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While a number of investigations concerning the mass
spectra of thiophenes (1,2), pyrroles (3,4), furans (5,6),
and more limited studies of imidazoles (9), thiazoles (8)
and isothiazoles (9,10) have been reported, little informa-
tion pertaining to the related 1,2,4-thiadiazoles has ap-
peared. For some time we have been concerned with the
chemical properties of a number of compounds containing
the 1,2,4-thiadiazole ring system. This interest coupled
with the lack of available information about their mass
spectral properties prompted us to initiate an investigation
of their dissociation behavior upon electron impact. This
paper gives details of the low resolution mass spectra (Table
I) and high resolution mass spectra (Table II) of variously
3-substituted 5-amino-1,2 4-thiadiazoles and discusses pos-
sible fragmentation pathways.

The fragmentation patterns of the examined 5-amino-
1,2 ,4-thiadiazoles are quite consistent. All compounds ex-
hibited intense parent ions. Fragmentation of the parent
ion (Scheme I) occured via loss of fragments corresponding
to R'NHCN (path a) and R”CN (path b or c) with major
retention of charge by the sulfur containing fragments.
Compounds having aliphatic side chains > CH; displayed
substantial decomposition of the parent ion via loss of
methyl or ethyl groups. Three compounds 1, III and VI,
exhibited metastable transitions corresponding to ejection
of alkyl or alkyl CN groups.

The mass spectrum of 3-methyl-5-amino-1,2,4-thiadi-
azole (l) exhibited a strong molecular ion m/e 115 (base
peak) and strong ion fragments formed via breakdown of
the heterocyclic ring. lons corresponding to the loss of a
proton (m/e 114), methyl group (m/e 100), sulfur (m/e 83)
or amino group (m/e 99) were not significant. Cleavage of
I across the 3,4 and 1,5 bonds (path a), analogous to the
1,2 and 3,4 bond fragmentation reported in the mass spec-
tra of thiazoles (8), gave rise to a major ion fragment ap-
pearing at m/e 73 and a somewhat weaker peak at m/e 42.
Although the structure of the m/e 73 fragment is not known
a nominal structure the thiazirine cation (1d), has been
postulated.

Decomposition of I via cleavage across the 1,2 and 3,4
bonds (path b) or across the 2,3 and 4,5 bonds (path c)
would account for the strong peak at m/e 74 and a weak
peak at m/e 41. The metastable ion, appearing at m/e 47.65

SCHEMF, 1

\i}

R"CNS + R'NHCN R'CN + R'NHCNS

!
vl

1d

(Table IT) results from the transition 115 - 74 + 41 and
lends support for either path b or ¢ as one of the funda-
mental fragmentation routes. The higher abundance of the
m/e 73 and 74 ions versus the m/e 42 and 41 ions can be
attributed to the major retention of charge by sulfur con-
taining fragments. Similarly the approximate equal abun-
dance of the m/e 73 and 74 ions indicates that there is no
preference of one path over another.

The low resolution mass spectrum of 3-phenyl-5-amino-
1,2,4-thiadiazole (II) exhibited a strong parent ion at m/e
177 and a base ion m/e 135 (¢CNS) arising from cleavage
along path a. Significantly weaker ions m/e 103 (¢CN)
and m/e 74 (CH,; N, S) were identified as arising via path b
orc.

As was expected 3-n-propyl-5-amino-1,2,4-thiadiazole
(IlI) and 3-isopropyl-5-amino 1,2 4-thiadiazole (1V) pro-
vided mass spectra that were more complex than those
of either I or II. The base peaks appearing at m/e 115
(P-C,Hy) and at m/e 128 (P-CHj;) respectively arise from

cleavage of the side chains of the appropriate molecular
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1 3-Methyl-5-amino-1,2,4-thiadiazole
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All peaks greater than 5% of the base peak (100%) and peaks due to rearrangements
and metastable transition less than this value are recorded.
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TABLE 1 (Continued)

V1 3-Propyl-5-methylamino-1,2,4-thiadiazole

m/e 27 41 42 46 57 72
1 (%) 6 6 4 4 9 6
mje 73 74 48 89 101 129
1 (%) 16 6 40 8 8 100
m/e 142 157
1(%) 18 24

TABLE I

High Resolution Studies of 5-Amino-1,2,4-thiadiazoles

Mass Measurements on Compound I R'-H R"=CH,4

Measured Mass Formula Theoretical Proposed Structure

115.0196 C3HsN3S 115.0205 Parent ion (P)

73.9940 CH;N,S 73.9939 P(CN-CH3)

72.9982 C,H3NS 72,9982 P(NH,-CN)

59.9914 (large) CH;NS 59.9908 P(NC-CH3-N)

59.9676 (small) COS 59.9670 Impurity or oxidation product

46.9828 NSH 46.9830

45.9752 NS 45.9752

45.9884 (large) CH,S 45.9877

42.0225 (medium) CH;,; N, 42.0218 (NH,-CN)

42.0344 (large) CyHgN 42.0344

41.9880 (small) CON 41.9880 Impurity

41.0264 C,H3N 41.0265 (CN-CH3)

Metastable lons

47.65 £ 0.05:
(73.9940°/115.0196 = 47.60) C3HsN3S* = CH,N,S* + CNCH,

Mass Measurements on Compound I R'=H R"”=C3H,

143.0512 CsHoN3S 143.0517 Parent (P)
115.0185 C3HsN3S 115.0205 P(C,Hq4)
101.0040 (small) C,H3N;3S 101.0048 P(C3Hg)
101.0280 (large) C4H,NS 101.0299 P(NH,-CN)

74.0196 (small) C3HgS 74.0190

73.994] (large) CH,N,S 73.9939 P-(CN-CH,-CH,-CH3)

42 0464 (medium) C3He 42.0469 (C3Hg)

42.0331 (medium) C,HaN 42.0344

42.0211 (largest) CH;N, 42.0218 (NH,-CN)

41.3880 (small) CON 41.9880

41.0271 (medium) C,H3N 41.0265

41.0394 (large) C3Hs 41.0391 (C3Hs)
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Metastable fons
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TABLE I (Continued)

) ;
92.43%0.05: CsHoN3S = C3HsN3S* + CHy (I—M = 92.48)

143.0517

2
52.75 +0.05: C4H,NST > CoHsNSt + CyHa < 72.9982° _ 52.72>

101.0280

Mass Measurements on Compound VI R'=CH3 R"=C3H,

157.0657 CeH11N3S 157.0674
129.0354 C4H7N3S 129.0361
101.0278 C4H,NS 101.0299
88.0092 C,HaN;S 88.0095
56.0510 C3HgN 56.0500
56.0360 C,HaN, 56.0374

Metastable lons

2
106.00 £0.05: CgHy N3St = C4HaN3S* + CoHa (M = 106.00)

61.34%0.05: C4H;N3S*—C,HsN,S* + CoH,N (

157.0674

2
89.0170% _ 61‘40)
129.0354

2
52.72 £0.05: C4H,NS* = C,H3NS* + CoHa ( 72.9982° _ 52.72)

101.0278 =

Parent (P)
P-(CH,-CH,)
P(CH3NH-CN)
P(CH-CH,-CH;-CH3)

(CH3-NH-CN)

ion. Fragmentation by path a for I1I and 1V was supported
by the appearance of fragments at m/e 101 (C4 H,NS) and
atm/e 42 (CH,N,). While ions having m/e 74 for both Il
and IV indicated cleavage along path b or ¢ neither gave
the corresponding m/e 69 (RCN) fragment.

The metastable ions m/e 52.75 and m/e 92.43 result
respectively from the decomposition of the m/e 101 ion
and of the parent ion by loss of C,H,.

The mass spectrum of 3-benzyl5-amino-1,2,4-thiadiazole
(V) was unexceptional showing a strong parent molecular
ion m/e 191 (base peak) and the usually strong tropylium
cation m/e 91. Dissociation via paths a and b was supported
by moderate ion peaks m/e 149 and m/e 117 respectively.

3-n-Propyl-5-methylamino-1,2,4-thiadiazole (VI) like
that of III and IV displayed side chain cleavage as the prin-
cipal mode of decay giving rise to fragments m/e 129
(p-C,Hy) and m/e 148 (p-CHs). The latter ion is analogous
to the m/e 128 fragment observed in the spectra of Il and
may be stabilized as a ring expanded aminodihydrothiadi-
azepine cation. Cleavage of the parent ion m/e 157 via path
a and path b (or c) leads to ions having m/e 101 and m/e
88 respectively. The high resolution spectra of VI displayed
three fragments having m/e 106.00 m/e 52.72 and m/e
61.40 corresponding to the metastable transitions; parent
ion minus C, Hy , m/e 101 minus C, H,; and m/e 129 minus
C,H,N.

EXPERIMENTAL

The 5-amino-1,2 4-thiadiazoles (I-VI) were prepared by previ-
ously described procedures (11) and were analytically pure.

Medium resolution spectra of all compounds were measured on
a CEC 21-110 mass spectrometer using a direct solids introduction
system. Source temperature was 50° and the samples were readily
vaporized without applying heat to the solids probe. High resolu-
tion measurements and metastable ion transitions were recorded
using an AEI MS9. Samples for the MS9 were introduced through
the standard batch inlet system. All spectra were obtained at 70
ev and the psectra measured on both instruments were in good
agreement.
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