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SUMMARY 

The methylenation of thiacyclanes in order to obtain standard substances for 
analysing isomeric thiacyctanes and their mixtures by gas-liquid chromatography 
on capillary cohmms is described_ Retention indices are reported for 29 thiacyclo- 
pentanes and 22 thiacyclohexanes at 85” and IO” on tricresyl phosphate and at 100” 
on OV-IOI. 

--~- _ 

INTRODUCFION 

The reaction of methylene insertion of saturated hydrocarbons, first described 
by Doering and Butteryl, involves homolytic addition of methylene-groups formed 
during photolysis of diazomethane alon g the C-H bonds. The insertion of such 
groups along alI the C-K bonds of the irradiated sample produces a mixture of the 
corresponding homologues and their isomers. The successful application of the meth- 
yIenation reaction in solving problems associated with the stereochemistry of cyclic 
hydrocarbons has been described2. We have shown3 that it is possible to methyIenate 
dialkyl sulphides, and some facts governing this reaction were noted. Thiacyclopen- 
tane (TCP) and thiacyciohexane (TCH) have also been methylenated4. 

The purpose of this work was to ascertain whether methylenation of cyclic sul- 
phides could be used to prepare thiacyclane mixtures for use as standards in gas- 
Liquid chromatography (GLC), and an attempt has been made to study factors 
afkcting the methylenation of thiacychutes. 

TCP and its 2- and 3-nethyi-derivatives, TCH and its 2-, 3- and &nethyI- 
derivatives, the cis- and trans-isomers of 2,54imethyl-TCP and Z-ethyl-TCP were 
used for methylenation. 

EXPERIMENTAL 

Production of thiacychgs 
The compounds syntbesiked In our laboratory were: TCP and TCH, Zmethyi- 

TCP and cis- and trmrs-2,kiimethyi-TCP (obtained by following the procedure of 
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Whitehead et &.q; 3-methyl-TCH in combination with 2,2-dimethyi-TCP (qbtined 
by following the procedure of Kondo and Ne_@shF); 3-methyl-TCP, 4-methyl-TCH, 
and 2-methyl-TCH- with 2ethyl-TCF (obtained by followtig the procedure of Vo- 
Iynskii et al.‘). The products were mixtures of isomers and- required further purifi- 
CAO!l. 

Purification of thiacycianes 
Preparative GLC on a FAKhV-05 chromatograph (designed at the Special 

Design Bureau, Institute of Petrochemical Synthesis, USSR Academy of Sciences 
was used for purification. The column (total length 9 m) was of stainless steel (2 m x 
25 mm; 2 m x 8 mm; 1 m x 4 mm), and was packed with 15% of polyethylene giy- 
co1 adipate on INZ-600 diatomite brick (size fraction 0.30-0.65 mm), the support 
having been calcined at 1050” for 3 h. The volume of sample introduced ranged from 
0.6 to 1 ml, and the carrier gas (helium) flow-rate was 120-180 ml/n& The column 
was operated at 100 to 150”. After purification, the following products were ob-twined: 
TCH and TCl? (99% pure); 2-methyl-TCP (97 % pure, with 3-methyl-TCP as im- 
purity); 3-methyl-TCP (98 % pure, with 2-me’&yl-TCP as impurity); cis-2,5-dimethyl- 
TCP (95% pure, with the trans-isomer as impurity) and trans-2,5-dimethyl-TCP 
(96 % pure, with the &-isomer as impurity); 2-ethyl-TCP (98 % pure, with 2-methyl- 
TCH as impurity); 2-methyl-TCH (98% pure, with 2ethyl-TCP as impurity); 3- 
methyl-TCH (98% pure, with 2,2-dimethyl-TCP as impurity); and Cmethyl-TCH 
(97% pure, with 2-methyl-TCH as impurity). 

Meth_yknation of thiacyctanes 
Methllenation was carried out in a quartz test tube (2 ml in volume) equipped 

with a continuous cooling-water jacket. Tbe source of external irradiation was a 
mercury-quartz lamp, type PRK-2, as described previously3; the applied potential 
(215 V) was maintained constant throughout the reaction. The distance from the 
source to the reactor was also kept constant. Methylenation of thiacyclanes proceeded 
more slowly than rhat of dialkyl sulphides: 3 h was needed for the reaction mixture to 
decolorize iri a single experiment, which is approximately twice the time needed with 
thia-alkanes. In all instances thiacyclanes were methylenated twice, as described previ- 
ousl_ti. 

Analysis of methyienation m-oducts 
This was accompli&d with use of a Tsvet-101 chromatograph with 50 and 

100-m high-efliciercy capillary columns (0.25 mm I.D.) coated with either tricresyl 
phosphate (operated at 85” and lOW) or QV-101 (owr&ecl at 100’). The carrier gas 
was hydrogen (flow-rate 1.6 ml/min when using tricresyl phosphate, and I.2 mljmin 
with OV-lQl), and detection was by flame ionization. The volume of sample intro- 
duced was 8 ,ul. 

Identijkation of methylenation products 
Thiacyclanes were identified by mixing the individual compounds to give 

“methylenates”, of known composition; reaction chromato_graphy and GLC-mass 
s_pectrometry (MS) were also regularly used. Thus, when identifying the “methyl- 
enate” of 2-methyl-?%?, such standard compounds as 2,3-dimethyl-TCE’, the sepa- 



rate c& and fry-isomers, cis- and rrans-2,5_dim~thyl-TCP, 2,2_dlme’Jy~-TCP and 
2-&yl-TCP were used. Stereoisomers of Z,%iimethyl-TCP were assigned to the cis- 
or &a-series according to the prineipies of Whitehead et (J-5 (by means of which it 
was established that nreso-dibromides produce cti-2,UimethyLTCP) and also on the 
basis of the configurational isomerization of both stereoisomers carried out by us. The 
use of *H nuciear magnetic resonance (NMR) and 13C NMR did not permit unam- 
biguous identi&ation of the types of these isomers. Assignment of the stereoisomers 
of 2,3-dimethyl-TCP to the &- or trmrs-series wzs based on contigurationai isomeri- 
ration (this will be described in detail in a separate paper). Mixing the “methyienates” 
of 2- and 3-methyl-TCP made it possible to identify 2,3- and 2,CdimethyLTCP. 
2,CDimethyLTCP stereoisomers were assigned to the cis- or tPans-series as before3, 
Le., the lower-boiling isomer was assumed to have the cis-configuration. As an ex- 
ample, Fig. 1 shows a typical chromatogram of the separation of 2-, 3- and Cmethyl- 
TCH methylenation products on tricresyl phosphate at 85”. Methylenation of both 
2- and 3-methyl-TCH yields cis- and trans-2,3- and 2,5-dimethyl-TCH. These com- 
pounds were identified from the b.p. caiculated from the retention indices on OV-101 
and from the data of Beiko and Gusinskaya ‘. By mixing pairs of the methylenation 

Fig. 1. Chromatograms (tricresyI phosphate coiumn at 859 of methyIenation products from (a) 
Z-methyl-TCH, (b} 3-methyI-TCH and {c) 4-methyl-TCH. 1 = 2,5-Dimethyl-TCH (tfans); 2 = 2,4- 
dknethy~-TCH (CL+; 3 = 2,5-&methyi-TCH {cis); 4 = 2,34imetkyl-TCH (trarrs); 5 = 2+dimethyl- 
TCH (trans); 6 = Z$dimethy!-TCH {cis); 7 = 3+dimethyLTCH (trans); 8 = 3&dimethyl-TCH 
(CiS)_ 
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products of Z-methyl-TCH, 3-methyl-T.CH and &methyl-TCH; it was possible to 
identify 2,4- and 3&dimethyl-TCS; they were assigned to c&- or tram-series by anal- 
o,gy with the assignment of alkylcyclohexanes and by comparisbn with the data of 
Beiko and Gusinskaya’. Having exactly determined the configurational .c& and 
rrans-isomers of 2,5dimethyl-TCP, we could identify the ethylmethyl-TCP and tri- 
methyl-TCP series in the methylenation products. 

In several instances, chromatographic hydrodesulphurizztion was applied to 
characterize the products of methylenation. This process was conducted in a micro- 
reactor incorporated inw the gas line of the Tsvet-161 chromatogr5ph (see ref.~3); 
10% of platinum applied to INZ-600 diatomite (0.315-mm fraction) served as the 
catalyst, and the temperature in the micro-reactor was 275”. The methjrlenation prod- 
ucts were analysed at 82” on a stainless-steel column with OV-101 as stationary 
p_hase and a hydrogen pressure of 1.2 atm. The volume of sample introduced into the 
micro-reactor was 0.3 ~1. The hydrocarbons formed were identified, with the help of 
?z-hexane isomerisate, by using the data of Bryanskaya et a!.‘. 

To’ obtain additional characteristics of the methyknation products, we used 
GLC-MS with au LKB-2091 apparatus and an ionization energy of 70 eV. The con- 
ditions of introducing the sampIe into the column were similar to those used in GLC, 
but helium was used as carrier gas instead of hydrogen. From the mass spectra, we 
were able readily to identify monoalkyl-substituted thiacyclanes and to ascertain the 
number of substituents in di- and tri-alkylthiacyclanes. 

An essential condition for identification is the complete separation of cis- 
and frans-isomers. This was achieved by using highe&iency capillary coiumns and 
two stationary phases and by carrying out the separation at different temperatures. 

RESULTS 

The composition of the methyienation products of thiacyclopentanes is shown 
in Table I; that of thiacyclohexanes is shown in Table II. Theoretical values for the 
relative concentrations of the components were obtained by assuming an equal degree 
of initial thiacyclane transformation along all the C-H bonds. The values in Tables 
I and II are averages from four to ten experiments for each of the “methylenates” 
and from ;&e results of ten measurements on every chromatogram. The fact that 
the mean square error is relatively large makes it impossible to estimate the selectivity 
of t_hiacyclane methylenation. In the first approximation for the methylenation of any 
of the thiacycianes listed, it can be disregarded. The apparent differences between 
the methylenation of thiacyclanes and that of this-alkanes are due to the greater 
number of iso-mers in the “methylenates” and, therefore, a higher relative error of 
measurements. A substautially better sensitivity and greater act-uracy are required in 
order to detect possible slight differences in the rates of methylenation along C-H 
bonds that differ in position relative to the sulphur atom. 

For all the thiacyclanes studied we have calculated the retention indices (re- 
producibility f l), the differences between these indices for the polar phase at two 
temperatures [41fcCn* see ref. IO)], the difierences between these indices for the polar 
and non-polar phase at IOU”, values of41i a6d’b.p.; the results arz shown iu Table III. 
It can be seen from this Table that cis-3&dimethyI-TCP is not separated from 4- 
methyl-TCH on tricresyl phosphate at 85”, but that these compounds are better 
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TAE%E i 

COMPOSITION OF METEXLENATION PRODUCTS OF TYXMXCLOPENTAN 

From thLzcyda$wwne (TCP) 
2-?&thyt-TCF 
3-Methyl-TCP 

From 2-methyl-TCP 
2-Ethyl-TCP 
2,tDimetIxyl-TCP 
2,3-Dimethyl-TCP (cis) 
2,3-Dimethyl-TCP (frans) 
2,4-Disxthyl-TCP @is) 
2,4-Dimethyl-TCP (trum) 
2,5-Dimethy&TCP (cis) 
2,5-DimethyI-TCP (trcms) 

From 3-meihy&TCP 
3-EthybTCP 
3,3-Dimethyl-TCP 
2,3-Dimethyl-TCP f&s) 
2,3-Dimethyl-TCP (frans) 
2,4-Dimethyl-TCP (c&v) 
2,4-Dimethyl-TCP (trans) 
3,4-Dimethyl-TCP (cis) 
3.4Dimethyl-TCF (trans) 

From Z,i-dimetizyi-TCP (ck) 
5-Ethyf-2-methyl-TCP (cis) 
t&2,5-Trimethyl-TCP 
2,3,5-Trimethyl-TCP (cis,cis) 
3,3,5-Trimethyi-TCP (trans,cis) 

From 2,_5-DimethybTCP (trans) 

S-Ethyl-2-methyl-TCP (tranr) 
2.2,5-Trimethyl-TCP 
2,3,5-Trimethyl-TCP @is,trnr) 
2,3,5-Trimzthyl-TCP (trons,?run.s) 

From 2-ethyl-ICP 
2-Propyl-TCP 

2-Isopropyl-TCP 
2-Ethyl-2-methyl-TCP 
2-Ethyl-Emethyl-TCP (rrnns) 
2-Ethyl-3-metbybTCP (a%) 
2-Ethyl4methy~-TCP (I rmks) 
2-Ethyl4metty~-TCP (a%) 
2-Ethyl&methyl-T_ (trans) 
2-EthyI-S-methyl-TCP @is) 

+3010 
1.4150 

50 
50 

48 
52 

0.9 
0.9 

&ii 

1.5911 30 33 0.6 
1.3617 10 9 0.8 
1.5740 10 9 0.s 
1.4440 10 10 0.5 
1.4314 10 9 0.8 
1 A698 10 9 0.5 
I.3892 10 10 0.5 
1.3766 10 ll 0.8 

1.7076 30 34 0.6 
1.5315 10 10 0.5 
1.5740 10 9 0.8 
1.4440 10 10 0.5 
1.4314 10 9 0.6 
I A698 10 10 0.5 
1.6335 10 g 0.6 
1.a21 10 10 0.6 

1.5798 50 51 0.9 
1.4843 16.6 16 0.8 
1.6128 16.7 16 i-0 
1.5011 16.7 17 1.0 

1.6304 50 54 1.0 
I.4843 16.6 15 0.9 
1 .X63 16.7 16 0.8 
1.5159 16.7 15 0.9 

1.8998 25 26 0 
1.7482 16.9 17 0.7 
1.7067 8.3 7 0.4 
1 a6972 8.3 7 0.5 
1.7709 8.3 7 0.8 
1.7160 8.3 9 0.5 
1.6580 8.3 9 0.7 
1.5798 8.3 9 0.7 
I .6304 8.3 9 0.6 

* Log t’&: fE is tR - to; to is the retention time for me&me ;md fR is the retention time of 
thiacyciane on the column with tricresyl phcsphate at 100”. 
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COhlLpoSI’IION OF METHYLENATION PRODUCTS OF THIACYCLO-Es 

Fmm rhiacyccc4hexu~e (TCN) 
ZMethyi-TCH 
3-Methyl-TCH 
4-Methyl-TCH 

From &methybTCH 
Z-Ethyl-TCH 
2,2-Dimethyl-TCH 
2,3-Dimethyl-TCH (trans) 
2,3-Dimethyi-TCH (cti) 
2,4-Dimethyl-TCH (trans) 
2,4-Dimeti~yl-TCH (ci.s) 
2,5-Dimethyl-TCH (frans) 
2,5-DimethyLTCH (cis) 
2,6-Dimethyi-TCH (mans) 
2,f%DimethyLTCH (cis) 

From 3-mzti~yi-TCH 
3-Ethyl-TCH 
3J-Dimethyi-TCH 
Z,3-Dimethyl-TCH (tra) 
2,3-Dimethyl-TCH (czk) 
3,4-DimeffiyI-TCH (rrpns) 
3,4-Dimethyl-TCH (cis) 
2,5-Dimethyl-TCH (trans) 
2,5-Dimethy!-TCH (cis) 
3,SDimethyLTCH (tram) 
3,5-Dimethyl-TCH (cis) 

From 4methyl-TCH 
4-Ethyl-TCH 
4,4-Dimetbyl-TCH 
2,4-Dimethyl-TCH (rruns) 
2,4-&methyI-TCH (cLs) 
3,4-&nethyl-TCH (trans) 
3,4dimethyLTCH (I%) 

1.5051 40 
1.5793 40 
1.5966 20 

1.8929 25 25 I.0 
1.6128 8.3 7 0.9 
1.7364 8.3 9 0.9 

1.8261 a.3 8 0.S 
1.7604 8.4 8 1.0 
1.6!?Q2 a.4 8.5 0.5 
1.6628 8.3 9 0.7 
1.7324 8.3 8.5 0.3 
1.6812 8.3 9 0.9 
1.6232 8.3 8 0.9 

1.9138 2.5 25 0.7 
1.7076 8.4 9 0.5 
1.7364 8.3 8 0.9 
1.8261 8.3 8 0.9 
1.7924 8.4 9 0.7 
1.8976 8.4 9 0.7 
1.6628 8.3 7 0.6 
1.7324 8.3 8 0.9 
1.7634 8.3 8 0.6 
1.7160 8.3 9 0.6 

1.9420 25.0 25 0 
1.7709 8.3 8 1.5 
1.7604 16.7 16 1.0 
1.6902 16.6 17 1.5 
1.7924 16.7 17 0.8 
1.8976 16.7 17 0.5 

39 
40 
21 

2.0 

:3 

separated at ICW, and readily separated on the non-polar OV-LOl. The use of two 
te_mperatures and different phases gives good identifkation of thiacy&nes whose 

retention indices dialer by 1. For example, these indices for trwz.Q-ethyl-3-methyl- 
TCP and 3ethyl-TCH differ by 1 on tricresyl phosphate at 85” and by 4 at 100”. On 
OV-101, this difference reaches as-much as 16, but the sequence of elution changes: 
frst kthyf-TCH and then frrms-2-ethy!-3-methyL-TeP, Thus, the use of two tenper- 

atures and two columns with stationary phases of diEerent pol2~ities makes it possible 
to identify the compone&s of such complex mj&wes as the “mcthy2enates”l of 
thiacyelanes~ This is especially important whep identi@kg tk components of spl- 
phurous concentrates obtained from gasoline fraa&ms. 



Thiacyclopentane WCP) 992 
tMeffiyl-TCP 1013 
2,2-DimethyLTCP 1036 
2,5-Dimethyl-TCP (rrans) 1040 
2,5-DimethyLTCP (a%) IO44 
3-Methyl-TCP la8 
2,4-Dimethyl-TCP (cis) 1070 
lhiacyctohexane (TCH) 1073 
2,3-DimethyI-TCP (;rans) 1076 
Z&Dimethyl-TCP (rrans) 1080 
3,3-DimetbyI-TCP IO83 
2,3-Dimethyl-TCP (cis) 1087 
2,2,5-Trimethyl-TCP 1097 
2,3,5-Trimethyl-TCP (tnzns,cis) :101 
2.3,5-Trimetby!-TCP (rrans,trans) 1110 
2-Metbyi-TCH III5 
3,4-Diiethyl-TCP (rrans) 11:9 
2,3,5-Trime*Ayl-TCP (cis,rrans) I129 
2-Efhy1-TCP - il30 
5-Ethyl-2-methyl-TCP (cis) 1133 
2,2-DimethydTCH 1134 
3-Methyl-TCH 1137 
2,3,.%TrimetbyLTCP (cfs,cis) 1139 
3,dDime’rhyi-TCP (cis) 1142 
CMethyl-TCH 1142 
2,6-Dimethyi-TCH (As) 1145 
S-Ethyl-2-methyl-TC? (~ran.s~ 1147 
2-Ethyi4methyLTCP (cfs) 1149 
2-Ethyl-3-methy1-TCP (rrans) 1152 
3-Ethyi-TCP 1153 
2_5DimethyLTCH (trms) 1154 
2-Ethvi-2-zmetbvLTCP 
3.3~&ethyl-fCH 

1155 
1157 

2,6-Dimethyl-TCH (rranr) 1161 
ZEthyi4methyl-TCP (rrans) 1166 
2,4-Dimethyl-TCH (ck) 1168 
3,5-Diietkyl-TCH (cti) 1131 
2-Ysopropyl-TCP ii74 
2,5-Dimethyl-TCH (cf3) ll80 
23-Dime&vi-TCH (trons) 
2~Lt-I)imetb~i-TcH && 

llS4 
1189 

3,5-Dimethyl-TCH (trans) 1191 
2-Ethyl-3-me’&yl-TCP @is) ll92 
4,+Dimethyl-TCH 1193 
3,4-Dime&y&TCH firas) 1206 
2-Propyt-TCP 1208 
2-Ethyl-TCH 1210 
2J-D&let&l-TCwfcis) 1211 
S&xmethyl-TCH (c&k) 1231 
3-E&yi-TCK 1238 
6Ethyi-TCH 2247 

1019 
1044 
1065 
1070 
1074 
1083 
1089 
1083 
1094 
1102 
1123 
1128 
1107 
Ill3 
1118 
I120 
1148 
ii34 
1144 
1146 
115l 
1140 
1151 
11% 
1146 
ii55 
1159 
1167 
1 li30 
1184 
1165 
1183 
1184 
1175 
llS6 
1178 
1186 
1197 
1192 
:193 
1202 
1203 
1205 
1205 
1x3 
12.52 
1221 
12% 
1251 
1257 
1267 

27 
3f 
29 
30 
30 
35 
19 
13 
18 
22 
40 
41 
10 
12 
8 

; 
5 

14 
13 
17 
3 

12 
16 
4 

10 
12 
18 
28 
31 
14 
28 
27 
14 
20 
10 
15 
23 
12 
9 

13 
12 
13 
8 
7 

4 
11 
t4 
20 
19 
20 

805 
851 
887 
881 
885 
869 
895 
sgo 
899 
904 
902 
980 
905 
941 
947 
924 
932 
964 
945 
967 
941 
939 
975 
9.50 
940 
957 
977 
979 
986 
970 
973 

zz 
978 

zz 
QSQ 

1014 
997 
998 

1008 
1001 
999 

1008 
10x5 
to37 
1024 
1022 
1039 
lG47 
1050 

214 122 
193 133 
1% 139 
189 141 
1X9 142 
214 138 
194 145 
203 141 
195 146 
19s 147 
221 146 
220 l50 
202 147 
172 156 
171 158 
196 152 
216 155 
170 162 
199 157 
179 163 
210 157 
201 1% 
I76 165 
208 159 
206 156 
198 160 
182 166 
IS8 166 
194 168 
214 164 
195 164 
ISO 169 
195 169 
197 166 
189 171 
190 168 
I97 169 
183 174 
195 171 
195 171 
194 174 
199 173 
206 171 
197 174 
198 175 
2i5 181 
IQ7 177 
203 177 
212 181 
210 184 
213 185 



Fig. 2. Dependence of retention indices of ihiacyclanes on their b-p. (OV-101, 100"). 

CONCLUSrONS 

Methylenation of six thiacyclopemanes and four ti~cyclo&anes with di&o- 
.- methane has been carried o&t for the first time. The presence in the- _tiethYlena6on 

products of zi! the ffieoret+ly possible tbiacycla&s: with one .mo~- &rj?on 2t0m 
than in the okigitial thi2cyche has been estab&h&! by GLC_ With the h+fp:of.m$b- 
y&x&ion prod&s, approximate b.p. and retqitir;ti in&es ,on &i-y1 peo$phafe 
ha& been determined at 85” and IOW (and on OY-101 at 100”) for 29 ttiacydopen~ 
tan& of compositioq ran&g from C,H,$ to C;Ei$254 22,&&y&hetiti~~-kk&&j~ 
incompo&ioti froti:d,Hi,S t;O C&,SI Methykmti~n of thiaCycfzn?+ is r&e@m.mded 

- 
.-- .- -: . ..:. 

_=_ : _. - .._.... - 

-. 
i- 
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- for~dbtaining~the qualitive analytical characteristics of thiscyclanes and their mix- 
ture-s fhe products of thiacycltine methylenation can be used as stadard substances 
in the qualitative analysis of complex thiacyclane mixtures. 

ACKNOWLEDGEMENTS 

We would like to express our profound gratitude to Dr. N. P. Volynskii and 
L. P. Shcherbakova for the thiacyclanes specially synthesized for our experiments, 
and to Dr.-Ye. N. Karaulova, T. A. Bard& and 0. S. Minayeva for providing thi- 
acylane samples. The GLC-MS was performed by &&in, andidate of Chemical 
Sciences, who deserves special appreciation. 

REFERENCES 

1 

2 

3 
4 
5 
6 

7 
8 
9 

10 

W. E. Doering, R G. Buttery, R. G. Laughlin aud N. Chandhuri, J. Anler. Chpm. Sot., 78 (19.56) 
3224. 
1. M. IMakarova, V. A. Zakharenko, S. S. Be_nnan, 0. A. Aref’ev and A. A. Petrov, Neftekhimiyc, 

6 CL966) 513. 
G. D. Gai’pem, N. I. Gollandskikh and G. N. Gordadze, J. Chrgmarogr., 109 (I975) 119. 
G. N_ Gordadze, ZR. Obshcli. Org. Khbn., 7 (1971) 1999. 
E. V. White&ad, R. EL Dean and F. A. FidIer, J. Amer. Chem. Sot., 73 (1951) 3632. 
K_ Kondo and A. Negishi, A&r_ 7iifrd Int_ Congr_ HeteruzycIfc Chem., Senrkri, Japan. i971, p_ 
589. 
N. P. Voiynskii, G. D. Gd’pem and V. V. Smolyaninov, NeftekfW_w, 3 (1963) 482. 
0. A. Beiko and S. L. Gusinskaya, Neffekhimi~a, 11 (1971) 775. 
E. K. Bryanskaya, Z. EC. Olenina and A. A. Petrov, in Coil. Art. 2, “Methods of Anafysing Or- 
ganic Petroieum Compxmds, Their Mixtures and Derivatives”, Nzuka. Moscow, 1969, p. 7. 
G. &homburg and G. Dieiman, Anal. Chem.. 45 (1973) 647. 


