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POLYCYCLIC HYDROCARBONS IN PYRIDINE EXTRACT
OF SAPROPELITE

IIpo6ieMa u3y4yeHHs XMUMHUYECKOI'O COCTaBa opraHudeckoro BemmecTBa (OB)
yrJjieii TeCHO CBsf3aHA C TreOXUMHYECKHMH WCCJIELOBAHUSIMU, HAIPaBJIEH-
HBIMHU HA yCTAaHOBJIEHUE CBS3U MEXKJY COCTABOM yIJI€d U IPUPOJOH HCXOJ-
HOrO MaTepHajia PACTUTEJBHOTO U >KUBOTHOTO IIPOMCXOXKIEHUS C y4ETOM
YCJIOBHM €ro AUareHeTUYEeCKOTr0 W KaTAreHEeTHYEeCKOro IpeoOpas3oBaHU.

BBupy cBoeil BEICOKOW MHGOPMATUBHOCTU OCOOBIN HHTEpPEC C reOXUMU-
YEeCKOH TOYKM 3PEHHSA MPEJCTABJIAIT IOJULUKINYECKHE YIJIEBOLOPOIEI
(¥YB), cBoeoOpasue CTpPOEHHS KOTOPBIX CBS3aHO C COCTABOM MCXOJZHOTO
MaTtepuaia. K TaKMM COegUHEHHUSM OTHOCHAT TeTpa- M MEHTAUUKJINYEeCKHe
¥YB, OMOJIOTUYECKUMU IMIPEALIECTBEHHUKAMH KOTOPHIX SABJISAIUCH IIPUPOJ-
Hble cTepoujbl U TpuTepneHouzasl [1]. B psge pabor [1—3] ykassiBaercs,
4YTO B IIpOllecCe KaTareHeTHYEeCKUX IpeoOpasoBaHuii B sTuXx ¥ B mpore-
KaIOT IIPOIECCH] SIMMEPU3aI[UH OTAEJBHBIX XHPAJIbHBIX IIEHTPOB 0e3 uaMe-
HEHHUSsI OCHOBHOI'O YIJIEPOAHOTO CKejeTa. IloaToMy ucciaemoBaHUE IOHO00-
HBIX PEJUKTOBEIX CTPYKTYp cmocobcTByeT OoJsiee riiyOOKOMY H3Yy4YEHUIO
KaK XHMHYECKOrO CTPOeHHus, Tak u ocobeHHocTeil ¢opmupoBanus OB
yrJIei.

B ny6imkyeMoii cTaThbe IpEACTAaBJIEHBI PE3yJLTATHI W3yYEHUS COCTaBa
MOJIUIIUKINYECKUX ¥ B, BBIJEJIEHHBIX U3 MUPUAUHOBOTO 3KCTPAKTa CaIpo-
IeJINTA.

IKCTpaknuu mo Meroxy I'pede moasepranum mpoby coGCTBEHHO campo-
nesuTa ByZaroBCKOro MeCTOPOIKAEHHS. Pe3ysIbTaThl TEXHHUUYECKOrO aHa-
nusa mpobsl, %: We 0,8; A? 10,5. DiaemenTHEIH cocraB, % daf: C 79,22;
H 9,55; S 0,67; N 1,54; O, 9,02.

Brixox mUpHAMHOBOrO sKCTpakTa coeraBuy 6,1 % Ha ycioBHyIO opra-
HUUYeCKyio maccy (YOM). OxcrpakT comepaxkan, %: macen 9,6, achanbre-
HoB 20,9, mpeacdansrenHoB 69,5. MeTogoM TOHKOCJIOMHON XpoMaTorpa-
¢uu Ha cunukarese L mMacia pasgensanu Ha GpaKIUM HACBIIEHHEBIX, apo-
MaTHYECKUX U TeTePOATOMHBIX COEIUHEHHH. JJIIOEHT — CMECh AaleTOH—
rekcal B cooTHoureHuu 1 : 4. Brixog mnapaduHOHahTeHOBOH dpaKiuu,
KOTOPYIO HCCJIEJOBAaJM METOJAMU TIa30KHUAKOCTHOH Xpomarorpaduu u
xpomaTo-macc-crnekrpomerpun, — 0,15 % ma YOM.


https://doi.org/10.3176/oil.1991.3.07

259 Ioauyukxnuveckue ¥YB nupudunogozo sxcrpaxra canponeaura: C. H. Escragves u dp.
Polycyclic hydrocarbons in pyridine extract of sapropelite: S. Yevstafyev et al.

XpomaTorpadupoBaHue NpPOBOAUIN Ha mpubope «Xpom-5» B Clenyio-
IIeM peXKUMe: CTeKJIIHHas KamuaiadapHas xoaoHka 40 m X 0,25 mm; Hemo-
gBrokHas ¢asa SE-30; ras-HoCHTENb BOAOPOJ; AAaBJIeHHWE HA BXOJAE B KO-
nouky 1,1 xrc/cm’; mporpamMmupoBaHme TemmepaTypsl or 140 mo 300 °C
co ckopocThio 4 °C/mun. [1s usydeHus rekcanukiandeckux Y B B mapadu-
HOHa(TeHOBOH GpPaKIMK NPEABAPUTENbHO KOHIEHTPUPOBAJU IOJIUIUK-
JIaHBl IIyTeM yJAaJIeHUS H-aJKaHOB KHUIISTUYEHHWEM IIPOOBI B PACTBOpPE M30-
okTaHa [4].

Macc-criekTpsl 6b11u moaydeHsl Ha npubope JIKB 2091-152 ¢ xommbio-
TepHoi cucremoii 2130 I'X-MC gna o6paGoTku AaHHBEIX. M CIOJaB30BaIH
CTEeKJIAHHYI0 KaNUJJIAPHYI0 KoJoHKY ¢ SE-30, 40 m X 0,25 mm. Oueprusa
nonusauuu 70 5B, yckopsomee Hanpsikenue 2330 B, TeMmmnepaTypa HCTOY-
uuka 330 °C.

KauecTBeHHasi HAEeHTHMUKALUS I[IPOBEJEHA COMOCTABJIEHHMEM C Macc-
CIIEKTPAJIbHBIMHA XapaKTePUCTHKAMHU BHTAJIOHHBIX ¥ B, mIpuBegeHHBIMU
B suTepatype [4, 5].

T'pynnoBoi#t cocraB mnapaduHoHadTEeHOBOH (QpaKiuu, OIpeneIeHHBIN
TIOCPECTBOM MAaTPUYHOTO MAaCC-CIEKTPAJbHOI'O aHAJN3a, CHeAyouuii, % :
napadunsl 38,3; MoHouuKIaHsl 11,5; ounukmanel 4,0; TpunukaaHsl 24,1;
Terpanukganel 9,1; menTamukgaHel 0,7; rexcamuxiaansl 0,8; aaxkuibeH-
3oJel 11,5.
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Puc. 1. Macc-pparmeHTOrpaMMbl napaduHonadTeHoBOM hpakiuu, mo-
CTpOEHHBIe IO MoJiHOMY MOoHHOMY Toky (IIMT) u monam ¢ m/z 191 u
365. Cy6—C35 — H-mapaduHb

Fig. 1. Mass fragmentograms of the paraffin-naphthene fraction
constructed from total ionic current (IIUT) and from ions m/z 191
and 365. Cys—C3s — n-paraffins
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Honunukaayeckne YB, maeaTudunEpoaHHBIe B NHPHAHHOBOM 3JKCTPaKTe
Polycyclic hydrocarbons as identified in a pyridine extract

Homep @opmyna HasBanue
UKA HA COEJUHEHUS
puc. 1
1 Co7Haus 170H,218H-TpucHopronas
2 Co7Hus 178H,210H-TpucHopMopeTaH
3 Ca9Hso 170H,218H-HopronaH (aguaHTaH)
4 Ca9Hso 178H,21aH-HopMopeTax
5 CsoHsz 17aH,21pH-Tonan
6 CaoHs 178H,21aH-Moperan
7 C31Hsy 170H,218H-22S-T'omoronax
8 C31Hss4 170H,21pH-22R-T'omoronau
9 C31Hs4 178H,21aH-TomomopeTaH
10 Ca2Hse 170H,218H-22S-Bucromoronax
11 Cs2Hse 170H,218H,22R-Bucromoronas
12 C32Hse 178H,21cH-Bucromomoperas
13 CasHss 17aH,21pH,22S-Tpucromoronas
14 Cs3Hss 170H,218H,22R-TpucromMoronas
15 C33Hss 178H,21aH-TpucroMmomopeTan
16 Ca2Hus 20,21(22-MeTu)-6eH30TPUCHOPTONAH
17 Cs3Hso 25-MeTtui-20,21(22-meTni)-6eH30TPHCHOPIONaH
18 C3sHso 25-91tun-20,21(22-MeTHI1)-66H3OTPUCHOPTONIAH
19 CooHys MounoapomaTuueckuii 8,14-cekoaguaHTaH
20 CsoHys MonoapomaTuyeckuii 8,14-cexoromnas

Kak BUAZHO M3 IpUBEAEHHOM Ha puc. 1 Macc-bparMeHTOrpaMMEI, IIO-
CTPOEHHO¥ 1m0 MOHYy ¢ m/z 191, KoTOpHIA fABIAEeTCS HamboJiee XapaKTep-
HBIM JJI TPUTEPIAHOB, IMEHTAUUKJIUYECKHEe Y B dpakuuu OpejcTaBJIeHbB
IByM#d THUIIAMH M30MEDPHBHIX TIOMAHOB, a MMeHHO: ¥YB psama 17aH,218H-
‘ronmaHa cocraBa Cy7, C9—C33 u psga moperana 17fH,21aH cocraBa Coy,
Cg9—C33 (Tabauua). Buonoruueckue Tpurepnassl psga 17H,21H-ronana,
CUHTe3UpyeMble MHKPOOPraHM3MaMH M HU3KOOPTaHM30BaHHBIMH pacTe-
HUSMH U IPeACTaBIANINEe cCO00i TepMOLUHAMUYECKN HaAUMEHee yCTONYM-
BYIO CTepeoXUMHUYecKyio dopmy romaHoB [6], B cocraBe dbpakiuu He o0HAa-
py*eHbl. OTCYTCTBYIOT ¥ HEHACHIIEHHBIE IE€HTAI[MKJIAHBI.

Tomosoru 17aH,213H-ronana, o6pasymoliuecss B pe3yibTaTe H30MepHU3a-
nuu GHOTOIIaHOB M MOPETAHOB B TeUYEHUE [AuareHe3a U PAHHUX CTaguid
KaTareHesa, HMEIOT CJEAYIOIIYI0 OTHOCHUTEJNbHYIO KOHIEHTpamuio, %:
Cy7 19,0; Cog 20,7; Cso 14,0; C3; 23,0; C32 8,8 u C33 4,5. HabarozaeTcsa oTHO-
CHTEJIbHO BBICOKOE COJEpIKaHWe TPHCHOProllaHa, YTO SBJIAETCS XapaKTep-
HOU ocobeHHOCThI0O OB campomenuTos [7]. Tomausr C3;—Cs3 mpeacTasieHsl
aByma snuMepamu (S u R), KoTopele pasiauyaioTcd KoHUrypamumei
xupanabHoro nesHtpa C-22. MmeeT MecTO He3HAUYHWTEJIbHOE IpeobJiazaHue
TepMOJAVWHAMUYECKH Oojiee ycToW4YmBOM S-KoHburypamuu. CooTHOIIEHHE
ronaHoB 22S : 22R umeer 3HaueHue 55 : 45, B TO BpeMs Kak AJs HedTeH
oHO paBHO 60 : 40, a B OB Mos0oABIX ryMycoBBIX yrued [7] u cianmes [5]
npeobiagaioT snuMepsl ¢ R-Kondurypaueii.

Cpezsun MOpeTaHOB AOMMHHMPYIOT HOPMOPETAH M MOPETAaH.

Ha macc-dbparmenTorpamMme, moCTpoeHHON mo m/z 191, B BhICOKOMOJIE-
KYJIPDHOM 06JIaCTH NMPHUCYTCTBYIOT TPH YETKO pas3jnyaeMbIX muka 16—18.
Ha ocHOBaHMM CpaBHEHHUS IIOJIyYEHHBIX HAMH MacC-CIIEKTPOB (puc. 2)
C Macc-CIeKTpaMu, IpuBefeHHEIMU B [8], atu ¥ B OblIM OTHECEHBI K I'OMO-
JIOTHYECKOMY pAAy rekcanukandeckux ¥ B cocraBa C3—C3y — anxkunben-
30TPHUCHODPrOMaHAM.

B macc-cnekTpax MCCIELYyEMBIX COELUHEHWH MaKCHUMAaJbHBEIM SIBJISETCS
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Puc. 2. Macc-cuexkTpsl 25-amkui-20,21(22-metuni)-6eH30TpUCHOProna-
HOB (A—B) u MoHoapoMmarudeckux 8,14-cexoromanos (I', [)

Fig. 2. Mass spectra of 25-alkyl-20,21(22-methyl)-benzotrisnorhopa-
nes — (A, B, B) and of monoaromatic 8,14-secohopanes (I, [)
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nuk (parmMeHTHOro uoHa ¢ m/z 191, KOTOpHIH XapaKTepeH AJIA TOINaHOB
u obpasyeTcs IpU 3JIEKTPOHHOM yjAape IyTeM DaspbiBa cBssei 8—14 u
9—11 (cxema I).

Cxema I R

m/z 226, 240, 254

m/z 191

(R=H, CH;, C:H;, C;Hy)

OTHOCHUTEJSIFHO BBICOKYI MHTEHCHBHOCTH B MAaCC-CIIEKTpPax romosoros Cso,
C33 u C3s umeroT uoHEI ¢ m/z 226, 240 u 254 cooTBeTCTBEHHO, 006pa3yio-
mpecss Ipyu paspbiBe cBA3u 11—12, a TakKe moHsl ¢ m/z 211, 255 u 239,
oOpasymoliuecsa 3a CYeT OTPLIBA METHUJIBHON TIDPYINBEI OT MEPEYMUCIIEHHBIX
BBIIIIE IIEPBUYHBIX MOHOB. XapaKTePHHIMH (parMeHTHBIMH HMOHAMH, yKa-
3BIBAIOIIVMY HA HAJIMYWEe WHIAHOBOH I'DYNIUDPOBKH, ABJISIOTCS TPHUILIETHI
¢ m/z 143—145, 156—158 (mas Cszo), 157—159, 170—172 (ans Cs3) u
171—173, 184—186 (gnsa Css). BEICOKYI0 MHTEHCHBHOCTH B MacC-CIEKTpax
UMEIOT TaKKe MOJIeKYJIApHBbIe HOHBI U uoHel (M—15)T,

UpeHTHUIUPOBAHHEIA TOMOJIOTHYECKUN DAL aJIKUI0EH30TPUCHOPTO-
IIaHOB, COTJIACHO IIPEAIIOJIOMKEHHIO0, BBEICKa3aHHOMY B [8], MoxeT OBITH
OJIy4eH B pe3yJbTaTe IIpeBpalleHui OakTepuoromaHa, 00pas3yloIerocs
npu MHUKpPOOHMasbHON mepepaboTKe OPraHUYECKOM MaTepUH B OCagKaX.

He MeHee MHTEpEeCHO IPHUCYTCTBHE B mnapaduHOHADTEeHOBON dpariuu
campoIleJIuTa MaJIOU3yUYEHHBIX MOHOAPOMaTHYECKUX TOIIAHOB, WMEIOIUX
TpU HA(PTEHOBHIX U OJHO apPOMATHYECKOE KOJBI0 — MOHOAPOMATHUYECKUX
8,14-cexoronanoB. Ix o6pasoBaHue CBASBIBAIOT C TEPMHUYECKUMH W TEPMO-
KaTaJIUTHYEeCKMMHU IpeBpameHusavMu Y B paga 170H,21H-ronasos, conpo-
BOXKJAIOIIUMUCS AETrHJPUPOBAaHUEM U pPa3pPHBIBOM HaWMEHee YCTOMYHMBOM
cBa3u 8—14. VcciemoBaHUIO COCTaBa PTHUX COCAHUHEHUH IIOCBAINEHBI €LHU-
HuuyHble paborsr [9, 10]. ;

Kak BUZHO U3 IpUBEJEeHHON Ha puc. 1 mMacc-(pparMeHTOrpaMMBI, AETEK-
THPCBaHUE II0 XapaKTEPHOMY AJIA pacCMaTPHUBAEMBIX CEKOrOIIaHOB Qpar-
MEHTHOMY HWOHY ¢ m/z 365 m03BOJIMIIO BHIAEJIUTH YETHIpE IUKA, AJIS ABYX
M3 KOTOPBIX yZaJIOCh IIOJYYUTH MAaCC-CIIEKTDHI B ZOCTATOYHO UMCTOM BHIE
(puc. 2). MakcuMaJabHYI0 HHTEHCUBHOCTH B MAacCC-CIIEKTPaX MMEET WOH
¢ m/z 365, obpasyrouuiica Ipu OTPHIBE AJKUJIBLHOM rpynnsl (cxema II).
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Cxema II

(R = C:H;, C;H;)

JdocTaTOYHO BBICOKOW MHTEHCHBHOCTBIO obGsamaerT woH ¢ m/z 159, yka-
3BIBAIONINHA HA HAJWYKWE MHAAHOBON rpynnupoBKu. CorsiacHo Macc-CIexT-
paM, ¥YB pasiuuaiorcd MOJIEKYyJAPHOH Maccoil. MoJieKynspHBIH HOH
¢ m/z 394 xapakTepeH IJiA MOHOapomaTuueckoro 8,14-cexoamuanTana,
a uoH ¢ m/z 408 — pns mMoHoapoMaTuueckoro 8,14-cexoromana.

Takum o6pasoM, B pe3yabTaTeé XpOMAaTO-MacC-CIEKTPOMETPUYECKOTO
HCCJIELOBAHUSA BBICOKOMOJIEKYJISAPHBIX ¥ B, 3KCTpAarMpOBaHHBLIX IMMUPULHU-
HOM Hu3 COOGCTBEHHO CAIIPOIEJUTAa ByZaroBCKOrO MECTODOXKIEHHUTA, IOJIY-
yeHa umHGpopmManusa 00 0COGEHHOCTAX COCTaBa TpuUTepmaHoBHIX Y B. Ilpe-
obnagaromiee comepxkanue 170H,21H-ronanoB, HU3K0E COgepKaHUE MOpe-
TAHOB M BBICOKAas OTHOCHUTEJIbHAS KOHIEHTpAI[US TPUCHOProIaHa, aJuaH-
TaHa, a TaKiKe BMUMEPOB ¢ S-KoHUrypanueil xupaabHOro nesrpa y C-22
B ¥B C3,—C33 yxKas3npIlBalOT HAa BBICOKYIO CTemeHb mpeobpasoBamHocTu OB
canponenuta. Ilo anamorunu ¢ yrasmu [3] OB coGcTBeHHO campomeauTa
HaXOJUTCA Ha CTaIuM KaTareHeTudeckoil mpeobpasoBanHocTu J[—T
(mnuHHONNIaMEeHHAasi—ra3oBad-1).

IIpomecc mpeoGpa3oBaHUA HCXOLHBIX OMOOPraHUYECKHX MOJIEKYJ IIPH
dbopmupoBanuu OB campomenuTa COMPOBOMKAAJICSA OZHOBPEMEHHBIM 00pa-
30BaHUMEM KaK HACBIIIEHHBIX, TAK U MOHOAPOMATHUYECKHUX TPUTEPIAHOBBIX
CTPYKTYp. B cocTaBe mUpUAMHOBOIO SKCTpPaKTa 0yZaroBCKOr'o CaIlpOIIeJIUTa
BIIEpBEIE HIEHTHQUIMPOBAHEI MOHOapoMaTuueckue 8,14-ceKoromaHsl
cocraBa Co—Cjz u 25-amxuin-20,21(22-MeTun)-6eH30TPUCHOPIONaHbEl CO-
craBa C30—C34, CTDYKTYPHO M €HETHUYECKH CBSA3aHHBIE ¢ YB psama romasHa.

SUMMARY

Polycyclic hydrocarbons, whose peculiar structure is attributed to the compo-
sition of inital coal-forming material, are due to their high informativity, of
particular interest for the geochemical investigation of coal extracts composition
[1—3]. Investigation of such relic structures contributes to an in-depth study
of both the chemical structure and the formation features of the organic sub-
stance of coals.

This paper presents some results derived from the studies of the composition
of polycyclic hydrocarbons separated from a pyridine extract of sapropelite.
The Grefe method was used to extract a sample of sapropelite from the Buda-
govsky deposit. The results of technical analysis are, %: W< 0.8; A¢ 10.5. The
elementary composition, % daf, is: C 79.22; H 9.55; S 0.67; N 1.54; O, 9.02.

The output of pyridine extract was 6.1 % on organic matter (OM). Extracted
oils (output 9.6 %) were separated into chemical group compounds on silica-
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gel L by thin-layer chromatography. The paraffin-naphthene fraction (output
0.15 9% per OM) was analyzed by gas-liquid chromatography on “Crom-5” and
components were identified by chromato-mass-spectrometry on JIKB 2091-152,
supplied with computer system 2130 I'X-MC for data processing. Glass columns
of the size 40 X 0.25 mm were used; stationary phase was SE-30; the tempe-
rature was programmed from 140 to 300 °C at the rate of 4 K/min. The ioni-
zation energy of electrons was 70 eV, the accelerating voltage — 2330 V, and
the source temperature — 330 °C.

A qualitative identification was carried out using for comparison mass-
spectral characteristics of hydrocarbons given in [4—5]. Pentacyclic hydro-
carbons were represented in the fraction by two types of hopane isomers: hydro-
carbons of the series 170¢H,218H-hopane Cy7, Cy9_33 and of the moretane series
178H,21aH Cy7, Cyg_33 (Fig. 1; Table). Biohopanes. and nonsaturated penta-
cyclanes were not detected. Homologs of 17aH,218H-hopane have the following
relative concentration, 9%: Cy; — 19.0; Cy9 — 20.7; C3p — 14.0; C3; — 23.0;
cgz — 8.8 and C33 — 4.5.There is a noticeable high content of trisnorhopane,
characteristic to organic substance of sapropelites [7]. For hopanes Cs;—Cjss,
the ratio of isomers 22S : 22R has the value 55 : 45, while for naphthas it is
60 : 40. In the organic substance of young humus coals [7] and shales [5]
epimers with an R-configuration dominate.

Comparing mass spectra obtained (Fig. 2) with those given in [8], hydro-
carbons 16—18 (Table) were attributed to the homologous series of hexacyclic
hydrocarbons C3;—Cs4, i.e. to alkylbenzotrisnorhopanes. Fragmentation of
investigated compounds during an electronic impact is given in scheme.

Notable is the presence of monoaromatic 8,14-secohopanes Cyy, Cs3p in the
paraffin-naphthene fraction. Their existence is attributed to thermocatalytic
transformations of hydrocarbons of the series 17aH,218H-hopanes [9, 10]. For
these compounds mass spectra (Fig. 2) were obtained in sufficiently pure form.
The maximum intensity corresponds to the ion with m/z 365 that is formed
as the alkyl group breaks off (scheme II).

Predominance of 17aH,218H-hopanes, low content. of moretanes, high con-
centration of trisnorhopane and adianthane as well as of epimers with an S-con-
figuration chiral center C-22 in C3—C33 hydrocarbons, indicate the high degree
of transformation of sapropelite organic substance. By analogy with coals [3],
the organic substance of sapropelite proper is at the stage of catagenetic trans-
formation grade I—T' (longflame—gaseous).

During the transformation of initial bioorganic molecules into the organic
substance of sapropelite, simultaneously, both saturated and monoaromatic
triterpane structures were formed. In the pyridine extract od sapropelite from
the Budagovsky deposit monoaromatic 8,14-secohopanes Ci3—Cj3p and 25-alkyl-
20,21(22-methyl)-benzotrisnorhopanes C3;,—Cs4, closely related, both struc-
turally and genetically with hydrocarbons of the hopane series, were identified
for the first time.
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