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EPOXIDATION OF SESQUITERPENE LACTONES
TOURNEFORIN AND LUDARTIN

R. I. Dzhalmakhanbetova,1* M. A. Rodichev,1                                                                                    UDC 547.314
Yu. V. Gatilov,2 M. M. Shakirov,2

G. A. Atazhanova,1 and S. M. Adekenov1

Epoxy derivatives of the sesquiterpene lactones ludartin and tourneforin were synthesized.  Their structures
were elucidated using spectral data and x-ray structure analysis.
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Sesquiterpene lactones contain various pharmacophore groups, one of which is an epoxide ring.  Introduction into
sesquiterpene lactones of an epoxide ring is known to increase substantially the biological activity [1, 2].  Therefore, we
performed epoxidation of eudesmane- and guaiane-type sesquiterpene lactones containing unsaturated double bonds.  We
used for the epoxidation peracetic acid that was prepared by the literature method [3].  Reaction of tourneforin (1) at room
temperature with peracetic acid in CHCl3 produced crystalline compound 2, mp 195–198°C, in 43% yield.

Elemental  analysis  indicated  that  2  contained  four O atoms.  Resonances of protons on C-6, C-3, CH3-14, and
CH3-15 were shifted in the PMR spectrum of 2 (Table 1).  The resonance of lactone proton H-6 (δH 4.71) was shifted to strong
field by 1.04 ppm (δH 5.75 in the starting lactone) due to the formation of the epoxide ring.  Resonances of the C-4 methyl and
C-10 angular methyl were shifted to strong field by 0.07 and 0.38 ppm, respectively.  Furthermore, resonances for protons on
C-2 and C-3 shifted by 0.2–0.3 ppm.  The presence in the PMR spectrum of two symmetric doublets at δH 5.71 (J = 3.0 Hz) and
δH 6.38 (J = 3.0 Hz) belonging to the exomethylene double bond proved that the reaction was regioselective, i.e., only the
C4—C5 double bond was involved in the reaction.

Resonances of C-4 and C-5 in the 13C NMR spectrum (Table 1) were shifted to strong field and appeared as two
singlets at δC 63.43 and δC 65.00 (δC 139.75 and 128.19 in the starting molecule).  Resonances of C-1, C-3, and C-15 were
also shifted by about 4 ppm.

An x-ray structure analysis was consistent with the α-orientation of the epoxide ring.  Figure 1 shows the molecular
structure of 2.
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Bond lengths agreed within uncertainty limits with the statistical average values [4].  Six-membered ring A (C1-C5,
C10) had a distorted envelope conformation with C1 deviating by 0.675(3) °A from the plane of the remaining atoms.  Six-
membered ring B (C5-C10) had a distorted boat conformation with C5 and C8 deviating by 0.526(4) and 0.517(5) °A.  The
lactone ring was planar within ±0.055 °A. The same conformation of all rings was found in the crystal of starting tourneforin
[5].  Ring B in the analogous compound 4α,5α-epoxy-7α-hydroxyeudesmanolide [6] (with a cis-fused lactone ring) had the
chair conformation, in contrast with 2 and tourneforin.  Gas-phase quantum-chemical calculations performed by us for 2
showed that the envelope (C1)—boat conformer (rings A and B) was the most stable whereas the envelope(C1)—chair,
envelope(C2)—boat, and envelope(C2)—chair were less stable by 0.8, 2.0,  and 3.1 kcal/mol,  respectively.  Weak H-bonds
C–H...O: C7–H7A...O3 [H...O 2.52 °A, C...O 3.157(4) °A, C–H...O 123°] and C13–H13B...O4 [H...O 2.52 °A, C...O 3.157(4) °A,
C–H...O 171°] formed a 3D architecture in the crystal.  Quantum-chemical calculations were performed using the Priroda
program [7] and the density functional method, PBE functional, and 3z basis.

TABLE 1. PMR (500 MHz, CDCl3, δ, ppm, J/Hz) and 13C NMR (125.76 MHz, CDCl3, δ, ppm) Spectra of 2 and 4

2 4 
C atom 

δH δC δH δC 

1 
1a 
1b 
2a 
2b 
3 
3a 
3b 
4 
5 
6 
7 
8a 
8b 
9 
9a 
9b 
10 
11 
12 
13a 
13b 
14 
15 

 
1.70 m 
1.35 m 
1.53 m 
1.44 m 

 
1.93 m 
1.82 m 

– 
– 

4.71 d (J = 10.0) 
3.76 m 

3.00 dd (J = 6.0, 15.0) 
2.60 dd (J = 2.0, 15.0) 

– 
 
 
– 
– 
– 

5.71 d (J = 3.0) 
6.38 d (J = 3.0) 

1.10 s (3Í) 
1.48 s (3Í) 

 
29.33 t 

 
14.82 t 

 
 

27.37 t 
 

63.43 s 
65.00 s 
76.98 d 
34.91 d 
39.73 t 

 
211.28 s 

 
 

45.59 s 
136.67 s 
169.00 s 
124.61 t 

 
20.13 q 
20.11 q 

– 
 
 

2.32 br.d (J = 14.0) 
1.83 br.d (J = 14.0) 

3.39 s 
 
 
– 

2.36 br.d (J5/6 = 10.0) 
3.72 dd (J6/7 = 11.0, J6/5=10.0) 

2.60 m 
2.10 m 
1.41 m 

 
2.25 q (J = 6.0) 

1.41 m 
– 
– 
– 

6.14 d (J = 3.0) 
5.43 d (J = 3.0) 

1.25 s (3Í) 
1.67 s (3Í) 

59.46 s 
 
 

35.10 t 
 

60.81 d 
 
 

65.19 s 
53.89 d 
80.64 d 
52.42 d 
23.47 t 

 
 

36.98 t 
 

68.79 s 
138.39 s 
168.90 s 
118.93 t 

 
20.35 q 
18.39 q 

 

Fig. 1.  Molecular structure of 2.
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Thus, the structure 9-oxo-4(5)α-epoxy-6,7α(H)-eudesm-12,6-olide was proposed for 2 based on the results.
Reaction of the guaianolide ludartin (3) with peracetic acid gave 4.
The PMR spectrum of 4 (Table 1) showed significant shifts for the resonances of C-1, C-2, C-5, C-10, and C-14,

which confirmed that the epoxide ring had formed at C1-C10.
The PMR spectra showed the resonance for H-6 as a doublet of doublets and as a triplet in starting 3, i.e., additional

coupling of H-6 to the C-10 methyl protons caused splitting of the resonance.  Additional coupling of the lactone proton to
methyl protons was also observed in the 2D 1H–1H COSY spectrum.  Such coupling of a lactone proton was noted in the
cyclopropane derivative of ludartin, the structure of which was established by an x-ray structure analysis [8].  This leads to the
conclusion that the methyl had the β-orientation; the epoxide ring, the α-orientation.

Thus, spectral data (PMR, 13C NMR, 1H–1H and 13C–1H COSY, 1H–1H NOESY) of 4 suggested the structure
3(4)α,1(10)α-diepoxy-5,7α,6β(H)-guai-12,6-olide.

EXPERIMENTAL

IR spectra were obtained in KBr on a Vector 22 instrument.  NMR spectra were recorded on a Bruker DRX-500
spectrometer (operating frequency 500.13 MHz for 1H; 125.76 MHz, 13C; δ-scale) using standard Bruker programs to record
2D 1H–1H and 13C–1H COSY spectra.  Elemental analysis was performed on a Eurovector 3000 A (C, H) analyzer.  TLC used
Sorbfil plates; column chromatography, silica gel (Armsorb) with detection by spraying with aqueous (2%) KMnO4.  Peracetic
acid was prepared by the literature method [3].  The course of reactions was monitored by TLC.

Tourneforin (1) and ludartin (3) were isolated from the aerial part of Artemisia tournefortiana Rchb. and A. filatovae
Kupr., respectively [5, 9].

9-Oxo-4(5)α-epoxy-6,7α(H)-eudesm-12,6-olide  (2).  Tourneforin (1, 200 mg, 0.8 mmol) was dissolved in CHCl3
(2 mL), stirred, treated with peracetic acid (3 mL), and left for 3 d.  The mixture was worked up after the reaction was finished.
The organic layer was dried, filtered, and evaporated in a rotary evaporator.  The solid (0.37 g) was chromatographed over a
column of silica gel (8 g) with elution by petroleum ether:EtOAc (80:20) to isolate 2, mp 195-198°C (EtOAc:petroleum ether),
C15H18O4, Rf 0.71 (EtOAc:petroleum ether, 4:2), yield 91 mg (43%).

Table 1 gives the PMR and 13C NMR spectra.
IR spectrum (KBr, ν, cm−1): 1755 (γ-lactone C=O), 1715 (C=O), 1660 (C=C).
X-ray    structure   analysis   was   carried   out   on   a   Bruker  P4   diffractometer   [graphite   monochromator,

λ(Mo-Kα) = 0.71073 °A, 297 K, θ/2θ-scanning].  The crystallographic data and principal refinement parameters for 2 were
C15H18O4,   MW = 262.29,  orthorhombic  system,  space  group  P212121,  a = 7.0603(4),  b = 8.6073(8),   c = 21.830(1) °A,
V = 1326.6(2) °A3, Z = 4, dcalc = 1.313 g/cm3, μ = 0.095 cm−1, scan range 2θ < 55°, number of measured reflections 1780,
number of reflections with I  ≥  2σ(I) 1466, number of refined parameters 173, R1 [I ≥ 2σ(I)] = 0.0473, wR2 = 0.1331 (all
reflections), GOF = 1.068.  Absorption corrections were made using azimuthal scanning (Tmin/Tmax = 0.908/0.968).  The
structure was solved by direct methods.  Positions and temperature factors of nonhydrogen atoms were refined isotropically
and then anisotropically using full-matrix least-squares methods.  H atoms were located geometrically and refined using the
rider model.  All calculations were performed using the SHELX-97 programs.  The results were deposited in the Cambridge
Crystallographic Data Centre (CCDC 710101) and can be obtained free at http://www.ccdc.cam.ac.uk/cgi-bin/catreq.cgi.

3(4)α,1(10)α-Diepoxy-5,7α,6β(H)-guai-12,6-olide (4).  A solution of 3 (200 mg, 0.8 mmol) in CHCl3 (2 mL) was
stirred, treated with peracetic acid (3 mL), and stirred at room temperature for 16 h.  After the reaction was finished the mixture
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was worked  up,  dried,  and  filtered.   The solid (0.32 g) was chromatographed over a column of silica gel (8 g) to isolate 4,
mp 178-180°C (EtOAc:petroleum ether), C15H18O4, Rf 0.25 (EtOAc:petroleum ether, 2:4).  Yield 106 mg (51%).

Table 1 gives the PMR and 13C NMR spectra.
IR spectrum (KBr, ν, cm−1): 1761 (γ-lactone C=O), 1669 (C=C).

REFERENCES

1. K. Suzuki, M. Okasaka, Y. Kashiwada, Y. Takaishi, G. Honda, M. Ito, Y. Takeda, O. K. Kodzhimatov,
O. Ashurmetov, M. Sekiya, and Y. Ikeshiro, J. Nat. Prod., 12, 1915 (2007).

2. S. M. Adekenov, K. A. Aituganov, K. D. Rakhimov, and V. A. Raldugin, USSR Pat. No. 1,582,575, MKI C 07 D
307/83, C 07 D 303/38, A61K 31/365, 1(10),(4)-Diepoxyguai-11(13)-en-6,12-olide with Antitumor Activity.

3. L. F. Fieser and M. Fieser, Reagents for Organic Synthesis, Wiley, New York, 1967.
4. F. H. Allen, O. Kennard, D. G. Watson, L. Brammer, A. G. Orpen, and R. Taylor, J. Chem. Soc. Perkin Trans. 2, S1

(1987).
5. N. A. Talzhanov, M. A. Rodichev, V. A. Raldugin, Yu. V. Gatilov, M. M. Shakirov, S. A. Ivasenko,

K. M. Turdybekov, and S. M. Adekenov, Khim. Prir. Soedin., 456 (2007).
6. J. S. Sohoni, S. R. Rojatkar, M. M. Kulkarni, N. N. Dhaneshwar, S. S. Tavale, T. N. Gururow, and

B. A. Nagasampagi, J. Chem. Soc. Perkin Trans. 1, 157 (1988).
7. D. N. Laikov, Chem. Phys. Lett., 281, 151 (1997).
8. R. I. Dzhalmakhanbetova, In: Terpenoids: Progress and Promise for Application in Chemistry, Production

Technology, and Medicine [in Russian], Karaganda, 2008, p. 155.
9. R. I. Dzhalmakhanbetova and S. M. Adekenov, Khim. Prir. Soedin., 287 (2005).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


