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MASS SPECTRA AND ANALYTICAL CORRELATIONS
OF SOME ALKYLCYCLOALKYL SULFIDES

by

J. Ei Dooley,' R, F, Kendall,? and D, E. Hirsch?3

ABSTRACT

addition to Parent and base peak sensitivities, Analytical correlations estab-
lish the ionic Species that reflect ma jor fragmentation paths for the com-
pounds studied, Specifically, the correlations show that base peaks are

formed by several different Processes: (1) Cleavage of the bond ~ to the ring,
(2) fragmentation of the alkyl chain, and (3) fragmentation of the ring plus
fragment contribution from the alkyl chain. Useful correlations for deter-
mining alkyl chain length involve the GH, . 2S" and CHy p, " ions. Gl o7
and C H, _ S* ions reveal the number of carbon atoms in the cyclic ring,

Other important ionic species are also discussed,

Reference masg Spectra and analytical correlations are needed for struc-
tural elucidation of hydrocarbons in pPetroleum. Extensive Spectral catalogst

! Chemisc,
ZProject leader,
Research chemist.
All authors are with the Bartlesville Petroleum Research Center, Bureau of
Mines, Bartlesville, Okla,

*American Petroleum Institute Research Project 44, Catalog of Mars Spectral
Data. Chemical Thermodynamics Properties Center, Texas Agricultural and
Mechanical University, College Station, Tex. 77840

American Society for Testing and Materials. Index of Mass Spectral bata,
Committee E-14 op Mass Spectrometry, 1916 Race Street, Philadelphia, Pa,
19103

Sadtler Research Laboratories, Inc., 3316 Spring Garden Street, Philadelphia,
Pa, 19104, keeps a Spectral data file for many compounds and continually
add to the file. To obtain spectra for @ compound, one muct contact
Sadtler,



and established correlations for hydrocarbons s 9, 12-13)5 and their hetero-
atom analogs (1, 3-8, 10-11, 15) confirm this need,

The Bureau of Mines, in cooperation with American Petroleum Institute
Research Project 48, has recently completed a Program on separation and iden-
tification of sulfur compounds in petroleum. As a result of this project,

20 alkylcycloalkyl and two dicycloalkyl sulfides were synthesized and purified
to aid in spectral identifications. The mass Spectra and analytical corre-
lations presented herein should be beneficial to other Spectroscopists working
in the fields of petroleum and sulfur chemistry,

ACKNOWLEDGMENTS

Ralph Hopkins of the Bureau of Mines Petroleum Research Center, Bartlesville,
Okla. The remaining six compounds were prepared by the late Professor

R. W. Higgins of Texas Woman's University, Denton, Tex. We are grateful to
Mr. Hopkins and Dr. Higgins for making these preparations available for study,

EXPERIMENTAL

Data were obtained on a Consolidated Electrodynamics Corporation (CEC)®
mass spectrometer, model 21-102, modified to the equivalent of a model 21-103C.
A CEC heated inlet System maintained sample vapor temperature at 135° C, The
isotron temperature was 250° C. Ionizing currents of 15 and 35 microamperes
were used with an ionizing voltage of 70 volts. Determinations were made at a
magnetic field strength of 3110 gauss, Sensitivities of parent and base peaks
are given with each spectrum,

Individual compounds were purified on a preparatory gas-liquid chromato-
graphic (GLC) column, 11 feet in length by 3/8 inch in diameter. The column
Packing material was 60 to 80 mesh firebrick, coated with 10 percent Carbowax
9000. Helium flow rates (60 to 120 cc/min) and column temperature conditions
(150° to 180° C) were adjusted to meet the boiling point requirements of the
compounds being purified, Purity determinations were made for each sulfide,
recovered from the preparatory GLC, on both polar and nonpolar GLC columns,
The hydrogenolysis technique of Thompson and coworkers (17) was also used to
verify purities,

DEVELOPMENT OF CORRELATIONS

Spectra for 20 alkylcycloalkyl sulfides and two dicycloalkyl sulfides are
presented in tables 1 to 3, Relative intensity (RI) values, corresponding to
a given mass to charge ratio (m/e), are tabulated for individual fragment ions
observed in each Spectrum. RI values for parent ions (ions equivalent to com-
pound molecular weight) and base peaks (peak equivalent to the most intense
ion) are underlined. Parent ions are further denoted by the symbol "p."

®Underlined numbers in parentheses refer to items in the list of references at
the end of this report,

®Reference to specific company or brand names is made for identification only
and does not imply endorsement by the Bureau of Mines,
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TABLE 3. - Mass spectral data for two dicycloalkyl sulfides

Compound
Dicyclopentyi- Cyclopentyl-
thiamethane cyclohexy] -
thiamethane
Molecular weighteoon,.... $5 170 184 RELATIVE IMENSZTIES, M/E (CON.)
Magnetic fjeicﬁ.........gauss.. 3110 3110 91...“......‘......,........ 0.08 0.10

Compound
Dicyclopencyl- Cyclopentyl-
thiamethane | cyclohexyl-
thiamethane

Sensitiviey, divisions/mi¢ron: 93........,.............‘.... .12 .13
Base L 103,00 73.78 9&........................... .10 .09
Parent L T 33.79 36.17 95........................... -65 42
n-Butane, mfe 43 peak....... 94.29 94.29 ?6..................,........ .07 .09

lonizing current 97...........‘............... A6 A3

microamperes. . 15 15 98......,.................... .11 .12
RELATIVE INTENSITIES, M/E 99.. +83 .84

2&...........................‘ 0.03 0.04 100........................... 5.10 4.11
25.........................,,. .11 .13 101...,....................... 66.80 31.96
Zb............................ .33 2.98 302.......................,... 18.93 11.69
27........................,... 19.13 31.57 103...........»............... 25.29 17.58
2Bttt LS 3.09 5.41 1010.‘........,..n..........“ 2,17 1.54
29.........,.................. 5.16 17.84 IOS...........‘............... 1.07 «79
30t [ rSr— .12 .39 106....uinsis, ruseaesueaa G ae .06 «04

3i....‘.....................‘. .06 .08 107........................... .08 .09
32........,.....,...”..,,..., .30 42 108........................... .05 W11
33............................ .23 .28 L Seipaiins ena .08 .35
3&............................ .33 43 !}0......,..........“........ .03 .06
35.,........,................. .34 .56 1U........................... .03 .08

}6................‘........... -03 <04 112........................... & 06
3o vasi sneeonis T .63 .61 113........‘.................‘ .16 W27
38.,.......................... 2.03 1.81 114........................... .06 3.14

39............‘.............., 32.18 38.59 115,00 frerarasaaa.. cresenna. 1,27 24.69
400a...., e 5.39 5.40 116........................,.. 11 7.56

«1............................ B2.14 100.00 ll'f‘........,...........,...... .08 13.26
%2..............,............. 4.63 5.67 ElS..................‘........ - 1.20
i3..,.......,................, 2.22 4.42 119...................,....... - «39
bheinnna, R R S, .12 .21 120.......,...........‘....... - 04
&5................,........... 16.36 21,65 123..,........................ 203 .09
&b.,......,................... 1.19 1.42 122¢,......................... - .03
47............,..‘............ 9.04 11.83 123.;.......,................. # .03
4!:............................ .23 .30 52&........................‘.. - <04
.9.,,,.,.._......,,,.,.,,...,, W43 .61 127,.......................... .15 .25
3(;......................,..... 47 .90 128....................-...... 16 .15
31..........,................. 1.28 2,70 11’9.........,................. .11 .38
52............................ .49 1,36 130..........“.............‘. .03 04

53 5.58 12.08 13/ .06 -

4 eniinnnn., .78 16.13 11.1 2.88 T4
55t iatnnnnniannnn,, 4.99 53.96 42.,......
50 .37 2,78 x~3 W17 .28
L 42 .61 Wbowuan .03 .03
58 iiiiniannn, 3.28 4.11 150
5% 4m-w-ate 8.56 8.63 151 - .09
B0 9.92 10.27 155 - .69
3 ST T 2.13 4.88 156 - .23
B e .68 .7 157 - .05

63..... R «65 .68 168................... ..... sen .04 -

S a s S S, 4B 47

$hrveasisinanss Pesasersenianan, .18 .17 169....,., R R R T S S, o1 ]
65............................ 3.81 .64 170........................... 32.81p -
BB unen cnsinieniinnersresnns, . 4.68 4.02 171...........,............... 3.9 -
67 iirriiininnann., sresnsans 43,15 73,00 172...................,..,.... 1.70 -
03..........................,. 51.03 24.30 173.........,................. .17 -
690 R 100.00 60.41 182, 0iuinnn.., sererinersiana, S .05
Weeennunn.... trrsssersiaiaa,, 5.53 3.60 e T ER . - .25
.2 L T 3.50 4.27 186........................... - 49.03p
72............................ 1.14 1.33 iSS.,..................,...... - 6.56
73.......‘...,-......,........ 9.47 13.65 186.........................., - 2.65
74... 4.67 3.12 187........................... - .30

4= TR Rl R — «96 1.20 Iﬂ&.............,............4 - .02
76..........,........... ..... . L4 .39 METASTABLE PEAKS (X - PRESENT, 0 - UNDETECTED)

1200nun e, =15 1.90 24.4........,................ X X
78...........‘............,... .05 .57 25.3...................,..... X X
79....,...............,....... «24 3.82 26.3-,....................... X X
80 encece pmizmas B .07 1.97 28.7.................,....,.. X X
81...............‘...‘...,.... .68 22.72 3&.6......................... 0 X
62..........,..........:...... .16 65.46 37.1.....................,‘.. X X
83....................,.,..... .06 56.18 38.8...............,.,....... X X
84............................ .18 3.75 &O.?..u...,................. X X
BS.................,.......,.. 1.60 2,14 éS.-’:......................... X X
8b.........‘.................. .2 .60 46.5......................... X X
87..-.....,...,............... 2.18 3,52 2 oBs siaviis wiiain « Pesanenas X X
88............................ .14 .39 55."4.(....................... 0 X
§L.s..................,,..... =12 221 66.0:v0ss0a0en..... srerssssa. X X
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At the bottom of each table, metastable peaks are shown as measured at
appropriate locations in the spectrum of each sulfide. Relative intensities
of the metastabie peaks are not included because many of them could not be
resolved sufficiently for measurement, Rather, an appropriate symbol indi-
cates whether a specific metastabie ion may be present for any given compound,

Base Peak Formation in Alkylcyclohexyl Sulfides

Eight of the 10 alkylcyclohexyl sulfides studied indicate that cleavage ¢
to the ring, dccompanied by the loss or transfer of a hydrogen actom, is prefer-
ential in base peak formation,

fer of a hydrogen from the alkyl chain to the sulfur, possibly pProducing a
thiol and neutral olefin (16). This fragmentation step is followed by cleav-
age o to the ring accompanied by the transfer of a hydrogen from the ring to
the sulfur, Producing the base peak and hydrogen sulfide. This process ig
indicated as follows:

+,H O +
-5—~R —_— ~SH + R%(olefin)
H + +
~SH — + HpSe
m/e 82

In a second Process, cleavage occurs @ to the ring with a hydrogen atom
lost or transferred from the ring to produce the base peak at m/e 82 and a
" meutral species, possibly a thiol (16):

Ha+ +
Oi‘s-ﬁ — + HSR®

The neutral Species cannot he proved in either case. Deuteration studies
could be of value in determining the process of base peak formation,

Two &lkylcyclohexyl sulfides have base peaks other tharp m/e 82, One of.
these contains a t-butyl group and the other a s-butyl group. These groups




k1

are insufficient to pProduce an m/e 4] ion, and therefore fragmentation of the
molecule favors cleavage o to the ring accompanied by loss or transfer of

1 hydrogen. The mfe 41 ion is probably produced from the ring by the Process
69* g§—> 41" and, for chains with 3 or more carbons, by the processes

A3 2 41* and 57 —é—> 41. Metastable peaks appearing in the spectra of

of these compounds at approximately 24,4 (69 g~—> 41), 39.1 (43 —2—9-41), and
29.5 (57 lé—> 41) could result from these Processes,

Two alkylcyclopentyl sulfides have base peaks derived from the alkyl
chain, These compounds have t-butvl and s=butyl 8roups that affect base peak
formation and are similar to the exceptional fragmentation Patterns noted

at m/e 27, 29, 39, 41, and 67 for each compound, Relative intensities for

Relative intensities of
abundant ions, m/e
27 [ 29 1739 [ 41 [ 67
CYCLOPENTYL SULFIDES

(I-Thiaethyl)cyclopentane...............,. 21.68 | 3,01 38.35 71.16 | 49,18
(1-Thiapropyi)cyciopentane....,......,.... 44.39 | 23,19 35.44 | 62.66 49,33
(I-Thiabutyl)cyciopentane................. 48.82 | 10.79 47.99 [100.00 56.89
(2~Methy1-1-thiaprnpyl)cyclopentane....... 47,97 5.48 | 49,96 100.00 | 55.02
(l-Thiapentyi)cyclopentane......*......... 46.19 | 43,64 39.83 |100.00 53.74
(2-Methyl-i-thiabutyl)cycIopentane.¢....,. 41.55 | 50,29 41.55 97.09 | 38.01
(S-Methyi-l—thiabutyl)cyclopentane..,..... 35.46 | 30.22 43.59 [100.00 60.58
(2,2-Dimethyl-l-thiap:opyl)cyclopentane... 17.32 { 25,76 | 27.33 59.81 | 13.14
(I-Thiahexyl)cyclopentane.............,.*. 42,13 | 35,07 36.30 [100.00 44,64
gl;Thiaheptyi)cyclopentane..,............. 40.84 | 38.55 32.22 |100.00 41.3Q
CYCLOHEXYL SULFIDES
(I-Thiaethyl)cyclohexane.................. 38.68 | 17.22 36.28 66.71 | 88.26
(1-Thiapropyl)cyciohexane.............‘... 55.14 | 37.34 30.45 | 59.51 99,27
(l-Thiabutyl)cyclohexane..........,.‘..... 50.95 | 22.58 34,59 76.63 | 89.21
(Z-Méthyl—l-thiapropyl)cyclohexane,....... 61.61 | 20.39 40.54 94.52 | 99,68
(1-Thiapentyl)cyclohexane..,..a..,.,...... 42,17 | 46,63 27.63 67.28 | 75,43
(2-Héthyl-l-thiabutyl)cycIchexane,........ 53.36 | 70.52 40.12 93.04 | 65.98
(2,2-Dimethyl-l-thiapropyi)cyclohexane.... 20.75 | 30.81 22,13 | 51.86 18,92
(1-Thiahexyl)cyclohexane.................. 43.59 [ 44,52 27.97 76.58 | 73,54
(4-Methy1-1—thiapenty1)cyclohexane.‘...... 49.35 | 37.45 33.75 | 91.82 67 .64
j;;Thiaheptyl)cyclohexane......,.......*.. 38.58 | 42,85 23.73 72.67 | 62.17
DICYCLIC SULFIDES
nicyczopencyuhiamethane...,.............. 19.13 | 5.16 [32.18 | 82.1% 43,15 '
§Xgiopenty1cyclohexylthiamethane.......... 31.57 | 17.84 38.59 |100.00 73.00 i
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Parent ion intensities are also abundant, the smallest of which is about 25 per-
cent for a compound containing a t-butyl group. Thig is probably due to the large
ionization cross section of the sulfur atom (14),

A significant C.Hy 18" (m/e 47, 61, etc.) series appears in alkylcycloalkyl

mation of this ion as shown by the large m/fe 61 intensities of compounds containing
isopropyl and s=butyl groups, (ZuMethyl~1-thiapropyl)cyclopentane, (2-methyl-1~
thiabutyl)cyclopentane, (2-methyl-lwthiapropyl)cyclohexane, and (2-methyl-1-thia-
butyl)eyclohexane have considerably larger m/e 61 ions (>29 percent) than the other
compounds studied, (4-Methyl-1—thiapentyl)cyc1ohexane also has an abundant m/e 61
21 percent), probably due to the location of the branching. Cook and Dinneen (3)
have postulated the mechanism of formation of the m/e 61 ion observed in the spectra
of other types of sulfur compounds.

Alkyl Chain Length

Cook and Dinneen (3) have proposed origins of CoH 458" (mfe 4G, 62, etc,) and
Col 458" (m/e 49, 63, etc.) ions and have found these useful in indicating caain
lengths in thiaalkane - Their data show that a Summation of these ions in thia-
alkanes will establish chain length. The same correlation can be applied to alkyl-
cycloalkyl sulfides, except that C:HEM_BS+ ions alone will indicate the length of
the alkyl chain. As in Ehiaaikanes, CH 1,5 ions are usually the largest whepn n
e€quals the number of carbon atoms in the alkyl group. Underlined relative intensity
values in table 5 indicate the cyclic sulfides which support this observation, Only
two compounds fail to correlate, and both contain t-butyl groups. In view of this,
if any peak in the series is >2 percent, the correlation holds; if not, it fails,

TABLE 5, - Relative intensities of ions for n in formula Cn}%n+38+

Relative intensities
n=l | n=2 | n=3 | n=4 | n-5 | n=6
CYCLOPENTYT, SULFIDES

(1-Thiaethyl)cyclopentane.. ..... tesenseaana | B.4] 1.47 1 0.11 1 0.03 - 0.16
(l-Thiapropyl)cyclopentane................. 61 127,72 «»33 06| 0,03 -
(l-Thiabutyl)cyclopentane,...., ..... teasess| 1,25 1.00 | 30.99 .19 .06 -
(2—Methyl—l-thiapropyl)cyclepentane.,...... 1.57 | 2.91 |42.78 .14 +85 -
(1-Thiapentyl)cyclopentane.....,.. ....... ol 1,42 1,28 .19 | 31,58 .18 -
(2-Methy1-l-thiabutyl)cyclopentane.....,... .84 5.06 .71 1 10.89 .20 -
(3—Methy1-1-thiabutyl)cyclopentane.,......, 1.97 .69 43 114,12 24 .03
(2,2-Dimethyl-l-thiapropyi)cyclopentane.... 1.35 .38 .57 W45 .20 -
(l-Thiahexyl)cyclopentane....,.,.........., 1.02 .98 .30 .09 | 20.83 .07
(1-Thiaheptyl}cyclopentane......,.; ..... Wb «96 .94 <49 .22 .22 1 16,33
CYCLOHEXYL SULFIDES
(l-Thiaethyl)cyclohexane..,.,.............. 4,59 1.64 | 3,131 J.06 - -
(1—Thiapropy1)cyclohexane....,.........&... .66 | 12,22 3.96 081 0.02 -

(l—Thiabutyl)cyclohexane......,.....,...... 1.08 .62 116,58 .36 021 0.05

(2-Methyl-l-thiapropyl)cyclohexane.,....,.. 1.96 1.69 | 31,61 .33 .03 .04
(1-Thiapen;yl)cyclohexane...‘...... ...... .o .96 <79 | 2.15 | 14.50 .16 .12
(2-Methy1—l—thiabutyl)cyclohexane....,...., «97 | 3.90 | 3.48 13.90 .09 RAA
(2,Z-Dimethyl-1~thiapropy1)cyclohexane..... 1.43 .26 1.66 +53 - .31
(l-Thiahexyl)cyclohexane................... +71 77 | 2,03 .09 112,78 R
(4~Methy1—l-thiapentyl)cyclohexane,........ .88 1.23 2.31 211 11.76 .16
(1~Thiaheptyl)cyclohexane................., 64 .69 1.73 .17 .04 1 10.20




13

Another useful indicator of alkyl chain length is the Cn&3n+1+ (m/e 29,
43, etc,) group of ioms, Beginning with m/e 29, the last large intensity
appearing in the series usually represents the alkyl chain length. Thisg inten-
Sity is in €xcess of 20 percent for cyclopentyl sulfides and 10 Percent for
cyclohexyl sulfides, Supporting values are underlined ip table 6. The obser-
vation is likely invalid for chain lengths larger than g carbons as can be
noted from the decrease in intensity of ions representative of the longer
chains. Some confusion could result from this correlation unlessg use is made
in conjunction with the CnHen+_QS+ observations, Methyl compounds may be deter-
mined by looking at the n=2/n=3 ratio, A ratio of less than 5 to 1 indicates
S-C, . A ratio greater than 10 to 1 denotes S-C,. The C.H,, * and Gl oy, S*

Relative intensities
n=21| n=3 | n=4 | n=5 [ =g [n=7
CYCLOPENTYT, SULFIDES

{I-Thiaethyi)cyclopentane‘............... 3.01] 1.91 0.89] 3.00 0.96(0.73
(1—Thiapropyl)cyclopentane............... 23.19] 1.95 1.36] 3.51| 1.12 .79
(l-Thiabutyl)cyclopentane.........,...... 10.79140,21 <79 4,221 1.47 .78
(2-Methyl-l-thiapropyl)cycIopentane...... 5.48/68.99 <841 4.29] 1.47 1.00
(l-Thi&pentyl}cyclopentane............... 43.64| 5.48 41.30| 3.56 1.56| .80
(Z—Methyl~1—thiabutyl}cyclopentane....... 50.29| 2,48 43.31] 3.66 1.25] .71
{3-Methyl—l-thiabutyl)cyclopentane....... 30.22(14,93 44.86| 3.48 1.44] ,63
(2,Z-Dimethyl-l-thiapropyl)cyclopentane.. 25.76| 1,21 2,32 55| .30
(l-Thiahexyl)cyclopentane................ 35.07{30.54 1.53/31,12] 1.52 +73
(1-Thiaheptyl)cyciopentane............... 38.55(41.28 5.50] 3.00 24.951 .70

CYCLOHEXYL SULFIDES
(1-Thiaethyl)cyciohexane.,............... 17.22] 3,99 0.62] 2,61 2.07(0.32
(1-Thiapropyl)cyclohexane............‘.,. 37.34] 3.52 1.15{ 2.84 1.85] .37
(l-Thiabutyl)cyclohexane.......*,,....... 22.58(26.01 <701 3,02 1.71 .26
(Z-Methyl-l—thiapropyl)cyclohex&ne....... 20.39|56.61 1.09| 3.98 2.18] 41
(1-Thiapentyl)cyclohexane................ 46.63| 6.63 19.85| 2.37 1.55J W24
(Z-Hethyl-l-thiabutyi)cyclohexane........ 70.52| 4,25 48.521 3,68 1.93] .37
(2,2-Dimethyl-lnthiapropyl)cyclohexane... 30.81] 1.68 100.00/ 1.86 801 .14
(1-Thiahexyl}cyclohexane................. 44.52126,29 1.37|17.38] 1.64 .35
(4-Methy1-l-thiapentyl)cyclohexane....,.. 37.45(40.35 4.82(24,88 1.96| .37
(l—Thiaheptyl)cyclohex&ne........,..,..,. 42.85(32.66 3.98| 2.11 13.76| .30

Tn=1 (m/e 15) not scanned,

Although indirectly related to alkyl chain length, the m/e 35 peak shows
an interesting correlation where an ethy] 8Toup is attached to the sulfur,
Intensities of 9 to 10 percent of the base peak for m/e 35 are recorded in the
Spectra of (l—thiapropyl)cyclopentane and (l-thiapropyl)cyclohexane. The peak
must be characteristic of the influence of the ethyl group in the two cop-
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Butyl groups have a characteristic metastable ion which helps identify
the 4-carbon chain. The ion registers at m/e 29.5 and probabtly results from

o
the process 57 l§u> 41. Intensity of this metastable ion is largest for Lhe
t-butyl group. All of the compounds containing butyl groups (tozal of seven)
show this ion in their spectra,

As denoted in tables 1 to 3, a metastable ion exists at m/e 42.6 in the
spectra of those cyclic sulfides that have either propyl, pentvl, or hexyl
alkyl chains. Considering the variety of compounds involved in the production
of this metastable ion, it is evident that more than one fragmentation process
is occurring.

The metastable ion may result from the transition 71 lé—> 55 for the
three cyclic sulfides that have C_S side chains. This transition involves
cleavage of the chain at the bond a to the sulfur atom. The same transition
is also applicable to a lesser extent to the two cyclic sulfides with C; alkyl
chains, except that cleavage occurs at the bond 8 to the sulfur atom,

+]

A second transition to consider is 158 Zé—>—82. This process applies to
the two cyclohexyl derivatives that have C; groups attached to the sulfur,

The fragmentation process would involve the formation of the base peak by
cleavage of the bond ¢ to the ring.,

Still another process to consider is 115 éé-> 70. For the compounds
(l-thiabutyl) and (l-thiaheptyl)cyc1opentane the fragmentation steps could
result from cleavage of the bond B to the sulfur with subsequent loss of CHS.
(2—Methyl-l-thiapropyl)cyclopentane may produce the m/e 42.6 ion through a
cyclic transition (3) as follows:

CH3 CHo
(1) ! +/1
—S-,C—CH3 —_— —S—C—CH3
H H H

CH2
(2) O +/l/|- +
*5}§‘CH3 —_— -S—CH» +Co Hg

m/e 115
% H Y
(3) O—'-/sjcu — O +CHS
m/e |15 m/e 70

For the compound (l-thiaheptyl)cyclohexane, cleavage could occur at the bond 3

to the ring, followed by possible loss of CHS (the carbon atom removed from
the ring).
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Ring size can be determined from the intensity of the Cilon ™ (m/e 54,
68, etc.) series, Cyclopentyl ¢ompounds show ions in excess of 20 percent

base peak, The largest value ip the series reépresents ring size, Dicyclics
apparently follow the Same pattern. If a cyclopentyl—cyclohexyl combination
is present, both the m/e 68 and m/e 82 ions are intense with the mfe 82
(cyciohexyl ion) showing the greater intemnsity., The base peak for the mixed
ring compound is apparently formed from fragmentation of both rings. Table 7
contains data for these correlations with underlined valuesg indicating corre-

Relative intensities

n=3 | n=4 [ p-5 n=6 n=7 |n=8
(nfe 68)|(m/e 82)
CYCLOPENTY], SULFIDES

(1-Thiaethyl)cyclopentane............. 6.95] 0.84 100,00 0.09 [0.03] -
(l-Thiapropyl}cyclopentane..........., 5.88] .74 100.00 <15 | .04 -
(E-Thiabutyl)cyclopentﬂne.......,‘.... 4.95 .88 99,80 .73 - -
(2-Methyi-i-thiapropyl)cyclopentane,.. 7.71 .78 77 .42 .09 13) -
(1-Thiapentyl)cyclopentane........;... 6.44] 1,76 98.98 «95 08] -
(2-Methyl-1-thiabutyl)cyclopentane.... 5.721 1.12 34 .44 .09 «36] -
(3-Methy1-1-thiabuty1)cyc1opentane.... 6.69| 1.33 61.71 1.89 05 =
(2,2-Dimethy1-1—thiapropyl)
cyclopentane........................, 3.98 61 27,13 .08 02 -
(1-Thiahexyl)cyclopentane.,........... 6.10| 1.22 77.80 .91 -0810.04
(I-Thiaheptyl)cyclopentane.....,,..... 5.50( 2,02 69.49 1.90 081 .03

CYCLOHEXYL SULFIDES
(1-Thiaethy1)cyclohexane.............‘ 3.96[37.25 5415 100.00 [0.04]0.04
(1-Thiapropyl)cyclohexane...,..,...... 3.22135,73 5.66 100.00 041 .04
(I-Thiabutyl)cyclohexane........‘..... 3.78{30,52 5.19 100.00 211 -
(Z-Methyl~1-thiapropyl}cyclohexane.... 5.23(32,90 5.82 100.00 04 .11
(l-Thiapentyl)cyclohexane....,........ 3.00(23.90 4.49 | 100.00 271 .04
(2-Methyl-l-thiabutyl}cyclohexane..... 4.07{23.56 3.90 60,52 -06] .48
(2,2—Dimethyl-l-thiapropyl)cyclohexane 2,55 7.31 1.16 58.34 041 .03
(1-Thiahexyl)cyclohexane.............. 3.57{22.04 5.11 100.00 341 .04
(4—Methyl-l-thiapentyl)cyclohexane.... 4.13122.64 4.90 100.00 621 .06

(1—Thiaheptyl)cyclohexane............. 3.01]18,94 4,12 100.00 35! .04

DICYCLIC SULFIDES -
Dicyclopentylthiamethane,............. 5.39] 0.78] 51.03 0.16 |0.07]0.03
CycIopentylcyclohexylthiamethane....., 5.40(16.13 24.30 65.46 091 .06

To some degree, the CGlonl, 8% (m/e 87, 101, etc.) and C.B 5" (m/e 88,
102, etc.) ions are useful in indicating ring size but not as effectively ag
C.H,..*. For alkylcyclopentyl sulfides, m/e 101 >m/e 115, and mfe 102
>m/e 116, and conversely, for alkylcyclohexyl sulfides, m/e 115 >m/e 101, and
m/e 116 >m/e 102, Three anomalijesg occur in this correlation:
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l. In the spectrum of (I-thiaethyl)cyc1opentane, m/e 116 is more intense
than m/e 102, probably the result of m/e 116 being the parent peak (16).

2. The spectrum of (3-methy1-I-thiabutyl)cycIopentane shows m/e 115
>m/e 101, a result of branching in the chain,

3. The (l-thiahexyl)cyclohexane Spectrum has an m/e 102 jon larger than
the m/e 116 ion.

This probably results from contribution of the chain (including the sulfur
atom) to the mfe 101, 102, and 103 group of ions. Dicyclics conform to the
correlation provided the assumption is made that the C. ring dominates frag-
mentation where both C. and C. rings are involved.

In addition to the above correlations, m/e 52 and m/e 53 may be useful in
determining ring size. Both of these ions are larger in alkylcyclohexyi sul=-
fides than in alkylcyclopentyl sulfides. Relative intensities for mfe 52 fall
between 0.41 and 0.74 in cyclopentyl sulfides and between 0.86 and 2.71 in
cyclohexyl sulfides. The m/e 53 ion relative intensities have a range of 3,27
to 9.01 for cyclopentyl sulfides and 9.46 to 14,40 for cyclohexyl sulfides.
Tertiary butyl cyclohexyl sulfide does not conform for m/e 53. The dicyclic
sulfides conform if the assumption is made that the C, ring effect is dominant
where both CS and C. rings occur.

Alkylcyclohexyl sulfides have ions more intense at mfe 54 and 55 than
alkylcyclopentyl sulfides. For m/e 54 ions, intensities greater than 7 per-
cent represent cyclohexyl Structures, whereas intensities less than 2,1 per-
cent indicate the cyclopentyl structure, For m/e 55 ions, intensities more
than 27 percent would be cyclohexyl, and those less than 26 percent would be
cyclopentyl,

The base peak minus 2 ion may also be related to the number of carbons in
the ring. In aikylcyclopeutyl sulfide Spectra, the base minus 2 peak is
greater than 3 percent relative intensity. Alkyicyclohexyl sulfide Spectra,
however, show a base minus 2 peak of less than 3 percent relative intensity,
An exception is t-butyl cyclohexyl sulfide in which m/e 57 (t~butyl group) is
the base. The base minus 2 peak, therefore, falls in the Coly, _, series, a

series which happens to be very intense in alkylcyclohexyl sulfide spectra, as
discussed above,

Metastable ions at m/e 24 .4 and 52.8, which Support the cyclopentyl struc-
ture, are present in all the cyclopentyl sulfides but do not appear in the

cyclohexyl sulfides. The m/e 24,4 ion couldoresult from a 69 g—-ﬁrél transi-
tion whereas the 52.8 may come from a 101 —§—> 73 transition.

Similarly, m/e 36.4 and 55.4 ions appear in cyclohexyl sulfides but not
in cyclopentyl sulfides. There is one eXception, the cyclopentyl sulfide con-
taining a C. alkyl chain. These two ions then would be indicative of the C

ring and probably result from 83 ;§:> 55 transition (m/e 36.4) and 81 iﬁ:; 67
transition (m/e 55.4).
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SUMMARY OF CORRELATIONS

Correlations cbserved for 20 alkylcycloalkyl sulfides and twe dieyclo-
alkyl sulfides follow,

Base Peaks
Alkylcyclohexyl Sulfides

Base peaks formed by & cleavage to ring in eight of 1Q compounds. Base
peaks determined by t-butyl and s-butyl alkyl chains in the other two compounds,

Alkylcyclopentyl Sulfides

Base peaks formed by fragmentation of ring plus contribution from the
alkyl chain (for six compounds) provided alkyl chain length is 3 carbons or
more. Two compounds had base peaks formed by cleavage 2 to the ring (alkyl
chain lengths were less than 3 carbons), The remaining two compounds had base
peaks determined by t-butyl and s-buty! groups,

Dieyclic Sulfides

Base peak is determined by cleavage a2 to ring where only cyclopentyl
rings are involved. Where cyclopentyl and cyclohexyi rings are present in the
Swme compound, both rings contribute to the base peak ion,

Determination of Ring Size

C. ring Ca ring
Lo Gl ot Y entnsinnnnnonnnnns mfe 68 >82 mfe 82 >68
24 Ca‘{{a, _18“‘.&-1-----ana'm-oc-aol me 1@1 \5'115 m/e 115 >iﬂl
3% Ca_!‘%ms‘ald‘itillt-ll‘-l#'!IIAI-. mle 152 >}-lﬁ m[e 11.6 >1GZ
4; C’RE!T.'; FEERSS B 2B G PB TR S ml‘*e 69 >83 ml’e 83 %9

iu mj’& 52;.:0¢--3-0.1-m-ugno»’-tu RI 0@&1"9&7‘4 0‘86"’2:71
69 mle 531!t'ill‘l-willlblpll-lia-tl'i RI 3127'9:81 9:46'14:40

7. Base -2 Peak’ sivsuniiiniann.s RI >3 pet >3 pet
8. m/e T RI >16 pet >2.5 pet
9. mfe 55 v eriennrrnsnsesnennens RI >50 pet >26 pect
10, mfe 24,4, 52,8 (metastable),, Present Absent
11. mfe 36.4, 55.4 (metastable),, Absent Present

*Anomalies are discussed in Ring Size section,

Determination of Chain Length

1. BT et 1 v mion s ik e largest peak in the series gives the chain
length (n),.

2 CByp it vesiaiomerenssoncso Largest peak in the series gives the chain
length (n),

N (2 T - Largest peak in the series gives the chain

length (n) for C. and longer chains,

4., e b e % 5k e e Largest peak in the series gives the chain
length (n) for C. and longer chains,

5. mfe 29.5 (metastable)...,,... Determines butyl groups,

6. mfe 42,8 (metastable),.,,,,, Determines propyl, pentyl, and hexyl groups,
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9.

10.

11.

12,

13,

14.
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