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MASS SPECTRAL FRAGMENTATION PATTERNS OF SOME
SUBSTITUTED 10,11-DIHYDRO-5H-DIBENZO[a,d]
CYCLOHEPTENE-5-ONE AND 9,10-DIHYDRO-4H-BENZO

[4,5]CYCLOHEPTA[1,2-b]THIOPHENE-4-ONE
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ABSTRACT

Electron impact mass spectra of some substituted 10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5-one and 9,10-dihydro-4 H-benzo[4,5] cyclohepta[1,2-b]
thiophene-4-one have been recorded and the identity of various ions in the mass

spectra established. Substituted dibenzosuberones (2-6) exhibit one main
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fragmentation route, which include the elimination of the tropolone molecule from
the dibenzosuberone fragment cation. Their monothiophene analogues(7-11)
exhibit characteristic CO elimination from the molecular ion and formation of
corresponding naphtho[1,2-b]thiophene radical cation which after elimination of
CS or HCS from the thiophene nuclei give rise to the benzotrophyne radical

cation.

INTRODUCTION

There is no literature evidence on the EI mass spectral fragmentation
pathway of substituted dibenzosuberones; (10,11-dihydro-5H-dibenzofa,d]
cycloheptene-5-one) and their monothiophene analogues. Our interest in the
synthesis and mass spectral fragmentation pathways of some thiophene
compounds'”®, and in the synthesis of substituted dibenzosuberones’ and their
monothiophene analogues. We were therefore prompted to investigate the mass
spectra of the mentioned compounds.

Many dibenzosuberone derivatives and their monothiophene analogues
exhibit different biological activities. For example, the effective psychotherapeutic
drug, ami- triptyline, has been synthesized earlier *¢. The 3-bromo derivative of
dibenzosuberone was the intermediate in the synthesis of pharmacologically active
derivatives of cyproheptadine which showed antihistaminic and antiserotonin
properties’. Other derivatives of dibenzosuberone show antidepressant properties®
1. Monothiophene analogues of dibenzosuberone show very wide biological
activities also, from anti-inflamatory, antipyretic and analgesic activity'? to
antihistaminic'® and antidepressive properties '*.

In this work, we first examined the fragmentation pathway of
unsubstituted dibenzosuberone; 10,11-dihydro-5H-dibenzo[a,d]cycloheptene-5-
one 1, prepared earlier'’, and its mono thiophene analogue; 9,10-dihydro-4H-
benzo[4,5-b]cyclohepta-[1,2-b]thiophene-4-one 7, prepared by the described
method'®. We used these substances as the model compounds in the fragmentation

study. All other compounds studied, carry one or two substituents in their
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structures and are as follows: 3-dimethyl-aminopropylamide of 3-dibenzosuberone
dicarboxylic acid 2, 3,7-dibromo-dibenzo-suberone 3, 3,7-
dicyanodibenzosuberone 4, dihydrodichloride salt of 3,7-dimethylamino
propyldiamide of 3,7-dibenzosuberone dicarboxylic acid 5, and dihydrodichloride
salt of 3,7-diamidino-dibenzosuberone 6, 2-bromo-9,10-dihydro 4H-
benzo[4,5]cyclohepta[l,2-b]thiophene-4-one 8,  2-bromo-9,10-dehydro-4H-
benzo[4,5]cyclohepta[l,2-b]thiophen-4-one 9, 2,9-dibromo-9,10-dehydro-4H-
benzo[4,5]-cyclohepta[1,2-b]thiophene-4-one 10 and 2,3-dibromo-9,10-dihydro-
4H-benzo[4,5]-cyclohepta[1,2-b]thiophene-4-one  11. All compounds were
prepared in our laboratories (synthetic results are in the process of being

published).

EXPERIMENTAL

Electron impact (EI) mass spectra were recorded using a Varian Saturn 4D
GC/MS instrument operated at 70 eV ionizing energy. Samples were introduced
using the Septum Equipped Programmable Injector with ion trap temperature of

230°C.

RESULTS AND DISCUSSION

Plausible fragmentation pathways, which are consistent with the spectral
data, together with structures which are suggested for fragment ions, are shown in
Schemes 1,2,3 and 4.

Significant peaks in the EI mass spectra of the compounds examined are reported
in Tables 1,2,3,4 and 5. The fragmentation pathway proposed for compound 1 is
shown in Scheme 1. After the formation of the molecular ion, which is the base
peak in the mass spectrum, fragment ion 1a C,, H,," at m/z 180 is formed
(pathway a) by the elimination of a CO molecule. Further fragmentation involves
the elimination of one molecule of C,H, and the formation of 1b, a radical cation

C,,H;" at m/z 152.
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Scheme 1

TABLE 1.Characteristic peaks for the compound 1
Fragment ions m/z (%)
No M’ a b c d e f

1 208 180 152 209 207 179 165
(100) (67) (16) (15) (25) (93) (72)

Pathway b involves the addition of one hydrogen, and 1¢ (M+1)" ion,
pressumably due to self-CI processes within the ion trap, m/z 209 appears with
moderate intensity. On the other hand, the fragmentation pathway c involves the
elimination of one hydrogen radical from the molecular ion, and 1d ion (M-1)" at
m/z 207 is also formed with moderate intensity.Id fragments further in two
different ways. The le ion C, ,H,," at m/z 179 appears with high intensity (93%)
by the elimination of CO from 1d while ion 1f C;H," at m/z 165 (78%) is formed
from 1d by elimination of ketene CH,=C=0.
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Compounds 2, 3, 4, 5, 6 ( Scheme 2) fragment via different pathways
depending on the substituents introduced. 3-Substituted dibenzosuberone 2, as
well as the di-hydrochloride of 3,7-disubstituted suberone 5 exhibit similar
fragmentation pathways. Compound 2 in pathway a loses CH,= N-CH, from the
molecular ion, and form 2a radical cation C,,H;;NO," at m/z 293 with high
intensity. Fragment cations 2b, 3b and 5b, C;H,,0" at m/z 207 are formed (as the
base peak in 2b) via two different fragmentation pathways. 2b was formed by
elimination of CONH(CH,),CH, radical from 2a, while 3b and 5b were formed
via 3e C;;H,,BrO" at m/z 287, and 5e C,H,,0,N," at m/z 336 by elimintion of
another substituent R’.

The 3e and Se fragment cations themselves(fragmentation pathway b)
were formed by elimination of a Br radical from 3 and of a
dimethylaminopropylamide radical from 5, and subsequent addition of a hydrogen
radical. 2¢ and 5S¢ fragment cations CH,O" at m/z 117 are formed by elimination
of one tropolone molecule from 2b and 5b. The same fragment ion 4¢ C;H,NO"
m/z 143 was formed by elimination of C;H; molecule directly from 4, while the
4a and 4b fragment ions are not observed in the mass spectra. Fragment ion 4¢
loses one molecule of CO, and 4d fragment ion CH,N" at m/z 115 is formed, a
reaction which is not followed by 2¢ and Se. Compound 3 itself also exhibits one
specific fragmentation pathway c¢ which includes the elimination of a CO
molecule from 3e and formation of 3f radical cation C,,H,,Br" at m/z 259, while
the 3g radical cation at C,;H,,” m/z 178 was formed as a base peak from 3f by
elimination of one molecule of HBr. Fragment cation 3h C,H;" at m/z 89, was
formed after elimination of a C,H, molecule from 3g.

The dicyano compound 4 also exhibits a fragmentation pathway d, which
involves the elimination of a cyanobenziyne molecule from the molecular ion 4,
and the formation of the 4i C,;H,NO" ion at m/z 157 moderate intensity. The ion

4j C,H,N" m/z 129, was formed from 4i by the elimination of a CO molecule.
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TABLE 2. Characteristic peaks for the compounds 2-6

Fragment ions m/z (%)

No M* M*2HCtl a b ¢ d e f g h i j k1 m n
M+l M-1
2 - - 293 207 117 - - - - - - . o33
(56) (100) (10) (19)
3 366 - - 207 - - 287 259 178 89
( 98) (18) (55) (12) (100) (57)
4 258 - - 143 115 - - - 157 129 103 - 257
(10) ( 42) (22) ( 18) ( 35) (92) (100)
5 - 464 - 207 117 - - 366 - - - - - 465
(53) (53) (38) (100) ( 18)
6 - 292 - - - oo ... 293 - 276
(10) (100) (27)

The most intense fragment ion 4k, C;H," at m/z 103 is formed from 4j by
the elimination of a CN radical. Compound 2 forms (M+1)" cation 21 C,,H,;N,0,"
at m/z 337 while compounds 5 and 6 form (M-2HCI+1) cations 51 C,,H,,N,0,"
m/z 465 with moderate intensity and 61 C;H,;N,O" m/z 293. Dicyano compound
4 gives rise to (M-1) cation 4m C,;H,N,O" at m/z 257 as the base peak. Diamidino
compound 6 is very stable under the experimental conditions. Except for 6m (M-
2HCI+1) cation, only one characteristic fragment ion 6n, C;,H ,N,O" at m/z 276
gives rise by the elimination of the NH, radical from one amidino group.

9,10-dihydro-4 H-benzo[4,5]cyclohepta[1,2-b]thiophene-4-one 7 as well as
2-bromo-9,10-dihydro-4H-benzo[4,5]cycloheptaf1,2-b]thiophene-4-one 8 and
2-bromo-9,10-dehydro-4H-benzo-[4,5]cycloheptal1,2-b]thiophene-4-one 9 exhibit
generally the same fragmentation pathway with some exceptions.

Compound 7 immediately loses one molecule of CO and forms fragment
radical cation 7a C,,H,;S™ at m/z 186 which after loss of one molecule of HCS
forms 7¢ C; H," at m/z 141. 7d radical cation C;H,” m/z 115 was formed after

loss of one acetylene molecule from 7¢ and 7e. C,H;" m/z 89 was formed from 7d
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TABLE 3.Characteristic peaks for the compound 7-9
Fragment ions m/z (%)
No M" M-1 M-BrtH a b ¢ d e f
7 214 - - 186 - 141 115 89 185
(58) (10 - (12) (13) (17) (3%)
8 - 292 - 264 183 139 - - -
(17 (29) (14 (35
9 291 - 212 184 - 139 - - -
(16) (16) (100) (33)

after the loss of one acetylene molecule. 7f C,H;S™ was formed from 7a by
elimination of one Compound 7 which immediately loses one molecule of CO and
forms a fragment radical cation 7a C,,H,,S™ at m/z 186. This in turn, after loss of
one molecule of HCS, forms 7¢ as C,,H," at m/z 141. 7d radical cation C;H,” m/z
115 was formed after the loss of one acetylene molecule from 7¢ and 7e C,H;"
m/z 89 was formed from 7d after the loss of one acetylene molecule. 7f C,H,S™
was formed from 7a by elimination of one hydrogen radical.

Compound 8 first loses one hydrogen atom and forms (M-1)" fragment
cation C,;H;OBrS" at m/z 292 and this fragment cation then exhibits the loss of a
CO molecule and the formation of 8a fragment cation C,,H;BrS" at m/z 264 of the
same dihydronaphtho[2,1-b]thiophene type as 7a. After the loss of HBr from 8a,
naphtho[2,1-b]thiophene fragment cation 8b C,,H,S" at m/z 183 was formed.
Compound 9 first loses the Br radical and forms (M-Br)" fragment cation
C,;H,0S" m/z 211 which then loses a CO molecule and also forms 9a=8b
naphtho-[2,1-b]thiophene type fragment cation. 8¢ and 9¢ C,\H," at m/z 139 are
further formed by the loss of a CS radical from 8b respectively 9a.
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TABLE 4.Characteristic peaks for compound 10
Fragment ions m/z (%)
No M* a b ¢ d

10 370 342 262 182 138
(48) (25) (16) (64) (43)

TABLE 5.Characteristic peaks for the compound 11
Fragment ions m/z (%)
No M’ a b ¢ d e f

11 372 328 247 139 292 212 184
(40) (100) (13) (19 (9 (19 (27)

2,9-Dibromo substituted compound 10 (Scheme 4) exhibit the same fragmentation
pathway as the monosubstituted compound 9, namely after the elimination of the
CO molecule from the molecular radical cation, the formation of 2,8-dibromo-
naphtho-[2,1-b]thiophene radical cation 10a C,H;Br,S™ at m/z 342, with
moderate intensity, occurred.

Following the elimination of the bromo radical from 10a and formation of
10b fragment cation C,,H,BrS" at m/z 262 also, with moderate intensity and after
the elimination of another bromo radical and subsequent hydrogen transfer. The
10¢ fragment cation C,,H,S™ at m/z 182 is formed with a high intensity signal.
10d C, Hy" at m/z 138 is formed with moderate intensity, by elimination of CS
from fragment cation 10c. 2,3-Dibromo-substituted compound 11 exhibits some
specific pathway of fragmentation in comparison with compound 10. There are
two pathways of fragmentation; a) fragment cation 11a C,,H;Br,0" at m/z 328 as
the base peak, is formed by elimination of a CS radical from the molecular radical
ion. Then follows the elimination of HBr from 11a and the formation of fragment

cation 11b C,,H,BrO" at m/z 247 in the moderate intensity. 11¢ C, H,™ at m/z 139
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is formed by elimination of a CO molecule and bromo radical from 11b.
Fragmentation pathway b exhibits first the elimination of a bromo radical from the
molecular radical cation and the formation of 11d cation C,;HBrO” at m/z 292
with moderate intensity. 11e C,;H,O" at m/z 212 (also with moderate intensity), is
formed by the elimination of another bromo radical. Finally 11f C,,H,S at m/z 184

was formed by the elimination of one CO molecule from 11e .
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