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PHENOLIC  COMPOUNDS  FROM  Rhododendron  dauricum
FROM  THE  BAIKAL  REGION
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Rhododendron  dauricum L.  (Ericaceae)  is  a  mountainous   half-evergreen   shrub  indigenous to Central Siberia
and  the  Baikal   region.   The  phenolic  complex  of  R.  dauricum   contained    simple     phenols  (hydroquinone,  arbutin,
4-O-methylfloroacetophenone, orcinol, grifolin) [1], phenolcarboxylic acids (p-hydroxybenzoic, anisic, protocatechoic, vanillic,
syringic, 3-methyl ether of gallic acid) [1, 2], coumarins (umbelliferone, scopoletin) [3], chromanes (rhododaurichromanic
acids A and B) [4], chromenes (daurichromenic acid, daurichromenes A–D, confluentin) [4, 5], and flavonoids (poriol, farrerol,
matteucinol, kaempferol, 5-methylkaempferol, quercetin, azaleatin, hyperoside, isohyperoside, avicularin, quercitrin, myricetin,
5-methylmyricetin, gossipetin) [1, 3, 6, 7].  R. dauricum growing in China, Khabarosk Territory, and in the Altai have been
studied previously.

Our goal was to study the qualitative and quantitative content of phenolic compounds in R. dauricum from the Baikal
region.

Leaves of R. dauricum were collected in Irkutsk Oblast (Irkutsk, test plot of SIFIBR, SB RAS, June 28, 2008, raw
material I; August 28, 2008, II; Olkha village, September 3, 2008, III; Orlenok station, September 9, 2008, IV), in the Lake
Baikal basin (Olkhon Island, September 13, 2008, V; November 4, 2008, VI), and in the Republic of Buryatiya (Mukhorshibir
Region, Barsk Ridge, July 25, 2009, VII; Soviet Region, Ulan-Ude, August 25, 2009, VIII; Pribaikal Region, Goryachinsk
village, September 17, 2009, IX).  The speciation was determined by Cand. Pharm. Sci. N. K. Chirikova (IGEB, SB RAS).
Raw material samples are preserved in the herbarium of the Division of Biologically Active Compounds, IGEB, SB RAS.

Dried ground raw material (0.2 kg, VII) was extracted with EtOH (80%, 5�, 1:25) at 80°C.  The EtOH extract was
concentrated to a watery residue that was extracted with hexane, CHCl3, EtOAc, and n-BuOH to produce five fractions:
hexane (20.07 g, 10.04% of air-dried mass), CHCl3 (2.59 g, 1.30%), EtOAc (16.29 g, 8.15%), n-BuOH (8.25 g, 4.13%) and an
aqueous residue (25.22 g, 12.61%).  The total yield of extracted compounds was 36.23% of the air-dried mass.

The CHCl3 fraction (2.4 g) was separated by column chromatography over SiO2 (2 � 30 cm) using hexane:CHCl3
(100:0�70:30) and CHCl3:Me2CO (100:0�50:50) with subsequent rechromatography by preparative TLC
(toluene:EtOAc:HCOOH  3:3:1)  and  HPTLC  (petroleum  ether:Et2O:HCOOH 9:4:1).   This  afforded  1 (10 mg, farrerol,
6,8-dimethyl-5,7,4�-trihydroxyflavanone) [8, 9], 2 (31 mg, scopoletin) [10], 3 (6 mg, umbelliferone) [10], 4 (4 mg, kaempferol)
[11], 5 (10 mg, quercetin) [12], and 6 (11 mg, hyperoside) [12].  The EtOAc (10 g) and n-BuOH extracts (7 g) were
chromatographed over columns of SiO2 (3.5 � 40 cm) using CHCl3:Me2CO (100:0�70:30), Me2CO:EtOH (100:0�50:50),
and EtOH:H2O (95:5�40:60).  Subfractions were separated over columns of polyamide (Woelm, 2 � 20 cm, EtOH:H2O,
0:100�95:5, Me2CO) with subsequent preparative TLC (toluene:EtOAc:HCOOH, 5:4:1; EtOAc:MeOH:H2O, 9.6:1.9:1).

Chromatographic separation of the EtOAc fraction isolated 7 (67 mg, gallic acid 3-methyl ether) [13], 8 (18 mg,
gallic acid) [13], 9 (31 mg, ellagic acid) [14], 10 [11 mg, (+)-catechin], 11 [4 mg, (–)-epicatechin] [15], 6 (214 mg), 12 [2 mg,
(–)-epicatechin-3-gallate] [16], 13 (82 mg, avicularin) [12], 14 (41 mg, quercitrin) [12], and 15 (8 mg, procyanidin B1) [17].
HPLC (conditions 1) of the EtOAc fraction also detected p-hydroxybenzoic (16), gentisic (17), and syringic (18) acids.  The
n-BuOH fraction afforded 8 (10 mg), 10 (5 mg), 12 (6 mg), 15 (12 mg), and 17 (8 mg).

The study found in leaves of R. dauricum 18 compounds.  Of these, 1-7, 13, 14, 16, and 18 were isolated earlier from
this species whereas 8-12, 15, and 17 were isolated for the first time.
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Next we used HPLC (conditions 1) to determine the quantitative content of the dominant constituents of the phenolic
complex in raw material of nine cenopopulations of  R. dauricum  from  Baikal  Region.   The marker compounds were 2, 3,
5–9, 13, and 14 (Table 1).  The results showed that the composition of phenolic compounds from R. dauricum was variable.  As
a rule, hyperoside dominated in the flavonoids whereas the scopoletin content was always 2.2–9.0 times greater than that of
umbelliferone.  R. dauricum leaves in autumn typically had higher contents of coumarins, ellagic acid, and flavonoids.

R. dauricum leaves collected on Olkhon Island (VI) had the highest content of phenolic compounds.  This was
probably explained by the more favorable habitat.  Raw materials III and IV were collected in regions of Irkutsk Oblast with
similar natural conditions.  However, they differed in the level of man-made contamination.  Orlenok station (IV) is located
very close to Irkutsk aluminum plant (affected zone) whereas Olkha village (III) is not affected by it (buffer zone).  Because of
the different ecological conditions, raw material IV typically had lower contents of coumarins (2 and 3) and flavonoid glycosides
(6, 13, and 14) whereas the concentrations of gallic (8) and ellagic (9) acids were increased by 6 and 2.3 times.

The presence of arbutin in R. dauricum was reported [1].  However, we did not observe it in this plant species in
preliminary experiments.  In order to resolve this contradiction, we analyzed extracts of R. dauricum by HPLC (conditions 2).
This also did not detect arbutin and hydroquinones in raw material of the studied cenopopulations.  Analogous results were
obtained earlier for other Rhododendron species, i.e., R. aureum [18], R. ferrugineum, and R. hirsutum [19].

The isolated compounds were identified using melting points, specific rotation, chemical transformations, UV and
13C NMR spectroscopy, spectrophotometric studies on a UV-Vis mini (Shimadzu) spectrophotometer, optical rotation on an
SM-3 polarimeter (Zagorsk Optico-Mechanical Plant), 13C NMR spectra on a VXR 500S (Varian) NMR spectrometer at
operating frequency 125.7 MHz with solutions (1%) of compounds in DMSO-d6, HPLC using conditions 1 on a Summit
liquid  chromatograph  (Dionex)  with  a Prodigy  ODS 3  column  (5 �m, 250 � 4.6 mm,  Phenomenex) and gradient elution
(A, 0.1% TFA; B, MeCN) at flow rate 0.2 mL/min and 20°C with a UVD 170 S UV detector set at � 254 and 280 nm and using
conditions 2 on a Milikhrom A-02 liquid chromatograph (Ekonova) with a Nucleosil 100-5 C18 column (5 �m, 75 � 2 mm)
and gradient elution (A, 0.05 M KH2PO4:MeCN 95:5; B, MeOH) at flow rate 0.15 mL/min and 35°C with a UV detector at
wavelengths 202, 224, 270, and 278 nm.  The chromatographic mobility, spectrum in a stopped-flow solvent, and spectral
ratios were measured during the analysis.  Experiments with additions of standard compounds were also performed.
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TABLE 1. Content of Phenolic Compounds in R. dauricum Leaves, mg/g Air-dried Raw Material

Raw material 
Compound 

I II III IV V VI VII VIII IX 

2 
3 
5 
6 
7 
8 
9 
13 
14 

0.67 
0.21 
0.06 
4.73 
0.81 
1.89 

– 
4.77 
2.23 

2.80 
1.26 
0.04 
3.90 
2.08 
0.78 
6.45 
3.57 
2.09 

1.40 
0.29 
0.02 
4.93 

– 
0.25 
2.74 
3.32 
1.69 

0.98 
0.12 
0.04 
4.37 

– 
1.50 
6.32 
3.17 
1.17 

0.36 
0.04 
0.05 
3.60 
0.70 
3.26 
1.74 
3.17 
2.14 

1.67 
0.26 
0.03 
8.02 
0.85 
1.48 

17.89 
7.20 
3.43 

0.21 
0.03 
0.03 
3.00 
2.49 
0.94 
1.77 
1.63 
0.76 

1.59 
0.38 
ñë. 

5.81 
1.23 
1.22 

– 
3.47 
1.28 

1.74 
0.51 
ñë. 

4.52 
0.73 
0.71 

10.18 
2.98 
1.37 

 



473

REFERENCES

  1. Y. Cao, Q. Chu, and J. Ye, J. Chromatogr. B, 812, 231 (2004).
  2. Y. Cao, C. Lou, Y. Fang, and J. Ye, J. Chromatogr. A, 943, 153 (2001).
  3. N. F. Komissarenko, I. G. Levashova, and G. P. Shnyakina, Chem. Nat. Comp., 9, 629 (1973).
  4. Y. Kashiwada, K. Yamazaki, Y. Ikeshiro, T. Yamagishi, T. Fujioka, K. Mihashi, K. Mizuki, L. M. Cosentino,

K. Fowke, S. L. Morris-Natschkef, and K.-H. Lee, Tetrahedron, 57, 1559 (2001).
  5. N. Iwata, N. Wang, X. Yao, and S. Kitanaka, J. Nat. Prod., 67, 1106 (2004).
  6. E. T. Oganesyan, V. A. Bandyukova, and A. L. Shinkarenko, Chem. Nat. Comp., 3, 233 (1967).
  7. Y. Y. Peng, F. H. Liu, and J. N. Ye, Chromatographia, 60, 597 (2004).
  8. D. T. A. Youssef, M. A. Ramadan, and A. A. Khalifa, Phytochemistry, 49, 2579 (1998).
  9. T. Iwashina, J. Kitajima, and S. Matsumoto, Biochem. Sys. Ecol., 34, 14 (2006).
10. V. M. Malikov, Chem. Nat. Comp., 34, 517 (1998).
11. M.-H. Yang and L.-Y. Kong, Chem. Nat. Comp., 44, 98 (2008).
12. J. S. Choi, H. S. Young, J. C. Park, J.-H. Choi, and W. S. Woo, Arch. Pharm. Res., 9, 233 (1986).
13. K. Matsuo, M. Kobayashi, Y. Takuno, H. Kuwajima, H. Ito, and T. Yoshida, Yakugaku Zasshi, 117, 1028 (1997).
14. A. Srivastava, L. J. M. Rao, and T. Shivanandappa, Food Chem., 103, 224 (2007).
15. C. Ma, B. Li, Q. Xu, and G. Zhang, Chin. J. Appl. Environ. Biol., 12, 487 (2006).
16. T. K. Chumbalov and L. T. Pashinina, Chem. Nat. Comp., 2, 21 (1966).
17. J. F. Stevens, C. L. Miranda, K. R. Wolthers, M. Schmerlik, M. L. Deinzer, and D. R. Buhler, J. Agric. Food

Chem., 50, 3435 (2002).
18. A. G. Gorshkov, I. A. Murashkina, A. L. Vereshchagin, A. I. Syrchina, T. P. Zyubr, and A. A. Semenov, Pharm.

Chem. J., 34, 658 (2000).
19. O. Sticher, F. Soldati, and D. Lehmann, Planta Med., 35, 253 (1979).


	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 2400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


