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INTRODUCTION

Molecular structures of organic compounds are
determined from mass spectra by comparing a spectrum with
reference spectra or by relating molecular structure to
fragmentation (l). The latter approach is the subject of

this research. If several compounds contain the same

strong directing functional group, differences in identity
and quantity of ions and their spectra depend on the spatial
relationships of the other atoms to the functional group.
The differences can be correlated with molecular structure
so that one can predict identities and approximate quanti-
ties of ions when reference spectra are not available.

The sulfur atom possesses two important features

that can be helpful in studying mass spectrometric frag-

mentation. First is the presence of the sulfur-34 isotope

which occurs naturally to about 4.4 percent abundance.

Second is the availability of d-orbitals in the sulfur
atom. These permit hybrid bond orbital formation of the
spd variety among other (at relatively low energies) which

may alter the types of fragment ions formed and certainly

leads to unique species.



HISTORICAL BACKGROUND

Sulfur is one of the most plentiful elements in
nature, ranking thirteenth in abundance in the earth's
crust. It appears in the elemental state, combined with
other elements as minerals and as a vital constituent in
plant and animal tissue (2). Sulfur compounds are the most
important non-hydrocarbons in petroleum, not only because
they are present in the largest percentages, but also
because of their corrosive nature and their deleterious
effects on petroleum products. The mean sulfur content
of U.S. crude o0il production in 1966 was 0.67 percent and
the Middle East crudes are known to be high in sulfur up
to 4+ percent.

The sulfur-containing constituents of petroleum
have been of interest and concern to the petroleum industry.
However, it was not until the inception of the American
Petroleum Institute (API) Research project 48 in 1948
that a systematic study was undertaken to isolate and
identify the sulfur compounds present in the distillate
fractions of several crude oils (3).

Much research was done before 1948 on the develop-
ment of processes to remove sulfur compounds from petro-
leum products or to neutralize their effects, but up to

2
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that time no thorough study to identify the types of sulfur

compounds in petroleum or obtain physical properties of

these compounds was done. Thus, the science of petroleum

sulfur compounds dates back a little over 25 years.

Since 1948, organic sulfur chemistry has progressed
extensively with the establishment of API-RP 48; however,
the identification of individual sulfur compounds in petro-

leum becomes difficult because the number of isomers in-

creases greatly with increasing molecular weight. During

the course of these studies, much experience was obtained

with the interpretation of mass spectra, and analytical

correlations were developed for sub-classes, including
some ideas concerning the relationship of structure to
A summary up to 1959 for sulfur compounds

fragmentation.

was made by Cook and Foster (l). An important class of sul-

fur compounds in petroleum is the thiophenes. Some studies
on a few alkylthiophenes were reported by Hochgesang (4) in
Hartough's book on thiophenes. A large number of mass
spectra of organosulfur compounds has been reported in
various Bureau of Mines publications to be cited as needed.
In 1951, Kinney and Cook (6) first reported upon a
group of alkylthiophenes with molecular weight range 84 to

140 and showed that fragmentation of the alkyl chain at a

bond beta to the ring was favored. The base peak for the

monoalkylthiophenes occurs at mass 97 by breaking a beta-bond
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Fig. 1. Major Chain Fragmentation Possibilities of
1-(2-thienyl)hexane

They also showed that some alpha bond cleavage apparently
occured to form the ions at mass 84 and 85. This requires
the rearrangement of one and two hydrogen atoms respectively
with origin and destination unknown. The extra hydrogen

atoms are depicted as bound to the sulfur atom, but their

location is not known.

Foster and co-worker (6, 7, 8) confirmed the corre-
lations of Kinney and Cook in a series of work. Foster and
Higgins (10) reported the mass spectrum of 1-(l-thienyl)
hexane-l—l3C with a carbon - 13 label in the alpha position
(1968). The principal fragmentation routes of the parent
ion of monoalkylthiophenes are delineated. Many of the

neutral particles lost in the formation of these fragment
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ions are typical of those encountered in the alkylbenzenes
or other aromatic ion systems. The processes are also
thought to be similar with the ejection of a neutral sul-
fur atom being comparable to the ejection of a neutral
C,H, particle. Beta cleavage of the alkyl chain predomi-

272
nates, and in this cleavage the alpha carbon is carried

with the ring moiety.

In 1959, Hanus and Cermdk (10) using butyl and small
alkyl substituted compounds proposed the ring expansion of
the alkyl to parallel to the tropylium ion formation at m/e
91 proposed earlier for the alkyl benzenes by Rylander,

Meyerson, and Grubb (11) in the mass spectrometer as shown

in Figure 2.

BASE PEAK FORMATION

m/e 91 m/e 9
H
c
, H-C 7 o C-H
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Fig. 2. The Tropylium Ion Mechanism--
the Sulfur Analog



The cyclic expanded ring structure plus a hydrogen atom
rearrangement to the ring was proposed by Cook and Foster,
with the availability of higher molecular weight isomers
and the use of low ionization voltage data. They reported
the increase in rearrangement ion intensity at mass 98
with increasing chain length. At this time it was also
proposed that the processes involved might be the parent
ion producing the mass 98 ion, and it in turn producing
the mass 97 ion. A metastable at mass 96 substantiating
that the process of m/e 98 to yield 97 occurred has been
reported (12).

The fragmentation of some alkylthiophenes was
discussed (4) and the conclusions reached as follows:

1. Beta cleavage. The base peaks are formed

in all cases by cleaving the beta bond as

Lyl —

S ,'_‘ . S a

It was also demonstrated that although a beta carbon bond
does break for base peak formation of compounds that con-
tain isopropyl or t-butyl groups, the resulting ion does
not interfere with the correlations developed for the

2-alkyl and 2, 5-alkyl compounds.



2. Gamma cleavage. Cleavage at the gamma bond

from the thiophene ring results in peaks 14 mass units
higher than the base peak. As the alkyl substituent
becomes larger and provided at least three carbon atoms

are in the chain, the peak resulting from gamma cleavage

becomes larger. However, even for C12 substitution, its

intensity is only 11 percent, indicating that the gamma
bond is still considerably stronger than the beta bond

for the branched 2-alkylthiophenes, variations in intensity
of ions produced by cleaving the gamma bond depend upon
branching at the beta carbon atom or beyond.

3. Alpha cleavage. The m/e 84 and 85 peaks are

assumed to come from alpha bond cleavage processes and the

m/e 45 peak is assumed to come at least in part from further
fragmentation of the 84 and 85 ring ions. Hence it appears
that the bulk of spectra at lower m/e come from the further

fragmentation of the base peak ion species (the C5H5S+ ion

at mass 97).

Low ionization voltage studies of a pure compound
are often enlightening as to the mechanism of base peak
formation and may define fragmentation paths. Usually the

base peak ion of a given compound appears at a low voltage

shortly after the parent peak appears. The base peak then

grows in relative size as the voltage is increased until it

is the largest peak in the mass spectrum.



The usual order of appearance of strong peaks in
spectra of the 2-alkylthiophenes is parent peak, m/e 98,
and m/e 97. The m/e 98 appears in a detectable quantity
at a lower voltage than the m/e 97 if alkyl group contains
four or more carbons. The low voltage spectra support

the suggestion that the m/e 97 is a product of a consecu-

tive reaction in which

Molecular ion-—sm/e 98— m/e 97.
The fragmentation mechanisms of 2, 5-di-n-alkyl-
thiophenes have been discussed (6, 7). The base peak is

formed by beta cleavage at the longer chain Rl as shown

in Figure 3.

Ra-C- L jC Ry T RZ‘g‘[?]-g

H S H

Other prominent peaks

Loss of -R2 -R; and R2 -RjCH2 and R2
or
RoCH2 and Rj
4 o] o A [@] H AE]
C-\ /-C-Ry H-C-\ /-C-H K== =
' 1 S "\ S /
H S H A \\A &
m/e 97

Fig. 3. Beta cleavage - 2, 5-dialkylthiophenes
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As Rl increases in size, cleavage at the other alkyl group

R2 reaches a constant value. The intensities for the beta
cleavage at R2, when Rl—CHZ- is hexyl, heptyl, or octyl,

are all approximately 5.4 percent. Apparently, when Rl—CHZ_
is hexyl or larger, the inductive effect on the beta bond
and hence, on beta cleavage of R2 is constant. The peak at
m/e 111 may result if both Rl and R2 are cleaved and a

hydrogen atom is rearranged to the ring. The loss of one

R—CHZ- group and beta cleavage of the other R group, with
hydrogen rearrangement, results in an ion of m/e 97. The
m/e 111 has a constant ratio of intensity compared to that
of the base peak for the hexyl, and heptyl, and octyl com-
pounds. No correlation is apparent for the m/e 97 ion. The
peak intensities illustrate the tendency for the longer
alkyl group to be cleaved when there is a choice, and
despite a possibly more complex mechanism, the shorter

alkyl group, R2, is more subject to beta cleavage (if Rl is

large) when R2 increases in chain length.

The low voltage data of selected members of 2-Ethyl-
5-n-alkyl series are presented in Figure 4. The intensity
of the peak resulting from beta cleavage of the longest side
chain exceeds the corresponding peaks at m/e 153,181 and
195, respectively, from beta cleavage of the ethyl side
chain. This shows that a fragmentation of an alkyl chain
to form a neutral metyl group is not favored over cleavage

to form any other size alkyl group. Beta cleavage of the
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Fig. 4. Low Ionization Voltage Data for Disubstituted
Alkyl Thiophenes

ethyl substitutent would require the formation of a neutral

methyl group or methylene, CH2.

The mass spectra and correlations for some (2-thienyl)-

thiaalkanes of the l-thia-, 3-thia-, and 4-thia-variety have

been reported (13, 14). The differences in fragmentation

caused by the location of the sulfur atom in the 1-, 3-, and

4- position from the thiophene ring have been described. The
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unsubstituted l-thiaalkanes all have an m/e 116 rearrange-
ment base peak ion which is apparently formed by breaking

a bond beta to the thiophene ring in the thiaalkyl chain.
The m/e 116 ion is readily identified as C4H4S2 in composi-
tion because of the 834 isotope contribution to the m/e 118
peak. This rearrangement parallels those observed for the
alkylthiophenes. In addition the l-thia compounds produce
strong m/e 71 ion of composition C3H3S+ which do not appear
in quantity in the 3-thia- and 4-thia-compounds. Substitu-
tion of an alkyl group on the thiophene ring produces a
rearrangement ion base peak having an m/e of 116 plus R less
H. An ion at m/e 82 is diagnostic for the unsubstituted
compounds, possibly formed by the abstraction of an hydro-

gen atom from the ring to produce the ion with the ejection

. . +
of the neutral RSH group. The m/e 82 ion is C4HZS and may

be called thiaphyne. The structure for this ion is unknown.
The 1-(2-thienyl)-3-thialkanes exhibits base peak
at a variety of m/e's, in contrast to the l-thia compounds,
which can also exhibit some direct beta cleavage (from the
ring) to produce the ion at m/e 97 of the composition
CSHSS+. This ion is considered to be a very stable Hiickel
ion and also is characteristic of alkyl thiophenes. No
excess m/e 98 peak above expected isotopic amounts is ob-
served. In addition to have RSC+ ions the m/e 61 ion,

alkyl, and even alkenyl ion as base peaks these molecules

do produce rearrangement ions at m/e 110.
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The 1-(2-thienyl)-4-thiaalkanes exhibit a rearrange-
ment base peak at m/e 124 (C7H88+) in all spectra examined.
The appearance of metastable peak for the process:
124+-'——?123++HO m* = 122.04 coupled with the low ionization
voltage data suggests that the m/e 124 base peak ion forms
with a hydrogen shift away from the alkyl group adjacent to

the ring and toward the alkylsulfide moiety:

H H H won o H

¢c—C-—C-S—-R —> c-c=C

P H \H
E%ra W 5 —

The m/e 91 (C7H7) ion is observed in the spectrum of

every isomer examined and does not appear in the spectra of

other subclasses. Both the m/e 98 rearrangement ion and

its daughter, the m/e 97 ion, appear for these compounds
since now hydrogen atoms are again available from the chain.

Structure fragmentation correlations of benzothienyl

thiaalkanes have been made and discussed (15). The base

peak is a rearrangement ion at m/e 166 (up the expected 50

mass units from 116) which is formed by breaking a C-S bond

beta to the ring accompanied by a hydrogen atom shifting to

the charged moiety. This shows that the mechanism proposed
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for the 1l-(2-thienyl)-l-thiaalkanes can be extended when
there is a benzo group fused on one side of the thiophene
ring.

During the examination of the class of 1-(2-
thienyl)-thiaalkanes, two compounds of the 1l-(5-Ethyl-2-
thienyl)-1l-thiaalkanes were surveyed. These were utilized
to establish that interference with the correlations for the
unsubstituted thienyl-l-thiaalkanes class did not occur
(13, 14). The ions observed and the fragmentation routes
appeared to differ considerably from the alkylthiophenes
and from the 1l-(2-thienyl)-thiaalkanes. Thus an in depth
study of seventeen samples of the 1l-(5-Ethyl-2-thienyl)-1-
thiaalkanes was warranted.

The series of compounds reported in this work were

synthesized by Maria Chyang Young, working under the direc-

tion of Dr. Robert W. Higgins (16).



EXPERIMENTAL

A. Primary Survey of Compounds

Seventeen of the compounds prepared by Dr. R. W.
Higgins and his students were examined. Survey conditions
of 70, 15, 14 and down in 1 volt decrement to 7 ev ionizing
voltage were used, in order to ascertain the purities of
the compounds and to define the general direction the
research was to take. After the survey, three mislabelled

sample bottles were discovered, causing two duplications.

B. Purification by Chromatography

Most of the samples were dark-colored liquids and
were impure as shown by the mass spectrometric survey of

the compounds. Therefore, purification by chromatography

was required.

l. Gas-liquid chromatography

An Aerograph A-700 "Autoprep" automatic preparative
gas-liquid chromatograph (gc or glc) was used for purifi-
cation and separation. A column of 3/8" 1.d. x 20°',
packed with 30 percent SE 30 Silicone rubber on 30-60 mesh
Chromosorb P., was utilized with helium having a flow rate
of 100 and 150 ml/min as a carrier gas. The operating
column

conditions used were varied. These included:

14
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temperature, 220-26OOC; collector temperature 225—2280C;
detector temperature 300—3600C; and injector temperature
282-325°C. The operating conditions and retention times
of the individual compounds are recorded in Table 1. The
operating temperatures might have been a little too high
considering thermal decomposition hazardous for sulfur
compounds. In addition as the temperature was raised
higher the column started "bleeding." Impurities from

this showed in the mass spectrum of compounds with alkyl

groups of C3 or larger. Characteristically they showed a

peak at m/e 207, which had never appeared prior to this

time for these samples of this gas chromatograph column.

2. Column chromatography

Column chromatography was therefore performed.
Silica gel Bio Sil A 100-200 mesh size was employed with
heptane and benzene as eluent. The m/e 207 peak disap-

peared from the mass spectra of some of the compounds.

C. Mass Spectrometer Operations

1. Instrumental Conditions

The mass spectra of this class of compounds were

obtained by using a Consolidated Electrodynamics Corporation

(CEC) single-focusing mass spectrometer, model 21-104. The

instrument was equipped with a CEC heated inlet system
operated at an oven temperature of 172—1800C, and the

ionization chamber was controlled automatically at 250°C.



COMPOUNDS STUDIED AND GAS-LIQUID CHROMATOGRAPHY DATA

TABLE 1

Using "Autoprep," Column 3/8" x 20', packed with 30% SE 30

Silicone Rubber on 30-60 Mesh Chromosorb P.

Temperature, °C o
- - H @) W o
COMPOUND “ 3 g S ey . O 9
5 P o 3} D © OV & N P~
0 5 QO @) O o o U w0 (@] .
0o — Q o VHE QXM 0 Q=
— e — — £ o] P HN E@© + E-A
O o 0 ] Q a M-~ J 0 0 -H E
5= O O o) H KO E 2/ 0B =
l. C.H l[i}kS—CH 158 225 240 315 300 100 21.0
25 S 3
2. -CHZ-CH2 172 220 240 310 300 100 31.5
3. —CH2--CH2—CH3 186 232 240 320 285 100 32.0
4, -(‘ZH-—CH3 186 225 225 300 282 100 33.0
CH3
5. -CH2—CH2—CH2—CH2 200 225 230 305 285 100 75.0
6. -CHZ-CLIH-CH3 200 225 230 305 285 100 74.5
CH3
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TABLE l--Continued
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49.0

150

13, CzHgé(;YSS—nC7Hl7~nCBHl7 256 255 255 305 310

58.0

150

255 255 330 325

270

—nC9H19

14.

Reported neat.

286 Compound not run through GC.

~NCyoHy,

15.
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Ionization was accomplished with 70 volt electron. An
ionizing current of 10 microamperes was used for all spec-

tra. Repeller settings were (1) 4.2 and (2) 5.8. Magnet

current was 7.3 amperes to scan from m/e 37 upwards, and

the initial accelerating voltage of about 3450-3500 volts

was employed. The slit width was 4 mils, and an electro-
static scanning rate of 9 with a recording chart rate of
1/4" per second was used. For each compound, 2 or 3
microliters of liquid sample were injected to the mass

spectrometer depending upon volatility of the compound.

The electron multiplier detector was used at 160 volts

per stage.

2. Low ionization voltage data

Low ionization voltage data were obtained in support
of the suggested mechanisms of fragmentation. Data was
taken at one volt intervals from 15 usually down to 5 volts
(meter). Calibration was achieved against a concurrently
introduced sample of benzene which produced a molecular ion
at similar potentials. The appearance potential values
reported in figures were obtained by the method of Lossing
et al (17) and checked by the extrapolated voltage differ-

ence method of Warren (18). For a synopsis of details

see (19).



DATA

A total of seventeen samples of the 1-(5-Ethyl-2-
thienyl)-1-thiaalkanes class were examined by survey mass
spectrometry. A mislabeling of bottles, previously unde-
tected, had occurred, and despite all efforts, no sample
of the n-hexyl substituted variety could be found. Hence,
this work reports on only fifteen high purity compounds.
The compounds and their purities are reported in Table 2,
to be found in the discussion section. The entire set of
reference gquality mass spectral data are given in Appendix
I. A secondary reference spectrum of n—-hexadecane is to
be found as Appendix II. Low ionization voltage data is
not presented in a raw, or tabulated form, but rather is
shown in a series of figures to be found in the discussion
of low ionization voltage results. Similarly, appearance
potential data for selected ions appears in those figures.
It should be noted that the n-decyl species of compound is
reported as neat, purification by GC being considered

infeasible because of the high temperatures involved.

20



DISCUSSION

The purpose of this thesis is to develop useful mass

spectral correlations with molecular structure for the class

of compounds 1-(5-ethyl-2-~thienyl)-l-thiaalkanes. In

utilizing Table 2 with purities and total ion intensity
data for the compounds studied, the reader should note that

only four significant figures have been used to allow a

compact presentation. Data are supplied to five signifi-

cant figures in Appendix I.

A. Molecular Ion Intensities (M)

The intensities of the molecular i1on peaks of this
class of compounds, l-(5-ethyl-2-thienyl)-thiaalkanes are
fairly strong, ranging from about 0.5 percent (for the

S-Clo isomer) to about 7.2 percent (for the S-—C2 isomer)

of the total ion intensity. They have more intense mole-
cular ions than the corresponding alkanes or thiaalkanes,

but less than the corresponding thiophenes. These inten-

sities generally decrease as the number of carbon atoms in

the alkyl side chain increases. This class of compounds

has slightly lower molecular ion intensities than the cor-

responding (2-thienyl)-thiaalkanes of the 1l-thia-, 3-thia-,

and 4-thia- wvariety.
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PARTIAL MASS SPECTRAL DATA OF 1- (5-ETHYL-
2-THIENYL) -1-THIAALKANES

TABLE 2

22

S C
R= -C -C -nC -C/, -nC
1 2 3 '\C 4
Purity 99.969% 99.83% 98.85% 98.59% 99.28%
M.W. 158 172 186 186 200
m/e
M 6.12 7.17 4.42 2.28 4.04
M-15 12.47 9.20 2.15 0.07 1.14
157 0.25 - 0.02 0.01 0.29
144 0.99 0.56 4.17 4.57 7.99
129 0.14 6.01 10.30 9.28 11.86
116 0.06 0.19 0.27 0.23 0.34
112 0.13 0.20 0.35 0.11 0.73
111 1.01 1.18 1.02 0.85 1.17
99 2.83 4.71 2.11 1.18 2.31
97 1.48 1.48 1.11 0.63 1.51
71 2.74 3.02 2.15 1.76 2.27
69 4.49 0.01 2.25 1.87 2.19
67 1.65 1.58 0.96 0.83 1.09
65 2.40 2.58 - 1.56 2.06
59 3.93 5.86 2.85 2.71 3.78
57 1.32 0.67 0.36 0.33 0.38
55.0 0.26 0.40 0.30 0.93 1.31
45 9.65 8.44 6.37 5.29 6.85
43.1 0.15 0.03 4.73 13.30 0.35
41.1 2.71 2.83 6.36 10.04 9.67
39 6.59 5.23 6.29 6.27 5.84
L R's 3.39 7.54 14.93 30.82 18.05



TABLE 2--Continued
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-R,
S
-C-C-C ~-C-C-C -nC -C-C-C-C

R = é é > C A*<:>
Purity 99.77% 99.99% 99.99% 99.99% 99.99%

M.W. 200 200 214 214 226

m/e

M 3.61 3.41 3.61 2.84 2.47

M-15 0.19 0.070 0.79 0.45 -
157 0.30 0.01 0.32 0.27 0.02
144 9.75 11.57 9.40 8.13 16.34
129 10.50 13.43 10.56 7.11 8.91
116 0.26 0.31 0.27 0.19 0.21
112 0.48 0.18 0.76 1.11 0.13
111 0.93 1.12 1.00 0.77 0.73
99 1.65 1.67 2.14 1.70 1.42
97 1.13 0.91 1.43 1.26 0.63
71 1.93 2.24 1.87 1.61 1.47
69 1.89 2.09 1.60 1.46 1.08
67 0.88 1.07 1.05 0.84 1.42
65 1.81 1.94 1.74 1.52 1.38
59 2.98 3.98 3.34 3.02 2.51
57 0.33 0.32 0.24 0.22 0.16

55.0 0.87 1.24 1.96 - -
45 6.65 11.02 5.26 4.84 3.31
43.1 0.60 0.09 14.25 20.91 0.88
41.1 11.60 11.02 1.84 8.46 12.99
39 6.32 6.24 4.41 4.78 5.09

L R's 23.53 22.23 18.46 35.21 30.32



TABLE 2--Continued
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-C-C-C-C
R = é -nC, -nCg -nCy -nCy
¢

Purity 99.40% 99.99% 99.99% 99.99% 99.99%

M.W. 228 232 256 270 284

m/e

M 2.16 2.25 1.97 1.74 0.56
M-15 0.03 0.34 0.23 0.21 0.05
157 0.25 0.27 0.23 0.22 0.15
144 11.77 9.44 7.51 6.95 2.33
129 6.45 6.71 5.05 3.64 1.66
116 0.17 0.19 0.16 0.14 0.33
112 0.37 0.64 0.53 0.47 0.28
111 0.63 0.71 0.60 0.50 0.49
99 1.89 2.09 1.97 1.39 0.61
97 0.97 0.98 0.84 0.70 1.17
71 1.33 1.18 1.28 0.82 0.60
69 1.18 0.96 0.83 0.70 0.47
67 0.92 1.03 1.23 0.88 0.75
65 1.38 1.40 1.23 0.78 0.47
59 2.82 3.17 2.98 1.84 5.91

57 0.16 - - e o
55.0 - - - ~ 0.005
45, 4.06 4.45 4.00 2.28 1.97
43.1 24.31 9.44 13.69 16.68 12.93
41.1 7.68 11.80 13.69 11.26 12.168
39 3.46 4.24 3.93 2.42 3.67
L R's 39.68 37.88 44 .32 51.26 42.06
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B. The Rearrangement Ion at m/e 144

The m/e 144 ion is prominent in the spectra of all
the compounds examined except for the S—CH3 and S- C2H5
which must be considered separately. The base peak (ion of
largest intensity) of the 1-(5-Ethyl-2-thienyl)-cyclohexyl
sulfide is formed at m/e 144 by breaking of B bond to the
thiophene ring in the thiaalkyl chain with a concurrent
hydrogen transfer from somewhere on the cyclohexyl rings as

shown below. Four hydrogen atoms located B to the sulfur

H
C C
fz St Ii I{ :? SE
CH CH HCH—— CH,-CH,- -SH
H 3 2

l
| S
! e/
! H H
B-cleavage
m/e M H-transfer m/e 144

atom are readily available for this generally recognized
type of rearrangement.

Intensity of the m/e 144 ion starts to climb
noticeably from the S-nC3 compound until it reaches a maxi-
mum with about six carbon atoms attached to the thiaalkyl

sul fur atom. From this point on the intensity drop down

with increasing carbon numbers in the chain. This is
parallel to the behavior of the molecular ion. In part this
decrease in m/e 144 may be attributable to the more "paraf-
finic" behavior to be expected as the chain gets longer.

This will be discussed in more detail in a later section.
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C. The Ion at m/e 129
The ion at m/e 129 is the base peak for 1-(5-Ethyl-

2-thienyl) of -l-thiabutane, -1l-thiapentane and -2-methyl-
l-thiabutane. It is possibly a further rearrangment from
m/e 144 by a B bond cleavage on the ethyl side chain. To

lose this methyl group should require a higher energy process.

= B-cleavage
CH, CHZ@SH > CHz—é ksn

S ~CH S
B

3

m/e 144 m/e 129

The m/e 129 ion does not appear in any quantity of the
spectrum of the S-CH3 compound but is a strong peak (in
excess of 10% of Zi), until a branched C5 chain is reached.
Thereafter it decreased in a reqular fashion parallel to

the m/e 144 ion with the increasing molecular weight.

D. Other Diagnostically Useful Ions

1. m/e 116

Since the m/e 116 ion is the base (and rearrange-
ment) peak far all of the 1-(2-thienyl)-thiaalkanes pre-
viously studied (15) its presence in these spectra must be
explained and any interference considered. Fortunately
the ions are of low intensity, but for that very reason
they might suggest impurities to some mass spectroscopists.
The m/e ion is possibly formed by two cleavages of the

bonds at the position B and o prime to the thiophene ring as
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shown below. A hydrogen transfer is required in each case.

Two hydrogen atoms, B to the sulfur, and either of two

hydrogens R~ to the ring are readily available for the nec-

essary rearrangements.

?.Z § H H
CH,-C+ -S+C-C-R —> @511
311 Ng 1 H
Hi
al
molecular Ion m/e 116

W == -f--

2. m/e 112

The m/e 112 ion is possibly formed by direct a

cleavage in the molecular ion and hydrogen transfer from

the B position to the ring.

H H
CH3—CH2©~S—C—§-R — CHB—CHZ-@—H

B s

m/e 112

The m/e 112 ion may also be formed as a daughter ion from
the m/e 144 rearrangement ion by a similar process. It
should be noted that these processes occur for the 1-(2-
thienyl) thiaalkanes to form the m/e 84 peak. Similarly
the alkylthiophenes exhibit an m/e 84 peak formed much the
same. In the case of these latter two classes of compounds
a second hydrogen atom is often transferred, and in the

present compounds a small but definite m/e 113 ion (above

expected isotopic quantities) is observed.
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3. m/e 111
The m/e 111 ion intensities slightly increase for
the short chain or branched alkyl group of the thiaalkane
chain, and then decrease slowly with increasing molecular
weight. There are at least three routes for formation
of this ion. In addition to direct cleavage from the

molecular ion two routes from the rearrangement ion at

m/e 114, or the m* ion via the 113 ion pathway discussed

above:

o o
+, =-H +. =S +
[CGSZHS] —— [C682H7] —— [C6SH7]

m/e 144 m/e 143 m/e 111
\Sé. N _HO
[CGSHS]
m/e 112

4. m/e 85 and 84

The m/e 85 and 84 ions are not diagnostically use-
ful for this kind of compound, nor is the m/e 82 ion found
to be significant as was the case for unsubstituted 1-(2-
thienyl)-2-thiaalkanes. For the class of 1-(5-Ethyl-2-
thienyl)-1l-thiaalkanes, the m/e 113 and 112 ions can be

considered to have been substituted for these ions.
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E. Ring Fragment Ions
1. The m/e 99 ion
The m/e 99 ion shows high intensities in this class
of compounds, unlike and of the other sulfur classes dis-

cussed. It was unexpected but might be formed by the process

shown below. Note that this is in reality a ring rupture

7 SQ,”
' P
/. C-SH e v coa gt (Open chain)

CH3-CH2-C\SX —E S,
m/e 144 m/e 99

process. The intensity of the m/e 99 ion is 4.96% for the
S-C, isomer and drops regularly as the chain length increases

2
to 0.61% for the S-nC isomer. The ion intensity also de-

10
creases with chain branching. The m/e 99 ion should have
been anticipated because of the work of Miss Shiu with the
1-(2-thienyl) -thiaalkanes which showed quite sizable m/e 71
1ons which were correctly recognized as ring fragment
ions (15). In the present case, the ethyl substitution for

a hydrogen in the 5 position raises the net m/e by 28.

Seventy-one plus 28 gives us the 99. It should be noted

that any of the rearrangement ions of m/e 144 can release a
neutral CSH fragment to produce the observed 71.0 ions of
small but detectable size in this class of compounds. Other

fragmentation routes could also lead to both of these species
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for this class of compounds, but m/e 99 could not be formed

by the unsubstituted l-thia variety.

2. The m/e 71 ion

The m/e 71 ion could possibly be formed through the

process described above. Also, o~ cleavage could occur

simultaneously as shown:

+
———}C3H3S (a concerted process)

a“-cleavage

m/e 144 m/e 71

The intensity of the m/e 71 ion parallels the behavior of

the 99 ion. It could also be formed by the process shown

below: (A multi-step process).

O O
—-CH o -C,H
+ 3 4 =S + 22 +
[CGHSSZ] e — [CSHSSZ] —3 [CH.S ] ———> [C3H3S ]

m/e 144 m/e 129 m/e 97 m/e 71

3. The m/e 69.0 ion

The m/e 69.0 ion intensities are high for short
chain and normal alkyl groups except for the S-C2H5 compound,
and decrease regularly with increasing molecular weight.

For example, the intensity for the S-C1 is 4.49 percent
while only 0.47 percent of the total ionization for the

S--nClO compound. It varies similar to both the 99 and 71
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ions. It is 1likely that the ion is formed directly from
either of these two ions. 7Ions at m/e 69.1 are resolved
from the 69.0 ion which is a sulfur containing ion. All
ions at .l mass values are attributed to purely hydrocarbon

species. The ions arising from the alkyl chains are dis-

cussed in a later section.

—C,H,

(@]
+ -
[c.H.5"] > [C3H3S+]——EE——é-[C3HS+]

{

m/e 99 m/e 71 m/e 69.0

Staley (20) has observed this kind of stripping of hydrogen
from an ion, which resulted in species that always retained
one hydrogen atom as an apparently stable end product of
fragmentation. This m/e 69.0 ion could fit into this
theory. Alternatively it could be formed from the m/e 97

ion as follows:

-

- 274 +
[C_H_.S ]—>» C,HS
5 5 3
m/e 97 m/e 69.0

4., The m/e 67 ion

The m/e 67 ion could be formed from the m/e 99 ion

by the ejection of a neutral sulfur atom:

(o]
S > [C5H7+]

+
[C5H7S ]

m/e 99 m/e 67
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This open chain hydrocarbon species ion persists in the low

ionization spectra.

5. The m/e 97 ion

The m/e 97 ion is possibly formed from cleavage of

the m/e 144 rearrangement ion through a two step process.

-CH o
2 +, -89 +

+
[C6H852]
m/e 144 m/e 129 m/e 97

If the m/e 129 ion is formed directly from the molecular

ion (a process for which no evidence could be obtained)

then only the second step given above need occur. The peak

intensity of this ion behaves the same way as the m/e 99

except for the methyl and ethyl isomers and the S—nClo.

The m/e 97 ion could also form from the m/e 99 ion, although

this is considered a highly improbable process:

O
+. -2H +
[C5H7S ]—————n—J?[CSHSS 1

m/e 99 m/e 97

6. The m/e 65 ion
The m/e 65 ion could be formed by the ejection of a

neutral sulfur atom from the m/e 97 ion, a recognized Ppro-

cess. The ion intensity varies with the 97 ion.



33

SO

+. - +
[C5HSS ]-——-—§-[C5H5 ]

m/e 97 m/e 65

7. The m/e 45 ion
The m/e 45 ion intensities are quite high, ranging
from 1.97 percent for the S—nClO compound to 11.02 percent

of the total ionization for the S—?—C—C compound. One frag-
c

mentation route from the m/e 71 ion is expected:

(0]
-C.H
[c.H,ST] 28 peng’
3 3
m/e 71 m/e 45

Also, ring fragmentation of either the m/e 84 or 97 ions

can occur as reported for the alkylthiophenes (6, 7) to

produce this ion.

8. The m/e 39 ion

Another ring fragment ion is the m/e 39 ion whose
intensity is rather high for all the compounds. It ranges
from 2.42 percent for the S-nClO isomer to 6.59 percent

for the S-C, compound. The formation of this ion is

1

expected as follows:
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o
-C,H
2 3 22 X -+
[CSHSS ] > [C3H3S ]
m/e 97 N\ _¢ _g_s© m/e 71
2
._SO

4

[C3H3 ]

m/e 39

Again, cleavage of the thiophene ring also leads to this

ion, just as it produces the m/e 45 ion.

F. Fragment Ions from Other Processes
l.
Additional fragment ions at m/e 59 (C2H3S+) and

m/e 53 (C4H +) are observed ranging from about 2-6 percent

5
for the former ion and from about 1-2 percent for the m/e

53 ion. Both of these ions may form from cleavage of the

m/e 112 species as shown:

H H
I o
H?é—@H——)CHS t C,H,
‘ or m/e 59 m/e 53

AN A~

N——

m/e 112

With charge competition being won by the sulfur containing

moiety, the 59 ion is greater in intensity than the m/e

53 ion.
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The m/e 76 ion exists in all of the spectra for

these compounds. It also persists in the low voltage data.

The ion may be formed by breaking the thiophene ring in-

cluding the sulfur atom from the thiaalkyl chain:

_HH
CH3—CH2-%¥C-C—R —> cs,
>s 'H H

V4
m/e M m/e 76

Many additional routes can be offered to this ion, all with-

out proof by means of a. metastable ion. It indicates the

presence of two sulfur atoms in the molecule.

3.
The alkyl fragmentations and their daughter ions

are prominent in these spectra. As the chain lengthens the

sum of the intensity of the ions (41, 43, 55, 57, 69, 71,

83, 85) increases markedly. Almost half of all ions formed

are of this origin for the molecules with C8—ClO side chain.

For a chain branched versus the normal isomer an appreciable

enhancement occurs. If a novice mass spectroscopist were

to examine these spectra, a first interpretation would sug-

gest a mixture of thiophenes, alkanes and thiaalkanes. The

only way to avoid this is through known correlations or

reference spectra.



The molecular minus fifteen mass units ion (M-15)

1s possibly formed by competition for charge in the ion

36

moiety between the ethyl side and the thiaalkyl side chain

of thiophene ring. The ratio of the molecular ion to the

M-15 ion 1s shown as follows:

M-15
R M
Cl 203.86
C2 128.17
nC3 48.73
C
-c: 2.85
=
—nC4 28.12
—C—?—C 5.12
C
—?—C—C .62
C
-nC5 21.98
-O None
—C—?—C“C 1.53
C
|
C
-nC7 15.00
-nC8 11.60
-nC9 11.07
-nC 8.68
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For the n-alkyl group of the thiaalkanes, S-nC3 has
the highest M-15 to M* ratio (about 48 73%) and S-nClo has
the lowest at 8.68 percent. Thus, the ratio is decreasing
with increasing chain length. It is obvious that the longer
the chain length of alkyl group, the more excess energy is
absorbed by the thiaalkyl chain. Hence, the ejection of

less CH3group on the ethyl side chain will result in less

M-15 ion due to the lack of energy.

G. Compounds Exhibiting Exceptions to the Correlations

l.

The l-thiapropyl derivative is the only compound
producing a substantial m/e 157 ion. The base peak at mass
M-15 occurred for l-thiaethane (at m/e 143) and l-thiapropane
(at m/e 157). As suggested above these ion peaks are
possibly formed by breaking of a 8 bond in the ethyl side

chain instead of the thiaalkyl side with no hydrogen trans-

fer.

CH *CHzﬂs—CHZ—CH3 — CHzﬂ—S_CHZPCH:;

3: S S
B

m/e 172 m/e 157

These compounds are exceptions in other ways, i.e. the thia-

propyl compound shows a negligible m/e 69 ion.
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The most striking exception, however, is for the
l-thiaethane compound. It shows an appreciable m/e 128 ion,
either a rearrangement of unusual nature or an unusual

cleavage:

i 4 SS_ _ , +\ g
CH,4CH, S-CH,— CHZQS CH,

: S
B

m/e 158 m/e 143

Now, the m/e 143 can cleave as shown:
CH —4 + b—sLCH —>CH @-s
2 g i3 2 g7

m/e 143 m/e 128

Alternatively one may suggest the molecular ion losing the

equivalent CH3—CH3 by some hydrogen abstraction process to

give m/e 128:

o,
IN?I
i ol
'ij'm
=
wn
|
a
e
W
)
N
L o
N
0
+
@
=
n
|
0
o
W
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H. General Fragmentation Pathways
In synopsis of what has been learned, a general
fragmentation scheme is presented applicable to all of the

compounds given above. This is presented in Figure 5.

I. Low ionization voltage results.

In Figure 6 the low ionization voltage data are
presented for four compounds of the S-C4 and the S—nC5
variety. As expected, the curves for the M* ions are essen-
tially superimposable. Other prominant ions at m/e 144, 57,
112, and 129 appear for all three of the C4 isomers. For
the nC. compound the m/e 71 (alkyl) ion and the 43 ion
replace the 57 and 41 ions. For the S—C4 isomers, the m/e
57 ion can arise by direct cleavage B to the ring on the
thiaalkyl side. If this simple cleavage occurs to produce
this ion it is quite in contrast to the formation of the
rearrangement m/e 144 ion which abstracts a hydrogen atom
from the alkyl chain and allows a neutral olefinic species
to be ejected. Increasing the side chain to pentyl does
show ions at m/e 71 and 55, up one carbon number from the
57 and 41. A striking difference is the ion at m/e 43 which
is quite large. Based upon its growth curve and appearance
potential suggests either an unusual cleavage 8§ from the

ring or a cyclization of the alkyl ring before fragmentation.

Additional ions at m/e 112, 129, M-15, 97 and 76 are shown

to give some idea of their relative importance, and to aid



B-cleavage -S +
Mt - —> 1447 e 112
(CGHSSZ ) 0 (C8H88 )

-5
B, B” Cleavage \\\§$.143+ L8

+
(C5H5 ) (C3H3) (C4H5 )

Fig. 5. Some Fragmentation Paths of the 1l-(5-ethyl-2-thienyl)~l-thiaalkanes., =~
o
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in the discussion of other compounds below.

In Figure 7 the low ionization voltage data for four
higher molecular weight isomers are presented. The cyclo-
hexyl derivative presents expected fragment ions in the
anticipated order. That is, the m/e 83 ion is the cyclo-
hexyl ion produced by B cleavage from the ring in the manner
described above. The ions at m/e 55 and 41 are the expected
daughter fragments from this species. The most important
fact derivable from the data is that the m/e 129 ion appears
in the same relative strength and position as the 129 ions
in the spectra of the other compounds. This is interpreted
as further proof of cleavage of the m/e 144 ion at the
remaining bond B to the ring to produce the m/e 129 ion and

a neutral methyl group.

The S-nC, compound shows a modest production of the

8
M-15 ion (at m/e 241), once again indicating that this rela-

tively high energy process is occurring to an appreciable
extent. The rearrangement ion at m/e 144 and the m/e 129
ion for all compounds shown are in approximately the same

strength and order.

The production of alkyl ions from these compounds
(excluding the cyclohexyl derivative) is worthy of further
consideration. For the branched chain 1l-thia-2-ethylbutyl
isomer, the m/e 85 ion does appear in strength, supporting
the indications obtained that branch chain isomers will

undergo direct B cleavage to produce the charged alkyl
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moiety in competition with the rearrangement ion at m/e 144.
Strong production is shown for the m/e 43 and 57 ions while
the m/e 71 (not shown) is produced, but in small quantity.
Somewhat surprising is the behavior of the heptyl compound
which produces very little 71 ion, but does have prominent
ions at 57 and 43. Moving up one carbon number in chain
length, the n-octyl compound shows prominent ions at 43, 57
and 71. Low voltage data on the nonyl and decyl compounds
was not obtained, but the high voltage (70 ev) data suggest
that this problem remains unsolved. The nonyl isomer shows

small ion intensities for the continuation of the alkyl

fragment series, i.e., m/e 83, 85, 97, 99, 11, 113, etc.

Of these the largest (only 2.0% of £i) occur for m/e 97 and

97, corresponding to the heptyl ion and its daughter. Mean-
while, the C3 to C5 alkyl fragments are gquite intense
(about 45% of the total ions). For the n-decyl compound,

one might expect the octyl ion fragments (m/e 113, 111) to
be somewhat larger than those up or down one carbon number.
Such is not the case; the ions are small and not out of
magnitude order with respect to the other alkyl ions.

From all of the data obtained it is quite apparent

that the production of alkyl ions, at least from the longer

chain compounds, is enigmatic and that a plethora of possi-

ble scramblings of the chain carbon atoms, as well as simple

cleavages must be occurring.
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The data for the 1l-thiaethane compound shows that
the largest ion is the m/e 143 ion, and the m/e 144 is pre-
sent only as an isotope. Hence an obvious conclusion is
reached, viz., the molecular ion has lost a methyl group
(not ordinarily favored) primarily because No other pro-
cesses are available for fragmentation. Some a cleavage

of the S-C, group must occur directly to produce the m/e

1
111. The ions at m/e 59, 99, 67 and 41 all must come from

ring fragmentation. The ion at m/e 128 implies that the
m/e 143 ion now releases a second methyl group. The exact
sequence of events could only be delineated by additional
study involving metastable ions and isotopic labeling.

The low ionization voltage data for 1-(5-ethyl-2-thienyl)-

l-thiaethane is shown in Figure 8.
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Figure. 8. Low Ionization Voltage Data for
1-(5-ethyl-2-thienyl)-1-thiaethane
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CONCLUSIONS

From this study, the following general conclusions

can be made:

A. The mass spectra have been obtained for fifteen sulfur

compounds whose mass' spectra had not previously been

studied.

B. Structure-fragmentation correlations of the class
1-(5-ethyl-2-thienyl) -1-thiaalkanes can be established:
1. Molecular Ion Peak
a. The intensities of parent peaks are fairly
strong (0.5 to 7.2% of Zi).
b. These intensities generally decrease as the

number of the alkyl side chain carbon atom

increases.
2. The Rearrangement Ion at m/e 144
a. The ion is prominent in the spectra of all

the compounds examined except for the S—CH3

2
b. The ion is apparently formed by breaking of a
B bond to the thiophene ring in the thiaalkyl

chain with a concurrent hydrogen transfer.

47
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c. The ion intensity behaves very similar to that
of molecular ion with respect to increasing
chain length.

Base Peak

The mass spectroscopist usually expects the series

of compounds to yield one, two or possibly three

dif ferent base peaks. The fifteen compounds

produce six different m/e base peaks: 157 (1),

144 (1), 143 (1), 129 (3), 43 (7) and 41(2). Since

the latter two are typical of alkanes, nine out of

fifteen suggests that these molecules are quite
unusual.

Other Diagnostically Useful TIons

a. The m/e 116 is possibly formed by two cleavages,
one at the bond at the position B on the thia-
alkyl side and the other a on the ethyl side
to the thiophene ring with a hydrogen transfer
in each case.

b. The m/e 112 is possibly formed by direct a
cleavage on the thiaalkyl side chain in the
molecular ion and hydrogen transfer from the
B position to the ring.

c. The m/e 111 might be formed by at least three
routes: from the rearrangement ion at m/e 144,

or the M’ ion via m/e 122 pathway.
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5. Ring Fragment Ions Characteristic of this Species

a.

The m/e 99 ion shows high intensities in this
class of compounds. The ion intensity, range
from 0.61 to 4.96 percent of total intensity,
decreases as the chain length increases and with
the chain branching. This ion is considered

to be of the composition, CZHS—[C3HZS]+, a frag-
ment from either the rearrangement ion or
possibly the 112 ion species.

The m/e 71 ion was recognized as ring fragment
ion in previous work and formed by a concerted
process. The m/e ¢9 i1on intensity parallels
the behavior of the 71 ion.

The m/e 69.0 ion intensities are high for short
chain and normal alkyl group except for S—C2H5
compound, and decrease with increasing molecular
weight.

The m/e 67.1 may be formed from the m/e 99 ion
by the ejection of a neutral sulfur atom.

The m/e 97 ion is possibly formed from cleavage
of the m/e 144 rearrangement ion through a two
step process.

The m/e 65 ion could be formed by the ejection
of a neutral sulfur atom from the m/e 97 ion.

The ion intensity varies with the 97 ion.



50

g. The m/e 45 ion intensities are quite high (1.97
to 11.02% of fi). The m/e 45 and m/e 97 ions,
which are fragment peaks typical of the alkyl-
thiophenes, have decreasing intensities as the
number of carbon atoms on the thiaalkyl side
chain increases.

h. The m/e 39 ion intensity is high for all com-
pounds and parallels the m/e 45 ion behavior.

6. Fragment Ions from other Process
a. The m/e 59 and m/e 53 may be formed from the

cleavage of the m/e 112 species. With charge
competition being won by the sulfur containing
moiety, the m/e 59 ion intensity is greater than
that of m/e 53.

b. The m/e 76 may be formed by extensive fragmen-
tation of the thiophene ring to the sulfur atom
from the thiaalkyl chain as well as the carbon
and sulfur atoms from the ring.

7. The hydrocarbon fragment ions (£ 41-43 etc.) are
formed ranging from 3.39 percent for S—CH3 to
51.26 percent for S—nC9 of the total ion intensity.
Thus, the mass spectroscopist may be confused by
these compounds and believe he has a mixture. The
mechanisms of fragmentation to produce the wvarious

alkyl ions is not necessarily simple and straight-

forward.
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8. The low ionization voltage studies support most of
the mechanism suggested in this work. They also
verify that fragmentations involving high energy
requirements occur as suggested at various points.
A further benefit is the proof of mechanism for
those compounds which are notable exceptions to

the correlations developed.

Suggestions for Further Studies

Labeled molecules should be made and their mass spectra
should be studied to obtain a clearer picture of the
rearrangement, correlations with the structure, and the

mechanisms. The following labeled molecule should be

considered.

1. C-C@S-C”’-C-C-R
S

The mass spectrum of this molecule would help to
understand the expansion mechanism of the m/e 144
ion and it; no doubt, would disclose the further
fragmentation routes of the alkyl groups.

2. Deuteration on alkyl hydrogens

A molecule with two deuterium atoms on a carbon

atom a, or B, Y, etc., to the chain sulfur atom
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at a time, would show where the rearranged hydrogen

atom or atoms come from.
3. As the special case of C-1 for the further 1-(5-
ethyl-2-thienyl)-1-thiaethane study, labeled C13

should be on B position to the thiophene on either

the thiaalkyl or ethyl side chain.

Pathways of principal fragmentation routes for all

fifteen compounds have been proposed and discussed. This
work extends knowledge of fragmentation studies on alkyl

thiophenes and thienyl thiaalkanes to ethyl derivatives of

these classes.

Some isotopically labeled compounds are suggested.
Their mass spectra, if obtained and studied, will permit
removal of the uncertainties of some of the mechanisms and

fragmentation pathways discussed here.
This study illustrates the gross errors and mis-
leading information that can be obtained if an investigator

only considers short chain isomers such as methyl, ethyl,

and even propyl in proposed research.
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APPENDIX I

POLYISOTOPIC MASS SPECTRAL DATA

1- (5-ETHYL~-2-THIENYL)-1-THIAALKANES

General Operating Conditions

See the Experimental

Key to Spectral Peaks

M: Molecular ion
m*: Metastable peak
d: Doubly charged ion
Percent Total Ionization _ individual peak % 100

(Percent Total Ion Intensity) sum of peaks

Percent Relative Abundance _ individual peak %X 100
(Percent Relative Intensity) greatest peak

55
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C,5,H, 1- (5-Ethyl-2-thienyl)-1l-thiaethane

c-c-4{j_§&— S-C Ppurity: GLC Frac. 99.969%

S

M.W: 158.002239 Date: 11/14/74

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
35.0 0.054 0.43 59.0 3.930 31.51
36.0 0.035 0.28 60.0 0.198 1.58
37.0 0.544 4.36 61.0 0.584 4.68
38.0 1.530 12.26 61.5 0.002 0.02
39.0 6.589 52.83 62.0 0.456 3.65
40.1 0.560 4.49 62.5 0.007 0.06
41.0 2.706 21.70 63.0 0.988 7.92
42.0 0.111 0.89 63.5 0.026 0.21
43.0 0.151 1.21 64.0 0.179 1.43
44.0 0.264 2.11 64.1 0.186 1.49
44.1 0.007 0.06 64.5 0.016 0.13
45.0 9.648 77.36 65.0 2.400 19.25
46.0 0.777 6.23 65.5 0.007 0.06
46.5 0.012 0.09 66.0 0.875 7.02
47.0 0.965 7.74 67.0 1.647 13.21
47.5 0.005 0.04 68.C 0.144 1.15
48.0 0.106 0.85 68.1 0.092 0.74
49.0 0.191 1.53 68.5 0.002 0.02
50.0 1.341 10.75 69.0 4.494 36.04
51.0 2.588 20.75 69.5 0.002 0.02
52.0 0.918 7.36 70.0 1.953 15.66
52.5 0.016 0.13 70.5 0.016 0.13
53.0 1.365 10.94 71.0 2.739 21.96
53.5 0.007 0.06 71.1 0.132 1.05
54.0 0.056 0.45 71.5 0.377 3.02
54.1 0.092 0.74 72.0 0.334 2.68
54.5 0.019 0.15 72.5 0.035 0.28
55.1 0.261 2.09 73.0 0.353 2.82
55.5 0.005 0.04 74.0 0.151 1.21
56.0 0.062 0.49 75.0 0.073 0.58
56.1 0.040 0.32 76.0 0.301 2.42
56.5 0.009 0.08 76.1 0.954 0.43
57.0 1.318 10.57 77.0 0.165 1.32
57.1 0.151 1.21 77.1 1.294 10. 38
57.5 0.016 0.13 77.5 0.007 0.06
58.0 1.624 13.02 78.0 1.177 9.43
58.5 0.007 0.06



1-(5-Ethyl-2-thienyl)-1-thiaethane
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Percent Percent
Total Relative Total Relative
m/e Tonization Abundance | m/e Ionization Abundance
78.5 0.033 0.26 116.0 0.059 0.47
79.0 0.325 2.60 117.0 0.031 0.25
79.5 0.024 0.19 118.0 0.007 0.06
80.0 0.045 0.36 119.0 0.007 0.06
80.5 0.005 0.04 121.0 0.007 0.06
81.0 0.334 2.68 122.0 0.007 0.06
82.0 0.598 4.79 123.0 0.031 0.25
83.0 0.344 2.75 124.0 0.049 0.40
84.0 1.624 13.02 125.0 0.035 0.28
85.0 0.753 6.04 126.0 0.010 0.08
86.0 0.101 0.81 127.0 0.212 1.70
87.0 0.035 0.28 128.0 1.530 12.26
88.0 0.195 1.57 129.0 0.139 1.11
89.0 0.172 1.38 130.0 0.158 1.26
90.0 0.045 0.36 131.0 0.019 0.15
91.0 0.374 3.00 132.0 0.002 0.09
91.1 0.089 0.72 139.0 0.002 0.09
92.0 0.045 0.36 140.0 0.026 0.21
92.5 0.026 0.21 141.0 0.165 1.32
93.0 0.264 2.11 142.0 0.155 1.25
94.0 0.054 0.43 143.0 12.472 100.00
95.0 1.059 8.49 144.0 0.988 7.92
96.0 0.322 2.58 145.0 1.106 8.87
97.0 1.482 11.89 146.0 0.073 0.59
98.0 0.195 1.57 147.0 0.028 0.23
99.0 2.833 22.72 148.0 0.005 0.04
100.0 0.169 1.36 153.0 0.002 0.02
101.0 0.148 1.18 154.0 0.005 0.04
102.0 0.031 0.25 155.0 0.005 0.04
103.0 0.073 0.58 156.0 0.033 0.26
104.0 0.031 0.25 157.0 0.245 1.96
105.0 0.026 0.21 158.0M 6.118 49.06
106.0 0.026 0.21 159.0 0.569 4.57
107.0 0.032 0.26 160.0 0.527 4.23
108.0 0.256 2.06 161.0 0.049 0.40
109.0 0.534 4.28 162.0 0.016 0.13
110.0 1.200 9.62
111.0 1.012 8.11
112.0 0.125 1.00
113.0 0.136 1.09
114.0 0.296 2.38
Tl ) 0.207 1.66
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C852H12 1- (5-Ethyl-2-thienyl)-1-thiapropane
C‘C'O‘ S—-C-C Purity: GLC Frac. 99.825%
M.w: 172.03804 Date: 11/21/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.227 2.47 65.0 2.582 28.08
38.0 0.019 0.21 66.0 0.025 0.27
38.1 0.794 8.63 66.1 0.850 9.25
39.0 5.227 56.85 67.0 1.581 17.19
40.1 0.542 5.89 68.0 0.063 0.68
41.1 2.834 30.82 68.1 0.107 1.16
42.0 0.126 1.37 69.0 0.013 39.73
43.1 0.031 0.34 70.0 1.436 15.62
44.0 0.258 2.81 71.1 3.023 32.88
45.0 8.439 91.78 71.5 0.010 0.11
46.0 0.365 3.97 72.0 0.239 2.60
46.5 0.006 0.07 73.0 0.409 4.45
47.0 0.592 6.44 74.0 0.082 0.89
48.0 0.004 0.48 75.0 0.063 0.68
49.0 0.069 0.75 76.0 0.441 4.79
50.0 0.731 7.95 77.0 0.365 3.97
51.0 1.688 18.36 77.1 0.882 9.59
52.0 0.642 6.99 78.0 0.044 0.48
53.0 2.141 23.29 78.1 0.422 4.59
54.0 0.126 1.37 78.5 0.010 0.11
54.5 0.010 0.11 79.0 0.013 0.41
55.1 0.403 4.38 79.1 0.233 2.53
56.0 0.025 0.27 80.0 0.019 0.21
56.1 0.031 0.34 80.1 0.031 0.34
57.0 0.674 7.33 81.0 0.214 2.33
57.1 0.038 0.41 8l.1 0.038 0.41
57.5 0.013 0.14 82.0 0.472 5.14
58.0 1.329 14.45 83.0 0.346 3.77
59.0 5.857 63.70 84.0 1.234 13.42
60.0 0.277 3.01 85.1 1.260 13.70
61.0 0.422 4.59 86.0 0.139 1.51
62.0 0.277 3.01 87.0 0.063 0.68
63.0 0.649 7.05 88.0 0.195 2.12
64.0 0.107 1.16 89.0 0.132 1.44
64.1 0.145 1.58 90.0 0.094 1.03




59

1-(5-Ethyl-2-thienyl)-1-thiapropane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
91.0 0.025 0.27 130.0 0.403 4.38
91.1 0.069 0.75 131.0 0.491 5.34
92.0 0.019 0.21 132.0 0.031 0.34
92.1 0.019 0.21 133.0 0.013 0.14
93.0 0.170 1.85 134.0 0.006 0.07
94.0 0.038 0.41 135.0 0.006 0.07
95.0 0.568 6.16 136.0 0.006 0.07
96.0 0.258 2.81 137.0 0.013 0.14
97.0 1.329 14.45 138.0 0.019 0.21
98.0 0.157 1.71 139.0 0.057 0.62
99.0 4.912 53.42 140.0 0.031 0.34
100.0 0.283 3.08 141.0 0.170 1.85
101.0 0.239 2.60 142.0 0.120 1.30
102.0 0.038 0.41 143.0 2.645 28.77
103.0 0.076 0.82 144.0 0.560 6.10
104.0 0.010 0.11 145.0 0.249 2.71
105.0 0.031 0.34 146.0 0.050 0.55
105.1 0.019 0.21 147.0 0.013 0.14
106.0 0.019 0.21 148.0 0.006 0.07
107.0 0.025 0.27 155.0 0.038 0.41
108.0 0.220 2.40 156.0 0.019 0.21
109.0 0.548 5.96 157.0 9.195 100.00
110.0 1.385 15.07 158.0 0.756 8.22
111.0 1.178 12.81 159.0 0.756 8.22
112.0 0.202 2.19 160.0 0.063 0.68
113.0 0.183 1.99 161.0 0.025 0.27
114.0 0.397 4.32 170.0 0.044 0.48
115.0 0.239 2.60 171.0 0.164 1.78
116.0 0.189 2.05 172.0M 7.179 78.08
117.0 0.038 0.41 173.0 0.674 7.33
118.0 0.019 0.21 174.0 0.598 6.51
119.0 0.006 0.07 175.0 0.063 0.68
121.0 0.019 0.21 178.0 0.019 0.21
122.0 0.019 0.21 '
123.0 0.069 0.75
124.0 0.076 0.82
125.0 0.038 0.41
126.0 0.013 0.14
127.0 0.183 1.99
128.0 0.195 2.12
129.0 6.046 65.75
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CySyHq4 1-(5-Ethyl-2-thienyl)-1-thiabutane
C"C‘JQT—EX‘S“C"C"C Purity: GLC Frac. 98.848%
S
M.W: 186.05369 Date: 11/22/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.398 3.86 64.0 0.061 0.59
37.5 0.061 0.59 64.1 0.103 1.00
38.0 0.019 0.18 65.1 0.183 17.73
38.1 0.886 8.60 66.0 0.019 0.18
38.5 0.019 0.18 66.1 0.632 6.14
39.0 6.290 61.09 67.0 0.960 9.32
39.3m* 0.014 0.136 68.0 0.037 0.36
39.5 0.019 0.18 68.1 0.084 0.82
40.1 0.595 5.77 69.1 2.248 21.82
41.1 6.361 61.81 70.0 0.918 8.91
42.0 0.379 3.68 70.5 0.005 0.045
43.1 4.730 45.91 71.0 2.154 20.91
44.0 0.159 1.54 71.5 0.005 0.045
44.1 0.155 1.50 72.0 0.183 1.77
45.0 6.369 61.81 73.0 0.454 4.41
46.0 0.318 3.09 74.0 0.351 3.41
47.0 0.539 5.23 75.0 0.161 1.56
48.0 0.066 0.64 76.0 0.234 2.27
49.0 0.253 2.45 76.1 0.253 2.45
50.0 1.873 18.18 76.2m* 0.028 0.28
51.0 2.810 27.27 77.0 0.197 1.91
52.0 2.061 20.00 77.1 1.686 16.36
53.0 1.639 15.91 77.5 0.005 0.045
54.0 0.098 0.95 78.0 0.084 0.82
55.1 0.304 2.95 78.1 6.837 66.36
56.0 0.014 0.136 78.5 0.005 0.045
56.1 0.028 0.28 79.0 0.033 0.32
57.0 0.361 3.50 79.1 0.543 5.27
57.1 0.066 0.64 80.0 0.037 0.36
58.0 0.806 7.82 81.0 0.124 1.20
59.0 2.847 30.91 8l.1 0.028 0.27
60.0 0.150 1.45 82.0 0.295 2.86
61.0 0.253 2.45 83.1 0.234 2.27
62.0 0.178 1.73 84.0 0.834 8.09
63.0 0.576 5.59 85.1 0.988 9.59
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1-(5-Ethyl-2-thienyl)~l-thiabutane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
86.0 0.098 0.95 126.0 0.014 0.136
87.0 0.056 0.54 127.0 0.117 1.14
88.0 0.107 1.05 128.0 1.358 1.32
89.0 0.075 0.72 129.0 10.303 100.00
90.0 0.066 0.64 130.0 0.656 " 6.36
91.0 0.019 0.18 131.0 0.815 7.91
91.1 0.047 0.91 | 132.0 0.056 0.54
92.0 0.014 0.136 | 133.0 0.028 0.27
92.1 0.028 0.27 | 134.0 0.005 0.045
93.0 0.089 0.86 | 135.0 0.005 0.045
94.0 0.023 0.23 136.0 0.005 0.045
95.0 0.379 3.68 137.0 0.009 0.09
96.0 0.220 2.13 138.0 0.005 0.045
96.5 0.009 0.09 139.0 0.005 0.045
97.0 1.105 10.73 140.0 0.009 0.09
98.0 0.131 1.27 141.0 0.089 0.86
99.0 2.107 20.45 142.0 0.126 1.23
100.0 0.126 1.23 143.0 0.998 9.68
101.0 0.122 1.18 144.0 4.168 40.45
102.0 0.023 0.23 145.0 0.384 3.73
103.0 0.056 0.54 146.0 0.342 3.32
104.0 0.005 0.045 147.0 0.028 0.27
105.0 0.009 0.09 148.0 0.009 0.09
106.0 0.009 0.09 153.0 0.009 0.09
107.0 0.014 0.136 155.0 0.023 0.23
108.0 0.126 1.23 156.0 0.005 0.045
109.0 0.361 3.50 157.0 0.023 0.23
110.0 0.815 7.91 158.0 0.028 0.27
111.0 1.016 9.85 159.0 0.023 0.23
112.0 0.351 3.41 169.0 0.005 0.045
113.0 0.286 2.77 171.0 2.154 20.91
114.0 0.253 2.45 173.0 0.206 2.00
115.0 0.155 1.50 173.0 0.178 1.73
116.0 0.272 2.64 174.0 0.019 0.18
117.0 0.042 0.41 175.0 0.005 0.045
117.8m* 0.005 0.045 184.0 0.023 0.23
118.0 0.028 0.27 185.0 0.033 0.32
119.0 0.005 0.045 186.0M 4.420 42.91
121.0 0.014 0.136 187.0 0.464 4.50
122.0 0.009 0.09 188.0 0.370 3.59
123.0 0.061 0.59 189.0 0.042 0.41
124.0 0.098 0.95 190.0 0.014 0.136
125.0 0.066 0.64 191.0 0.005 0.045
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1-(5-Ethyl-2-thienyl)-2-methyl
—-l-thiapropane

c
/
c—c:—éZfTQ—c:\ Purity: GLC Frac. 98.59%
s c

M.W: 186.05369 Date: 10/10/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.201 1.509 63.0 0.314 2.358
37.3m 0.008 0.057 64.0 0.055 0.415
38.0 0.030 0.226 64.1 0.073 0.547
38.1 0.672 5.057 65.0 1.556 11.698
39.0 6.273 47.170 66.0 0.005 0.075
39.3m* 0.015 0.113 66.1 0.547 4.113
40.1 0.903 6.792 67.0 0.828 6.226
41.1 10.037 75.472 68.0 0.003 0.028
42.0 0.023 15.283 68.1 0.060 0.453
43.1 13.298 100.000 69.1 1.807 13.585
44.0 0.148 1.113 70.0 1.425 6.415
44.1 0.424 3.189 70.1 0.878 6.604
45.0 5.294 39.811 71.0 1.756 11.509
46.0 0.198 1.490 71.1 2.083 15.660
47.0 0.447 3.358 71.5 0.005 0.038
48.0 0.050 0.377 72.0 0.143 1.075
49.0 0.078 0.585 72.1 0.108 0.811
50.0 0.434 3.264 73.0 0.354 2.660
51.0 1.029 7.736 74.0 0.060 0.453
52.0 0.389 2.925 75.0 0.045 0.340
53.0 1.455 10.943 76.0 0.304 2.283
54.0 0.120 0.906 76.1 0.028 0.208
54.5 0.004 0.030 77.0 0.163 1.226
55.1 0.928 6.981 77.1 0.467 3.509
56.0 0.018 0.132 78.0 0.040 0.302
56.1 0.153 1.151 78.1 0.374 2.811
56.5 0.003 0.019 78.5 0.008 0.057
57.0 0.329 2.472 79.0 0.018 0.132
57.1 2.660 20.000 79.1 0.093 0.698
57.5 0.003 0.019 80.0 0.008 0.057
58.0 0.803 6.038 80.1 0.023 0.170
58.1 0.115 0.868 81.0 0.090 0.679
59.0 0.271 20.378 82.0 0.216 1.622
60.0 0.143 1.076 83.0 0.171 1.283
61.0 0.208 1.566 84.0 0.677 5.094
62.0 0.125 0.943 85.0 0.853 6.415



l1-(5-Ethyl-2-thienyl)-2-methyl-l-thiapropane
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Percent Percent

Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
85.1 0.080 0.604 119.0 0.010 0.075
85.5 0.005 0.038 120.0 0.003 0.019
86.0 0.075 0.566 121.0 0.005 0.057
87.0 0.038 0.283 122.0 0.005 0.057
88.0 0.095 0.717 123.0 0.020 0.151
89.0 0.060 0.453 124.0 0.010 0.075
90.0 0.053 0.396 125.0 0.013 0.094
91.0 0.013 0.094 126.0 0.005 0.038
91.1 0.030 0.226 127.0 0.078 0.585
92.0 0.010 0.075 128.0 0.105 0.792
92.1 0.008 0.057 129.0 9.284 69.810
93.0 0.063 0.472 130.0 0.607 4.566
94.0 0.015 0.113 131.0 8.280 62.264
95.0 0.246 1.849 132.0 0.050 0.377
96.0 0.146 1.094 133.0 0.003 0.028
96.5 0.005 0.038 134.0 0.003 0.019
97.0 0.630 4.736 135.0 0.003 0.019
98.0 0.073 0.547 136.0 0.003 0.019
99.0 1.179 8.868 137.0 0.023 0.170
100.0 0.354 2.660 138.0 0.018 0.132
101.0 0.088 0.660 139.0 0.008 0.057
101.1 0.033 0.245 140.0 0.008 0.057
102.0 0.018 0.132 141.0 0.048 0.358
103.0 0.038 0.283 142.0 0.065 0.491
104.0 0.005 0.038 143.0 0.419 3.150
105.0 0.008 0.057 144.0 4.567 34.340
105.1 0.005 0.038 145.0 0.376 2.830
106.0 0.005 0.038 146.0 0.369 2.774
107.0 0.008 0.057 147.0 0.030 0.226
108.0 0.078 0.585 148.0 0.013 0.094
109.0 0.236 1.774 149.0 0.004 0.030
110.0 0.532 4.000 151.0 0.004 0.030
111.0 0.853 6.415 152.0 0.005 0.057
112.0 0.110 0.830 153.0 0.005 0.057
113.0 0.048 0.358 154.0 0.003 0.019
114.0 0.166 1.245 155.0 0.010 0.075
115.0 0.100 0.755 156.0 0.003 0.019
116.0 0.228 1.717 157.0 0.005 0.057
117.0 0.038 0.283 158.0 0.003 0.019
117.8m* 0.008 0.057 160.0 0.005 0.038
118.0 0.030 0.226 170.0 0.004 0.030



i-(5-Ethyl-2-thienyl)-2-methyl-l-thiapropane

64

Percent Percent

Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
171.0 0.065 0.491 187.0 0.248 1.868
172.0 0.008 0.057 188.0 0.196 1.472
173.0 0.008 0.057 189.0 0.023 0.170
184.0 0.010 0.075 190.0 0.008 0.057
185.0 0.008 0.057 191.0 0.005 0.038
186.0M 2.283 17.170 o
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C1052H16 1- (5-Ethyl-2-thienyl)-1-
thiapentane
C—CUS-C-C—C—C Purity: GLC Frac. 99.276%
S
M.W: 200.06934 Date: 10/17/74
Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Tonization Abundance
37.0 0.143 1.21 65.0 2.060 17.38
37.3m* 0.004 0.35 66.0 0.715 6.03
38.0 0.021 0.18 67.0 1.089 9.18
38.1 0.534 4.50 68.0 0.029 0.25
39.0 5.843 49.29 68.1 0.084 0.71
40.1 0.593 5.00 69.1 2.186 18.44
41.1 9.669 81.56 70.0 0.937 7.91
42.0 0.425 3.58 71.0 2.270 19.15
43.0 0.345 2.91 72.0 0.181 1.52
44.0 0.151 1.27 73.0 0.391 3.30
44.1 0.021 0.18 74.0 0.059 0.50
45.0 6.852 57.80 75.0 0.046 0.39
46.0 0.345 2.91 76.0 0.307 2.59
47.0 0.643 5.43 76.1 0.029 0.25
48.0 0.050 0.43 77.0 0.193 1.63
49.0 0.076 0.64 77.1 0.799 6.74
50.0 0.483 4.08 78.0 0.038 0.32
51.0 0.008 11.35 78.1 0.568 4.79
52.0 0.492 4.15 79.0 0.025 0.21
53.0 1.850 15.60 79.1 0.206 1.74
54.0 0.168 1.42 80.0 0.038 0.32
55.1 1.131 9.54 81.0 0.122 1.03
56.0 0.017 0.14 8l.1 0.038 0.32
56.1 0.185 1.56 82.0 0.294 2.48
57.0 0.378 3.19 83.0 0.261 2.20
57.1 4.708 39.72 84.0 0.933 7.87
58.0 0.832 7.02 85.0 1.050 8.86
58.1 0.202 1.70 86.0 0.109 0.92
59.0 3.783 31.91 87.0 0.008 0.78
60.0 0.244 2.06 88.0 0.118 0.99
61.0 0.265 2.23 88.1 0.080 0.67
62.0 0.143 1.21 89.0 0.080 0.67
63.0 0.391 3.30 89.1 0.038 0.32
64.0 0.059 0.50 90.0 0.059 0.50
64.1 0.092 0.78 90.1 0.021 0.18
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1-(5-Ethyl-2-thienyl)-1-thiapentane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
91.0 0.017 0.14 128.0 0.168 1.42
91.1 0.114 0.96 129.0 11.855 100.00
92.0 0.008 0.07 | 130.0 0.765 T 6.45
92.1 0.034 0.28 131.0 0.942 7.94
93.0 0.084 0.71 132.0 0.063 0.53
94.0 0.025 0.21 133.0 0.029 0.25
95.0 0.391 3.30 134.0 0.008 0.07
96.0 0.210 1.77 135.0 0.013 0.11
97.0 1.513 12.77 136.0 0.008 0.07
98.0 0.151 1.28 137.0 0.017 0.14
99.0 2.312 19.50 138.0 0.013 0.11
100.0 0.097 0.82 139.0 0.105 0.89
101.0 0.097 0.82 | 140.0 0.029 0.25
102.0 0.025 0.21 141.0 0.101 0.85
103.0 0.059 0.50 142.0 0.177 1.49
104.0 0.008 0.07 143.0 1.068 9.00
104.1 0.008 0.07 144.0 7.987 67.38
105.0 0.008 0.07 145.0 0.681 5.74
105.1 0.008 0.07 146.0 0.647 5.46
106.0 0.008 0.07 147.0 0.059 0.50
107.0 0.017 0.14 148.0 0.021 0.18
108.0 0.135 1.13 151.0 0.008 0.07
109.0 0.404 3.40 153.0 0.017 0.14
110.0 0.925 7.80 155.0 0.042 0.35
111.0 1.156 9.75 156.0 0.008 0.07
112.0 0.731 6.17 157.0 0.290 2.45
113.0 0.362 3.05 158.0 0.034 0.28
114.0 0.282 2.38 159.0 0.021 0.18
115.0 0.177 1.49 167.0 0.008 0.07
116.0 0.341 2.89 169.0 0.008 0.07
117.0 0.055 0.46 171.0 0.029 0.25
117.8m* 0.025 0.21 | 172.0 0.021 0.18
118.0 0.042 0.35 | 173.0 0.008 0.07
119.0 0.008 0.07 184.0 tr tr
121.0 0.017 0.14 185.0 1.133 9.57
122.0 0.017 0.14 186.0 0.164 1.38
123.0 0.076 0.64 187.0 0.122 1.03
124.0 0.109 0.92 188.0 0.017 0.14
125.0 0.097 0.82 189.0 tr tr
126.0 0.017 0.14 198.0 0.025 0.21
127.0 0.135 1.13 199.0 0.029 0.25
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1-(5-Ethyl-2-thienyl)-1-thiapentane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
200.0M 4.036 34.04 203.0 0.042 0.35
201.0 0.475 4.01 204.0 0.017 0.14
204.0 0.353 2.98 228.0 tr tr
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C10%3816 1- (5-Ethyl-2-thienyl)-3-methyl
-l-thiabutane

C-<34TT§-S-C-§—c: Purity: GLC Frac. 99.768%

- c
M.W: 200.06934 Date: 11/21/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.126 1.09 67.0 0.882 7.61
38.0 0.489 4.22 68.0 0.024 0.20
39.0 6.319 54.49 68.1 0.067 0.58
40.1 0.639 5.51 69.0 1.891 16.30
41.1 11.597 100.00 70.0 0.832 7.17
42.0 0.588 5.07 70.1 0.017 0.14
43.1 0.595 5.13 71.0 1.933 16.67
44.0 0.113 0.98 71.1 0.038" 0.33
44.1 0.025 0.22 71.5 0.004 0.04
45.0 6.655 57.39 72.0 0.164 1.41
46.0 0.304 2.62 72.1 0.004 0.04
47.0 0.534 4.61 73.0 0.357 3.08
48.0 0.050 0.43 73.1 tr t
49.0 0.059 0.51 74.0 0.050 0.43
50.0 0.391 3.37 75.0 0.042 0.36
51.0 1.076 9.28 76.0 0.248 2.14
52.0 0.437 3.77 76.1 0.025 0.22
53.0 1.723 14.86 77.0 0.160 1.38
54.0 0.130 1.12 77.1 0.634 5.47
55.1 0.874 7.54 78.0 0.025 0.22
56.0 0.008 0.07 78.1 0.479 4.13
56.1 0.181 1.56 79.0 0.021 0.18
57.0 0.328 2.83 79.1 0.202 1.74
57.1 10.420 89.86 80.1 0.029 0.25
58.0 0.697 6.01 81.0 0.097 0.83
58.1 0.416 3.59 8l.1 0.029 0.25
59.0 2.983 25.72 82.0 0.252 2.17
60.0 0.092 0.80 83.0 0.214 1.85
61.0 0.206 1.78 84.0 0.773 6.67
62.0 0.105 0.91 85.0 0.958 8.26
63.0 0.378 3.26 86.0 0.008 0.80
64.0 0.050 0.43 87.0 0.067 0.58
64.1 0.084 0.72 88.0 0.008 0.80
65.1 1.807 15.58 88.1 0.021 0.18
66.1 0.615 5.30 89.0 0.067 0.58
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1-(5-Ethyl-2-thienyl)-3-methyl-l-thiabutane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
89.1 0.017 0.14 127.0 0.109 0.94
90.0 0.050 0.43 128.0 0.143 1.23
90.1 0.013 0.11 129.0 10.504 90.58
91.0 0.025 0.22 130.0 0.655 5.65
91.1 0.130 1.12 131.0 0.815 7.03
92.0 0.038 0.33 132.0 0.059 0.51
93.0 0.071 0.62 133.0 0.029 0.25
94.0 0.017 0.14 134.0 0.008 0.07
95.0 0.348 3.00 135.0 0.008 0.07
96.0 0.193 1.67 136.0 0.007 0.06
97.0 1.126 9.71 137.0 0.008 0.07
98.0 0.130 1.12 139.0 0.008 0.07
99.0 1.647 14.20 140.0 0.010 0.09
100.0 0.097 0.83 141.0 0.080 0.69.
101.0 0.109 0.94 142.0 0.160 1.38
102.0 0.025 0.22 143.0 0.828 7.14
103.0 0.050 0.43 144.0 9.748 84.06
104.0 0.010 0.09 145.0 0.765 6.59
105.0 0.010 0.09 146.0 0.761 6.56
106.0 0.010 0.09 147.0 0.063 0.54
107.0 0.013 0.11 148.0 0.025 0.22
108.0 0.105 0.91 149.0 0.007 0.06
109.0 0.172 2.93 151.0 0.004 0.04
110.0 0.735 6.34 153.0 0.007 0.06
111.0 0.933 8.04 155.0 0.013 0.11
112.0 0.475 4.09 156.0 0.007 0.06
113.0 0.420 3.62 157.0 0.298 2.57
114.0 0.227 1.96 158.0 0.378 3.26
115.0 0.139 1.20 159.0 0.029 0.25
116.0 0.261 2.25 160.0 0.004 0.04
117.0 0.042 0.36 167.0 0.004 0.04
117.8m* 0.017 0.14 169.0 0.013 0.11
118.0 0.038 0.33 170.0 0.004 0.04
119.0 0.007 0.06 171.0 0.008 0.07
120.0 0.004 0.04 172.0 0.004 0.04
121.0 0.013 0.11 185.0 0.185 1.59
122.0 0.013 0.11 186.0 0.025 0.22
123.0 0.084 0.72 187.0 0.021 0.18
124.0 0.139 1.20 198.0 0.021 0.18
125.0 0.084 0.72 199.0 0.017 0.14
126.0 0.013 0.11 200.0M 3.613 31.16
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1- (5-Ethyl-2-thienyl)-3-methyl-l1-thiabutane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
201.0 0.412 3.55 204.0 0.013 0.11
202.0 0.311 2.68 205.0 0.004 0.04
203.0 0.042 0.36
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C1082H16 1-(5-Ethyl-2-thienyl)-2-methyl-
l-thiabutane
C-CﬂS-C—C-C Purity: GLC Frac. 99.99%
s |
E
M.W: 200.06934 Date: 11/18/74
Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
37.0 0.127 0.95 65.0 1.939 14.36
37.3m* 0.007 0.05 66.0 0.010 0.08
38.0 0.021 0.15 66.1 0.646 4.81
38.1 0.489 3.64 67.0 1.068 7.95
39.0 0.010 0.08 68.0 0.024 0.18
39.1 6.241 46.46 68.1 0.069 0.51
40.1 0.641 4.77 69.1 2.094 15.59
41.1 11.022 82.05 70.0 0.901 6.71
42.0 0.489 3.64 71.1 2.239 16.67
43.1 0.086 0.64 71.5 0.007 0.05
44.0 0.107 0.80 72.0 0.179 1.33
45.0 6.007 42.66 73.0 0.358 2.66
46.0 0.203 1.51 74.0 0.052 0.38
47.0 0.463 3.45 75.0 0.038 0.28
48.0 0.038 0.28 76.0 0.245 1.82
49.0 0.062 0.46 76.1 0.024 0.18
50.0 0.434 3.23 77.0 0.193 1.44
51.0 1.240 9.23 77.1 0.572 4.26
52.0 0.448 3.33 78.0 0.521 0.29
53.0 1.929 14.36 78.1 0.448 3.33
54.0 0.148 1.10 78.5 0.006 0.04
54.5 0.007 0.05 79.0 0.021 0.15
55.1 1.240 9.23 79.1 0.121 0.90
56.0 0.010 0.08 80.0 0.031 0.23
56.1 0.272 2.03 81.0 0.096 0.72
57.0 0.324 2.41 82.0 0.344 0.05
57.1 5.546 41. 28 83.0 0.224 1.67
58.0 0.778 5.79 84.0 0.871 6.49
58.1 0.227 1.69 85.0 0.896 6.67
59.0 3.982 29.64 85.5 0.008 0.06
60.0 0.189 1.41 86.0 0.093 0.69
61.0 0.282 2.10 87.0 0.067 0.51
62.0 0.114 0.85 88.0 0.110 0.82
63.0 0.344 2.56 89.0 0.067 0.51
64.0 0.062 0.46 90.0 0.062 0.46
64.1 0.086 0.64 91.0 0.017 0.13
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1-(5-Ethyl-2-thienyl)-2-methyl-l-thiabutane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
91.1 0.052 0.39 129.0 13.433 100.00
92.0 0.014 0.10 130.0 0.840 T 6.26
92.1 0.014 0.10 131.0 1.710 8.72
93.0 0.067 0.51 132.0 0.069 0.51
94.0 0.017 0.13 133.0 0.034 0.26
95.0 0.338 2.51 134.0 tr tr
96.0 0.179 1.33 135.0 0.007 0.05
97.0 0.909 6.77 136.0 tr tr
98.0 0.110 0.82 137.0 0.021 0.15
99.0 1.665 12.56 138.0 0.034 0.26
100.0 0.107 0.79 139.0 0.021 0.15
101.0 0.118 0.88 140.0 0.017 0.13
102.0 0.024 0.18 141.0 0.083 0.62
103.0 0.052 0.39 142.0 0.152 1.13
104.0 0.007 0.05 143.0 0.751 5.59
104.1 0.007 0.05 144.0 11.573 86.15
105.0 0.010 0.08 145.0 1.033 7.70
105.1 0.010 0.08 146.0 1.033 7.70
106.0 0.007 0.05 147.0 0.069 0.51
107.0 0.014 0.10 148.0 0.024 0.18
108.0 0.110 0.82 149.0 0.006 0.04
109.0 0.348 2.59 150.0 0.003 0.03
110.0 0.803 5.98 151.0 0.007 0.05
111.0 1.119 8.92 153.0 0.003 0.03
112.0 0.175 1.30 155.0 0.021 0.15
113.0 0.069 0.51 156.0 0.007 0.05
114.0 0.248 1.85 157.0 0.014 0.10
115.0 0.145 1.08 158.0 0.006 0.04
116.0 0.307 2.28 159.0 0.003 0.03
117.0 0.551 0.41 160.0 0.003 0.03
117.8m* 0.017 0.13 161.0 0.003 0.03
118.0 0.044 0.33 166.0 0.003 0.03
119.0 0.014 0.10 167.0 0.006 0.04
121.0 0.007 0.05 169.0 0.010 0.08
122.0 0.007 0.05 170.0 0.003 0.03
123.0 0.048 0.36 171.0 0.067 0.51
124.0 0.014 0.10 172.0 0.014 0.10
125.0 0.021 0.15 173.0 0.014 0.10
126.0 0.007 0.05 174.0 0.003 0.03
127.0 0.117 0.87 185.0 0.021 0.15
128.0 0.165 1.23 186.0 0.003 0.03



1-(5-Ethyl-2-thienyl)-2-methyl-l-thiabutane
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Percent Percent
Total Relative Total Relative
m/e Tonization Abundance | m/e Ionization Abundance
187.0 0.003 0.03 201.0 0.396 2.95
198.0 0.021 0.15 202.0 0.290 2.15
199.0 0.007 0.05 203.0 0.038 0.28
200.0M 3.410 25.38 204.0 0.007 0.05
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C1157H1g 1- (5-Ethyl-2-thienyl) -1~
thiahexane
C-C@S—C—C-C—C—C Purity: GLC Frac. 100.00%
M.W: 214.08499 Date: 10/14/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.076 0.53 68.0 0.018 0.06
38.0 0.597 2.31 68.1 0.125 0.88
39.0 4.409 30.94 69.0 1.603 11.25
39.3m¥* tr tr 69.1 0.356 2.50
40.1 0.548 3.84 70.0 0.739 5.19
41.1 1.839 55.00 70.1 0.089 0.63
42.0 0.757 5.31 71.0 1.871 13.13
43.1 14.253 100.00 71.1 0.833 5.84
44.0 0.049 0.34 71.5 0.004 0.03
44.1 0.445 3.13 72.0 0.147 1.03
45.0 5.256 36.88 72.1 0.053 0.38
46.0 0.249 1.75 73.0 0.365 2.52
47.0 0.477 3.34 74.0 0.098 0.69
48.0 0.036 0.25 75.0 0.036 0.25
49.0 0.045 0.31 76.0 0.145 1.47
50.0 0.303 2.13 76.1 0.027 0.19
51.0 0.882 6.19 77.0 0.111 0.78
52.0 0.374 2.63 77.1 0.632 4.44
53.0 1.559 10.94 78.0 0.031 0.22
54.0 0.125 0.88 78.1 0.526 3.69
55.0 1.960 13.75 79.0 0.027 0.19
56.0 0.009 0.06 79.1 0.205 1.44
56.1 0.116 0.81 80.0 0.031 0.22
57.0 0.241 1.69 81.0 0.085 0.59
57.1 0.045 0.31 81.1 0.036 0.25
58.0 0.610 4.28 82.0 0.232 1.63
59.0 3.341 23.44 83.1 0.205 1.44
60.0 0.187 1.31 84.0 0.806 5.66
61.0 0.241 1.69 84.5 0.004 0.03
62.0 0.098 0.69 85.0 0.922 6.49
63.0 0.298 2.09 86.0 0.098 0.69
64.0 0.045 0.31 87.0 0.223 1.56
64.1 0.076 0.53 88.0 0.089 0.63
65.0 1.737 12.19 89.0 0.067 0.47
66.0 0.615 4.31 90.0 0.049 0.34
67.0 1.051 7.38 91.0 0.120 0.84
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1-(5-Ethyl-2-thienyl)-1-thiahexane

Percent l Percent
Total Relative | Total Relative
m/e Ionization Abundance m/e Ionization Abundance
92.0 0.009 0.06 127.0 0.125 0.88
92.1 0.036 0.25 128.0 0.160 1.13
93.0 0.067 0.47 129.0 10.560 71.25
94.0 0.018 0.13 130.0 0.659 2.94
95.0 0.334 2.34 131.0 0.828 5.81
96.0 0.187 1.31 132.0 0.053 0.38
97.0 1.425 10.00 133.0 0.027 0.19
98.0 0.143 1.00 134.0 0.009 0.06
99.0 2.138 15.00 135.0 0.013 0.09
100.0 0.134 0.94 136.0 0.009 0.06
101.0 0.143 1.00 137.0 0.013 0.09
102.0 0.085 0.59 138.0 0.013 0.09
103.0 0.058 0.41 139.0 0.080 0.56
104.0 0.018 0.13 140.0 0.018 0.13
104.1 0.018 0.13 141.0 0.107 0.75
105.0 0.018 0.13 142.0 0.200 1.41
105.1 0.018 0.13 143.0 1.011 7.09
106.0 0.013 0.09 144.0 9.398 65.94
106.50 0.004 0.03 145.0 0.793 5.56
107.0 0.018 0.13 146.0 0.779 5.47
107.5 0.004 0.03 147.0 0.067 0.47
108.0 0.116 0.81 148.0 0.027 0.19
109.0 0.365 2.56 149.0 0.009 0.06
110.0 0.846 5.94 151.0 0.013 0.09
111.0 1.007 7.06 152.0 0.009 0.06
112.0 0.757 5.31 153.0 0.058 0.41
113.0 0.387 2.72 154.0 0.013 0.09
114.0 0.245 1.72 155.0 0.053 0.38
115.0 0.160 1.13 156.0 0.013 0.09
116.0 2.665 1.88 157.0 0.321 2.25
117.0 0.062 0.44 158.0 0.036 0.25
117.8m* 0.013 0.09 159.0 0.031 0.22
118.0 0.036 0.25 160.0 0.007 0.05
119.0 0.009 0.06 1 167.0 0.009 0.06
120.0 0.004 0.03 168.0 0.004 0.03
121.0 0.018 0.13 169.0 0.009 0.06
122.0 0.018 0.13 170.0 0.009 0.06
123.0 0.089 0.63 171.0 0.013 0.09
124.0 0.116 0.81 172.0 0.004 0.03
125.0 0.116 0.81 181.0 0.009 0.06
126.0 0.027 0.19 185.0 0.025 0.18
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1-(5-Ethyl-2-thienyl)-1-thiahexane

Percent Percent

Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
186.0 0.009 0.06 212.0 0.022 0.16
187.0 0.007 0.05 213.0 0.018 0.13
199.0 0.793 5.56 214.0M 3.608 25.31
200.0 0.107 0.75 215.0 0.463 3.25
201.0 0.080 0.56 216.0 0.321 2.25
202.0 0.009 0.06 217.0 0.049 0.34
203.0 0.004  0.03 218.0 0.013 0.09
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1- (5-Ethyl-2-thienyl)-4-methyl-

C1159%4 4
l-thiapentane
C"Clz;ﬁL‘S"C"C*‘$"C Purity: GLC Frac. 99.99%
C
M.W: 214.08499 Date: 10/17/74
Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
37.2 0.006 0.028 63.0 0.263 1.26
38.0 0.018 0.086 63.5 0.003 0.014
38.1 0.370 1.77 64.0 0.039 0.19
39.0 4.780 22.86 64.1 0.069 0.33
39.3m* 0.015 0.071 64.2m* 0.003 0.014
40.1 0.550 2.64 64.5 0.003 0.014
41.1 8.455 40.43 65.0 1.524 7.29
42.0 0.650 3.09 66.0 0.514 2.46
43.1 20.910 100.00 67.0 0.837 4.00
44.0 0.089 0.43 68.0 0.018 0.09
44.1 0.687 3.29 68.1 0.128 0.61
45.0 4.840 23.14 69.0 1.464 7.00
46.0 0.236 1.13 69.1 0.314 1.50
47.0 0.460 2.20 70.0 0.651 3.11
48.0 0.042 0.20 70.1 0.143 0.69
49.0 0.050 0.23 71.0 1.613 7.71
50.0 0.311 1.49 71.1 2.749 13.14
51.0 0.896 4.29 71.5 0.003 0.014
52.0 0.361 1.73 72.0 0.128 0.61
53.0 1.554 7.43 72.1 0.150 0.71
54.0 0.143 0.69 73.0 0.272 1.30
54.5 0.003 0.014 74.0 0.102 0.49
55.0 2.360 11.29 75.0 0.036 0.17
56.0 0.006 0.028 76.0 0.206 0.99
56.1 2.272 1.30 76.1 0.027 0.13
57.0 0.224 1.07 77.0 0.131 0.63
57.1 0.248 1.19 77.1 0.487 2.33
58.0 0.556 2.66 78.0 0.021 1.00
58.1 0.015 0.071 78.1 0.409 1.96
59.0 3.017 14.43 79.0 0.018 0.09
60.0 0.203 0.97 79.1 0.158 0.76
61.0 0.006 1.09 80.0 0.027 0.13
62.0 0.087 0.41 81.0 0.072 0.34
62.5 0.003 0.014 81.1 0.027 0.13




1-(5-Ethyl-2-thienyl)-4-methyl-l-thiapentane
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Percent Percent
Total Relative Total Relative
m/e ITonization Abundance m/e Tonization Abundance
82.0 0.197 0.94 117.8m* 0.015 0.071
83.1 0.173 0.83 118.0 0.033 0.16
84.0 0.678 3.24 119.0 0.009 0.043
85.0 0.729 3.49 120.0 0.003 0.14
86.0 0.081 0.39 121.0 0.015 0.071
87.0 0.152 0.73 122.0 0.012 0.058
88.0 0.078 0.37 123.0 0.066 0.31
89.0 0.057 0.27 124.0 0.093 0.44
90.0 0.036 0.17 125.0 0.105 0.50
91.0 0.096 0.46 126.0 0.018 0.086
92.0 0.027 0.13 127.0 0.096 0.49
93.0 0.054 0.26 128.0 0.120 0.58
94.0 0.015 0.071 129.0 7.110 34.00
95.0 0.263 1.26 130.0 0.433 2.07
96.0 0.150 0.71 131.0 0.574 2.74
96.5 0.006 0.028 132.0 0.039 0.19
97.0 1.255 6.00 133.0 0.021 0.10
98.0 0.120 0.57 134.0 0.006 0.028
99.0 1.703 8.14 135.0 0.009 0.043
99.5 0.009 0.043 136.0 0.006 0.028
100.0 0.003 0.50 137.0 0.012 0.058
101.0 0.120 0.57 138.0 0.012 0.058
102.0 0.206 0.99 139.0 0.012 0.058
103.0 0.057 0.27 140.0 0.015 0.071
103.1 0.054 0.26 141.0 0.075 0.36
104.0 0.018 0.086 142.0 0.158 0.76
105.0 0.012 0.058 143.0 0.986 4.71
105.1 0.012 0.058 144.0 8.126 38.86
106.0 0.006 0.028 145.0 0.687 3.29
106.5 0.003 0.014 146.0 0.657 3.14
107.0 0.012 0.058 147.0 0.054 0.26
107.5 0.003 0.014 148.0 0.021 0.10
108.0 0.087 0.41 149.0 0.006 0.028
109.0 0.287 1.37 150.0 0.003 0.014
110.0 0.645 3.09 151.0 0.006 0.028
111.0 0.765 3.66 152.0 0.003 0.014
112.0 1.105 5.29 153.0 0.170 0.81
113.0 0.347 1.66 154.0 0.024 0.11
114.0 0.212 1.01 155.0 0.051 0.24
115.0 0.125 0.60 156.0 0.009 0.043
116.0 0.191 0.91 157.0 0.269 1.29
117.0 0.048 0.23 158.0 0.036 0.17
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1-(5-Ethyl-2-thienyl) -4-methyl-1-thiapentane

Percent Percent

Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
159.0 0.028 0.13 200.0 0.069 0.33
160.0 0.005 0.023 201.0 0.048 0.23
164.0 0.003 0.014 202.0 0.006 0.028
166.0 0.006 0.014 207.0 0.012 0.058
167.0 0.003 0.014 208.0 0.006 0.028
168.0 0.006 0.023 212.0 0.021 0.10
169.0 0.003 0.014 213.0 0.018 0.086
170.0 0.009 0.043 214.0M 2.838 13.57
171.0 0.009 0.043 215.0 0.418 2.00
172.0 0.018 0.086 216.0 0.254 1.21
173.0 0.006 0.028 217.0 0.033 0.16
199.0 0.454 2.17 218.0 0.012 0.058
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Ci125,H18 1- (5-Ethyl-2-thienyl)-cyclohexyl
sulfides
C—(:-é(ﬁﬁh— S-<::> Purity: GLC Frac. 99.99%
S
M.W: 226.08499 Date: 10/21/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
38.0 0.264 1.62 70.0 0.515 3.15
39.0 5.094 31.18 71.0 1.466 8.97
40.1 0.528 3.23 72.0 0.113 0.69
41.1 12.985 79.49 73.0 0.264 1.62
42.0 0.543 3.32 74.0 0.042 0.26
43.1 0.880 5.38 75.0 0.025 0.15
44.0 0.063 0.38 76.0 0.168 1.03
44.1 0.038 0.23 76.1 0.017 0.10
45.0 3.309 20.26 77.0 0.117 0.72
46.0 0.159 0.97 77.1 0.595 3.64
47.0 0.314 1.92 78.0 0.025 0.15
48.0 0.025 0.15 78.1 0.360 2.21
49.0 0.042 0.26 79.0 0.017 0.10
50.0 0.293 1.79 79.1 0.385 2.36
51.0 0.838 5.13 80.0 0.067 0.41
52.0 0.410 2.51 81.0 0.058 0.36
53.0 2.388 14.62 8l.1 0.511 3.13
54.0 0.716 4.38 82.0 0.159 0.97
55.1 12.985 79.49 82.1 0.126 0.77
56.0 0.553 3.38 83.1 2.723 16.67
57.0 0.163 1.00 84.0 0.586 3.59
57.1 0.071 0.44 84.1 0.205 1.26
58.0 0.469 2.87 85.1 0.612 3.74
59.0 2.513 15.38 86.0 0.071 0.44
60.0 0.126 0.70 87.0 0.042 0.26
61.0 0.176 1.08 88.0 0.067 0.41
62.0 0.075 0.46 89.0 0.046 0.28
63.0 0.218 1.33 90.0 0.042 0.26
64.0 0.038 0.23 91.0 0.058 0.36
64.1 0.063 0.38 92.0 0.013 0.08
65.0 1.382 8.46 92.1 0.017 0.10
66.0 0.519 3.18 93.0 0.042 0.26
67.0 1.424 8.72 94.0 0.017 0.10
68.0 0.017 0.10 95.0 0.209 1.28
68.1 0.096 0.59 96.0 0.109 0.67
69.0 1.081 6.62 97.0 0.628 3.85




1-(5-Ethyl-2-thienyl)~-cyclohexyl sulfides
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Percent Percent

Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
98.0 0.080 0.49 137.0 0.008 0.05
99.0 1.424 8.72 138.0 0.004 0.025
100.0 0.096 0.59 139.0 0.004 0.025
101.0 0.092 0.56 140.0 0.008 0.05
102.0 0.017 0.10 141.0 0.063 0.38
103.0 0.029 0.18 142.0 0.138 0.85
104.0 0.008 0.05 143.0 0.666 4.08
105.0 0.008 0.05 144.0 16.336 100.00
105.1 0.010 0.06 145.0 1.424 T 8.72
106.0 0.008 0.05 146.0 1.508 9.23
107.0 0.010 0.06 147.0 0.113 0.69
108.0 0.080 0.49 148.0 0.046 0.28
109.0 0.260 1.59 149.0 0.013 0.08
110.0 0.603 3.69 150.0 0.008 0.05
111.0 0.733 4.49 151.0 0.013 0.08
112.0 0.130 0.79 152.0 0.007 0.04
113.0 0.080 0.49 153.0 0.015 0.09
114.0 0.176 1.08 154.0 0.007 0.04
115.0 0.121 0.74 155.0 0.042 0.26
116.0 0.214 1.31 156.0 0.008 0.05
117.0 0.050 0.31 157.0 0.017 0.10
117.8m* 0.017 0.10 159.0 0.007 0.04
118.0 0.034 0.21 160.0 0.005 0.03
119.0 0.008 0.05 163.0 0.007 0.04
120.0 0.004 0.025 167.0 0.007 0.04
121.0 0.017 0.10 168.0 0.005 0.03
122.0 0.017 0.10 169.0 0.008 0.05
123.0 0.025 0.15 170.0 0.007 0.04
124.0 0.017 0.10 181.0 0.005 0.03
125.0 0.038 0.23 183.0 0.008 0.05
126.0 0.007 0.04 191.0 0.004 0.025
127.0 0.080 0.49 192.0 0.005 0.03
128.0 0.117 0.72 193.0 0.004 0.025
129.0 8.981 54.97 212.0 0.010 0.06
130.0 0.586 3.59 224.0 0.017 0.10
131.0 0.729 4.46 225.0 0.007 0.04
132.0 0.054 0.33 226.0M 2.471 15.13
133.0 0.025 0.15 227.0 0.343 2.10
134.0 0.017 0.10 228.0 0.180 1.10
135.0 0.017 0.10 229.0 0.038 0.23
136.0 0.008 0.05 230.0 0.007 0.04
231.0 0.003 0.02
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1-(5-Ethyl-2-thienyl)—-3-ethyl-
l-thiapentane

C-Cﬂs-c—(':—c—c Purity: GLC Frac. 99.40%

S
¢
c
M.W: 228.10064 Date: 10/24/74
Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
38.0 0.010 0.042 64.1 0.056 0.23
38.1 0.210 0.86 65.0 1.382 5.68
39.0 3.455 14.21 66.0 0.486 2.00
40.1 0.394 1.62 67.0 0.921 3.79
41.1 7.678 31.58 68.0 0.010 0.04
42.0 0.468 1.93 68.1 0.066 0.27
43.1 24.313 100.00 69.0 1.177 4.84
44.0 0.061 0.25 69.1 0.282 1.16
44.1 0.845 3.47 70.0 0.532 2.19
45.0 4.064 16.72 70.1 0.056 0.23
45.1 0.015 0.06 71.0 1.331 5.47
46.0 0.166 0.68 71.1 0.084 0.35
47.0 0.384 1.58 72.0 0.107 0.44
48.0 0.028 0.115 73.0 0.282 1.16
49.0 0.038 0.16 74.0 0.051 0.21
50.0 0.225 0.93 75.0 0.033 0.14
51.0 0.653 2.68 76.0 0.151 0.62
52.0 0.303 1.25 76.1 0.018 0.07
53.0 1.484 6.11 77.0 0.110 0.45
54.0 0.138 0.57 77.1 0.476 1.96
55.1 2.324 9.56 78.0 0.023 0.09
56.0 0.010 0.04 78.1 0.379 1.56
56.1 0.292 1.20 79.0 0.018 0.67
57.0 0.161 0.66 79.1 0.169 0.69
57.1 2.610 10.74 80.0 0.028 0.12
58.0 0.435 1.79 81.0 0.054 0.22
58.1 0.113 0.46 81.1 0.046 0.19
59.0 2.815 11.58 82.0 0.161 0.66
60.0 0.179 0.74 82.1 0.051 0.21
61.0 0.210 0.86 83.0 0.159 0.65
62.0 0.061 0.25 83.1 0.069 0.28
63.0 0.251 1.03 84.0 0.630 2.59
64.0 0.033 0.14 85.0 0.845 3.47
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1-(5-Ethyl-2-thienyl)-3-ethyl-l-thiapentant

———

Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
85.1 2.329 9.58 129.0 6.449 26.53
86.0 0.077 0.32 130.0 0.425 1.75
86.1 0.141 0.58 131.0 0.537 2.22
87.0 0.077 0.32 132.0 0.036 0.15
88.0 0.066 0.27 133.0 0.018 0.07
89.0 0.051 0.21 135.0 0.010 0.04
90.0 0.031 0.13 139.0 0.036 0.15
91.0 0.102 0.42 140.0 0.010 0.04
92.0 0.028 0.12 141.0 0.069 0.28
93.0 0.038 0.16 142.0 0.154 0.63
94.0 0.015 0.06 143.0 0.947 3.89
95.0 0.235 0.97 144.0 11.770 48.42
96.0 0.131 0.54 145.0 1.049 4,32
97.0 0.973 4.00 146.0 1.049 4.32
98.0 0.102 0.42 147.0 0.079 0.33
99.0 1.894 7.79 148.0 0.031 0.13

100.0 0.115 0.47 155.0 0.023 0.09

101.0 0.110 0.45 157.0 0.253 0.21

102.0 0.015 0.06 158.0 0.031 0.13

103.0 0.038 0.16 159.0 0.026 0.105

108.0 0.082 0.34 213.0 0.033 0.14

109.0 0.279 1.15 214.0 0.018 0.07

110.0 0.645 2.65 226.0 0.018 0.07

111.0 0.632 2.60 227.0 0.010 0.04

112.0 0.368 1.52 228.0M 2.160 8.88

113.0 0.297 1.22 229.0 0.302 1.24

114.0 0.184 0.76 230.0 0.197 0.81

115.0 0.125 0.52 231.0 0.031 0.13

116.0 0.174 0.72 232.0 0.010 0.04

117.0 0.046 0.19

117.8m* 0.015 0.06

118.0 0.026 0.105

121.0 0.015 0.0631

122.0 0.013 0.0526

123.0 0.069 0.2842

124.0 0.010 0.4105

125.0 0.066 0.2736

126.0 0.010 0.0421

127.0 0.089 0.37

128-.0 0.128 0.53
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C1352H55 1- (5-Ethyl-2-thienyl)-
l-thiaoctane

C--C@S—C-C-C—C—C-C-C Purity: GLC Frac.
S 99.99%

M.W: 242.11629 Date: 10/23/74
Percent Percent

Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
38.0 0.022 0.18 67.0 1.030 8.73
38.1 0.252 2.14 68.0 0.113 0.95
39.0 4.237 35.91 69.0 0.955 8.09
39.3m* 0.011 0.09 69.1 0.397 3.36
40.1 0.579 4.91 70.0 0.467 4.23
41.1 11.800 100.00 70.1 0.107 0.91
42.0 1.148 9.73 70.5 - -
43.1 9.440 80.00 71.0 1.175 9.95
44.0 0.198 1.68 71.1 0.150 1.27
44.1 0.300 2.55 71.4 - -
45.0 4.452 37.73 72.0 0.107 0.91
46.0 0.215 1.82 73.0 0.316 2.68
47.0 0.466 3.95 74.0 0.059 0.50
48.0 0.048 0.41 75.0 0.048 0.41
49.0 0.059 0.50 76.0 0.215 1.82
50.0 0.241 2.05 76.1 0.027 0.23
51.0 0.633 5.36 77.0 0.107 0.91
52.0 0.300 2.55 77.1 0.526 4.45
53.0 1.341 11.36 78.0 0.027 0.23
54.0 0.193 1.64 78.1 0.424 3.59
55.1 3.862 32.73 79.0 0.0215 0.18
56.0 0.016 0.14 79.1 0.193 1.64
56.1 0.392 3.32 80.0 0.032 0.27
57.1 11.479 97.27 81.0 0.054 0.45
58.0 0.440 3.73 81.1 0.080 0.68
58.1 0.472 4.00 82.0 0.150 1.27
59.0 3.165 26.82 83.0 0.150 1.27
60.0 0.188 1.59 83.1 0.043 0.36
61.0 0.231 1.95 84.0 0.600 5.09
62.0 0.064 0.55 85.1 0.708 6.00
63.0 0.188 1.59 86.0 0.086 0.73
64.0 0.037 0.32 87.0 0.408 3.45
64.1 0.054 0.45 88.0 0.064 0.55
65.0 1.395 11.82 88.1 0.048 0.41
66.0 0.488 4.14 89.0 0.054 0.45
89.1 0.038 0.32
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1-(5-Ethyl-2-thienyl)-1-thiaoctane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
90.0 0.032 0.27 125.0 0.118 1.00
90.1 0.011 0.09 126.0 0.022 0.18
91.0 0.102 0.86 127.0 0.086 0.73
92.0 0.032 0.27 128.0 0.134 1.14
93.0 0.043 0.36 129.0 6.705 56.82
93.1 0.027 0.23 130.0 0.451 3.82
94.0 0.016 0.14 131.0 0.558 4.73
95.0 0.236 2.00 132.0 0.043 0.36
96.0 0.134 1.14 133.0 0.022 0.18
97.0 0.982 8.32 134.0 0.011 0.09
98.0 0.123 1.05 135.0 0.016 0.14
99.0 2.092 17.73 136.0 0.011 0.09
100.0 0.129 1.09 137.0 0.022 0.18
101.0 0.263 2.23 138.0 0.022 0.18
102.0 0.032 0.27 139.0 0.022 0.18
103.0 0.043 0.36 140.0 0.016 0.14
104.0 0.011 0.09 141.0 0.086 0.73
104.1 0.011 0.09 142.0 0.182 1.55
105.0 0.011 0.09 143.0 0.912 7.73
105.1 0.016 0.14 144.0 9.440 80.00
106.0 0.011 0.09 145.0 0.778 6.59
106.1 0.011 0.09 146.0 0.746 6.32
107.0 0.016 0.14 147.0 0.064 0.55
108.0 0.091 0.77 148.0 0.027 0.23
109.0 0.288 2.44 149.0 0.005 0.045
110.0 0.670 5.68 150.0 0.005 0.045
111.0 0.713 6.05 151.0 0.016 0.14
112.0 0.638 5.41 152.0 0.011 0.09
113.0 0.338 2.86 153.0 0.016 0.14
114.0 0.288 1.55 154.0 0.011 0.09
115.0 0.134 1.14 155.0 0.059 0.50
116.0 0.193 1.64 156.0 0.016 0.14
117.0 0.064 0.55 157.0 0.268 2.27
117.8m* 0.022 0.18 158.0 0.038 0.32
118.0 0.027 0.23 159.0 0.032 0.27
119.0 0.011 0.09 160.0 0.009 0.07
120.0 0.005 0.045 165.0 0.005 0.045
121.0 0.016 0.14 166.0 0.009 0.07
122.0 0.016 0.14 167.0 0.022 0.18
123.0 0.080 0.68 168.0 0.009 0.07



1- (5-Ethyl-2-thienyl)~1-thiaoctane
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Percent Percent

Total Relative Total Relative
m/e Ionization Abundance n/e Ionization Abundance
170.0 0.011 0.09 205.0 0.009 0.07
171.0 0.016 0.14 213.0 0.009 0.07
179.0 0.005 0.045 214.0 0.009 0.07
181.0 0.022 0.18 227.0 0.338 2.86
182.0 0.011 0.09 228.0 0.054 0.45
183.0 0.011 0.09 229.0 0.043 0.36
184.0 0.011 0.09 230.0 0.009 0.07
185.0 0.022 0.18 240.0 0.022 0.18
186.0 0.011 0.09 241.0 0.027 0.23
187.0 0.009 0.07 242.0M 2.253 19.09
195.0 0.009 0.07 243.0 0.349 2.95
198.0 0.009 0.07 244.0 0.215 1.82
199.0 0.016 0.14 245.0 0.038 0.32
200.0 0.016 0.14 246.0 0.011 0.09
201.0 0.009 0.07
202.0 0.005 0.045
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C1482H24 1- (5-Ethyl-2-thienyl)-l-thianonane
C-CJ<:%-S-nC8 Purity: GLC Frac. 99.99%
M.W: 256.13194 Date: 11/14/74
Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
37.0 0.053 0.38 64.1 0.046 0.33
37.3m* 0.007 0.05 64.5 0.0035 0.025
38.0 0.204 1.49 65.0 1.228 8.97
39.0 3.931 28.72 66.0 0.425 3.10
39.3m* 0.018 0.13 67.0 1.228 8.97
40.1 0.512 3.74 68.0 0.007 0.05
41.1 13.689 100.00 68.1 0.147 1.08
42.0 1.439 10.51 69.0 0.832 6.08
43.1 13.689 100.00 69.1 1.404 10.26
44.0 0.088 T 0.64 70.0 0.421 3.08
44.1 0.407 2.97 70.1 0.235 1.72
45.0 4.001 29.23 71.0 1.278 9.33
46.0 0.165 1.20 71.1 3.264 23.85
47.0 0.404 2.95 72.0 0.098 0.72
47.1 0.063 0.46 72.1 0.165 1.21
48.0 0.025 0.18 73.0 0.288 2.10
49.0 0.032 0.23 74.0 0.039 0.28
50.0 0.164 1.20 75.0 0.032 0.23
51.0 0.535 3.91 76.0 0.090 0.66
52.0 0.254 1.86 76.1 0.018 0.13
53.0 1.404 10.26 77.0 0.091 0.67
54.0 0.207 1.51 77.1 0.484 3.54
55.1 4.247 31.03 78.0 0.376 2.74
56.0 0.010 0.08 79.0 0.183 1.33
56.1 0.593 4.33 80.0 0.032 0.23
57.0 0.175 1.28 81.0 0.046 0.33
57.1 7.792 56.92 81.1 0.095 0.69
58.0 0.344 2.51 82.0 0.130 0.95
58.1 0.305 2.23 82.1 0.053 0.38
59.0 2.983 21.79 83.0 0.130 0.95
60.0 0.165 1.21 83.1 0.137 0.10
61.0 0.214 1.56 84.0 0.515 3.76
61.5 £r tr 84.1 0.126 0.92
62.0 0.053 0.38 85.0 0.611 4.46
63.0 0.162 1.18 85.1 0.095 0.69
64.0 0.025 0.18 86.0 0.067 0.49
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1-(5-Ethyl-2~thienyl)~1l-thianonane

Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
87.0 0.376 2.74 119.1 0.007 0.05
88.0 0.049 0.36 120.0 tr tr
88.1 0.042 0.31 121.0 0.018 0.13
89.0 0.039 0.28 122.0 0.010 0.08
89.1 0.032 0.23 123.0 0.067 0.49
90.0 0.028 0.20 124.0 0.088 0.64
90.1 0.014 0.10 125.0 0.102 0.74
91.0 0.095 0.69 126.0 0.025 0.18
92.0 0.025 0.18 127.0 0.074 0.54
93.0 0.032 0.23 128.0 0.112 0.82
93.1 0.021 0.15 129.0 5.054 36.92
94.0 0.010 0.08 130.0 0.324 2.37
94.1 0.007 0.05 131.0 0.399 2.91
95.0 0.193 1.41 132.0 0.028 0.20
96.0 0.119 0.87 133.0 0.018 0.13
97.0 0.839 6.13 134.0 0.010 0.08
98.0 0.109 0.79 135.0 0.063 0.46
99.0 1.966 14.36 136.0 0.010 0.08
100.0 0.112 0.82 137.0 0.060 0.44
101.0 0.200 1.46 138.0 0.018 0.13
102.0 0.025 0.18 139.0 0.025 0.18
103.0 0.035 0.26 140.0 0.014 0.10
104.0 0.0035 0.025 141.0 0.060 0.44
104.1 0.007 0.05 142.0 0.102 0.74
105.0 0.010 0.08 143.0 0.828 6.05
106.0 0.007 0.05 144.0 7.511 54.87
107.0 0.010 0.08 145.0 0.639 4.67
108.0 0.067 0.49 146.0 0.590 4.31
109.0 0.246 1.79 147.0 0.055 0.40
110.0 0.565 4.13 148.0 0.021 0.15
111.0 0.604 4.41 149.0 0.010 0.08
112.0 0.534 3.90 150.0 0.0035 0.025
112.4 0.0035 0.025 151.0 0.015 0.11
113.0 0.288 2.10 - 152.0 0.0035 0.025
113.5 0.0035 0.025 153.0 0.010 0.08
114.0 0.140 1.02 154.0 0.0035 0.025
115.0 0.130 0.95 155.0 0.070 0.51
116.0 0.158 1.15 156.0 0.010 0.08
117.0 0.062 0.45 157.0 0.228 1.67
117.8m* 0.014 0.10 158.0 0.035 0.26
118.0 0.028 0.20 159.0 0.025 0.18
119.0 0.010 0.08 160.0 0.0035 0.025
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Percent Percent

Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
163.0 0.0035 0.025 205.0 0.0035 0.025
165.0 0.006 0.04 206.0 0.0035 0.025
166.0 0.0035 0.025 207.0 0.021 0.13
167.0 0.007 0.05 208.0 0.0035 0.025
168.0 0.006 0.04 209.0 0.0035 0.025
169.0 0.010 0.08 211.0 0.0035 0.025
170.0 0.010 0.08 213.0 0.010 0.08
171.0 0.014 0.10 214.0 0.010 0.08
172.0 0.013 0.09 220.0 0.0035 0.025
173.0 0.0035 0.025 221.0 0.010 0.08
174.0 tr tr 222.0 0.007 0.05
176.0 0.0035 0.025 223.0 0.0035 0.025
179.0 0.0035 0.025 224.0 0.010 0.08
181.0 0.018 0.13 225.0 0.007 0.05
182.0 0.006 0.04 226.0 0.008 0.06
183.0 0.007 0.05 227.0 0.010 0.08
184.0 0.006 0.04 239.0 0.028 0.20
185.0 0.021 0.13 240.0 0.007 0.05
186.0 0.010 0.08 241.0 0.228 1.67
187.0 0.0035 0.025 242.0 0.046 0.33
192.0 0.007 0.05 243.0 0.025 0.18
193.0 0.0035 0.025 244.0 0.007 0.05
194.0 0.0035 0.025 254.0 0.032 0.23
195.0 0.010 0.08 255.0 0.021 0.13
196.0 0.0035 0.025 256.0M 1.966 14.36
197.0 0.0035 0.025 257.0 0.298 2.18
198.0 0.0035 0.025 258.0 0.176 1.28
199.0 0.010 0.08 259.0 0.032 0.23
200.0 0.018 0.13 260.0 0.010 0.08
201.0 0.0035 0.025
202.0 tr tr
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C1552H28 1- (5-Ethyl-2-thienyl)~1l-thiadecane

C—C-@s-n Cg Purity: GLC Frac. 99.99%

N.W: 270.14758 Date: 10/25/74

Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
37.0 0.028 0.17 68.0 0.195 1.17
38.0 0.125 0.75 69.0 0.695 4.17
39.0 2.419 14.50 69.1 1.098 6.58
39.3m* 0.028 0.17 69.2 1.154 6.92
40.1 0.403 2.42 70.0 0.306 1.83
41.1 11.261 67.50 70.1 0.695 4.17
42.0 1.599 9.58 71.0 0.820 4.92
43.1 16.683 100.00 71.1 4.727 28.33
44.0 0.056 0.33 72.0 0.083 0.50
44.1 0.542 3.25 72.1 0.250 1.50
45.0 2.280 13.67 73.0 0.306 1.83
46.0 0.111 0.67 74.0 0.056 0.33
47.0 0.306 1.83 75.0 0.028 0.17
48.0 0.028 0.17 76.0 0.069 0.42
49.0 0.028 0.17 77.0 0.083 0.50
50.0 0.125 0.75 77.1 0.375 2.25
51.0 0.417 2.50 78.0 0.306 1.83
52.0 0.195 1.17 79.0 0.167 1.00
53.0 0.987 5.92 80.0 0.028 0.17
54.0 0.334 2.00 81.0 0.056 0.33
55.1 5.005 30.00 8l.1 0.139 0.83
56.0 1.349 8.08 82.0 0.097 0.58
57.1 10.010 60.00 82.1 0,097 0.58
58.0 0.250 1.50 83.0 0.111 0.67
58.1 0.431 2.58 83.1 0.431 2.58
59.0 1.835 11.00 84.0 0.403 2.42
60.0 0.139 0.83 84.1 0.348 2.08
61.0 0.181 1.08 85.0 0.500 3.00
62.0 0.028 0.17 85.1 2.044 12.25
63.0 0.125 0.75 86.0 0.069 0.42
64.0 0.028 0.17 86.1 0.153 0.92
64.1 0.042 0.25 87.0 0.320 1.92
65.0 0.779 4.67 88.0 0.042 0.25
66.0 0.320 1.92 88.1 0.042 0.25
67.0 0.876 5.25 89.0 0.042 0.25




1-(5-Ethyl-2-thienyl)-1-thiadecane
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Percent Percent
Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
89.1 0.042 0.25 127.1 0.083 0.50
90.0 0.022 0.13 128.0 0.083 0.50
91.0 0.056 0.33 129.0 3.643 21.83
92.0 0.022 0.13 130.0 0.306 1.83
93.0 0.028 0.17 131.0 0.361 2.17
94.0 0.022 0.13 132.0 0.028 0.17
95.0 0.167 1.00 133.0 0.014 0.08
96.0 0.111 0.67 134.0 0.014 0.08
97.0 0.695 4.17 135.0 0.014 0.08
98.0 0.195 1.17 136.0 0.014 0.08
99.0 1.390 8.33 137.0 0.022 0.13
100.0 0.125 0.75 138.0 0.014 0.08
101.0 0.167 1.00 139.0 0.022 0.13
102.0 0.028 0.17 140.0 0.042 0.25
103.0 0.028 0.17 141.0 0.069 0.42
104.0 0.014 0.08 141.1 0.083 0.50
105.0 0.022 0.13 142.0 0.139 0.83
106.0 0.014 0.08 143.0 0.779 4.47
107.0 0.014 0.08 144.0 6.951 41.67
108.0 0.056 0.33 145.0 0.626 3.75
109.0 0.208 1.25 146.0 0.570 3.42
110.0 0.473 2.83 147.0 0.069 0.42
111.0 0.500 3.00 148.0 0.022 0.13
112.0 0.473 2.83 149.0 0.014 0.08
113.0 0.278 1.67 150.0 tr tr
114.0 0.139 0.83 151.0 0.022 0.13
115.0 0.125 0.75 152.0 tr tr
116.0 0.139 0.83 153.0 0.014 0.08
117.0 0.056 0.33 154.0 0.028 0.17
117.8m* tr tr 155.0 0.042 0.25
118.0 0.014 0.08 155.1 0.056 0.33
119.0 0.042 0.25 156.0 0.014 0.08
119.5 tr tr 157.0 0.222 1.33
120.0 tr tr 158.0 0.028 0.17
120.5 tr tr 159.0 0.028 0.17
121.0 0.022 0.13 168.0 0.022 0.13
122.0 0.022 0.13 169.0 0.028 0.17
123.0 0.042 0.25 169.1 0.042 0.25
124.0 0.069 0.42 170.0 tr tr
125.0 0.083 0.50 171.0 tr tr
126.0 0.069 0.42 181.0 0.028 0.17
127.0 0.069 0.42 183.0 0.022 0.13
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1-(5-Ethyl-2-thienyl)-1-thiadecane

Percent Percent
Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
185.0 0.022 0.13 229.0 0.022 0.13
195.0 0.014 0.08 239.0 0.111 0.67
196.0 0.014 0.08 240.0 0.028 0.17
197.0 0.014 0.08 241.0 0.028 0.17
199.0 0.014 0.08 242.0 0.195 1.17
200.0 0.014 0.08 243.0 0.042 0.25
207.0 0.028 0.17 244 .0 0.022 0.13
209.0 0.022 0.13 254.0 0.097 0.58
210.0 0.014 0.08 255.0 0.208 1.25
214.0 0.056 0.33 256.0 0.056 0.33
215.0 tr tr 257.0 0.028 0.17
221.0 0.022 0.13 269.0 0.022 0.13
225.0 0.028 0.17 270.0M 1.738 10.42
226.0 0.069 0.42 271.0 0.348 2.08
226.1 0.069 0.42 272.0 0.208 1.25
227.0 0.042 0.25 273.0 0.042 0.25
228.0 0.056 0.33
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Clssszg 1- (5-Ethyl-2~-thienyl)-thiaundecane
C-CJZ;XL-S-nCIO Purity: GLC Frac. 99.99%

N.W: 284.16323 Date: 3/26/75

Percent Percent
Total Relative Total Relative

m/e Ionization Abundance | m/e Ionization  Abundance
37.0 0.067 0.52 64.1 0.040 0.31
37.2m* 0.0045 0.035 64.5 0.0045 0.035
38.0 0.206 1.59 65.0 0.470 3.63
39.0 3.668 28.37 66.0 0.210 1.63
39.3m* c.013 0.10 67.0 0.752 5.81
40.1 0.510 3.94 68.0 0.850 6.57
41.1 12.168 94.12 69.0 0.434 3.36
42.0 2.774 21.45 69.1 3.042 23.53
43.1 12.929 100.00 70.0 0.210 1.63
44.0 0.031 - 0.24 70.1 2.371 18.34
44.1 0.403 3.11 71.0 0.599 4.64
45.0 1.968 15.23 71.1 2.505 19.38
45.1 0.353 2.73 71.4 0.0045 0.035
46.0 0.112 0.87 72.0 0.067 0.52
46.1 0.027 0.21 72.1 0.143 1.11
47.0 0.309 2.39 73.0 0.174 1.35
47.1 1.083 8.37 74.0 0.054 0.42
48.0 0.022 0.17 75.0 0.063 0.48
48.1 0.031 0.24 76.0 0.072 0.55
49.0 0.036 0.28 76.1 0.022 0.17
50.0 0.174 1.35 77.0 0.031 0.24
51.0 0.429 3.32 77.1 0.349 2.70
52.0 0.188 1.45 78.0 0.201 1.56
53.0 1.002 7.75 79.0 0.009 0.07
54.0 0.514 3.98 79.1 0.143 1.11
54.8 0.0045 0.035 80.0 0.009 0.07
55.0 6.979 53.98 80.1 0.027 0.21
55.1 0.0045 0.035 81.0 0.040 0.31
56.0 3.176 24.57 81.1 0.143 1.11
57.1 8.142 62.98 82.0 0.090 0.70
58.0 0.228 1.76 82.1 0.599 4.64
58.1 0.344 2.66 82.5 0.0045 0.035
59.0 5.905 45.67 83.0 0.090 0.70
60.0 0.098 0.76 83.1 1.700 13.15
60.1 0.192 1.49 83.5 0.0045 0.035
61.0 0.353 2.73 84.0 0.215 1.66
62.0 0.067 0.52 84.1 0.854 6.61
63.0 0.148 1.14 84.5 0.0045 0.035
63.5 0.0045 0.035 85.0 0.286 2.21
64.0 0.013 0.10 85.1 1.566 12.11




1-(5-Ethyl-2-thienyl)-thiaundecane
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Percent Percent

Total Relative Total Relative

m/e Ionization Abundance m/e Ionization Abundance
86.0 0.027 0.21 113.0 0.121 0.93
86.1 0.098 0.76 114.0 0.063 0.48
87.0 0.130 0.10 115.0 0.067 0.52
88.0 0.022 0.17 116.0 0.331 2.56
88.1 0.027 0.21 117.0 0.045 0.70
89.0 0.022 0.17 118.0 0.036 0.28
89.1 0.063 0.48 119.0 0.045 0.35
89.5 0.0045 0.035 120.0 0.0045 0.035
90.0 0.013 0.10 120.1 0.009 0.07
90.1 0.013 0.10 121.0 0.027 0.21
90.5 - ~ 122.0 0.011 0.08
91.0 0.125 0.97 123.0 0.098 0.76
92.0 0.027 0.21 124.0 0.358 2.77
93.0 0.031 0.24 125.0 0.094 0.73
93.1 0.022 0.17 126.0 0.072 0.55
94.0 0.009 0.07 127.0 0.036 0.28
95.0 0.098 0.76 128.0 0.045 0.35
95.1 0.045 0.35 129.0 1.655 12.80
96.0 0.094 0.73 130.0 0.102 0.83
96.1 0.098 0.76 131.0 0.139 1.07
96.5 0.007 0.055 132.0 0.011 0.08
97.0 1.168 9.03 133.0 0.009 0.07
97.1 0.581 4.50 134.0 0.013 0.10
98.0 0.295 2.28 135.0 0.626 4.84
98.1 0.300 2.32 136.0 0.036 0.28
99.0 0.608 4.71 137.0 0.599 4.64
100.0 0.063 0.48 138.0 0.036 0.28
101.0 0.081 0.62 139.0 0.085 0.66
102.0 0.022 0.17 140.0 0.259 2.01
102.5 0.0045 0.035 141.1 0.054 0.42
103.0 0.174 1.35 142.0 0.045 0.35
104.0 0.013 0.10 143.0 0.344 2.66
105.0 0.49 0.38 144.0 2.326 17.99
106.0 0.027 0.21 145.0 0.219 1.70
107.0 0.045 0.70 146.0 0.188 1.45
108.0 0.031 0.24 147.0 0.027 0.21
109.0 0.116 0.90 148.0 0.011 0.08
110.0 0.318 2.46 149.0 0.090 0.70
111.0 0.492 3.81 150.0 0.011 0.08
112.0 0.277 2.15 151.0 0.085 0.66
112.1 0.403 3.11 152.0 0.011 0.08
112.5 0.007 0.055 153.0 0.031 0.24
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1- (5-Ethyl-2-thienyl)~thiaundecane

Percent Percent

Total Relative Total Relative
m/e Ionization Abundance | m/e Tonization Abundance
154.0 0.018 0.14 195.0 0.0045 0.035
155.0 0.022 0.17 196.0 0.018 0.14
155.1 0.027 0.21 197.0 0.0045 0.035
156.0 0.007 0.055 198.0 0.0045 0.035
157.0 0.148 1.14 199.0 0.007 0.055
158.0 0.067 0.52 200.0 0.157 1.21
159.0 0.022 0.17 201.0 0.022 0.17
160.0 0.009 0.07 202.0 0.018 0.14
161.0 0.0045 0.035 203.0 tr tr
162.0 0.0045 0.035 204.0 tr tr
163.0 0.009 0.07 205.0 0.007 0.055
164.0 0.0045 0.035 206.0 0.009 0.07
165.0 0.009 0.07 207.0 0.067 0.52
166.0 0.009 0.07 208.0 0.009 0.07
167.0 0.040 0.31 209.0 0.009 0.07
168.0 0.018 0.14 210.0 0.0045 0.035
169.0 0.007 0.055 211.0 0.007 0.055
170.0 0.0045 0.035 212.0 0.0045 0.035
171.0 0.009 0.07 213.0 tr tr
172.0 0.063 0.48 214.0 0.036 0.28
173.0 0.009 0.07 215.0 0.009 0.07
174.0 0.007 0.055 216.0 0.0045 0.035
175.0 0.0045 0.035 220.0 0.007 0.055
176.0 0.0045 0.035 221.0 0.102 0.08
177.0 0.0045 0.035 222.0 0.036 0.28
178.0 tr tr 223.0 0.009 0.07
179.0 0.009 0.07 224.0 0.007 0.055
180.0 0.007 0.055 225.0 0.009 0.07
181.0 0.027 0.21 226.0 0.018 0.14
182.0 0.009 0.07 227.0 0.007 0.055
183.0 0.009 0.07 228.0 0.007 0.055
184.0 0.018 0.14 239.0 0.063 0.48
185.0 0.018 0.14 240.0 0.009 0.07
186.0 0.045 0.35 241.0 0.009 0.07
187.0 0.009 0.07 242.0 0.018 0.14
188.0 0.007 0.055 243.0 0.0045 0.035
190.0 0.0045 0.035 244 .0 0.0045 0.035
191.0 0.0045 0.035 254.0 0.063 0.48
192.0 0.018 0.14 255.0 0.013 0.10
193.0 0.0045 0.035 256.0 0.013 0.10
194.0 0.0045 0.035 257.0 0.0045 0.035



1- (5-Ethyl-2-thienyl)-thiaundecane
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Percent Percent

Total Relative Total Relative
m/e Ionization Abundance m/e Ionization Abundance
258.0 - - 284 .0M 0.564 4.36
269.0 0.049 0.38 285.0 0.121 0.93
270.0 0.013 0.10 286.0 0.063 0.48
271.0 0.007 0.055 287.0 0.013 0.10
281.0 - - 288.0 0.0045 0.035
282.0 0.0045 0.035

0.009 0.07

283.0




APPENDIX II

HEXADECANE REFERENCE PATTERN (11-18-74)
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m/e Relative intensity m/e Relative intensity
43 78.13 141 1.44
57 100.00 155 1.03
71 54.69 169 0.78
85 31.56 183 0.41
99 6.41 197 0.22
113 3.22 226M 1.03
127 2.03

Sensitivity at m/e 57 = 1600 div./ul.
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The mass spectra of fifteen members of the 1-(5-
ethyl-2-thienyl)-l-thiaalkanes have been obtained. Frag-
mentation paths, rearrangement mechanisms supported by
low ionization voltage data have been discussed.

The parent peaks are moderately strong. The
rearrangement ion at m/e 144 is prominent for all spectra
of the compounds. A large amount of hydrocarbon fragment
ions and only a small amount of typical alkylsulfide ions
are observed. Short chain compounds do not follow the
correlations developed.

Suggestions for further studies of synthesis with

positions of deuterium atom and carbon-13 on molecules

have been made.





