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NEPETADIOL, A NEW TRITERPENEDIOL FROM Nepeta suavis

F. U. Khan,!* J. Hussain,! I. U. Khan,! R. Ullah,! I. Ali,2 UDC 547.92+547.918
Z. Muhammad,! H. Hussain,? and M. R. Shah?

Nepetadiol, a new tetracyclic triterpene diol (1), was isolated from the chloroform-soluble portion of the
whole plant of Nepeta suavis. In addition, lawsonin (2) and lawsonic acid (3) have been isolated for the first
time from this species. The structures of the isolated compounds were based on 'H and 13C NMR spectra,
including two-dimensional NMR techniques like COSY, HMQC, and HMBC, and comparison with the
literature data.
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The genus Nepeta L. (Lamiaceae) has over 250 species distributed in Europe, Asia, and a few areas of Africa [1, 2].
Many species of the genus have been investigated and found to contain monoterpenoids, diterpenoids, and triterpenoids [3, 4].

Among the various medicinal properties, Nepeta species are famous for treating cardiovascular complaints such as
angina pectoris, cardiac thrombosis, tachycardia, and weakness of the heart [5]. Several Iranian Nepeta species have been of
great interest for use in Iranian folk and traditional medicines, and are used in the treatment of various diseases [6], including
N. hindostana for sore throat [7], and its decoction for fever and pain, including earache and toothache [8].

These medicinal properties prompted us to carry out phytochemical investigations on Nepeta suavis. Phytochemical
investigations on this plant have led to the isolation of nepetadiol, a new triterpene diol (1), together with known compounds
lawsonin (2) and lawsonic acid (3), which have been isolated for the first time from the title species.

The chloroform-soluble fraction of Nepefa suavis afforded compound 1 as a white powder. The EI-MS of 1 exhibited
the [M]* at m/z 444.3162. The molecular formula was deduced from HR-EI-MS as C;0H;5,0, corresponding to the mass
m/z 444.3166 and was consistent with five degrees of unsaturation. The absorption at 3422, 1670, and 1610 cm™! in the IR of
1 revealed the presence of hydroxy, carbonyl, and olefinic functions, respectively, in the molecule.

The 'H NMR resonances (Table 1) of compound 1 exhibited eight methyl signals at & 0.94, 0.93, 1.04, 1.18, 1.11,
1.68, and 1.69 (3H - 19, 29, 18, 28, 30, 26, 27), 1.10 (3H, d, J = 6.5 Hz, H-21), an olefinic proton at § 5.23 (J = 7.0 Hz, H-24),
and two oxygenated methines at 4 3.19 (dd, J =4.0, 10.8 Hz, H-3) and 4.1 (m, H-16), suggesting that the molecule belongs to
the tetracyclic triterpenoid skeleton.

The '3C NMR spectrum (Table 1) of compound 1 corroborated the presence of 30 carbon signals, identified as eight
methyls, nine methylenes, eight methines, and five quaternary carbons on the basis of DEPT experiment. The HMBC and
NOESY experiments were very informative in determining the structure. The olefinic proton (1H, H-24) correlated with the
C-24 (125.9) in the HMQC spectrum and showed long-range correlations with the vinylic methyl C-26 (23.6) and another
methyl C-27 (21.2) in the HMBC spectrum, as shown in Fig. 1.
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TABLE 1. 'H NMR (400 MHz, CD,0D, §, ppm, J/Hz) and '3C NMR Data (100 MHz, CD,0D, 8) of Compound 1

Position S¢ Position Oy d¢
1 40.1 (CH,) 16 4.1 (m) 77.3 (CH)
2 27.8 (CH,) 17 1.32(dd, J=7.5, 11.3) 552 (CH)
3% 79.0 (CH) 18 1.04 3H, s) 17.8 (CHy)
4 40.5 (C) 19 0.94 (3H, s) 17.6 (CHy)
5 62.8 (CH) 20 0.98 (m) 39.8 (CH)
6 26.6 (CH,) 21 1.10 3H, d, T = 6.5) 25.3 (CH3)
7 47.8 (CH,) 22 27.7 (CH,)
8 42.4 (C) 23 22.9 (CH,)
9 50.8 (CH) 24 523(,1="17) 125.9 (CH)
10 40.3 (C) 25 135.5 (C)
11 22.4 (CH,) 26 1.68 (3H, s) 23.6 (CH3)
12 27.7 (CH,) 27 1.69 (3H, s) 21.2 (CH3)
13 50.0 (C) 28 1.18 3H, s) 31.4 (CH;)
14 42.9 (CH) 29 0.93 3H, s) 16.1 (CHs)
15 42.3 (CH,) 30 1.11 3H, 5) 18.1 (CHs)

*For position 3: 8;; 3.19 (1H, dd, J = 4.0, 10.8, H-3).
p H

Fig. 1. Significant correlation observed in HMBC (—=) and
NOESY (=—) experiment of compound 1.

This showed that both methyls are attached to the olefinic carbon and are located at the terminal of the side chain.
Further interaction was also observed in the NOESY experiment between the vinylic proton at C-24 and the two terminal
methyl protons at C-26 and C-27 of compound 1. The presence of the hydroxyl group of compound 1 was confirmed at C-3
(79.0, CH). The B-orientation of the hydroxyl group was inferred from the chemical shift and coupling pattern of the C-3
proton [9]. On the other hand, the signal at & 77.3 was due to the C-16 bearing a hydroxyl group, and the corresponding H-16
was absorbed at 8y; 4.1, which is in agreement with the reported compound having the hydroxyl group at C-16 [10]. This
assignment was based on the multiplicity of the signals at H-15 and H-17, as well as the pronounced downfield shift of the
C-17 signal to § 55.2 as compared to the usual shifts of C-17 in the compound, which do not have the hydroxyl group [11, 12].

The stereochemistry of compound 1 was determined by the NOESY experiment by correlating the cross peaks observed
between H;-18/H-16, which confirms the S-position of H-16 at C-16 (Fig. 1). From these observations and from the comparison
of spectral data with those reported in the literature, compound 1 was determined to be a lanostane-type triterpene diol [12].

EXPERIMENTAL

General Experimental Procedure. Optical rotation [0l], was determined using a Jasco-DIP-360 digital polarimeter.
UV and IR spectra were recorded on Hitachi-UV-3200 and Jasco-320-A spectrophotometers, respectively.
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The 'H and 13C NMR, COSY, HMQC, and HMBC spectra were recorded on Bruker spectrometers operating at 400
and 100 MHz, respectively, in CD;0D using TMS as an internal standard. The chemical shift values are reported in ppm (8
units) and the coupling constants (J) are in Hz. EI, CI MS were recorded on a JMS-HX-110 spectrometer with a data acquisition
system and on a JIMS-DA 500 mass spectrometer. The sample was subjected to column chromatography using silica gel
(Merck, Darmstadt, Germany) of 70-230 mesh size followed by flash column chromatography using silica gel 230-400 of
mesh size. Thin layer chromatography was performed using pre-coated silica gel G-25-UV s, plates, while its detection was
observed at 254 nm, and by the ceric sulfate reagent followed by heating.

Plant Material. The whole parts of Nepeta suavis (Lamiaceae) were collected in July 2006 at the Parachinar Kurram
Agency NWFP and were identified by botanist Siraj Ahmad at the Department of Botany Post Graduate College, Jehanzeb
Swat. A voucher specimen (No. GPGC. 507) has been deposited at the Herbarium of the department.

Extraction and Isolation. The air-dried ground, whole parts of N. suavis (4.0 kg) were initially extracted with (4.0 L)
of MeOH at room temperature three times. The solvent was evaporated under reduced pressure to give a dark residue (120.0 g),
which was partitioned between hexane (30.0 g), chloroform (60.0 g), butanol (20.0 g), and water (10.0 g). The chloroform
extract was subjected to silica gel chromatography using hexane with a gradient on chloroform up to 100% and followed by
methanol. Four fractions A, B, C, and D were collected. Fraction B of the first column was loaded on silica gel and eluted with
hexane—chloroform (7:3) to give compound 1 (6 mg). Similarly the ethyl acetate soluble fraction was also frationated and four
fractions A, B, C, and D were obtained.

Fraction C of the first column was also subjected to column chromatography and eluted with CHCl;-MeOH (9:1) to
give compound 2 (10.0 mg). Fraction D of the first column, which contained compound 3, was loaded on a silica gel column
using MeOH-CHCl; (2:8) to purify compound 3 (7.0 mg).

Compounds 2 and 3 were identified as lawsonin and lawsonic acid by comparison of their physical and spectral data
with those reported in the literature [13].

Triterpenediol (1). White powder (11 mg); IR (KBr, cm™!): 3422 (OH), 1725 (C=0), 1624 (C=C); [0(]12)5 +19.37°
(¢ 0.163 MeOH); UV (CH;OH, A,,,, nm): 248; HR-EI-MS m/z: 444.3166 [M]" (calcd for C5,Hs,0,, 444.3162); EI-MS
(70 e/v) m/z (rel. int. %): 444.3162 [M'] (8), 55 (35), 59 (38), 111 (42), 248 (100). For the 'H and '3C NMR spectral data, see
Table 1.

ACKNOWLEDGMENT

The authors wish to thank the Higher Education Commission, Government of Pakistan, for providing financial support
for the current study under the National Research Program for Universities (NRPU).

REFERENCES
1. H. L. Pooter, B. Nicolai, J. DeLaet F. Buyck, N. M. Schamp, and P. Goeghebeur, Flavour Fragr. J., 3, 155 (1988).
2. H. C. Cotrim, J. G. Barroso, A. C. Figueiredo, M. S. S. Pais, and J. J. C. Scheer, Flavour Fragr. J., 9, 71 (1994).
3. S. D. Sastry, W. R. Springstube, and G. R. Waller, Phytochemistry, 11, 453 (1972).
4. V. U. Ahmad and F. V. Mohammad, J. Nat. Prod., 49, 524 (1986).
5. S. A. Tbrahim and M. S. Ali, Turk. J. Chem., 31, 463 (2007).
6. G. R. Amin, Popular Medicinal Plants of Iran, Ministry of Health Publications, Tehran, 1, 1991, pp. 40—41.
7. R. N. Chopra, S. I. Nayar, and 1. C. Chopra, Glossary of Indian Medicinal Plants, CSIR New Delhi, 1956, p. 174.
8. G. A. Stuart, Chin. Mater. Med., Shanghai, 281 (1911).
9. H. Kizu, M. Koshijima, M. Hayashi, and T. Tomimori, Chem. Pharm. Bull., 33, 1400 (1985).

10. A. Ahmed, M. Asim, M. Zahid, A. Ali, and V. U. Ahmad, Chem. Pharm. Bull., 51, 851 (2003).

11. C. H. Jiang, R. Fukuoka, F. Aoki, T. Tanaka, and I. Kouno, Chem. Pharm. Bull., 47, 257 (1999).

12. K. Zou, S. Zhu, C. Tohda, S. Cai, and K. Komatsu, J. Nat. Prod., 65, 346 (2002).

13. B. S. Siddiqui and M. N. Kardar, Phytochemistry, 58, 8 (2001).

236



	Abstract
	Keywords
	EXPERIMENTAL
	General Experimental Procedure
	Plant Material
	Extraction and Isolation

	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


