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SUMMARY 

Mcthylcnc insertion reactions on dinlkyl sulphidcs in order to produce a 
mixture of standard compounds for the itnalysis of isomeric thinalkancs by gas-liquid 
chromatography with capillary columns have been studied. Retention indices were 
determined for 47 dialkyl sulphides produced at 100” on tricresyl phosphate as the 
stationary phase. 

INTRODUCTION 

Free radical photochemical methylenc insertion reactions have been used 
effectively for analyzing al kanes and cyclanes by gas-liquid chromatography 
(GLC)‘-“. It has been shown5 that the methylene insertion reactions of thiophane 
and thiacyclohexane proceed in a similar manner to the corresponding reactions of 
cyclopentane and cyclohexane. However, no quantitative characteristics of the re:tc- 
tion have been given that would enable the effect of the sulphur atom to bc evaluated. 
From numerous reported results. it can be assumed that the C-H bonds adjacent to 
the sulphur atom will differ from the remainder of the C-H bonds in their reactivity 
towards diazomethane. This effect should result in a distribution of isomers produced 
by methylene insertion reactions of sulphidcs different from that observed for the 
corresponding saturated hydrocarbons. 

It is of considerable interest to use the mcthylene insertion reactions of 
sulphides in order to produce a large number of’ thiaalkanes that are otherwise 
difficult to obtain, and to characterize chromatographically the structure of the 
sulphides being studied, particularly in connection with the development of chro- 
matographic procedures for analyzing sulphnr-containing gasolines. 

This paper presents an approximrlte quantitative characteristic of the deviation 
in the distribution of dialkyl sulphides and its relationship to the structural charac- 
teristics of thiaalkancs. 

EXPERIMENTAL 

Synri7esi.v qf diallsyl stt Iplrirfc~s usirtg s fartriwd p~~ocvdut~~.s 
The symmetrical thiaalkanes used as starting compounds were produced by 

the reaction of alkyl halides with sodium sulphide. Methyl ter*t.-butyl sulphide was 
. 
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produced from /err.-buty! chloride and methylmagnesiwm iodide by the Grignard 
reaction. Ethyl isopropyl sulphide and methyl, ethyl, n-propy! and isopropyl sec.-buty! 
sulphides were produced by alkylation of tile corresponding mercaptans. 

Following tile conventional purification procedures (washing, drying, distil- 
lation), a!! of the compounds were purified c!~romatograp!~ica!!y by using a PAKhV-05 
preparative chromatograph (Institute of Petrochemical Syntllesis of the U.S.S.R. 
Academy of Sciences. Moscow, U.S.S.R.). The column was made of stainless steel 
wit!1 a total length of 9 tn. consisting of portions of lengtll 2 m (I.D. 25 mm). 4 m 
(I.D. I5 mm), 2 m (I.D. 8 mm) and 1 m (I.D. 4 mm). The stationary phase was IS’%, 
Apiczon L on INZ-6CO brick (0.30-0.65 mm). the carrier gas was helium, the temper- 
ature was ICO-170”, depending on tile boiling point of the sulphide, the detector used 
was a katharometer and tire volume of the sample varied from 0.7 to 1 ml. 

Idw t @cation q f sulphid~~s 
The sulphides were identified by adding to the sample for chromatograplly 

individual compounds of known structure. Methylene insertion reactions of isomeric 
sl_t!pkides of the same mass give rise to products (“methylenates”) that contain WI- 
phides of tile same structure. For such components, the structures were confirmed 
by analyzing mixtures of the corresponding “methylenates” with respect to tile 
relative increase in the peaks common to the chromatograms of these “methylenates”. 
Methyl isobuty! sulphide. methyl sec.-buty! sulphide, ethyl isopropyl sulphide and 
methyl n-penty! sulphide were subjected to chromatographic hydrodesulphurization. 
A micro-reactor containing 3 x, of platinum on INZ-600 brick (0.15-0.25 mm) was 
incorporated into the gas section of a Tsvet-IO! chromatograph: the temperature of 
tile reactor was 275”. The !.ength of the capillary copper column was 150 m. with 
I.D. 0.25 mm. Tile conditions‘used were: stationary phase, squalane; carrier gas, 
hydrogen; feed-rate. I .2 m!/min; column temperature, 50”; volume of sample. 0.1 141; 
flame ionization detector. 

Hydrodesulphurization of the above four dialkyl sulphides gave rise to the 
Following compounds: methane and isobutane; methane and n-butane: ethnne and 
propane; and metllane and rt-pentane. 

Metllyler~e insertioil renctiorts 011 dialkyl sulphidcs 
A 40 ‘x solution of potassium hydroxide containing N-nitroso-N-methyl- 

carbamide (0.01 g), generated diazomethane. and tile dialky! sulpllide being studied 
(0.1-0.4 ml) was placed in a l-m! quartz test-tube with a tllin jacket for water cooling. 
Irradiation was carried out with a PRK-2 quartz lamp placed 13 cm From the test- 
tube; the reaction time was 1.5-3 II. After the end of tllis pllotocllemica! methylene 
insertion reaction (disappearance of the yellow coloration), tile same amount of W- ’ 
nitroso-N-methylcarbamide was added to tile test-tube and tile methylcne insertion 
reaction with diazomctllane was repeated. 

Tile analysis was carried out by using a Tsvet-I01 chromatograph. The lengtll 
of the stainless-steel capillary column was 50 m, with I.D. 0.25 mm. The conditions 
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used were: stationary phase, tricresyl phosphate; carrier gas, hydrogen; feed-rutc. 
I .2 ml/min; column temperature, 100”: volume of sample, 6-8 ~1: flame ionization 
detector. 

RESULTS 

Methylene insertion reactions of I8 dialkyl slllphides gave rise to aboul 50 

individual thiaalkanes and their retention indices, I*. were determined”. Table I gives 

TABLE I 

LOGARITHMS OF REDUCED RETENTION TIME (t’,c,J AND RETENTION INDICES (I) 
FOR DIALKYL SULPHIDES ON TRICRESYL PHOSPHATE AT 100’ 

CzH,,S c-s-c 

C,H”S c-s-c-c 

c.J-l,“S c-s-c-c 

C5NIZS 

CcH14S 

C 
c-c-s-c-c 
c-s-c-c-c 
c-s-c-c-c 

C 
C 
I 

c-s-c-c 
I 
C 

c-c-s-c-c 

C 
c-s-c-c-c 

C 
c-c-s-c-c 

I ‘c c 
c-c-s-c-c-c 

C 
I 

c-c-s-c-c 

C 
C 

c-s-c-c-c 

l-.w I’,,,, 

I a792 
I.1701 
I .2430 

1.2900 
I 3’72 . . .._ 

I .3892 

I .39cl2 706 

I .4065 712 

I .4099 

I .4x I 

I.43 14 

I -4472 

I.4533 

I 

534 
576 
608 

640 
GGI 

704 

714 

723 

724 

732 

735 

C 
.._-.___-..-...-. .__. ,._ _. 

* I -- [(log /‘,(, -- log r,c,)/(log I’,*,+, -.- log I’I~,)] .i 100 z, whcrc 1’1~ =-: /f< - r,,. t,, .. rctcntion 
time of rr-pcntanc, rs, =.-z rctcntion time of tcstccl compound illld flax utid t,(._+, y-z. rctcntion tinics of 
tr-alkancs. 
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C 

CsH,;S C-S-C-C-C-c c 
C 

C,H ,,,s c-c-s-c-c 
I 
C ‘c 

C&l 14s c-c-s-c-c-c 

C 
c-s-c-c-c-c 

C 
c-s-c-c-c-c 

I 

C 
c-s-c-c-c 

c-c 
c-c-s-c-c-c 

c 
c-c-s-c-c-c 

C 
c-s-c-c-c 

Ic’c 
c-s-c-c-c-c 

c 
C 

C,H ,fiS c-c-c-s-c-c 

C 
c-c-s-c-c-c 

I 

C L 
c-c-s-c--c-c 

I I 
c c 

C 
I 

c-c-s-c-c-c 

Los ?‘nx 

1.4625 

1.4771 

I ..5729 

I s775 

I .579x 

I .5798 

I .s933 

I xi107 

I .6107 

1.61 HO 

I .6253 

I.6365 

I .6484 

I .65X0 

I 

742 

746 

791 

794 

796 

796 

XOI 

808 

808 

Hll 

815 

R20 

824 

828 

I .G609 830 .I .: 

c 
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TABLE I (contirrrrccl) 
. . . -. _ _._ .._ - -_ . _. _..- _.... 

Forrwlu Diallcyl srrlplridc Log t’,(* I 

ti,H,;S -C-C_&S-C-CiC 1.6812 838 
c-c-s-c-c-c-c 1.6946 844 
c-s-c-c-c-c-c 1 a7021 846 

C7Hw.S c-c-s-c-c-c I .7033 X4K 
I I 

cc 

C 
I 

c-c-s-c-c-c I .7364 862 
I 
C 

c-c-s-c-c-c 1.7404 864 
I 
c-c 

c-c-s-c-c-c-c I .7634 873 
I 
C 

c-c-c-s-c-c-c I .7672 875 
I 
C 

c-c-s-c-c-c-c 1.7709 879 
I 
C 

c-c-c-s-c-c-c 1.7709 879 
I 
C 

c-c-s-c-c-c-c 1.x129 892 
I 
C 

c-c-s-c-c-c-c 1.8129 x92 

:: 
c-s-c-c-c-c-c I .838X 905 

‘c 
c-s-c-c-c-c-c I .X482 90X 

‘c 
c-s-c-c-c-c-c 1 .X603 913 

I 
C 

c-c-c-s-c-c-c-c I .8865 923 
c-s-c-c-c-c-c I .x921 925 

I 
C 

c-c-s-c-c-c-c-c I.9165 93.5 
c-s-c-c-c-c-c-c I .9243 938 

.- -- .- - ..-.- ---- - . -- .-..... .._ .-_._.. ._.-____ ..__.. -- 

the logarithms of the retention time and the retention indices for almost all of the 
dialkyl sulphides that might be present in gasoline fractions. The reproducibility of 
the retention indices was f I. 

The compositions and structures of the compounds studied can be correlated 
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with the linear dependence of the retention indices on the number of carbon atoms 
01) in CnHln+2 S molecules in homologorrs series of dialkyl sulphides with various 
structures. Graphically averaged data for five groups of dialkyl sulphides including 
some subgroups are represented in Fig. 1. For line 4 the scale of the I axis is shifted 
upwards by 100 units. The point for dimethyl sulphide (II = 2) does not fit on any of 
the straight lines. Linearity for all subgroups (from various homologous series) was 
derived using the method of least squares. The correlation factor for all of the straight 
lines is 0.99 (the results were treated using the least-squares method). 

t2-_ .._.__-__L .._. ‘4 1 . & I .A’ 

” 

Fig. I. Relationship between the retention indicts (I) and the total number of the carbon atoms (II) 
in the molcculcs of dialkyl sulphides for various homologous series on tricrcsyl phosphate at 100”. 
I : (a) C,,-S-C-C: (b) C,,,-S-C-C-C : (c) C,,,-S-C-C-C: 2 : (a) C,,,-S-C,,, : (b) C,,,-S-C-C-C-C. !)! = I -4. 

I 
C ‘c ic 

3: C-S-C,,,-C-C; 4: (a) C-S-C,,,; (b) C-C-S-C,,,: (c) C-C-C-S-C,,, III = 2-6. (The scale of tlic I axis 

‘c C 

is shifted upwards by IO0 units for this lint.) 5: C,,,-S-C-C. ~)r y= l-3. 

C 

Table II illustrates the results for three of the eighteen dialkyl sulphides 
studied. Evidently, the method for the insertion of methylene groups into dialkyl 
sulphides can be used successfully for the qualitative identification and for the analysis 
of alkanes. The observed deviation of the relative concentrations of isomeric sulphides 
in the “methylenates” from the theoretically predicted values demonstrates that in 
all instances the degree of methylene insertion differs from the theoretical value by 
less than one order of magnitude. The quantitative analysis of the composition of the 
“methylenates” obtained results in a mean-square error varying from & 2.0 to :I: 2.5. 

We have used the structural group analysis of the results of methylene insertion 
reactions on 17 dialkyl sulphides (with the exception of dimethyl sulphide) in order 
to evaluate the degree of methylene insertion at the C-H bonds of various types in 
thiaalkanes. The composition of a sulphide produced by a methylene insertion 
reaction is determined by the number of C-H bonds in the starting sulphide. Each 



METHYLENE INSERTtON REACTIONS TO DIALKYL SULPHIDES 125 

TABLE II 

PRODUCTS OF METHYLENE INSERTION REACTIONS ON SOME DIALKYL SULPHIDES 
_ 

Startirrg 
dia1k.d srrlpl~ ide 

&_&c-& 
(C,H,oS) 

c-c-s-c-c 

C 
(CsH,,S) 

c-c-s-c-c-c 

C 
(CaH,,S) 

c-s-c-c-c-c 
c-c-s-c-c-c 

c-s-c-c-c 

‘c 
c-s-c-c-c 

I 
C 

c-c-s-c-c-c 

Ic 
c-c-s-c-c-c 

Ic 
C 

c-c-s&-c 
‘c 

c-c-s-c-c 
I I 
c c 

c-c-s-c-c-c-c 

Ic 
c-c-c-s-c-c-c 

C 
C 

c-c-s-c-c-c 

C 
c-c-s-c-c-c 

‘CL 
c-c-s-c-c-c 

Lw tee, 

I .477 1 
1.4314 
I .4099 

Theoretical 

30.0 
30.0 
20.0 

I .3892 20.0 

I xi107 50.0 

I s775 25.0 

I .4472 8.3 

I ,428 I 16.7 

I.8129 43s 

I .7G72 21.3 

1.7364 

I .7033 

I xi484 

7.0 

14.1 

14.1 

20.0 

59.0 

25.0 

4.0 

12.0 

52.0 

21.0 

5.0 

11.0 

I I.0 

-I- 8.0 
- 1.0 
-_ 7.0 

0 

-1.9.0 

0 

-4.3 

-4.1 

-I- 8.5 

-0.3 

-2.0 

-3.1 

-3.1 

of the isomers produced has only one type of the C-H bond. The composition may 
be written as follows: 

GHznez S = &HJ -1- KHz -t- cCH -I- ACHJS -l- BCHzS -I- CCHS 

where a, 6, c, A, B and C are the numbers of the respective groups. This composition 
corresponds to the following number of the C-H bonds of various types: 

3a -I- 2h -I- 1 c -t- 3/l -I- 2B -I- 1 C = 2’ C-H 
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We assume that in the methyl groups distant from the sulphur atom, the 
reactivity of the C-H bonds corresponds strictly to their number. Taking this value 
as a reference, we could evaluate the relative degree of methylene insertion at the 
C-H bonds of the other types from the chromatograms for the “methylenates”. 
Table II I presents the results of such a treatment for 17 “methylenates” of dialkyl 
sulphides. 

TABLE III 

RELATIVE DEGREE OF METHYLENE INSERTION AT THE C-H BONDS FOR VARIOUS 
DIALKYL SULPHIDES 

The figt~rcs given indicutc the number of C-H bonds/dcgrec of mclhylcnc insertion. 
. 

Isomer CH., iW2 CH Cl-l,.9 Cl-r,S CIfS 

No. of C-N lxwrls itr group 

3 z 1 3 2 I 
.~_.. .- _.__.-_ __... ___.__ _. .~_.-..__.._-...-. 

c-s-c-c 
c-s-c-c 

I 

c-c-:-c-c 
c-s-c-c-c 

C 

C-S-L 
I 

c-c-Lc 
L 

c-s-c-c-c 
I 

c-s-:-c-c 
I 

cc-s-z-c-c 
c-s-c-c-c-c 
c-c-s-c-c 

‘c k 
c-c-s-c-c-c 

‘c 
c-c-s-c-c-c 

I 
C 

c-c-s-c-c-c 

ic 
c-c-c-s-c-c-c 
c-c-s-c-c-c-c 
c-s-c-c-c-c-c 

P/9 

P/9 

PI9 

G/G 
cl/e 
313 

G/G 
313 

919 

919 

616 
313 
12/12 

_- 
- 

211.7 

- 

- 

21 I .9 

- 

211.5 
4f2.8 
- 

2/l .P 

211.4 

_-. 

413.0 
413.4 
G/4.4 

.-- 
- 

- 
_- 

.- 

- 

. . 

I /0.9 

- 
_- 
- 

.- 

-. 

l/O.7 

- 
- 
- 

312.8 
312.0 

2/l .7 -. 
I IO.7 

._. 412.4 - IO/g.4 
312.3 2/l .o _-. lO/R.O 

3!2.5 - - 12/l 1.5 

-- 2/1.3 1 IO.8 12/l I.1 

3/2.2 _- I IO.8 12/10.9 

312.4 2/l .4 12/10.7 

- 

312.2 
-. 

412. I 
2/1.1 

- 1219.6 
- 12/P. 1 
2/l.G 14/l 3.6 

-. 211.7 I IO.6 14/13.2 

-_ 211.4 I iO.6 14/12.4 

-_ 412.7 

_- 412.2 
.-_ 412.2 
312.4 2/1.1 

- 

-_ 
.- 
- 

14112.4 

14/11.2 
14/l 1.G 
14/10.9 

..----.-._.----.- . . . .._ . . . _ . - . .._... . . ._ - __.._.- -_-_..--- 
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Referring the results obtained to one C-H bond and averaging them over the 
different types, we arrived at the following conclusion: the degree of methylene 
insertion at one C-H bond in the methyl group distant From the sulphilr atom is 
I (standard), in the CH2S and CHS groups it is 0.7 3: 0.1 and in the CM, and CH 
groups it is 0.8 & 0.1. The methylene insertion reactions of dialkyl sulphides with 
diazomcthane revealed a noticeable inhibitory efl’ect of the sLllphur atom; for the 
secondary and tertiary alkyl groups it is about 15 ‘x, (relative), and For the methyl 
group 12 x,. Unexpectedly, 12”/;: inhibition was observed for the methylenc insertion 
reactions of the CHz and CH groups 1-3 carbon atoms distant From the sulphur atom. 

CONCLUSION 

Methylene insertion reactio’ns on I8 dialkyl sulphides with diazomethane has 
been carried out for the first time. Gas-liquid chromatography has been used to 
demonstrate the presence in the pro.d,ucts of all the theoretically predicted dialkyl 
sulphides with numbers of carbon atoms exceeding by one the corresponding numbers 
in the starting sulphides. The products of the methylcne insertion reactions have been 
llscd to determine the logarithms of the retention times and retention indices on 
tricresyl phosphate at 100” For 47 dialkyl sulphides. Methylene insertion reactions are 
recommended for use in the qunlitativc analysis of thiaalkancs and their mixtures. 
A rough quantitative description has been given of the etTcct of the sulphllr atom in 
dialkyl sulphides on the relative reactivity of the C-H bonds in the methylenc insertion 
reaction. 
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