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Some natural and synthetic coumarin derivatives 
possess biological activity. Carboranyl-containing 
coumarin derivatives are of particular interest since 
they are the promising synthons for the synthesis of 
new pharmacologically active compounds with 
potentially a wide spectrum of biological activity. 

Further developing our previous studies [1–4] on 
the chemistry of carboranyl-containing dihydro-
coumarin I, we report here on the reaction of I with 
metals and their derivatives. Dihydrocoumarin I was 
prepared by reacting isopropyl-o-carboranyllithium 
with 3-(ethoxycarbonyl)coumarin. 

It was found that dihydrocoumarin I reacted with 
equimolar amount of BuLi in benzene as well as with 
LiOH in THF with the formation of enolate anion II in 
a high yield. Treating II with dilute HCl afforded 
quantitatively the starting dihydrocoumarin I. 
However, the interaction of II with water gave rise to 
benzo-4H-pyran III, which is able to further con-
versions (Scheme 1). 

The reaction of dihydrocoumarin I with active 
metals (Li, Na, K, Mg) in THF provided quantitatively 
ambident resonance-stabilized adducts IV–VII, which 
differ from each other by their composition and 
structure according to the mass spectrometry data 
(Scheme 2). 

The formation of different by composition and 
structure adducts IV–VII agreed with the coordination 
number of the involved metals and the tendency of the 
formed organometallic compounds to association. 

4-(Isopropyl-o-carboranyl)-3-ethoxycarbonyl-3,4-
dihydroxycoumarin (I). To an ether–benzene solution 
of 10 mmol of isopropyl-o-carboranyllithium at 20°C 
was added at stirring 10 mmol of 3-(ethoxycarbonyl)
coumarin. The reaction mixture was stirred for 3 h, 
treated with dilute HCl, and extracted with diethyl 
ether. The extract was dried over Na2SO4 and eva-
porated. The residue was crystallized from hexane. 
Yield 80%, mp 188–189°C (benzene–hexane, 1 : 1) 
(mp 188–189°C [4]). 
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4-(Isopropyl-o-carboranyl)-3-ethoxycarbonyl-5,6-
benzopyran-2-ol (III). a. A solution of 11 mmol of 
BuLi in 10 mL of benzene was added to a solution of 
10 mmol of dihydrocoumarin I in benzene. The 
reaction mixture was stirred for 2 h under argon. The 
precipitate formed was filtered off, the filtrate was 
evaporated, and the residue was crystallized from 
hexane; the combined precipitates were recrystallized 
from benzene–hexane mixture (1 : 1) to give lithium 
enolate II in a 93% yield, mp 220–222°С (decomp.). 
After stirring compound II with water for 2 h, benzo-
4H-pyran III was isolated in 84% yield, mp 179°С 
(ethanol–water, 2 : 1, decomp.) {mp 179°С (decomp.) 
[4]}. 

b. To a solution of 10 mmol of dihydrocoumarin I 
in THF was added 10 mmol of LiOH. The reaction 
mixture was stirred at 20°C for 48 h followed by 
treatment with water. Yield 94%, mp 179°С (decomp.). 

Potassium salt of 4-(isopropyl-o-carboranyl)-3-
ethoxycarbonyl-3,4-dihydroxycoumarin (IV). To a 
solution of 10 mmol of dihydrocoumarin I in 15 mL of 
THF was added 0.4 g of potassium; the reaction 
mixture was stirred at 20°C for 2 h in argon. The 
precipitate formed was filtered off and washed with 
THF. Yield 98%, mp 148–150°С (decomp.). IR 
spectrum, ν, cm–1: 2980, 2934 (С–Н), 2615, 2572 (В–Н), 

1684 (С=О). 1Н NMR spectrum (CD3OD), δ, ppm: 
7.03–7.04 m (4Н, ArH, J 7.26 Hz), 4.12 t (2H, CH2, J 
1.37 Hz), 3.60 q [1H, CH(СН3)2, J 1.50 Hz], 1.30 d 
(3H, CH3), 3.12–1.29 t [1H, CH(СН3)2, J 0.86 Hz]. 11B 
NMR spectrum (CD3OD), δВ, ppm: –4.92 (2В), –8.94 
(4B), –11.05 (4B). Mass spectrum (EI): m/z 440. 
Found, %: С 44.52; Н 6.57; В 22.31. C17H27B10O4K. 
Calculated, %: С 44.63; Н 6.74; В 22.41. 

Sodium salt of 4-(isopropyl-o-carboranyl)-3-ethoxy-
carbonyl-3,4-dihydroxycoumarin V was prepared 
similarly from 10 mmol of compound I and 0.25 g of 
sodium. Yield 96%, mp 185–187°С (decomp.). IR 
spectrum, ν, cm–1: 2981, 2943, 2878 (С–Н); 2615, 
2570 (В–Н), 1682, 1613, 1596 (С=О), 1538 (С=С). 1Н 
NMR spectrum (CD3OD), δ, ppm: 1.23–1.90 m (10Н, 
ВН), 2.16 d [6H, (CH3)2CH, J 6.73 Hz], 3.70–4.13 m 
(8H, CHСН2, J 6.15 Hz), 4.16 septet [1H, CH(СН3)2, J 
6.93 Hz], 6.92–6.96 m (1H, Ar), 7.02–7.06 m (1H, 
Ar), 7.11–7.19 m (3H, Ar), 7.22–7.26 m (1H, Ar). 11B 
NMR spectrum (CD3OD), δВ, ppm: 4.68 (2В), –8.76 
(4B), –10.79 (4B). Mass spectrum (EI): m/z 829. 
Found, %: С 50.08; Н 6.72; В 26.97. C34H54B20O8Na. 
Calculated, %: С 50.49; Н 6.93; В 26.73. 

Lithium salt of 4-(isopropyl-o-carboranyl)-3-
ethoxycarbonyl-3,4-dihydroxycoumarin VI was 
prepared similarly from 10 mmol of compound I and 
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0.1 g of lithium. Yield 95%, mp 220–222°С (decomp.). 
IR spectrum, ν, cm–1: 2979, 2880 (С–Н), 2621, 2572 
(В–Н), 1678, 1611, 1594 (С=О), 1536 (С=С). 1Н 
NMR spectrum (CD3OD), δ, ppm: 1.15–3.66 m (10H, 
BH), 4.50 d.d (1Н, СНСН, J 1.54, 6.13 Hz), 6.85–6.90 
m (1Н, Аr), 6.96–7.06 m (3Н, АrН), 7.12–7.16 m (1Н, 
Аr). 11B NMR spectrum (CD3OD), δB, ppm: –4.68 
(2В), –8.58 (4B), –11.11 (4B). Mass spectrum (EI):             
m/z 817. Found, %: С 55.41; Н 7.28; В 24.38. 
C34H54B20O8Li. Calculated, %: С 55.82; Н 7.03; В 24.05. 

Magnesium salt of 4-(isopropyl-o-carboranyl)-3-
ethoxycarbonyl-3,4-dihydroxycoumarin VI was 
prepared similarly from 10 mmol of compound I and 
0.25 g of magnesium at stirring for 24 h. Yield 95%, 
mp 310°С (decomp.). IR spectrum, ν, cm–1: 2983, 
2943, 2879 (С–Н), 2619, 2572 (В–Н), 1667, 1612, 
1595 (С=О), 1527 (С=С). 1Н NMR spectrum (CD3OD), 
δ, ppm: 1.05–1.34 m (10Н, ВН), 1.74 d.d [6Н,                    
(СН3)2СН, J 14.8, 7.2 Hz], 1.99–2.04 septet [1Н, СН
(СН3)2, J 5.12 Hz], 4.24–4.35 d.d (1Н, СНСН2, J 1.8, 

13.3 Hz), 5.13 d (2Н, СНСН2, J 1.7 Hz), 7.1–7.46 m 
(1Н, Аr), 7.71–7.79 m (1H, Аr), 7.91–7.94 m (3Н, 
АrН). 11B NMR spectrum (CD3OD), δB, ppm: 3.54 
(2В), –5.45 (2B), –9.73 (2B), 11.01 (4B). Mass spec-
trum (EI): m/z 1239. Found, %: С 44.32; Н 7.05; В 
39.46. C51H81B30O12Mg. Calculated, %: С 44.11; Н 
7.35; В 39.70. 

REFERENCES 

 1.  Kazantsev, A.V., Aksartov, M.M., and Aksartova, L.M., 
 Metallorg. Khim., 1990, vol. 3, no. 6, p. 1345. 
 2.  Kazantsev, A.V., Kazantsev, Yu.A., and Butyaikin, V.V., 
 Metallorg. Khim., 1992, vol. 5, no. 3, p. 570. 
 3.  Kazantsev, A.V., Butyaikin, V.V., Otrashchenkov, E.A., 
 and Muldakhmetov, Z.M., Izv. Akad. Nauk, 1995,        
 no. 10, p. 2058. 
 4.  Kazantsev, A.V., Otrashchenkov, E.A., Aksartov, M.M., 
 Turdybekov, K.M., Yamovoi, V.I., and Adekenov, S.M., 
 Russ. J. Org. Chem., 2002, vol. 38, no. 11, p. 1635. 
 DOI: 10.1134/S0514749202110137. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS (Pfeps)
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 [14400.000 14400.000]
>> setpagedevice


