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The absolute configuration of 3-acetoxybetulinic acid is determined by single crystal X-ray diffraction. 
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Betulinic acid 1 derived from betulin has a complex of valuable pharmacological properties: antiinflammatory, 

wound-healing, hepatoprotecting antiviral, and antitumor [1-3]. Some derivatives of betulin were found to be effective as 

anti-HIV agents [4]. 

In this paper we present the absolute configuration of 3-acetoxybetulinic acid 2, which was obtained by the interaction 

of acetic anhydride in pyridine [5]. The spectral data of 2 proved to be identical to those described in the literature [6]. 

Compound 2 was characterized in the chiral space group P212121 (No. 19) with one molecule in the asymmetric 

center and one molecule of chloroform solvent (Fig. 1).  

The cyclopentane ring adopts a twisted envelope conformation at C22-C23, while all cyclohexane rings adopt a 

chair conformation.  

The acetoxy group is in the equatorial position relative to the C3 atom. The C2-O2-C3-C4 torsion angle is 118.9(3)°. 

 

 

Fig. 1. Molecular and crystal structure of 2 according to X-ray 
crystallography. Thermal displacement ellipsoids are drawn at 
the 40% probability level. A chloroform molecule is omitted. 
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Fig. 2. Crystal packing of the structure of 
compound 2 in the (100) plane. The molecules 
are hydrogen bonded along the [010] direction.  

 
The isopropyl group is also equatorially positioned on the C27 atom of the cyclopentane ring. The C32-C30-C27-C28 torsion 

angle is 78.1(5)°. Other similar structures of betulinic acid derivatives, containing an acetoxy group at the same position, 

have been reported in [7, 8].  

Intermolecular hydrogen bonds between the carboxyl O-H group and the acetoxy C=O group of a symmetry-equivalent 

molecule (O(H)…O distance of 2.682(4) Å) are observed, which link the molecules together in the [010] direction (Fig. 2). 

The absolute configuration of the structure was determined and the following atoms were established as C3(S), 

C6(R), C7(R), C12(S), C13(R), C19(R), C20(R), C23(S), C27(R). 

Experimental. 3-Acetoxybetulinic acid. 500 mg (1.1 mmol) of betulinic acid was dissolved in 0.350 ml of pyridine 

(4.38 mmol) and 4.76 ml (50.4 mmol) of acetic anhydride were added. The mixture was kept for 24 h at room temperature 

and afterwards mixed with 20 ml of ice water. The mixture was stirred for 20 min at 0°C. The product was filtered and the 

residue was chromatographed on Silicagel using a mixture of heptane and dichloromethane solvents (2/8). After 

recrystallization white crystals (437 mg, 80%) were obtained. 

Yield: 80%.  

ESI: m/z 499 (M), m/z 500 (M+H). 

HRMS: C32H50O4. Calculated: 498.37091 Found: 498.37278.  

IR: 2948 (CH sp3), 1722 (C=O), 1687 (C=C), 1246 (C–O).  
1
H NMR: (300 MHz, CDCl3, ppm): δ 4.75 (s, 1H, H29α, 4.61 (s, 1H, H29b), 4.54-4.53 (m, 1H, H3), 3.08-2.94 (m, 

1H, H19), 2.33-1.91 (m, 7H), 2.04 (s, 3H, H32), 1.80-1.14 (m, 21H), 0.99-0.76 (m, 18H), 0.97 (s, 3H, CH3), 0.84 (s, 3H, CH3), 

0.84 (s, 3H, CH3).  
13
C NMR: (100 MHz, CDCl3, ppm): δ 181.49 (C28); 171.09 (C31); 150.39 (C20); 109.76 (C29); 80.95 (C3); 56.36 

(C17); 55.40 (C5); 55,38 (C9); 49.24 (C18); 46.93 (C19); 42.41 (C14); 40.68 (C8); 38.39 (C1); 38.36 (CH2); 37.79 (CH2); 

37.10 (CH2); 36.80 (CH2); 34.22 (C7); 30.54 (CH2); 29.67 (CH2); 28.79 (CH2); 27.94 (CH2); 25.43 (C2); 23.70 (CH2); 21.34 

(C32); 20.83 (C11); 19.34 (CH2); 18.15 (C6); 16.47; 16.18; 16.03 (C23, C26, C25); 14.65 (C27).  

Single crystal X-ray diffraction analysis. Compound 2 was crystaliized from a mixture of heptane/ 

dichloromethane solvents (2/8) at room temperature. 

The X-ray crystallographic data were collected on a SMART 6000 diffractometer equipped with a CCD detector 

using CuKα radiation (λ = 1.54178 Å), φ and ω scans. The data were interpreted and integrated with the program SAINT 

(Bruker) [9]. Both structures were solved by a direct method and refined by full-matrix least-squares on F 2 using the 
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SHELXTL program package [2]. Non-hydrogen atoms were refined anisotropically and the hydrogen atoms were refined in 

the riding mode and isotropic temperature factors fixed at 1.2 times U(eq) of the parent atoms (1.5 times for methyl and 

hydroxyl groups). CCDC-876596 contains the supplementary crystallographic data for this paper and can be obtained free of 

charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystallographic Data Centre, 12, Union Road, 

Cambridge CB2 1EZ, UK; fax: +44-1223-336033; or deposit@ccdc.cam.ac.uk). 

Crystal data for compound 2. C33H51Cl3O4, М = 618.09, orthorhombic, P212121 (No. 19), a = 11.651(1) Å, b = 

14.835(2) Å, c = 19.131(2) Å, V = 3306.5(6) Å3, T = 293(2) K, Z = 4, ρcalc = 1.242 g/cm
3, μ(CuKα) = 2.775 mm–1, F(000) = 

1328, crystal dimensions 0.4×0.4×0.3 mm, 6249 independent reflections (Rint = 0.0877). Final R = 0.0569 for 4863 reflections 

with I > 2σ(I ) and wR2 = 0.1650 for all data. The absolute configuration of the structure was determined with a final Flack 

parameter of 0.01(3) [11]. 

REFERENCES 

1. E. Pisha, H. Chai, I. S. Lee, T. E. Chagwedera, N. R. Farnsworth, G. A. Cordell, C. W. Beecher, H. H. Fong, 

A. D. Kinghorn, and D. M. Brown, Nat. Med., 1, 1046 (1995). 

2. A. Sami, M. Taru, K. Salme, and Y-K. Jari, Eur. J. Pharm. Sci., 29, 1-13 (2006). 

3. R. Mukherjee, V. Kumar, S. K. Srivastava, S. K . Agarwal, and A. C. Burman, Anticancer Agents Med. Chem., 6, 271 

(2006). 

4. H. J. Jeong, H. B. Chai, S. Y. Park, and D. S. Kim, Bioorg. Med. Chem. Lett., 9, 1201 (1999). 

5. J. Y. Kim, H.-M. Koo, and D. S. H. L. Kim, Bioorg. Med. Chem. Lett., 11, 2405-2408 (2001). 

6. D. Thibeault, C. Gauthier, J. Legault, J. Bouchard, P. Dufour, and A. Pichette, Bioorg. Med. Chem., 15, 6144-6157 

(2007). 

7. I. E. Mohamed, M. I. Choudhary, S. Ali, S. Anjum, and Atta-ur-Rahman, Acta Crystallogr., E62, o1352-o1354 (2006).   

8. W.-M. Ding, L.-J. Jing, T. Yu, Y. Wang, and X.-F. Yan, Acta Crystallogr., E65, o1982 (2009).  

9. SAINT, Manual Version 5/6.0, Bruker Analytical X-ray Systems Inc., Madison, Wisconsin (1997). 

10. SHELXTL-NT, Manual Version 5.1, Bruker Analytical X-ray Systems Inc., Madison, Wisconsin (1997). 

11. H. D. Flack, Acta Crystallogr., A39, 876-881 (1983). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>

    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /RUS <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


