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Mass spectra of new groups of functionalized heterocycles
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The influence of the position and nature of the substituent in the thiophene ring on the
fragmentation of 3-atkyl- and $-alkyl-2-thtenylamines under electron impact was studied. The
derivatives containing the ethyl group in position 3 decompose due to both the elimination of
the fragments from the substituents and thiophene ring rupture. In the case of the compounds
with the ferr-butyl group in position 3, the last process is not observed. The fragmentation of
the 3- and 5-methyl-substitured derivatives occurs mainly from the isomeric thiopyvran form of

the molecular ion.
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We have previously? described the general regulari-
ties of the mass spectrometric fragmentiation of second-
ary and tertiarv 2-thienylamines containing no substitu-
cnt in positions 3—35 of the thiophene ring. With the
purpose of revealing the influence of the nawre and
position of an alkyl substituent in the thiophene ring on
the decomposition of molecutar ions of 2-thienylamines,
in this report, we analyzed the mass spectra of secondary
and tertiary J-atkyl- and 3-alkyl-2-thienylamines 1—9.
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Alkyl substituents in any of the considered positions
of the thiophene ring gencrate new decomposition chan-
nels and noticeably decrease the contribution of pro-
cesses characteristic of nonsubstituted compounds (R> =
R* = H).2 The rert-butyl group in position 5 exerts the

* For Part 2, see Ref. 1.
* Deceased.

strongest effect. In this case, fragmentation with the
decomposition of the heterocyclic system does not oc-
cur, and the main process of the decomposition of
molecular ions of compounds 7—9 is the elimination of
the methyl radical to form ions stabilized due to conju-
gation, whose peaks are maximal in the mass spectra
(Scheme 1).

The [M — Me|* and [M ~ 2 Me]™" ions are formed
due to both the elimination of the methyl groups from
the rerr-butyl substituent {see Scheme 1) and N—Me
boud cleavage, especially in the case of dimethylamino-
substituted derivative 9, whose mass spectrum exhibits
an intensity of the peak of the {[M — 2 Me]*" ion almost
fourtold higher than that for compound 8 containing the
phenylamino group.

In the mass spectrum of dimethvl(3-ethyl-2-thienyl)-
amine (5), along with the peaks corresponding to the
M*, M ~ Me}*. and {M - 2 Me]*~ ions, the peaks of
the ions that appeared due to the fragmentation of the
thiophene ring have a high intensity. These processes are
identical to those observed by us previously? for
alkyl(aryl)(2-thienyl)amines (R3 = R* = H). The cleav-
age of the S(1)—C(2) and C(4)—C(5) bonds results
(Scheme 2, I, (%) are given in parentheses) in ions
with m/z 45 and 110, and the cleavage of the S(1)—C(2)
and C(2)—C(3) bonds in ion A affords jons with m/z 42
and 99. The thiopyrilium cation with m/z 97 is formed
upon extension of the five-membered cycle.3
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7 169 (85) 154 (100) 139 (14)
8 231 (33) 216 (100) 201 (9)
9 133 (64) 168 (100) 153 (35)

The presence of the major fragmentation ions mani-
fested in the spectra of J-methyvi- (4) and 3-methyi-2-
thienylamines (1—3. 6) is due to extension of the
thiophene ring followed by decomposition of the corre-
sponding 2-amino derivatives of thiopyran. This is indi-
cated by the following. First, the mass spectrum of di-
methyl(3-methyl-2-thienyl)amine 4 differs sharply from
that of homolog 5 containing the 3-ethyl group. but is
very close to the mass spectrum of isomeric compound 3
with the methyl group in position’5. Second, the spectra
of 3-methyl- (4) and S-methyl-2-thienylamines (6) con-
tain the peaks of the [M — NRIR?]* and {M — SH]* ions
(Scheme 3, Table 1), which are not characteristic of
nonsubstituted 2-thienylamines (R} = R* = H). Finally,
for S{1)—C(2) and C(4)—C{(5) bond cleavage typical of
thiophene derivatives, 24 [MeC=S]* ions with m/z 39 and

B [M — MeC=S]" should appear in the case of 3-methyl-
substituted derivatives. In the spectra of compounds 1—3
and 6, the peaks of these ions have a low intensity or are
completely absent, but in all cases, a sufficiently intense
peak of the [HC=S]" ion with m/7 45, which is generated
due to S(1)—C(2) and C(3)—C(6) bond cleavage of the
thiopyran cycle, was observed. The formation of ion C
and the ion with m/z 85 is possible from both the
thiophene and thiopyran structure due to S(1)—C(2) and
C(2)—C(3) bond cleavage. The same goes for the ion with
m/7 53, an analog of the [C3H3)” ion with m/z 39 in the
spectra of the nonsubstituted compounds.? The structures
of the listed ions are shown in Scheme 3, and their m/z
and relative intensities are presented in Table 1.

Despite the aforementioned similarity of the mass
spectra of isomeric 3-methyl- and S-methyl-2-thienyl-
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amines (4 and 3), thev demonstrate one substantial
distinction: the spectrum of compound 4 does not con-
tain the peak of ion D [M — SH]* with m/z 108, which
is characteristic of compound 3, but exhibits the peak of
the (M — Me) — CH,|™ ion with m/z 110 (5%).

In the case of methyi(5-methyl-2-thienyl)amine 1,
ion A eliminates the CS molecule to form an ion with

Table 1. Mass spectra of 3-methyl- and 3-methyl-2-thienyl-
amines 1—4 and 6 (ut 60 V)

lon m/T (e (%))*

1 2 3 4 6
M)+ 127 189 141 141 203
(100) (100) (100) (100) (100)
IM - H* 126 188 140 140 202
(WA (68) (63) (46) (32)
A 112 12 126 126 188
(27 (D (43) 349 (23
B 68 - 82 — 144
(7) (4) (5)
C 42 104 — - -
(N (2)
D 94 136 108 - -
(16) (14) (12)
lon with m/Z
173 — (S) — - 20
104 — - — — (N
93 - (6) — — —
97 (10) (19) (17 (13) (5)
85 (20) (7) (18) (22) 9
77 - (20) - — (25)
53 (9) N {8) @) (4)
51 — (16) - - (3
43 un %) (19) (19) (12)

* The m/7 values ([ (%)) for 8 93 (13), 77 (1), 31 (7);
for 9: 140 (6).

m/z7 68 (13%), and for 3-methy!-substituted derivative 6,
the sulfhydryl radical transforms into an odd-clectron
ion with m/z 135. Another odd-electron ion with m/z 129
(8%) appears due to splitting off of the methyl radical
from ion B.

The ion of § H-thieno[2,3-blindole with m/z 173 has
previously? been observed in the mass spectrum of
2-thienviphenylamine. The peaks of this ion are aiso
observed in the mass spectra of phenylamines 2 and 6.

mjz 173

Thus, the comparative analysis of the mass spectra of
2-thienylamines bearing alkyl groups in positions 3 or 5
of the thiophene ring and the corresponding unsubstituted
compounds showed that the presence of the ethyl sub-
stituent in position 3 weakly affects the decomposition
of the molecule, which occurs due to both the elimina-
tion of the fragments from the ethyl and NRIR? groups
and the destruction of the thiophene ring. At the same
time, the 5-terr-butyl-substituted derivatives are not char-
acterized by the processes related to the decomposition
of the heterocyclic system, and the fragmentation of
3-methyl- and S5-methyl-2-thienylamines mainly pro-
ceeds from the isomeric thiopyran form of the molecu-
lar ion.

Experimental

Mass spectra were recorded at ionizing voltages of 12 and
60 V on an LKB-2091 GC-MS spectrometer using both the
system of chromatographic introduction (glass capillary column
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38 m long with the SE-54 phase. temperature of the evaporator
250 °C, velocity of the temperature rise from 70 to 250 °C
10 deg min~!) and the svstem of direct introduction of the
sample into the ion source (temperature of the source 240 °C).
The synthesis of compounds 1—9 has been described previ-
ously 56
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