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Ovocerite from South-Fergana (USSR) contains Cqyz~
C40 n-alkanes whose distribution curve shows two maxima at
Ci and Cy respectively. The isoprenoid-like alkanes 2,6,10-
trimethyldodecane (farnesane), 2s6,10-trimethyltridecane,
2,6,10-trimethyltetracecane, 2,6,10-trimethylpentadecane,

' 2,6,10,14-tetramethylpentadecane (pristane) and 2,6,10,14-
tetramethylhexadecane (vphytane) are present in relatively
high concentrations in the oil fraction of ozocerite. In
the urea extract, the homologous series of Cyz-Coo isocal-
kanes and anteiso alkanes were identified besides the

n-alkanes. The wresence of methyl-alkanes with the methyl
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groups closer to thne middle of the chain was also determi-

ned mass-spectromnetrically.

Ozocerite which in nature, like petroleum, occurs
in cavities in the earth's strata or in porous rocks, con-
siéts mainly of solid hydrocarbons. A close genetic con-
nection between ozocerite and petroieum is assumed since the
chemical and physical properties of the hydrocarbon groups
present in ozoceritie are very similar to those of solid
hydrocarbhons from retroleum 1). Considering the fregquent

finds of ogzocerite when test drilling for petroleum, the qGues-

. of its
tion of the chemical composition of ozocerite and / relation to

petroleum takes on practical significance,too. Although ozo-
cerites from various discovery sites contain different quan-
tities of the various classes of hydrocarbons, as a rule,
alkane hyarogarbonSZ’B? predominate. - Besides the nor-
mal alkanes, these hydrocarbons contain an appreciable quan-
tity of branched alkanes about whose structure very little
information can be found in the literature. They were recently
characterized in more detail by Boeiko and co—workersh) who conclu-
ded, based on the IR spectrum of hydrocarbon fractions,
that the branched alkanes in ozocerite show a high degree
of branching with 4-6 methyl groups in the molecules,

In the »resernt waver, we have concerned ourselves
il oo Voroastr dovestlootion of e suiructure ol hrancheds-

chain alkanes in the hydrocarven comnonent ol ovocerite




from Fergzana. Je analyred the oil fraction which can be ob-

tained Trom ogocerite by vacuum distillation. The lesser

complexity of this fraction, which only contains substances /p.2939
up to 022, made the identification of individual hydro-

carbons easier and thus the direct estimation of their struc-

tural similarity to petroleum hydrocarbons.

Dxnerinental Section

The melting points were determined with a Kofler-Block.
ior the gas chromomatographic analyses, the Chrom 3 Gas chroma-
tograph (Laboratorni'p§istroje, Prague) with flame ionization
detector was used. It was equipped with a 50 m long stainless
steel cavnillary column with an inside diameter of 0.2 mm which

was wetﬁed with OV.225 (cyanopropylmethylphenylsilicone; Applied
Science Laboratories Inc.). Nitrogen was used as carrier gas.
The analyses were umade under programmed temperatuvre with a
Pye anparatus of Jeries 104, Model 64, in a system of two
glass columns (150 cm x 0.4 cm) which were filled with 20
S®-30(gas chromatozraphic guality) on Gas Chrom (. The mass
spectra were obtained at 70 e/V with an LKB 9000 Mass Spectro-
meter (ILXB rrodukter AB, Stockholm) coupled with a gas chroma-
togravh which was equipped with a 50 m stainless steel column
with an inside diameter of 0.2 mm wetted with 0OV-225., The
spectra wvere recorded oscilloarapnically. Helium was used as
carrier mar.

uroceribe wes obtalacd Iroa an oven-nit nine near Sor-su

in south Fersana (U3sk) at 15-20 m depth, where it was embedded in




crevices in the limestone layer of the Alail mountains. Cro-

cerite was separated Irom the accoatanying rock in the dark
brown, waXy, solid mass by extracting witih cyclopentane in

a Boxnlet spvaratus. ne mineral residue consists of lime-
stone containing secveral percent AlaOgz and 5i05 ; according
to semi-quantitative emission spectroanalysis (Qu~24 Spectro-

graph )

T 8 , 1t sinowed an admixture of re-, Na- and ig-compounds

in the order of magnitude of tenths of one vnercent. After
distilling the solvent off, the cyclopentane solution yielded
38.7% ozocerite free from mineral matter as a dark coloured,

wax-like substance; melting point 59~64.500, ultimate analysis

83.56% C, 12.87% H, 1.03% 3.

Distribution of the n-Alkanes. The range of molecular
weight of the main components contained in orocerite was de-
termined by gas chromatographic analysis of the hydrocarbon
portion. 10.0 g of ozocerite were dissolved in 100 ml of cy-

was/
clopentane and the sclution kent for 5 days in a narrow, clo-
sed tube. After settline of the asphaltenes (0.5 g), 25 ml
of the solution were pipetted out from the surface and fed /p.2940

into a column packed with silica gel activated for 12 hours

0 . .
at 1807C. Afver soaking in of the sample, the column

was eluted with 200 ml of nure cyclopentane. By evapora-
ting the solvent, 1.67 g (70.2%) of coleurless hydrocarhons

with A meltine point of 58-C1.5°C were obtained from the eluate,

Me analyusis of the .aydrocarbon vortion made with the Pye




Gas chromatogranh of Series 104 with a column of S5¥~-30 at a

programmed temperature of 100° to 3000C (20C/min) showed
that the main components are n-alkanes, starting with n-tridecane
and going

up to n-tetracontane. The relative occurrence of the in-
dividual n-alkanes was calculated from the heignt of the
chromatographic peaks without the use of correction factors.
The curve in Fig. 1 illustrates the relation of their dis-
tribution with the number of C-atoms in the molecule. The total
content of n«alkanes.in the hydrocarbon portion of ozocerite
was determined by extractive distillation with urea,follow-
ing a method worked out for sheet paraffin and ceresine®).
The adduct was precipitated out of the tetrachloromethane
solution containing 1 g of the hydrocarbon portion, by -the
addition of methanolic urea solution. After decomposition,
the adduct yielded 0.57 g of n-alkanes with a melting point
of 63-67.5°C. Agas ¢chromatographic check showed that the dis-
tributibn of the individual hydrocarbons in the isolated
n-alkane group corresponded to the original distribution of the

n-alkanes in the hydrocarbon portion.

100~
Ye
figel. Distribution of sol-
n-alkanes in ozocerite
as a function of the mim-
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0il ¥raction (Diazrazn 1). 62.3 g of ozocerite were

2

distilled at V.5 Torr. in-a Claisen distillation apnarstus.
In the temperature interval setween 70 and 160°C/0.5 Torr.,
7.6 g (11.9%) of a yellowish oil distilled off; its ulti-

mate analysis was 85,78% C, 13.065 H,and 1.44% S. The oil

iy

raction (5.0 g) was dissolved in 25 ml of cycloventane,

added to an activated silica gel column,and eluted with

2
100 ml of pure oyolopentame. After evaporation of the cyclo-
pentane, the eluate yielded 4.435 g (88.67%) of a clear, co-
lourless oil free from non-hydrocarbons. The gas chromato-
graphic analysis showed that the o0il represents a compli-
cated mixture of compounds in which the Cy3-Coo n-alkanes are
strongly represented. The content of individual compound
categories in the o0il was determined by means of a mass
spectrometric method which was worked out by Fitzgerald and
oo-worker56> for the middle distillatés of petroleum and
which was checked with good results when using the LKB spec-

trometerv)

. The composition of the oil was as follows:

alkanes 42.3%, monocycloalkanes 12.0%, dicycloalkanes 11.4%,
tricycloalkanes 6.15, alkylbenzenes 8.0, dicycloaromates

20.155s The 0il consisting of hydrocarbons was separated into the
extract (n-alkanes) and the raffinate by extractive crystal-
lization with urea. 3.56 2 of o0il, 20 g of recrystallized

urea and 1500 wl of cold, saturated methanolic urca solution
ore wentad for S0 minater under reflux condensation and

allowed Lo crystallic-c overnicht. The serarated crystals were



off,
Tiltered /washed ~iith 50 4l ol cyclopentane and decomvosed’

with hot water. The n-alkane 1a§er which is released was iso-
lated by ether extraction with a yield of 1.00 g(928.19). The
remaining methanolic filtrate was evaporated to dryness, the
residue digested with water and extracted with ether. From
the ether extract, 2.50 g (70.2%) of n-alkane-free oil (raf-
finate) were isolated.

Anglysis of the ILxtract. The extract was analyzed

gaschromatogranhically at 1809C with the use of a capillary

column wetted with 0OV-225. With the help of internal stan-

dards and the logaritimic dependence of the retention ti-

mes on the number of C-atoms, 013-022 n-alkaries were

identified in the extract. On the chromatogram of the ex-

tract, a group of four incompletely separated small peaks always

apoeared between every two consecutively eluted n-alkanes.

These smaller peaks were designated with the letters a, b,

¢ and d,following the sequence of the elution. In each

group, the concentration of the c¢c-component was more than

twice as high as tnat of the three remaining components. In

order to identify these hydrocarbons entrained in the adduct,

their retention indices were measured on the capillary co-
were

lumn wetted with OV-225 and their mass spectra/measured with

the mass spectrometer in conjunction with the gas chromato-

mraph. For comparison, the mass spectira of various synthe- /p.2941

tically rrenared C]6~C methylalkanes with the methyl aroup

1¢

at the end of the chain (in positions © and ?) and closexr to




the middle of the chain (in vositions 4,5 and &) were mea-
sured. Vno retention times of the synthetic methylalkanes

were compared with the rctention times of components a-d
by co-injecting them in the chromatographic column.

inalysis of the Raffinate. The gas chromomatographic

analysis revealed that the raffinate is a complicated mix-
ture of hydrocarbons in which, in the absence of n-alkanes,
six components yredominated. Tneir retention indices, mea-
sured at 180°C over OV-225 with an accuracy of ¥ 1.5 units,
showed the values 1786, 1676, 1627, 1556, 1447 and 1361

for the indices
(at 1600C). Practically the same values/were found at 200°C.
Based on the retentionAtimes and on the mass spectra mea-
sured with the mass specirometer coupled with the gas.chro-
matograph, the prevailing components were identified as iso-
prenoid trimethyl- and tetraméthylalkanes. In the case of
farnesane, pristane and phytane, the identification was con-
firmed by co-injection of an authentic preparation into the
chromstographic column at 160, 180 and 200°C.

n-Alkanes. The predominant part of the hydrocar-

bons in owzocerite from ifergana consists of the homologous
n-alkane series Cyz - C,,. Their distribution curve (Fig.l)
with uniform occurrence of even and odd members shows

to o wirmime at Cl’ and C rcevectively. The lower Clg-ng

-
-~
(W

31

n-al'trnes ocenr in far smsaller gnontities then the hisher



Diazram 1

/. Ozokerit - Kalkstein 2.

Extraktion mit Cyclopentan (Soxhlet)

[

mincralischer

I
Ozokerit (38,7%)
Riickstand

10,0 g Ozokerit
100 m! Cyclopentan 63,8 g Ozokerit /.
Sedimentation Destillation (0,5 Torr)
! I
25 ml . . v
Asphaltene (0,5 g) ) . Riickstand gelbliches 01
”.Chu:?malographlc 7,6 g (11,9%)
-an Si0,
Rickstand  Kohlony fle s S8
ckstan (;16¢;1mﬂ;(s)c;§to e 3, Chromatographic
67 8 (70,2%) an SiO,
lgin CCl

G, Harnstofl in MeOH

]
. Nichtkohlenwasscrstofl- §. farbloses B3l

komponenten 4,43 g (88,6%)
- I ._]
Riickstand n-Alkane (Cy3—Cyq) 3,56¢g
0,57 g) extraktive

Kristallisation
/21 mit Harnstofl

42,3% Alkane 9.

12,05 Monocycloalkane
11,4% Dicycloalkane
6,1% Tricycloalkane
8,0% Alkylbenzoke 9

20,1% Dicycloaromate 9,

Extrakt
(n-Alkane 4+ Monomethylalkane)
1,00 g (28,1%0)

1- Ozokerit = owocerite

2- Kalkstein = limestone

3- mineraliscner rlickstand = mineral residue
4= gelbliches 01l = yellowish oil

5- Kohlenwasserstoife = hydrocarbons

l

Raffinat )
(Trimethyl- und Tetramethylalkane und 73,
/0. ¢yclische Komponenten) 2,50 g (70,25%)

6= Harnstoff = urea _ _
7= Michthonlenrascerataff-lammarenten = non-hydreacarhan coamnmonents

8- farblogses 01l = colourless oil

9- Alkane = alkanes benzole = bengenes

10- cyclische Komwoncnten = cyclic comnonents
11- an = on

12-mit with

13- und = and

aromate =

il

aromatics
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hwomoloss. 1ne n-alkznes with C1-Z4 carbon atoms are present
in the zreatest concentration. These four members ac-
count for 48 of all the n-alkanes present in the hydrocar-
bon portion of ozocerite. The content of n-alkanes
in the hydrocarbon portion of ozocerite as calculated from
the distribution curve and the yield of urea adduct is
presented in Table 1. The oil fraction recovered
from ogocerite by vacuum distillation contains 013~022
kanes. In contrast to the total hydrocarbon portion of
ozocerite, the n~aikane content in the oil fraction is
smaller (20/%) and the n-alkanes were accompanied by approx-
imately the same number of branched alkanes. The distri-
the -
bution of/individual n-alkanes, both in the oil fraction
.and in the extract which was separated from tne oil by urea

adduction, corresponds to the original distribution in ozocerite.

Ranze of C- 5 in hydrocarbon vortion

Hydrocarbons . atoms : . L
in ozocerltelln 0il fraction
n-Alkanes Ci3—Cypo 57 —
n-Alkanes C3,—Cyy (27,5) s —
_n-Alkanes Cy3—Csyy (3,0) 20,2
Tsoalkanes Ci5s—C;3 0,57 3,8
Anteisoalkanet ) C;5—Csa 0,21 1,4
Ubrige Methylalkane ¥ Ci5—Cas 0,41 2.7
Farnesan Cis 0,03 0,2
2,6.10-Trimethyltridecanc Cis 0,20 1,3
2,6,10-Trimethyltetradecane Cyq 0,15 1,0
2,6,10-Trimethylpentadecane Cis 0,45 3,0
Pristan Cio 0,72 4.8
Phiytan ’ Cyo - 0,42 2,8

cgm——

tuble T.oo ) . s .
tadle Lo Content od alkune nydrocarbons
1 o~ocerite

Ubhrise “vthylal¥one = remainine methylalkanes




11

Tethvlalcanes. Durins the urea extraction of the oil

fraction obtained from ozocerite, several branched hydrocar-
bons (peaks a-d) went into the adduct tosether with

the 015«022 n~alkanes. They were identified directly in
mixture witna the n-alkanes, since the main components of the
evtract do not interfere with them and no complicated back-
ground appears in the chromatogram which could iﬁter-
fere with their identification. The retention indices of
components a-d showed regularities which suggest that these
components form further homologous series. The retention indices

of all acomponents on 0V-225 at 1800C were approximately

25-.26 units higher than those of the adjacent n-alkanes with
shorter retention.times. A similar regular increase in the /b.2942
retention indiceszas found for components b—(by approx. 35-36
units)s ¢ (ap»rox. 53-55 units) and d by approx. 69-71 units).
Components ¢, which nredominate in the groups of entrained
hydrocarbons, were identified mass spectrometrically as ho-
mologous series of iso-alkanes. The mass spectra of all ¢-
components exhibited the fragmentation which is typical of
o.methylalkanes, with ions (¥-15)% and (1-43)* having the
greater intensity. ¥or example, during the structural deter-
mination of comnonents ¢ wnich were eluted between n-hepta-
Iggsgﬁ = 1755) we proceeded from

moloculsr ion mfe 1R shilch corresnonds to the formula

decane and n-octadecane (

Clgqu. amons the freosnentsation ions with more than 10 car-

hon atons, the ion st mfe 279, waich corresponds to the
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splitting off of & lateral methy; group, occurs in significant
numbers, and the most freguent kind of ion in this range
is the ion at m/e 211,which corresvonds to the splitting off
of a cnain-end isopropyl grour. From these data the compo-
nent was identified as Q-Methylheptadecane..The structure was
verified by the co-injection of the synthetic standard cempound.
Altogether, eignt c~components in the extract were identified
as the series of 015-022 2-methylalkanes.

In a similar way, the d-components were identified
as homologous anteisomeric alkane series. In their mass
spectra, the ion (i-29)% occurred most often among the hea-
vier ions corresvonding to a methyl group substitution at
‘carbon atom 3 of the alkane chain. The determina-
tion of the structure could again be verified gas chromato-
graphically, as the 3-methyalkanes could be easily separated
in a capillary -column wetted by OV-225 from the iso- /2944
meric 2-methylalkanes which show shorter retention times.
The contents of isoalkanes and anteisomeric alkanes presen-
ted in Table I were calculated from the chromatogram of the
extract by comraring the heights of their peaks to those of

the nearest n-alkane peaks.

N

Components a and b, which almost coincide as a wide
doublet on the chromatogram, are a mixture of methylalkanes,
hagsed on their mass snectra. Accordine to the molecular ions

with bydrocarbons ) )
in the taass sneetra, we are dealine / vich are isomeric
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with the 2« and 3-methylalkanes and which were eluted close

to them. Several CHHPn¥E frasmentation ions appear clearly

in the middle vortion of the spectra and they were accompa-
nied by almost egually intense or even more intense

CnHPn+ ions. irom the greater frequency of ions (¥-57)*,

(31-71)*, (3-858)% and (3i-112)% etc. and from the relation-
ship of their intensity to that of ions having one hydrogen atom
less, it . .
/ can be concluded that the methyl grouovs in the middle por-

nave been
tion of the chain / substituted at various positions (com-

pareS’g))

. The retention times of these compounds are in
agreement with the interpretation of the mass spectra.
Thus, for example, synthetic 8-methylventadecane on 0V-225
is eluted rignt after n-pentadecane, simultaneously with
component b. The fact that various methylalkanes with the
methyl group near the middle of the chain were eluted in a
mixed peak before the peaks of the isomeric 3-methyl- and

2-methylalaknes has also been describved for other stationa-

ry phaseslo).

Isoprenoid Alkaneg. The molecular weights of the

main components in the raffivete, as determined mass svec-

trometrically, corresvond to the C ;!

o ST ~
1570527 U654 C1vHizee

018338’ 519H4O and C20ﬂ42 hydrocarbonse The retention in-

dices of the first four hydrocarbons are lower by 129 to
- b}

172 uanits vhion the retention indices of n-alkanes wity the

cguivalent nunber ol C-atoms. Yor the two-last mentloned




14

hydrocarbons (Cyq and C,,), this decrease is still greater

7 20
and amounts to 224 agna 213 units respscltively. The retention
time data thus reflect explicitly the difference in the de-
gree of branching of the C15'018 hydrocarbons with 3 lateral
methyl groups and of the 019“020 hydrocarbons with 4 methyl
substitutions.

In the mass spectra of all hydrocarbons mentioned,

the more intense ions (CgHyn)* and (CqH and in the Cjq

2'7)+’
and Coy hydrocarbons also the ions (C1gHzn)T, occur in the
range of m/e values above 99, and they characterigze the skele-
substitutions in the
tal arrangement with/2,6,10- and 2,6,10,14~ positions respec-
tively, The regular nositioning of the methyl groups on every
fourth carbon atom\is also .characterized by the more intense
jons at one of the m/e values 127, 141, 155, 169 and 19%.
Based on the retention data and the agreement with the pu-

blished spectra of isoprenoid-like alkénesll’lz)

, the C15"018 hy-
drocarbons were identified as 2,6,10-trimethyldodecane
(farnesane), 2,6,lO-trimethyltridecaﬁe, 2,6,16;trimethyl- /pe2945
tetradecane and 2,6,10-trimethylpentadecanes The Cqg and-CzO
hydrocarbons were identified as 2,6,10,14~-tetramethylpenta~
decane (oristane) and 2,6,10,1l4~tetramethylhexadecane (phy-
tane) .

After the‘nualkanes, the isoprenoid-like alkanes are the
second largest structure groun of saturated hydrocarbons in

tne oil “rocbtion of owrocerite. Wheilr content is as much as

two-thirds of the n-uslxane couvent. Lnere are, however,



.consLderaﬁlé Aifferences in the occurrence of the individual
isoprenoids. The largest amount is that ol pristane which,

in the oil fraction, occurs in the same amount as n-hepta-
decanes., If the small amount of farnesane wiich is found at
the beginning of the boiling range of the o0il fraction is not
takeh into account, 2,6,10-trimethyltetradecane is present

in the relatively smallest concentration. Its content is
smaller hy approximately one qguarter than the content of the
next lower howolog 016 and three times as small as the con-
tent of the next higher homolog 018' The contents of all iso-
prenoid-like alkanes in Table I were calculated from the chro-
matogram of the oil fraction according to the relative pro-
portion of their veak areas to those of the adjacent n-al-

kanes.

In the oil fraction of ozocerite from Fergana, the same

isoprenoid-like alkanes with 3 and 4 lateral methyl groups pre-
occur in

dominate among the branched alkanes which also / considerable quan-

11-14 i ‘o . .
) and whose specific biogenic struc-

tities in peltroleum
ture serves as biological tagzing medium. The relative occur-

rence of the variocus iscprenoid-like alkanes in ozocerite- with
a prevondaerance of vristane and 2 low content of the

17 isoprenoid has the same character as in naraffi-

Jae srecter vortien of monometnylated

alvones 1u Ul oil Froction o orocerite relouts, just as
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aost metaylalkenes of vetroleum, to the homolo=zous
seriss if iso- znd anteiso alxenes. The class of hydro-
carvons wnich is most olften found in owocerite is that of
the n-~alkanes. Their distribution exhibvits no orenonderance
n-alkanes of
of the odd-numbered links which is typical of the / recent
sediments and recent petroleums, but shows a halanced propor-
tion of even-numdered and o066 -numbered links as in the
alkanes from vetroleum in an advanced stage of developmentls’lﬁ).
The structural identity of alkane hydrocarbons in
ozocerite and netroleum mentioned here .supports
the opinion that ogzocerite is the product of the post-genetic
separation of solid hydrocarbons from petroleum as a result

of changed ©physical conditions during its migration (see

alsolv))o From this point of view, the first maximum in the

distribution curve of n-alkanes from ozocerite (Fig.l) can
be explained as a record of the predominating alkanes from the

petroleum which was retained as mother liguor in the separated

mass whén the solid hydrocarbons crystallized.

The authors are obliged to Dr. M. Streibl and
y ;@ the \
Dr.K. Konecny /Institute for Organic Chemistry and Biochemis-
try for suwplyineg a farnesane sample and for analysing the
solid n-alkanes with the kye chromatograph. Our thanks also

7o to Dr.V. Tuhelln and Dy.y fachaﬁ Tor recording the nass spec=-
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