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a b s t r a c t

A novel route for the stereoselective total synthesis of (R)-rugulactone 1 has been developed, starting

from substituted epoxide 4 and 3-phenylpropionaldehyde 5 employing Julia-Kocienski olefination as a

key step to construct E-configured a,b-unsaturated keto-group. The overall yield of the synthesized rug-

ulactone is 19.94% and is better than the reported methods.

Ó 2011 Elsevier Ltd. All rights reserved.

The natural products bearing 5,6-dihydro-a-pyrone skeleton

having substituted alkyl side chain at the C-6positionhave attracted

muchattention since the last decadedue to theirmedicinal potential

due to the Michael acceptor property of a,b-unsaturated a-pyrones
for the amino acid residues of the receptors.1 Due to the Michael

acceptor property of this class of molecules they have displayed

diverse arrays of potential biological activities, such as antitumor,

anti-inflammatory, antibacterial, antiviral, antifungal, antialzhei-

mer, antidiabetic, antioxidant, etc.2 The arylalkyl-substituted

a,b-unsaturated d-lactones are omnipresent metabolites of the

evergreen trees of the genus Cryptocarya which are well known for

their potential medicinal properties.3 Recently, 6-arylalkyl-5,

6-dihydro-2H-pyran-2-one, (R)-rugulactone 1 was isolated from

the dichloromethane extract of Cryptocarya rugulosa, which was

found to inhibit nuclear factor-jB (NF-kB) activation pathway and

is active against many types of cancer, exhibiting up to fivefold

inductionof IjBat 25 lg/mL inhuman lymphomacell lines.4 In view

of the potential biological activities displayed by this molecule,

several researchers have put their efforts toward the synthesis of

rugulactone involving novel strategies.

To the best of our knowledge, six syntheses of rugulactone have

already been explored in recent years.5 The first total synthesis

reported by Mohapatra et al. involves the ring closing metathesis

reaction and Horner–Wadsworth–Emmons reaction as key steps.5a

The second synthesis of Venkateswarlu et al. employed Keck’s

asymmetric allylation and Grubb’s cross metathesis reaction as

key steps,5b whereas the third synthesis reported by Fadnavis’s

group involved a chemoenzymatic pathway employing Candida

rugosa lipase.5c The other three syntheses involved mainly the ring

closing metathesis reaction employing diversity of the key inter-

mediates.5d,e Majority of the reported synthetic routes have several

limitations, such as the use of costly reagents, multiple synthetic

steps, and overall low yields of the desired product. Consequently,

there is continued interest in developing new and efficient syn-

thetic routes for the synthesis of rugulactone. Our group has been

working since the last several years on the synthesis of structurally

diverse biologically active natural products employing novel and

efficient synthetic routes.6 In this communication, we wish to

report a new and efficient total synthesis of (R)-rugulactone 1

starting from substituted epoxide 4 and 3-phenylpropionaldehyde

5 employing Julia-Kocienski olefination and Yamaguchi epoxide

opening as key steps.10

Our retrosynthetic plan for the synthesis of target compound 1

is depicted in Scheme 1. We proposed that the synthesis of (R)-

rugulactone 1 could be achieved through the Julia-Kocienski olefin-

ation between aldehyde 14 and sulfone 3 to construct the C8–C9

trans double bond. Aldehyde 14 could be synthesized starting from

the epoxide 4. The synthesis of the sulfone derivative 3 could be

achieved from commercially available 3-phenyl propionaldehyde

5. It has been postulated that the stereochemistry at C-6 position

could be secured by the regioselective ring opening of epoxide 4.

To achieve the synthesis of target compound 1, 3-phenyl propi-

onaldehyde 5 was treated with vinylmagnesiumbromide in THF at

ÿ30 °C to afford the allyl alcohol 6 in 90% yield (Scheme 2). Allyl

alcohol 6 was then protected as the MOM ether to furnish

compound 7. Oxidative cleavage of 7 with OsO4/NaIO4 in diox-

ane/H2O gave aldehyde 8, which without further purification was

reduced with sodium borohydride in methanol to afford the

primary alcohol 9. Alcohol 9 was converted into sulfide 10 by a

Mitsunobu reaction employing 1-phenyl-1H-tetrazole-5-thiol
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(PT-SH) as the nucleophile in 85% yield. Sulfide 10 was then oxi-

dized with m-CPBA to yield the corresponding sulfone 3.

To achieve the synthesis of a-pyrone subunit 2, the known

epoxide7 4 was coupled with ethyl propionate under Yamaguchi

coupling condition8 affording the corresponding propargylic alco-

hol 11 in 93% yield (Scheme 3). Subsequent hydrogenation of com-

pound 11 over Lindlar catalyst furnished unsaturated ester 12.

Hydrolysis of the ester group of compound 12 proceeded with

in situ lactonization to deliver lactone 13. Removal of the benzyl

protecting group of compound 13 with DDQ in dichloromethane/

water furnished the a-pyrone subunit 2. Aldehyde 14 was pre-

pared by oxidation of 2 using Dess–Martin periodinane and was

used without further purification.

After achieving the synthesis of both the fragments

(compounds 14 and 3), we then proceeded to the Julia-Kocien-

ski9 olefination (Scheme 4). Utilizing the robust and reliable pro-

cedure reported by Kocienski, sulfone 3 was deprotonated with

potassium bis(trimethylsilyl)amide (KHMDS) and subsequently

treated with crude aldehyde 14 to afford compound 15 in 65%

yield. MOM deprotection of 15 and subsequent oxidation of

the resulting crude alcohol with IBX furnished the target mole-

cule 1 in 92% yield. The physical and spectral properties of our

synthetic target compound 1 closely matched with the literature

data.

In conclusion, a convergent synthesis of (R)-rugulactone 1 has

been achieved starting from commercially available inexpensive

3-phenyl-1-propanal 5 and the known epoxide 4 employing Yam-

aguchi coupling and Julia-Kocienski olefination reaction as key

steps with the overall yield of 19.94%.
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Scheme 1. Retrosynthetic analysis of (R)-rugulactone 1.
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Scheme 2. Reagents and conditions: (i) vinyl magnesium bromide, THF, ÿ30 °C,

90%; (ii) MOMCl, DIPEA, 0 °C to rt, 90%; (iii) OsO4, 2,6-lutidine, NaIO4, dioxane/water

(3:1); (iv) NaBH4, MeOH, 0 °C, 95% over two steps; (v) TPP, PTSH, DIAD, THF, 0 °C to

rt, 85%; (vi) m-CPBA, CH2Cl2 0 °C, 90%.
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Scheme 3. Reagents and conditions: (i) Ethyl propionate, n-BuLi, BF3.OEt2, ÿ78 °C, THF, 93%; (ii) H2, Lindlar catalyst, quinoline, EtOAc, 91%; (iii) 3% HCl in methanol, 90%; (iv)

DDQ, CH2Cl2–H20, 80%; (v) DMP, dry CH2Cl2, 0 °C to rt.
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Scheme 4. Reagents and conditions: (i) 3, KHMDS, dry THF, ÿ78 °C, 65%; (ii) (a) 37% HCl, ethanol, 40 °C, 93%; (b) IBX, dry DMSO, 92%.
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