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Various derivatives of dicarboxylic acids of the 
adamantane series are suggested for application as 
components of drugs, catalysts, polymeric and fuels 
and lubricating materials or additives to them. Great 
interest of researchers is explained by liophilicity, high 
thermal and thermooxidative stability of adamantane 
and its derivatives [1–7]. However, until now there 
was no information on the methods allowing to 
estimate the thermooxidative stability of the ada-
mantane derivatives of various structures and to define 
the limits of their application. 

The goal of the present study was to investigate 
thermooxidative properties of diesters of 1,3-disub-
stituted dicarboxylic acids of the adamantane series 
(1,3-adamantane dicarboxylic acid, 3-carboxy-1-ada-
mantylacetic acid, 1,3-adamantyldiacetic acid). In 
order to examine the effect of the nature of the acidic 
residues in the adamantane fragment on the thermo-
oxidative stability a series of diesters with short normal 
alcohol residues С3–С4 and the total number of carbon 

atoms in the molecule of 19–21 was chosen. The 
esterification was carried out in the presence of p-
toluenesulfonic acid, the yields of diesters I–IV were 
71–91% (Scheme 1). 

To determine the thermooxidative stability we have 
used the method of differential scanning calorimetry at 
high pressure (PDSC), which is widely used for 
investigation of thermooxidative properties of various 
oils and their components (CEC L-85-99, ASTM 
D6186-08, ASTM E2009-08) [8–11]. 

The results of investigation of thermooxidative 
stability (the ability to resist oxidation without anti-
oxidative additives) of diesters I–IV by ASTM E2009 
are shown in the figure as the temperature of the 
oxidation (extrapolated) onset temperature (OOT).  

From these data it is evident that homologous ada-
mantane-containing esters I–IV, differing by 1 or                 
2 methylene bridges between the adamantane 
backbone and the carboxy group have different 
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thermooxidative stability. The presence of methylene 
groups at the bridge-head positions of the adamantane 
structure decreases the onset oxidative temperature by 
4–5°С. Apparently, this is due to a decrease in the 
steric shielding of the carbonyl carbon atoms of one or 
two carboxy groups present in the molecules. The 
length of the normal alcohol residue (esters II and III) 
does not seriously affect the value of the temperature 
of the oxidation onset. 

The highest thermooxidative stability among the 
examined compounds is observed for dibutyl 1,3-ada-
mantanedicarboxylate. 

General procedure for the synthesis of com-
pounds I–IV. A mixture of 0.137 mol of the corres-
ponding acid, 0.549 mol of propanol (butanol), and 
0.018 mol of p-toluenesulfonic acid in 120 mL of 
toluene was heated at reflux with Dean-Stark trap in 
the course of 10 h. After separation of the required 
amount of water the mixture was diluted with 100 mL 
of toluene, washed with 15% aqueous sodium 
hydrogen carbonate to рН = 7, then with water, and 
dried over sodium sulfate. The solvent was removed, 
the residue was purified by vacuum distillation. 

Dibutyl 1,3-adamantanedicarboxylate (I). Yield 
88%. bp 160–163°С (0.2 mmHg), nD

20 = 1.4799. IR 
spectrum, ν, cm–1: 1728 (С=О). 1Н NMR spectrum, δ, 
ppm: 0.87 t (6Н, СН3, J = 7.4 Hz), 1.26–1.36 m (4Н, 
СН2), 1.50–1.56 m (4Н, СН2), 1.60–1.62 m (4Н, 
СН2Ad), 1.75–1.83 m (8Н, СH2Ad), 1.95 (2Н, 
СH2Ad), 2.06–2.09 m (2Н, СНAd), 3.99 t (4Н, СН2,          
J = 6.6 Hz). 13С NMR spectrum, δC, ppm: 13.75 (СН3), 
19.19 (СН2), 27.91 (CH), 30.72 (CH2), 35.45 (CH2), 
38.02 (CH2), 39.86 (CH2), 41.00 (С), 64.17 (CH2), 
176.91(С). Mass spectrum, m/z (Irel, %): 336 (5) [M]+, 
281 (100), 235 (30), 225 (40), 179 (20), 133 (22). 
Found, %: С 71.42; Н 9.62. С20Н32О4. Calculated, %: 
С 71.39; Н 9.59. М 336.48 

Dipropyl 3-carboxy-1-adamantylacetate (II). Yield 
83%. bp 133–138°С (0.05 mmHg), nD

20 = 1.4830. IR 
spectrum, ν, cm–1: 1728 (С=О). 1Н NMR spectrum, δ, 
ppm: 0.91 t (6Н, СН3, J = 7.4 Hz), 1.56–1.62 m (10Н, 
СН2Ad), 1.72–1.73 m (4Н, СН2Ad, СН2), 1.74–1.83 m 
(2Н, СH2), 2.05–2.07 m (2Н, СHAd), 2.09 s (2Н, 
СН2), 3.96–3.98 m (4Н, СН2). 13С NMR spectrum, δC, 
ppm: 10.49 (СН3), 10.61 (СН3), 22.09 (СН2), 28.38 
(CH), 32.98 (С), 35.67 (CH2), 38.19 (CH2), 41.33 
(CH2), 41.51 (С), 43.51 (CH2), 48.49 (CН2), 65.79 
(CH2), 171.62 (C), 177.30 (С). Mass spectrum, m/z 
(Irel, %): 322 (2) [M]+, 281 (60), 239 (43), 235 (87), 

221 (33), 193 (62), 179 (38), 147 (40), 133 (100), 91 
(86), 43 (69). Found, %: С 71.80; Н 9.42. С19Н30О4. 
Calculated, %: С 70.74; Н 9.38. М 322.44. 

Dibutyl 3-carboxy-1-adamantylacetate (III). Yield 
71%. bp 140–148°С (0.026 mmHg), nD

20 = 1.4813. IR 
spectrum, ν, cm–1: 1728 (С=О). 1Н NMR spectrum, δ, 
ppm: 0.92 t (6Н, СН3, J = 6.9 Hz), 1.34–1.38 m (4Н, 
СН2Ad), 1.56–1.59 m (10Н, СН2Ad, СН2), 1.72–1.74 
m (2Н, СН2), 1.75–1.81 m (4Н, СН2), 2.07–2.08 m 
(2Н, СH), 2.1 s (2Н, СН2), 4.02–4.04 m (4Н, СН2). 
13С NMR spectrum, δC, ppm: 13.79 (СН3), 13.84 
(СН3), 19.25 (СН2), 19.30 (СН2), 28.39 (CH), 30.77 
(СН2), 33.01 (С), 35.67 (CH2), 38.20 (CH2), 41.33 
(CH2), 41.58 (С), 43.53 (CH2), 48.52 (CН2), 64.04 
(CH2), 64.14 (СН2), 171.67 (C), 177.35 (С). Mass 
spectrum, m/z (Irel, %): 350 (<1) [M]+, 295 (65), 249 
(55), 239 (100), 235 (25), 193 (89), 179 (50), 147 (37), 
133 (98), 91 (75), 57 (38). Found, %: С 72.00; Н 9.83. 
С21Н34О4. Calculated, %: С 71.96; Н 9.78. М 350.49. 

Dipropyl 1,3-adamantanediacetate (IV). Yield 
91%. bp 160–163°С (0.02 mmHg), nD

20 = 1.4842. IR 
spectrum, ν, cm–1: 1730 (С=О). 1Н NMR spectrum, δ, 
ppm: 0.82 t (6Н, СН3, J = 7.3 Hz), 1.36–1.53 m (16Н, 
СН2Ad, CH2), 1.93–1.94 m (2Н, СHAd), 1.97 s (4Н, 
СН2), 3.88 t (4Н, СН2, J = 6.9 Hz). 13С NMR 
spectrum, δC, ppm: 10.53 (СН3), 22.03 (СН2), 28.85 
(CH), 33.35 (С), 35.78 (CH2), 41.42 (CH2), 47.21 
(CH2), 48.44 (С), 65.55 (CH2), 171.55 (C). Mass 
spectrum, m/z (Irel, %): 336 (8) [M]+, 277 (15), 248 
(14), 235 (100), 193 (48), 175 (23), 147 (35), 133 (52), 
91 (59), 43 (62). Found, %: С 71.42; Н 9.63. С20Н32О4. 
Calc, %: С 71.39; Н 9.59. М 336.48. 

Т, °С 

Heat flow,  
mW/mg I 

OOT 218.9°С 
II 

OOT 213.6°С 

IV 
OOT 209.4°С 

III 
OOT 213.8°С 

Thermooxidative stability by ASTM E2009 of esters of 
1,3-substituted dicarboxylic acids of adamantane series. 
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1H, 13С NMR spectra were registered on a Jeol 
JNM ECX-400 (400 MHz) spectrometer in CDCl3. 
Mass spectra were obtained on a ThermoFinnigan 
DSQ chromatomass spectrometer with a capillary 
column ВРХ-5 30 × 0.32 and the energy of ionizing 
electrons 70 eV. Elemental analysis was performed on 
a EuroVector 3000 EA analyzer with L-cystine as a 
standard. FTIR spectra were taken on a Shimadzu IR 
Affinity-1 spectrophotometer in thin layer.  

Thermooxidative stability of the samples in thin 
layer was investigated using the method of differential 
scanning calorimetry at high pressure (PDSC) by 
ASTM E2009 (method B) in aluminum crucibles in 
oxygen atmosphere (35 atm) in dynamic regime (from 
70 to 300°С with the heating rate 10°С/min) on a DSC 
204 HP Phoenix NETZSCH-Gerätebau GmbH 
instrument (Germany). 

ACKNOWLEDGMENTS 

 This work was performed with the financial 
support from the Ministry of Science and Education of 
RF (contract 14.574.21.0008, the unique identifier of 
the project RFMEFI57414X0008). 

REFERENCES 

 1.  Bagrii, E.I., Adamantany: poluchenie, svoistva, pri-
 menenie (Adamantanes: Preparation, Properties, and 
 Application), Moscow: Nauka, 1989.  

 2.  Mang, T. and Dresel, W., Lubricants and Lubrication, 
 John Wiley & Sons, 2007, 2 ed.  
 3.  Yudinova, А.А., Fedoseev, V.А., Yurchenko, А.G., 
 Polis, Ya.Yu., and Isaev, S.D., Khim. Tekhnol., 1980, 
 vol. 2, p. 28. 
 4.  Bagrii, E.I. and Maravin, G.B., Petroleum Chem., 2013, 
 vol. 53, no. 6, p. 418. DOI: 10.1134/S0965544113060029. 
 5.  Akhrem, I.S., Avetisyan, D.V., Goryunov, E.I., 
 Petrovskii, P.V., Kagramanov, N.D., and Churilova, I.M., 
 RF Patent 2458911, 2012; Byull. Izobret., 2012, no. 23. 
 6.  Okada, Y., Ono, H., and Ito, K., USA Patent 
 20100093947, 2010.  
 7.  Chen, L., Leung, T.W., Tao, T., and Gao, K., RF Patent 
 2011147476; Byull. Izobret., 2013, no. 15. 
 8.  Levy, P.F., Nieuweboer, G., and Semanski, L.C., Ther-
 mochimica Acta., 1970, vol. 1, p. 429. DOI: 10.1016/0040-
 6031(70)85013-4. 
 9.  Perez, J.M., Thermochimica Acta, 2000, vols. 357–358, 
 p. 47. DOI: 10.1016/S0040-6031(00)00367-1. 
10.  Sharma, B.K. and Stipanovic, A.J., Thermochimica Acta, 
 2003, vol. 402, p. 1. DOI: 10.1016/S0040-6031(02)00511-7. 
11.  Pozdnyakov, V.V., Tyshchenko, V.А., Sheikina, N.А., 
 Gavrilova, I.А., Sereda, V.V., Volgin, S.N., Bartko, R.V., 
 Rudyak, K.B., and Dogadin, O.B., Prom. Servis, 2014, 
 vol. 50, no. 1, p. 20. 
12.  Moiseev, I.K., Stulin, N.V., Yudashkin, A.V., Ozols, A.I., 
 Birznieks, K.A., Zamakh, V.P., Radchenko, S.S., and 
 Khardin, A.P., Author’s Certificate 1120003, 1984; 
 Byull. Izobret., 1984, no. 39. 
13.  Ivleva, Е.А., Gnusarev, D.I., and Klimochkin, Yu.N., 
 RF Patent 2489417, 2012; Byull. Izobret., 2013, no. 22. 



<<
  /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


