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Mass spectral fragmentation patterns are reported for ten parent thienopyridines containing
24 rings. Several spectra were determined directly on crystalline hydroperchlorate salts, which
produced pure spectra of the azine components (devoid of all peaks for perchloric acid or its de-
composition products).  Consistent with aromaticity in the thienopyridines are formations of
both singly (most abundant) and doubly charged molecular ions, as well as (M-1) ions. Losses of
hydrogen cyanide and carbon monosulfide (or thioformyl radical) occur from the molecular jons.

As part of our effort to elaborate the chemical charact-
eristics of thicnopyridines we investigated the mass spectral
fragmentation patterns of a series of bicyclic (-1, tricyclic
(V-IX), and tetracyclic (X,X1) compounds at 70 eV, A

novel experimental approach which we used was the direct
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introduction of crystalline hydroperchlorate salts of four
of the thienopyridines (I-[11,IX) into the ion source of the
mass spectrometer.

In previous research (3) we found that crystalline hydro-
perchlorate salts of quinoline and various thienopyridines
are easily prepared in water or aqueous ethanolic solvents
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and are readily recrystallizable therefrom. In contrast to
many amine hydrochlorides and hydrobromides our hydro-
perchlorates are nothygroscopic. They appear to be stable
to storage and melt sharply without decomposition. While
itis difficult to store [l as the free base, [ can be kept either
as the hydroperchlorate or the picrate at room conditions
indefinitely.

In carlier investigations unstable or purificd amines have
been introduced into the mass spectrometer as hydrochlo-
rides, hydrobromides (a, 5-7), or picrates (7.8). However,
the spectrum of the free acid (from dissociation of the
amine salt) is superimposed on that of the free amine. The
appropriate spectrum of the amine is then obtained by
difference.  Since the mass spectrum of anhydrous per-
chloric acid consists of a variety of chlorine-bearing ions
(9), one might anticipate that azinium perchlorates would
yield analogous superimposed spectra of the basic and
acidic components. However. our perchlorate samples
showed no mass spect}al evidence for the presence of per-
chloric acid, oxidation products, or chlorine-bearing {rag-
ments. )

As a check on the use of azine hydroperchlorate salts
for obtaining accurate mass spectra of the azines per se, we
compared (a) the spectrum obtained from quinolinium
perchlorate with that reported for quinoline (10), (b) the
spectra of L and its hydroperchlorate, and (¢) the spectrum
of IIl hydroperchlorate with that recorded for III (11). In
the first two cases the corresponding spectra were quanti-
tatively reproduced throughout. i.e., for m/e values greater
than 34 the relative abundances of corresponding ions
agreed within £2% (absolute value). For case (¢) only two
peaks differed in intensities by more than 2% (12). It is
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thus apparent that the azinium perchlorates undergo facile
dissociation in the heated ion chamber of the mass spectro-
meter and that the perchioric acid formed completely es-
capes detection. In fact, experimentally it was much easier
to handle the hydroperchlorates in the mass spectrometer
than to handle the amines themselves. Source tempera-
tures of 110-170° were used for these salts (13).

While no examples of the use of azine hydroperchlorates
in mass spectra were found in the literature, the mass spec-
tra of some quaternary azinium perchlorates have been
reported.  Kramer et al. (14) found that thermal decom-
position (at ca. 280°) of the pyridothiazolopyridazinium
perchlorates XL and X1 (MClO4) precedes ionization to
produce abundant pscudomolecular ions at M-1)*. In the
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a: R=CH,

b: R=CH,
two complete spectra which are presented in the paper
there are no peaks which can clearly be ascribed to per-
chloric acid or its fragmentation products. Salsmans and
van Binst (15), on the other hand, found that the mass
speetra of a number of N-methylazinium perchlorates
(MCH;Cl0,) consist primarily of superimposed spectra
for methyl perchlorate and the free base M. However,
significant peaks also occurred at (MCH,0)* due to inter-
nal redox reactions, and chlorination products were some-
times apparent. Internal redox has also been noted in the
mass spectra of 2.4 6-triphenylpyrylium and 2,4,6-triphen-
ylthiopyrylium perchlorates (16).

The most abundant ion present in the mass spectrum of
cach thienopyridine (or its hydroperchlorate) is the mole-
cular one. Significant, common fragmentation patterns {or
these compounds are presented in Table 1. Consistent with
aromaticity in the thienopyridines are the formation of
appreciable peaks for (M-1)* and M*?* ions in every case
(4¢, 17). In two cases (VI and X) there are also fragments
(7%) for (M-2)* ions, possibly of aryne structure (17).
Evidence for the presence of a pyridine ring in the molecule
is provided by the cjection of hydrogen cyanide from the
molecular ion (18a). Likewise loss of either carbon mono-
sulfide or thioformyl radical (or both) characterizes the
presence of a thiophene ring (18b). In fact, compounds
VI and VIII have fragments (9-13%) which correspond to
loss of both (HCN + CS) and (HCN + -CHS) from the
molecular ion.

Compounds VI and VIII are particularly prone to frag-
mentation in a variety of ways. The (M+1)JY peaks are
much larger than correspond to natural isotopic abun-

TABLE 1

Some Significant Mass Spectral Ion Fragments from Parent Thienopyridine Compounds

Relative Abundance of lon, % (a)

C3H,t Other

(m/e 39)

CHs?*
(m/e 45)

(b)
(c)
(e)
(f)

M++

Source
Temp., °C

Mol.
wWi. M

Molecular

Compound

(M-CHS)*

M-cS)t

(M-HCN)!

(M-HY (MG Hp)F

M+1)t

Formula

Number

2

8*

10
10
15
42

220
140
100
160
100

135
135
185
185
186
186
186
235
235

C,HsNS

7*

C,HgNS

11 (d)

3*

C;1H,NS

(2)

29* 8* 17* 17

23*
23

17
15%
61*

Cy1H4NS

Vi

(h)
1))

10
39

13
44
12
19
19

C10HgN,S

Vi

12

26
10

33 (i)

95
110

CyoHgN,S

Vil

m

10

C10HgN,S
C;sHoNS

IX (k)

(m)
(n)

=

125
100

C,5HgNS

A relative abundance of < 2% is indicated by a dash (-) in the table. An asterisk (*)indicates that a

(a) In every case the relative abundance of the molecular ion M7t is 100%.

> 5% are reported here, as (m/e) %. (c¢) Also

he spectrum. (b) Only ions of relative abundance

metastable peak which corresponds to the indicated fragmentation is observed in t

(137) 5, (63, CsH3%) 5. (d) Determined as the monohydroper

(115) 7, (114, [M{HCN + CS)]T) 13

(187)18,(183) 7,(159) 6, (157) 5,

(63) 5. (h) Also (188)5, (160) 7, (82) 6, (69) 6. (i) Fragment

. (f) Also (187)6. (g) Also

(5),(81)5,(63)5

chlorate salt. (e) Also 137

Vol. 12

1) 10, (93) 5, (79) 19, (75) 5, (74) 5, (69) 6,

, (113, [M{HCN + -CHS)]

(114, [M(HCN + -CHS)] ") 9,

,(62)9,(61) 5,(58) 5, (57) 10, (55) 8, (51) 11,(50) 14, (43) 9,

,(75)5. (m) Also (237)6,(233) 7. (n) Also(237)6.

,(115, [M{HCN + CS)]1) 10,

,(116) 5

,(76) 20, (75) 12, (69) 19, (66) 5, (64) 8, (63) 6

. (j) Also(188)22,(161)5,(158)8,(135)7,(133) 6

identified by means of high resolution spectrometry

(106) 7, (99) 5, (95) 6, (88) 8, (87) 6, (83) 12, (82) 18,(81) 10

(41)9. (k) Determined as the hemihydroperchlorate salt. (1) Also (188) 6
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dances. They must be ascribed to intermolecular trans-
ference of hydrogen on electron impact.  In fact, the
appreciable intensities for both (M+1)* and (M-1)* peaks
in the spectra of these two compounds are consistent with
such an intermolecular process. Compound VII is the
only one which loses acetylene readily and which has a
high intensity for the jon at mass number 39.

The four bicyclic compounds 11V show closely similar
spectra (11) with intensities of <10% for all (or nearly all)
of the fragment ions formed. Likewise, spectra of the two
tetracyclic compounds X and X1 are very nearly identical
and show only low-intensity fragmentation ions.

EXPERIMENTAL

Purified hydroperchlorate salts of quinoline, I-111 and IX were
available from previous research (3), as were the free thicnopyri-
dines [, V-VIII, X and XI (19-21). Mass specira of these samples
were determined by direct introduction of crystalline (or neat
liquid in the case of 1) samples into the ion source of a CEC model
21-110 double-focusing mass spectrometer, operated al 70 eV.
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