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XPOMATO-MACC-CIIEKTPOMETPUSA TOJYOJBHOI'O DKCTPAKTA I'VMHUHOBBIX KUCJIOT
CAITPOIIEJISI A3OBCKOMI MOMMBI, KPACHOJAPCKOI'O KPASI
(kpaTkoe coo01IeHME)

JL.LU. BEJIO3EPOBA, B.B. I[INTATOHOB, A.A. XAJIAPIIEB
Tynvckuii 2ocyoapcmeennbiii ynugepcumem, np-m Jlenuna, 92, Tyna, 300012, Poccus

AnHoTanus. [IpuBeneHsl gaHHBIE XPOMATO-MACC-CHEKTPOMETPUH TOIYOJIBHOTO HKCTPAKTAa TYMHHOBBIX
KHCIOT camnponelst A30BcKoii moimel, KpacHomapckoro kpast. neHTuduupoBana mmpokas raMMa COeTHHEHUH
Pa3IUYHBIX KJIACCOB, yCTAHOBIICHA HX CTPYKTYpa, PACCUMTAH CTPYKTYPHO-TPYIIIIOBOH COCTaB SKCTPAKTA.

KnroueBble c10Ba: T'yMHHOBBIE KUCIIOTHI, TOIYOJIbHBIN 3KCTPAKT, CAIlPOIIEIb.

CHROMATO-MASS-SPECTROMETRY OF TOLUOOL EXTRACT OF HUMINIC ACID
OF SAPROPEL OF AZOV FLOODPLAIN OF KRASNODAR REGION
(brief report)

L.I. BELOZEROVA, V.V. PLATONOV, A A. KHADARTSEV
Tula State University, Lenin av., 92, Tula, 300012, Russia

Abstract. This article presents the data of chromatography-mass spectrometry of the toluene extract of
humic acids of sapropel of the Azov floodplain, the Krasnodar region. A wide range of compounds of various
classes has been identified, their structure has been determined, and the structural and group composition of the
extract has been calculated.
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Llenecoobpa3HOCTh MOJPOOHOTO M3Y4EHHs BELIECTBEHHOI'O COCTaBa CalpoOIIeNieil pa3IMYHBIX PErHMOHOB
P® nokazana B paborax [1-6], B KOTOPBIX KOMIUIEKCOM COBPEMEHHBIX (DPM3MKO-XMMUYECKHX METOJIOB aHAIN3a
JIETaIM3UPOBAHBI CBEICHUSI COCTAaBE KaK MCXOAHBIX CallpOIeNel, TaK U UX OTAEIbHBIX IPYNIOBBIX COCTABISIO-
mmx. Ocoboe BHIMaHHE yIEIIEHO TYMHHOBBIM KHCIIOTaM, SBIISIOIINXCS OCHOBOM OPraHUYECKOTO BEMIeCTBa Ca-
nponens. OZHAKO, CIUTAIOCH HEOOXOAMMBIM Pa3eNTh TYMHUHOBBIC KHCIOTHI METOIOM 3KCTPAKIIMHA PACTBOPH-
TeSIMU Pa3IMYHOHN MOJISIPHOCTH Ha OoJiee y3Kue (paKIuu, Ui KOTOPBIX BBHIIIOJHUTH UCCIEIOBAHUS OCOOCHHO-
CTeH CTPYKTYpHOH OpraHU3aIlH COCIMHEHUH, ONPEHEIISIONINX COCTaB MOCIETHUX C IMPUBICYCHHEM XPOMATO-
Macc-CHeKTPOMETPHH.

Heanb padoThl — N3yYeHHE TOTYOIBHOTO SKCTPAKTa TYMHUHOBBIX KHCIIOT CAIIPOIIEIIS.

Marepuaibl U MeTOABI MCCJIETOBAHUsI. DKCTPAKT aHAIM3MPOBAIM Ha ra3oBoM xpomarorpade GC-
2010, coennHEHHOTO C TPOMHBIM KBaAPYIMOJIBHBIM Macc-criekTpomerpoM GCMS-TO8030 mnox ymnpaBieHHEM
IO GCMSsolution 4.11.

Jnst naeHTH(UKaIMU 1 KOJIMYECTBEHHOTO OIpEEsICHUs] COAEp)KaHUsSI COCIMHEHUIH HCIIONB30BaIN Cle-
JIYIOIUE YCIOBHS XpomarorpadupoBaHus: BBOX MpoObl ¢ neneHuem moTtoka (1:10), komonka ZB-5SMS
(30 Mx0,25 MM%0,25 MrM), Temrieparypa umkekTopa 280°C, ra3-HOCHTENb — TeJHid, CKOPOCTh ra3a depes Ko-
nouky 0,90 Mir/mMuH.
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Puc. 1. XpomarorpaMma 3KCTpakTa

PesyabTaThl M UX 00cy:kaeHue. [ perucTpanuy aHATUTHYECKAX CHTHAJIOB WCIIONB30BANH CIIEIYTO-
e TTapaMeTpbl Macc-CIIEKTPOMETpa: TeMIleparypa nepexomanoi muauu — 280°C, TemnepaTrypa UCTOUYHHKA HO-
HOB 200°C, snexmponnasn uonusayua (OW). duanazon perucrpupyemsix macc ot 50 go 500 [la. 3agepikka BBI-
X0/ia paCTBOPUTENST 5 MHUH.

XpoMaTorpamMma TOJIyOJIBHOTO 3KCTpPaKTa MpHBeaeHa Ha puc. 1. MnentuduiupoBana mupokas ramma
COCJIMHEHUH, KOJIMYECTBEHHOE COJICPKAHUE KOTOPBIX, a TAKXKE MX MACC-CIIEKTPhl U CTPYKTypa OTACIbHBIX CO-
€IMHCHWIA TIPUBEIICHEI B TaOJHIIE ¥ HA PUC. 2.

Tabnuya

KoanuecTtBenHoe CoACpKaHuE COeTUHEHM

Ne |Ret. Time| % S Compound Name

1. 6.980 [43.85 1,5-Heptadien-3-yne

2. 8.122 | 0.00 1,3,5-Cycloheptatriene

3. 8.327 10.01 Benzyloxytridecanoicacid

4. 9.227 10.01 8-Phenyloctanoic acid

5. ] 10.508 ] 0.01 2-Butanol, 3-benzyloxy-

6. | 10.905 |0.00 9,12-Octadecadienoic acid (Z,Z)-, phenylmethyl ester

7. | 11.569 | 0.10 Ethylbenzene

8. | 12.225 ] 0.05 p-Xylene

9. | 13.699 [ 0.07 o0-Xylene

10. | 14.589 [ 0.02 1-Chloroundecane

11.] 14.936 | 0.00 Bicyclo[2.1.1]hexan-2-ol, 2-ethenyl-

12.] 16.272 | 0.02 5,8,11,14-Eicosatetraenoic acid, phenylmethyl ester, (all-Z)-
13.] 16.579 | 0.01 4-Pentadecyne, 15-chloro-

14. ] 17.426 | 0.01 2,6,6-Trimethyl-bicyclo[3.1.1]hept-3-ylamine

15. ] 18.292 | 0.01 6,9,12-Octadecatrienoic acid, phenylmethyl ester, (Z,2,7)-
16. [ 18.520 | 0.00 3-Trifluoroacetoxypentadecane

17.] 19.134 [ 0.21 Benzoylformicacid

18. ] 19.532 ] 0.03 3-tert-Butyl-5-chloro-2-hydroxybenzophenone

19. [ 19.814 | 0.02 Spiro[2.2]pentane-1-carboxylic acid, 2-cyclopropyl-2-methyl-
20 | 19.996 | 001 3 -Methyl—4-(phenylthio)—2—pm].9-2.-enyl-2,5-dihydrothiophene 1,1-

dioxide

21. 1 20.175 | 0.01 Cyclohexane, 1,2,4-tris(methylene)-
22. ] 20.833 ]0.02 4-Chloro-3-n-butyltetrahydropyran
23. |1 21.130 | 0.00 7,7,7-1,4,6,9-Nonadecatetraene
24. | 22352 ] 0.10 Oxalic acid, isobutyl octyl ester
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25. | 23.324 | 0.01 Isobornylacetate

26. | 23473 | 0.02 Megastigma-3,7(E),9-triene

27. | 24.063 | 0.03 Decanal

28. | 24.329 | 0.03 7,7,7-4,6,9-Nonadecatriene

29. | 24.536 | 0.01 Cyclopropanemethanol, 2-isopropylidene-.alpha.-methyl-
30. | 24.897 | 0.02 3-Decyn-2-ol

31.] 25290 | 0.07 S-Tetradecen-3-yne, (E)-

32.] 25.679 ]0.02 7-Methylene-9-oxabicyclo[6.1.0]non-2-ene

33.] 26.015 ]0.02 10,12-Octadecadiynoic acid

34.1 26.233 | 0.01 8,11, 14-FEicosatrienoic acid, (Z,7,7)-

35. 1 26.380 | 0.02 Cyclohexane, 1,3-butadienylidene-

36. | 26.550 | 0.01 cis-p-Mentha-2,8-dien-1-ol

37.1 26.792 | 0.01 Z,7-2,5-Pentadecadien-1-ol

38. | 27.055 | 0.04 9,12,15-Octadecatrienoic acid, 2-phenyl-1,3-dioxan-5-yl ester
39. [ 27.899 | 0.03 trans-p-mentha-1(7),8-dien-2-ol

40. | 28.114 | 0.01 Farneseneepoxide, E-

41. | 28.313 | 0.03 Benzaldehyde, 3-benzyloxy-2-fluoro-4-methoxy-

Bicyclo[3.1.1]heptan-3-ol, 6,6-dimethyl-2-methylene-,

42.1 28592 1 0.01 [1S-(Lalpha., 3.alpha., 5.alpha.)]-

43. | 28.768 | 0.01 2,4-Pentadien-1-ol, 3-pentyl-, (27)-

44. 1 29.296 | 0.01 3,5-Octadienoic acid, 7-hydroxy-2-methyl-, [R* R*-(E,E)]-
45. | 30.243 | 0.16 Decane, 2,6,7-trimethyl-

46. | 30.662 | 0.03 Bicyclo[2.2.1]heptane-2,5-diol, 1,7, 7-trimethyl-, (2-endo,5-exo)-
47. 1 31.035 | 0.01 (E)-3(10)-Caren-4-ol

48. ] 31.828 |0.01 Cyclohexanone, 2-methyl-5-(1-methylethenyl)-

Spiro[androst-5-ene-17,1'-cyclobutan]-2'"-one, 3-hydroxy-,
49.1 32.597 1 0.03 (3.beta.,17.beta.)-
50. | 34.228 | 0.02 (7R,8R)-7-Hydroxymethyl-8-methoxy-trans-bicyclo[4.3.0]-3-nonene

51. | 34362 | 0.01 12,15-Octadecadiynoic acid, methylester

52. ] 36.206 | 0.01 trans-Z-.alpha.-Bisabolene epoxide

53.| 37.866 | 0.08 Tridecane

54. | 38.193 | 0.00 cis-Z-.alpha.-Bisabolene epoxide

55.| 38.801 | 0.03 1-Octanol, 2-butyl-

56. | 39.518 | 0.01 [1,1"-Bicyclopropyl]-2-octanoic acid, 2'-hexyl-, methyl ester
57. | 42.578 | 0.28 Propanedioicacid, phenyl-

58. | 43.345 | 0.00 Benzeneaceticacid, hexylester

59. | 44.242 | 0.01 9-Octadecenoic acid (Z)-, phenylmethyl ester

60. | 45.588 | 0.01 7-Oxabicyclo[4.1.0]heptane, 1-methyl-4-(2-methyloxiranyl)-
61.| 46374 |0.02 Benzeneaceticacid, 2-tetradecyl ester

62. | 47.136 | 0.46 2-Methoxy-4-vinylphenol

63. | 50.960 | 0.02 10,12-Docasadiyndioic acid

64. | 51.520 | 0.02 Hydroxydehydrostevicacid

65. | 55.258 ] 0.03 4-Hydroxy-2-methoxybenaldehyde

66. | 55.767 | 0.01 1b,5,5,6a-Tetramethyl-octahydro-1-oxa-cyclopropa/a]inden-6-one
67. | 56.396 | 0.01 Cyclopropaneaceticacid, 2-hexyl-

68. | 57958 | 0.07 2,5-Octadecadiynoic acid, methylester

69. | 58.380 [ 0.01 Retinal

70. | 58.681 [ 0.04 Cholest-22-ene-21-0l, 3,5-dehydro-6-methoxy-, pivalate
71. 1 59.319 | 0.07 5-Octen-2-one, 3,6-dimethyl-

72.1 59.538 | 0.03 7,7a-Dimethyl-3a,4,5, 7a-tetrahydro-3H-benzofuran-2-one

1,1,6-trimethyl-3-methylene-2-(3,6,9, 1 3-tetramethyl-6-ethenye-10, 1 4-
73. 1 59.927 | 0.01 .
dimethylene-pentadec-4-enyl)cyclohexane
74. ] 60.325 ] 0.01 Pseduosarsasapogenin-5,20-dien
75. ] 60.420 | 0.08 Alloaromadendrene
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76. | 60.578 | 0.09 .beta.-copaene

77.1 60.992 |0.02 Dihydro-isosteviolmethylester

78. ] 61.131 | 0.00 Diazoprogesterone

79. 1 62.788 | 0.02 6.beta.,6.beta.-Dibromo-6, 7-methylenetestosterone
1b,4a-Epoxy-2H-cyclopenta[3,4]cyclopropal8,9]cycloundec[1,2-

80. | 66.976 | 0.01 b]oxiren-5(1aH)-one
, 2,7,9,10-tetrakis(acetyloxy)decahydro-3,6,8,8, 1 0a-pentamethyl-

81. | 68.240 | 0.08 17.beta.-Hydroxy-5.alpha.-androstan-3-one, trimethylsilyl ether

82. | 68.819 | 0.01 9,10-Secocholesta-5,7,10(19)-triene-3,24,25-triol, (3.beta.,5Z,7E)-

83. ] 69.590 | 0.03 Ethyliso-allocholate

84. | 70.077 | 0.08 Cholestane, 4,5-epoxy-, (4.alpha.,5.alpha.)-

85. 1 70.987 | 0.01 Z,7-8,10-Hexadecadien-1-ol

86. | 72.410 | 0.16 1-Octadecyne

87. | 73.084 | 0.81 3-Hexadecene, (Z)-

88. | 73.623 | 0.02 4-((1E)-3-Hydroxy-1-propenyl)-2-methoxyphenol

89. | 73.841 | 0.06 1-Heptadec-1-ynyl-cyclopentanol

90. | 74.943 ] 0.61 Tetradecanoicacid

91. | 76.947 | 0.21 Cyclododecanol

92. | 77.609 [ 0.40 9,12-Octadecadienoic acid (Z,7)-

93.| 77.803 | 047 2-Pentadecanone, 6,10, 14-trimethyl-

94. | 78.043 | 0.03 2-Dodecen-1-yl(-)succinicanhydride

95. | 78.433 | 0.04 3-Hexadecyne

96. | 78.565 | 0.08 Pentadecanoicacid

97. | 78.727 10.03 .beta. Carotene

98. | 79.015 | 0.08 (R)-(-)-14-Methyl-8-hexadecyn-1-ol

99. ] 79.126 | 0.16 1-Hexadecanol

100.( 79.713 | 0.04 Allyl n-octylether

101.| 80.060 | 0.03 1-Heptatriacotanol

102.] 80.989 | 0.19 13-Octadecenal, (7)-

103.[ 81.778 | 1.86 n-Hexadecanoicacid

104.] 82.103 | 0.27 18-Norabietane

105.] 83.184 | 0.21 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione

1-Phenanthrenecarboxaldehyde, 1,2,3,4,4a,9,10, 10a-octahydro

1061 83.313 1 0.11 -1,4a-dimethyl-7-(1-methylethyl)-, [1S-(1.alpha.,4a.alpha.,10a.beta.

107.] 83.700 | 0.12 1-Hexadecyne

108.] 86.106 | 0.02 3.alpha.-(Trimethylsiloxy)cholest-5-ene
109.] 86.361 | 0.21 1-Eicosanol

110.| 87.110 | 0.24 7,8-Epoxylanostan-11-ol, 3-acetoxy-

Cyclopropaneoctanoic acid, 2-[[2-[(2-ethylcyclopropyl)methyl]

11,1 88.682 1 0.11 cyclopropyl]methyl]-, methyl ester

112.] 88.983 | 0.53 cis-Vaccenicacid

113.| 89.761 | 0.01 Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-
114.| 90.437 | 0.62 Octadecanoicacid

115.1 90.640 | 0.23 7-epi-trans-sesquisabinene hydrate
116.| 92.156 | 0.12 4-Methyldocosane

117.] 93.162 | 0.14 9-FEicosyne

118.[ 94.093 | 0.26 OleicAcid

119.] 95.462 | 0.16 Oleylalcohol, trifluoroacetate

120.| 95.841 | 0.18 Hexacosane

121.| 96.359 | 0.19 Palmitoleicacid

122, 96.658 | 0.19 (R)-(-)-(Z)-14-Methyl-8-hexadecen-1-o0l
123.| 96.955 | 0.34 1,2-Diazaspiro(2.5)octane

124.1 97.124 | 0.56 4,8,12,16-Tetramethylheptadecan-4-olide

125.] 97.267 | 1.51 1,1-Bis(p-chlorophenyl)chloromethane
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1-Phenanthrenemethanol, 1,2,3,4,4a,9,10, 10a-octahydro-1,4a-dimethyl-

1261 97.449 11 0.48 7-(1-methylethyl)-, [1S-(1.alpha.,4a.alpha.,10a.beta.)]-

127.1 97.804 | 0.90 Eicosanoicacid

128.] 98.191 | 0.21 1H-Imidazole, 1-(1-oxooctadecyl)-
129.] 98.692 | 0.16 Tetratetracontane

130.] 99.675 | 0.22 2-Propenoic acid, 2-methyl-, octyl ester
131.| 100.334 | 0.26 I-(+)-Ascorbicacid 2,6-dihexadecanoate
132.] 100.967 | 1.61 1-Heneicosanol

133.] 101.151 | 0.72 Heneicosane

134.1 101.420 | 0.10 2-Pentacosanone

135.] 101.702 | 0.71 Erucicacid

136.] 101.833 | 0.14 Phthalic acid, di(2-propylpentyl) ester
137.]1 101.965 | 0.61 Pentadecanal-

138.] 103.064 | 2.32 Docosanoicacid

139.| 103.767 | 0.24 9-Tricosene, (Z)-

140.] 103.926 | 0.35 2-methyloctacosane

141.] 104.053 | 0.09 Cyclononasiloxane, octadecamethyl-

9,10-Secocholesta-5,7,10(19)-triene-1,3-diol,

142.1/104.287 1 0.17 25-[(trimethylsilyl)oxy]-, (3.beta., 57, 7E)-

143.] 104.953 | 0.42 Oxirane, heptadecyl-

144.1 106.226 | 1.21 Tricosanoicacid

145. 107.171 | 1.37 Behenicalcohol

146.] 107.311 | 2.19 Triacontane

147.] 107.993 | 1.39 17.alfa.,21.beta.-28,30-Bisnorhopane
148.| 108.651 | 0.30 Z-3-Octadecen-1-ol acetate

149.1 110.383 | 4.81 Tetracosanoicacid

150.] 111.479 | 0.56 2-methylhexacosane

1,6,10,14,18,22-Tetracosahexaen-3-ol,

151.[ 111.827 | 0.21 2,6,10,15,19,23-hexamethyl-, (all-E)-

152.| 112.187 | 0.16 2-Heptacosanone

153.] 113.278 | 0.53 9-Octadecen-1-0l, (Z)-

154.] 116.875 | 2.44 Octatriacontylpentafluoropropionate
155.] 117.533 | 0.21 9-Octadecenoic acid, (E)-

156.] 117.832 | 0.64 2-Nonadecanone

157.] 121.125 | 0.45 Benzene, p-di-tert-pentyl-

158.] 125.842 | 1.42 Cholesta-4,6-dien-3-o0l, (3.beta.)-
159.] 126.219 | 2.02 .gamma.-Tocopherol

160.{ 126.953 | 0.87 Octadecanal

161.] 127.505 | 1.68 .beta.-Sitosterolacetate

162.] 131.135 | 0.45 Rapamycin

163.] 132.653 | 0.68 Triacontane, 1-bromo-

164.| 133.089 | 1.96 dl-.alpha.-Tocopherol

165.] 133.187 | 1.65 1,1"-Bicyclohexyl, 2-(1-methylethyl)-, cis-
166.| 134.594 | 1.74 Z-28-Heptatriaconten-2-one

167.] 135.557 | 0.17 S.alpha.-Cholest-8-en-3-one, 14-methyl-

30-Norlupan-28-oic acid, 3-hydroxy-2 1-methoxy-20-oxo-,

168.1 147.499 | 2.64 methyl ester, (3.beta.)-
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10. C(14a)-Homo-27-norgammacer-13-en-21-ol, 3-methoxy-, (3.alpha.,21.beta.)-
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11. .alpha.-Guaiene
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13. 9,9-Dimethoxybicyclo[3.3.1]nona-2,4-dione
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14. (2,3-Diphenylcyclopropyl)methyl phenyl sulfoxide, trans-
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15. Dehydroabietic acid
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16. Dehydroabietic acid
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17. 9-FEicosyne
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J 18. 4,8,12,16-Tetramethylheptadecan-4-olide
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19. Retene
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Puc. 2. CTpykTypa OTIEIBHBIX COSAMHEHUN

Ha ocHOBaHUM MaHHBIX TaOJHUIBI U PUCYHKOB OBLI pACCYMTaH CTPYKTYPHO-TPYIIIOBOM COCTAB U3yUeH-

HOTO PKCTpakTa (Macc. %): ankanbl, nzoankansl (Co-Cs,) —9.21, GeH30 U ero npou3BOaHBIC — 5.17; IUKIOAT-
KaHbl — 9.63; kKapOoHOBBIE KUCIOTHI — 15.42; 3¢upsl kKapOoHOBHIX KHCAOT — 1.00 ; HerpeaeabpHbIe KAapOOHOBBIE
KUCIOTHI — 4.45; ajnbAerubl, KETOHbI, CIUpThl — 22.41; BUTaMuHbIL, cTepouasl — 15.83.

BriBoabI:

1. BrImoigHEHa XPOMaTO-MAaCcC-CIIEKTPOMETPHSI TOIYOIBHOTO SKCTPAKTa TYMUHOBBIX KHCIIOT CAIIPOTIEIIS
A3oBckoii moiiMer, KpacHomapckoro kpasi.

2. WnenruduupoBan 00IbII0NH HAOOP OPraHMYECKUX COCAUHCHHUN Pa3IMYHBIX KIIACCOB.

3. PaccuuraH CTPYKTYPHO-TPYIIIOBOM COCTaB IKCTPAKTa, OCHOBOI KOTOPOTO SIBISIFOTCSI KAPOOHOBBIE KH-
CJIOTHI M X Pa3UYHBIEC A(HUPHI, aTbACTH/IBI, KETOHBI, CIIUPTHI, CTEPOUIBI
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