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The behaviour of 24 long-chain 3-substituted furans (/, II) and thiophenes (11, 1V) under electron impact,
was studied. Different fragmentation pathways were outlined.

Recently!, we have synthesized a series of new long-chain 3-alkyl- and 3-(alk-1-en-1-yl)-
furans I, Il and thiophenes /II, IV by the Wittig rcaction between alkyltriphenyl-
phosphonium bromides and the appropriate furan- and thiophene-3-carboxaldehydes.
Compound I — IV could be used as intermediates for a varicty of synthetic applications
and industrial utilities especially in the ficld of electropolymcrization, formation of
Langmuir—Blodgett films? ~ # as well as for fabrication of molecular clectron devices
and chemically modified clectrodes® .

In response to our growing interest concerning heterocyclic compounds®, we studied
the mass spectra of compounds /I — IV. We belicve that such unique series of com-
pounds I — IV possesses constitutional features sufficient to justify their study under
electron impact, since the induced decompositions might depend not only on the length
of the carbon-chain linked to the 3-position of the ring but also on the heterocyclic ring
itself.

EXPERIMENTAL

For preparation of compounds I -1V, cf. ref.! . The mass spectra were obtained on a Parkin—Elmer RMU-7
mass spectrometer or a Kratos MS 80 instrument with a DS-55 data systems. Measurements were done at
70 eV. All molecular ion peaks were identified by high resolution mass spectral investigations.

RESULTS AND DISCUSSION

The mass spectra of furans Ja — Ic show closc resemblence to each other. The relatively
low intensities of their molecular ion peaks (~ 10%) (Table I) show that they possess
relative instability toward electron impact”®. The first conspicuous peak in their spectra
appears at m/z 124 (Scheme 1). This indicates that the largest alkyl fragment attached
to the furan ring in la — Ic incorporates 4 carbon atoms.
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The molecular ion peak (M*) of compound /b, taken as a representative example,
appears at m/z 306 (A, 10%) (Scheme 1, Fig. 1 ). Cleavage of M* at site w produces
cation a at m/z 67 (13%) while cleavage at site x yields the ion at m/z 81 (64%). The
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latter ion is best represented by the pyryllium cation b (ref. 7). In the same sense,
cleavage of M* at sites y and z would also producc cations ¢ and d at m/z 95 (68%) and
109 (< 5%), respectively. However, formation of thc main fragments in the mass
spectrum of /b can be interpreted in terms a priori rearrangement of ion A to structure
B. Subsequent cleavage of structure B at site w produces ion e at m/z 82 (100%, base
peak). Similarly cleavage of B along sitc z produces cation f with m/z 124 (8%).

The loss of 26 mass units (CH=CH) frequently observed in the mass spectra of
monosubstituted furans (and pyrans)’ was also noticeable in the spectrum of /b, and
accounts for formation of cations g (m/z 55, 18%), h (m/z 83, 33%), i (m/z 97, 8%), j
(m/z 56, 15%) and k (m/z 84, 5%), respectively.

TaBLE |
Mass spectra of 3-alkylfurans Ja — Ic and 3-alkylthiophenes Illa - 11If

m/z (relative intensity, %)

Compound

M* a b c d e f

Ia 292 67 81 95 109 82 124
(10) (23) (70) (70) (<5) (100) ®

Ib 306 67 81 95 109 82 124
(10 (13) (64) (68) (<35) (100) @®

Ic 334 67 81 95 109 82 124
(10) © (25) (32) (<3) (100) @®

lla 266 83 97 111 125 98 140

(100) (<5 (23 (1 (<3) (75) (<9)

Hib 280 83 97 111 125 98 140
(28) (<5) (59 (23) (<5) (100) ©)

Hic 204 83 97 111 125 98 140

“ &) (32) (12) (<3) (100) (<5)

id 308 83 97 111 125 98 140
25 (<9 (48) (22) ®) (100) ®)

Hle 322 83 97 111 125 98 140

(80) ®) (78) (48) ®) (100) (18)

if 350 83 97 111 125 98 140
(45) (<5) (38) (15) (<5) (100) ®)
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Presence of an ion at m/z 69 in the mass spectrum of /b is attributable to cation /
which is also observed in the spectra of a number of monosubstituted alkylfurans’ .

The mass spectra of compounds [lla — 11If (Table I) also possess some unique featu-
res. Except for 1la, they show the base peak at m/z 98 which stands for cation ¢ (X =
S, Scheme 1). The intensity of the molecular ion peaks in the spectra of Illa — I11f is
much higher in comparison with those of furan analogucs /. This shows that thicnyl
compounds /I are relatively stable under clectron bombardment. Presence of the peak
at m/z 140 with a considerable intensity (5 — 18%) in the spectra of [lla — IIIf indicates
that the longest chain attached to the thiophene nucleus has four carbon atoms. The low
intensity of ion d (< 5%) in the spectra of fa — Ic and Illa — I1If indicates that cleavage
of their molecular ions (structure A) at site z is less frequent (Fig. 2).
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The bebaviour of 3-(alk-1-en-1-yD)furans [la — Ilc under electron impact resembles
that of thiophene analogues /Va — IVf. Fragmentation of M* in both groups of com-
pounds (I, IV) can be interpreted in terms of its existence in the radical cation structure
A and B (Scheme 2). In the case of the mass spectra of IIc (Fig. 3) and IVf, taken as
representative examples, cleavage at the site w in both structures (A or B) is rather
incfficient and produces hardly conspicuous (< 5%) ion peaks a and f. Cleavage at site
x, however, is much obvious in structure B which produces ion g. Allylic cleavage of
M* (A or B) at site y produces cations ¢ and /i and accounts for the formation of the base
peak in the spectra of IVf and of all other thiophene derivatives (Fig. 4). Cleavage at
site z is noticeable only in structurc A and gives rise to ion d. Cleavage further than site

TABLE II
Mass spectra of 3(alk-1-en-1-yl)furans (//a - Ilc) and 3(alk-1-en-1-yl)thiophenes (IVa - IVf)

m/z (relative intensity, %)

Com-
pound
M* a b ¢ d e f g h ‘ J
Ia 290 67 93 107 121 135 68 94 108 122 136
(23  (18) (12)  (80)  (40)  (20) @) an (70 ®) (<3
1b 304 67 93 107 121 135 68 94 108 122 136
(19) a8 (1 () @5 (An 1 (73 (T () (<)
e 332 67 93 107 121 135 68 94 108 122 136
(37 (5) (5) (85 (35 (28 (6) (68) (75) (100  (6)
IVa 264 83 109 123 137 151 84 110 124 138 152
(48)  (<5) (<5) (1000 (18)  (15) &) (38 (249 %) (<3
1Vb 278 83 109 123 137 151 84 110 124 138 152
“4s) ) (5) (100) (18) (14 (5) (48) (22) (<5) (<9)
Ve 292 83 109 123 137 151 84 110 124 138 152
3BS) (%) (<5 (100 (A7 (13)  (6) @8 (22) (<5 (<95)
vd 306 83 109 123 137 151 84 110 124 138 152
(70)  (<S5) (68) (100) (38) 30) (<5 (70) (55) 35) (<5)
Ve 320 83 109 123 137 151 84 110 124 138 152
(53) (5) (60) (100) (18) (12) () (60) (32) (<5) (<9)
Ivf 348 83 109 123 137 151 84 110 124 138 152

95) (%) (5) (100) (19 (18 () (400 (25  (6) )
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z, more remote from heterocyclic ring, is observed only in structure A whercby ion e is
produced (Scheme 2, Table II).

The base peak in the mass spectra of the furan dcrivatives Ila — Ilc, appears at m/z 82
(Fig. 3). This might be explained in terms of initial formation of cation a via cjection
of the alkenyl radical. The latter can cject a mcthyl radical to give the neutral
cycloalkenyl species p. Combination of the CHj radical with cation a produces then the
radical cation at m/z 82 (q, 100%, Scheme 3).

. CHJ
2 CH==CH CH,
[ !] ’/ 3 — | ] « [:]
(0] (0]

(CHz)n
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CH=—CH
+
(- (CHZ)n)
SCHEME 3

It is cvident that the long-chain 3-alkylfurans /a — Ic give rise to the molecular ion
peaks in ca 10% intensity undcer clectron impact. The analogous thiophenes Illa — 11If
give molecular ions which vary in intensities between 4% and 100%, differing thus
from the behaviour of the short-chain analogues (c.g. 2-cthylthiophene)®. Also, it has to
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Collect. Czech. Chem. Commun. (Vol. 58) (1993)



1644 Shabana, Atta:

be stated that the first conspicuous peak in thc mass spectra of both furans / and
thiophenes /Il bears 4 carbon atoms in the side chain regardless of the length of this
chain. On the other hand, 3-(alk-1-en-1-yl)furans and/or thiophenes show almost the
same fragmentation pattern but differ in the identity of the base pcak which appears at
m/z 82 in the spectra of the furans / while it is shown at m/z 123 in the thiophene
analogues /11.
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