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Abstract

Klaivanolide (acetylmelodorinol) is an anti-leishmna/anti-trypanosomal agent isolated from
Uvaria klaineana and the structure was originally assigned as aeiftbered lactone with
extended conjugation ar&lconfiguration at the lactone junction. Very redgnthe structure of
klaivanolide was revised as previously known conmab@acetylmelodorinol. Now, we have
synthesized the revised structure in racemic fosmgia short route.
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Introduction

Leishmaniasis and trypanosomiasis are the causaiftéring for millions of people in both
tropical and subtropical zones of the world fott Issveral years! The available treatment for
most parasitic diseases with the existing drugfesdifom several limitations such as toxicity,
parenteral administration, emergence and spreadraf resistance. There is a need for the
discovery of new drugs which address some of tlessees. Along these lines, klaivanolidg, @
natural product isolated from thévaria klaineana by Lauren’s group in 2002showed potent
anti-leishmanial activity. Compount showed an 16 value of 1.75uM against the sensitive
strain and an I§; value of 3.12uM against the amphotericin B-resistant strairloflonovani,
which is three fold better than the marketed gregtamidine (Ig, = 8.52uM). The structure of

1 was elucidated by spectroscopic methods and thelwtke configuration was assigned using
the VCD spectroscopy by Figadére’s group in 2b¥@ry recently, structural revision of natural
product klaivanolide was published by same grifubccording to this report, the structure of
klaivanolide was assigned to a previously known poamd acetylmelodorinoRf**** (Figure
1). This natural product attracted our attentiomaose of its potent biological activity and
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unique structure. As a part of our research groetjpvity towards finding novel chemotypes
against different diseas&5!® we have initiated a medicinal chemistry prograntmelevelop a
lead compound against leishmaniasis based on kialide (acetylmelodorinol). While we were
struggling to synthesize the target compoundith original structure, structural revision of
natural product klaivanolide was published. Accoglly, we have stopped all our efforts to
synthesize the previously assigned structure arettéid our efforts to the revised structure of
klaivanolide. Our efforts on this project are ddsed here.
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Figure 1. Structures of klaivanolide, acetylmelodorinol gehtamidine.

Results and Discussion

Retrosynthetic analysis of the target moleculehimag in scheme 1. The natural prod@atan
be visualized from the exocyclic olefdia allylic oxidation with selenium dioxide. Théeéin
3 could be synthesised by aldol reaction betweetkriog/n aldehyde4) and 2-furanone.
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Scheme 1Retrosynthetic analysis of acetylmelodorinol (redistructure of klaivanolide).

Although synthesis of acetylmelodorinol was knownthe literature by four different
routest’** we wanted to synthesize the same target usingra séquence which is amenable to
analogues synthesis. Our planned synthesis begdmavknown aldehydd prepared from
corresponding olefin through ozonolyé%&? which was subjected to aldol condensation with 2-
furanoné” followed by exposure to triethylamine/acetic anligemproduced a mixture of E/Z-
isomers of3 (~1:3 ratio)® Allylic oxidation of exocyclic olefin present i using selenium

dioxide in 1,4-dioxane furnished two alcohéland6 in 69% yield. Both the compounds were
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cleanly separated on silica gel column. Compo&ndith cis double bond happened to be a
known compound in the literature as melodorinotgrel product):*** *"2’All the spectral data
was compared with published data and found to leatical™** *"*' The compoundsis-
melodorinol ) andtrans-melodorinol 6) were subjected to acetylation to give correspogdi
acetylmelodorinol2 and itstrans-isomer7, respectively. All the spectral data of the sytithe
racemic acetylmelodorind is in complete agreement with the literature regor*™*?
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Scheme 2Synthesis of acetylmelodorinol and related compsun

Conclusions

In summary, we have accomplished the total syrshafsacetylmelodorinol (revised structure of

klaivanolide) and its related compounds in racefaren using a short sequence. The present
route is useful for the generation of variety o&lmgues which ultimately can be useful for the

identification of anti-leishmanial agents with nbekemotypes.

Experimental Section

General. All reactions were carried out in oven-dried glgage under argon or nitrogen unless
otherwise specified, with magnetic stirring. Aimséive reagents and solutions were transferred
via syringe or cannula and were introduced to the @ppsvia rubber septa. All reagents,
starting materials, and solvents were obtained frmmmercial suppliers and used without
further purification. Reactions were monitored byntlayer chromatography (TLC) with 0.25
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mm precoated silica gel plates (684 Visualization was accomplished with either Ughi,
iodine vapours, or by immersion in ethanolic san§ of phosphomolybdic acidjara-
anisaldehyde, or KMng followed by heating with a heat gun for ~15 sewluBin
chromatography was performed on silica gel (100-80@30-400 mesh size). High resolution
mass spectra (HRMS, ESI) were recorded with an ORBP mass analyser (Q Exactive). Mass
spectra were measured with electro spray ionizatith an MSQ LCMS mass spectrometer.
Infrared (IR) spectra were recorded on an FT-IRcspeneter as thin films. Optical rotations
were recorded on a P-2000 polarimeter at 589 nrant@al nomenclature was generated using
Chem Bio Draw Ultra 13.0.

3-Butenyl benzoate.To a solution of but-3-en-1-ol (1 g, 13.9 mmol)dry DCM was added
pyridine (2.24 mL, 27.8 mmol) and benzoyl chlori¢® mL, 20.8 mmol) at 0 °C. Reaction
mixture was warmed slowly to room temperature, ghed with water and washed well with 1N
HCI, saturated solution of NaHGOwater, dried over N&O, and purified by flash column
chromatography eluting with 5% ethyl acetate: peéegave 3-butenyl benzoate (2.24 g, 91%)
as colorless oiftH NMR (400 MHz, CDCY) & (ppm): 8.04 (m, 2 H), 7.55 (m, 1 H), 7.44J{7.7
Hz, 2 H), 5.91 - 5.84 (m, 1 H), 5.20 - 5.10 (m, , ¥38 (t,J 6.7 Hz, 2 H), 2.54 (¢] 6.6 Hz, 2
H). **C NMR (100 MHz, CDGJ) § (ppm): 166.6, 134.0, 132.9, 130.3, 129.5, 12813,3, 64.0,
33.2. HRMS calculated forgH;30,[M + H]* 177.0910, found 177.0906.

3-Oxopropyl benzoate (4)A solution of 3-butenyl benzoate (2.2 g, 12.5 mnioljiry DCM (20
mL) was cooled to -78 °C and stream affassed through it till reaction mixture becomesebl
and excess of ozone was removed by passing a strfeaxygen for 3 minutes. Dimethyl sulfide
(2.37 mL, 18.75 mmol) was added and reaction metuas warmed slowly over the period of 3
h to room temperature and stirred for another Sdivent was removed under reduced pressure
and crude aldehydé(2.11 g, 95%) which was used as such without &urgurification for next
step.

3-(5-Oxofuran-2(5H)-ylidene)propyl benzoate (3).To a solution of diisopropylamine (2.5 ml,
17.8 mmol) in dry THF (20 mL) was addeeBuLi (1.5 M in hexane, 11.9 mL, 17.8 mmol) at -
78 °C dropwise and reaction mixture stirred fom#iutes. The solution of 2-furanone (1 g, 11.9
mmol) in dry THF (10 mL) was added dropwise andrisiyy continued for another 30 minutes
before addition of aldehydé (2.11 g, 11.9 mmol) in 10 mL of dry THF. The reantmixture
stirred for 1.5 h at -78 °C and quenched with Sofmsaturated solution of NY€I and slowly
warmed to room temperature, diluted with ether esaghed with saturated solution of MNH
(10 mL). Solvent was removed under reduced pressutlecrude product was dissolved in dry
DCM, treated with triethylamine (1.5 mL), acetichgdride (1.0 mL) and DMAP (catalytic) at
room temperature for 2 h. diluted with water andshed with 1IN HCI, saturated solution of
NaHCGQ;, brine and dried over N8O, and purified by column chromatography g&v€L.7 g,
59% over two steps) as colorless oil. URax (CHC film cm™): 3020, 1773, 1718, 1214, 1068
cm™. Spectral data given only fais-isomer.'H NMR (400 MHz, CDCJ) & (ppm): 8.03 (dd)
8.1, 1.0 Hz, 2 H), 7.57 (m, 1 H), 7.44 (m, 2 HB%Y(d,J 5.6 Hz, 1 H), 6.19 (d] 5.6 Hz, 1 H),
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5.38 (t,J 7.7 Hz, 1 H), 4.45 (1) 6.4 Hz, 2 H), 2.89 (qJ 6.6 Hz, 2 H). **C NMR (100 MHz,
CDCl) 6 (ppm): 169.6, 166.4, 151.0, 143.4, 133.1, 12929.4, 128.4, 119.9, 111.8, 63.1, 26.2.
HRMS calculated for GH1,0,Na [M + NaJ 267.0628, found 267.06109.
2-Hydroxy-3-(5-oxofuran-2(5H)-ylidene)propyl benzoate (5) & (6). To a solution of
compound3 (0.1 g, 0.4 mmol) in dry 1,4-dioxane (5 mL) wasled Se®@(0.068 g, 0.6 mmol)
and reaction mixture was refluxed for 48 h. Cootedroom temperature, filtered through
whatman paper and solvent was removed under requesdure, product was purified by silica
gel column chromatography eluting with 30% ethydtate: pet ether to afford the melodoribol
(0.054 g, 52%) an® (0.017 g, 17%) as oikis-melodorinol 6): IR vmax (CHCk film cm™):
3664, 3413, 2857, 1878, 1719, 12".NMR (400 MHz, CDC}) § (ppm): 8.04 (m, 2 H), 7.58
(m, 1 H), 7.45 (m, 2 H), 7.39 (d4,5.5 Hz, 1 H), 6.26 (d] 5.2 Hz, 1 H), 5.40 (d] 8.2 Hz, 1 H),
5.19 (dddJ 7.9, 6.1, 4.3 Hz, 1 H), 4.47 (m, 2 HJC NMR (100 MHz, CDGJ) & (ppm): 168.8,
166.7, 150.1, 143.6, 133.4, 129.7, 128.6, 128.%,112113.0, 67.5, 66.0. HRMS calculated for
C1sH120sNa [M + Na]* 283.0577, found 283.057@ans-melodorinol 6): IR vmax (CHCk film
cm™): 3664, 3413, 2857, 1878, 1719, 12%1.NMR (400 MHz, CDC}) & (ppm): 8.04 (d,) 7.6
Hz, 2 H), 7.91 (dJ 5.5 Hz, 1 H), 7.60 (m, 1 H), 7.46 &,7.6 Hz, 2 H), 6.28 (d] 5.8 Hz, 1 H),
5.81 (m, 1 H), 4.94 (diJ 7.1, 3.8 Hz, 1 H), 4.51 (dd,11.6, 3.7 Hz, 1 H), 4.39 (dd,11.6, 7.0
Hz, 1 H).**C NMR (100 MHz, CDG)) & (ppm): 168.9, 166.7, 152.0, 140.9, 133.6, 1299,3,
128.6, 121.7, 111.9, 68.3, 67.2. HRMS calculatedCaH;,0sNa [M + Na]" 283.0577, found
283.0570.

(2)-2-Acetoxy-3-(5-oxofuran-2(%1)-ylidene)propyl benzoate [acetylmelodorinol] (2). A
solution of compound (0.05 g, 0.19 mmol) in dry DCM (3 mL) was addedigye (31 puL,
0.38 mmol), and acetic anhydride (g8, 0.38 mmol). Reaction mixture was stirred at room
temperature for 3 h and quenched with water, wastatiwith 1N HCI, saturated NaHGO
water, dried over N&O, and purified by flash column chromatography wi@®®2ethyl acetate:
pet ether gave acetylmelodorin@) (0.04 g, 75%) as colorless oil. KRy (CHCL film cm™):
3020, 1784, 1744, 1723, 1214 NMR (400 MHz, CDCJ) & (ppm): 8.03 (dJ 7.3 Hz, 2 H),
7.58 (t,J 7.3 Hz, 1 H), 7.45 () 7.7 Hz, 2 H), 7.37 (d] 5.5 Hz, 1 H), 6.28 (d] 5.5 Hz, 1 H),
6.14 (dddJ 7.9, 6.0, 4.4 Hz, 1 H), 5.32 (@,7.8 Hz, 1 H), 4.59 - 4.50 (m, 2 H), 2.10 (s, 3¥x
NMR (100 MHz, CDC}) 6 (ppm): 169.8, 168.5, 166.0, 150.7, 143.3, 13323,7, 129.5, 128.5,
121.6, 108.9, 67.3, 64.6, 20.9. HRMS calculatedGaH140sNa [M + Na]" 325.0683, found
325.0671 and GH1g0sN [M + NH4]* 320.1129, found 320.1122.
(E)-2-Acetoxy-3-(5-oxofuran-2(H)-ylidene)propyl benzoate (7). Compound 7 was
synthesised from compourdfollowing the same procedure as mentioned for aamg?2. IR
Umax (CHCE film cm™): 3020, 1784, 1744, 1723, 121 NMR (400 MHz,CDCk) & (ppm):
8.02 (m, 2 H), 7.90 (d] 5.6 Hz, 1 H), 7.58 (m, 1 H), 7.46 &,7.7 Hz, 2 H), 6.34dd,J 5.6, 1.7
Hz, 1 H), 5.96 (ddd) 10.2, 6.4, 4.4 Hz, 1 H), 5.72 @10.0 Hz, 1 H), 4.54 - 4.44 (m, 2 H), 2.09
(s, 3 H). °C NMR (125 MHz, CDGCJ) § (ppm): 170.0, 168.6, 166.0, 153.5, 140.2, 13328,2,
129.3, 128.5, 122.5, 107.5, 66.8, 65.0, 21.0. HRd4Rulated for GH14OsNa [M + Na]
325.0683, found 325.0671 andeB150sN [M + NH,4]" 320.1129, found 320.1122.
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