treating alcohol 3b with di-TBS protected caffeic acid'>* 4b
using DCC and DMAP in DCM.* Vittarilide-B (1b) was
obtained by deprotecting the TBS groups of 2b under acidic
conditions with 6N HCI in THF, resulting in a 72% yield
(Scheme 5).”” The analytical results for synthetic Vittarilide-B
(1b) were consistent with the reported data for the natural
compound.

B CONCLUSION

In conclusion, we successfully accomplished the first stereo-
selective total synthesis of Marliolide (1) and Vittarilide-B
(1b) using a carbohydrate-based approach. Both natural
products were synthesized from bD-glucose in 13 and 18
steps, respectively, with overall yields of 6.5% and 8.8%. The
synthesis of Marliolide (1) involved several key trans-
formations, including reduction, Wittig olefination, TEMPO-
mediated oxidation, isomerization, and debenzylation. On the
other hand, Vittarilide-B (1b) was synthesized through a
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sequence involving inversion, radical-mediated lactonization,
Steglich esterification, and deprotection.
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