The production of compounds I-III was described in [1]. 2-Amino-4-thiazolinone hydro-
chloride was produced by the method of [18].
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MASS SPECTROMETRIC STUDY OF 9-SUBSTITUTED 10-SILA-2-AZAANTHRACENES

A. V. Varlamov, V. K. Shevtsov, UDC 543.51:547.682
A. M. Klochkov, and N. S. Prostakov

The dissociative ionization of 10 derivatives of 10-sila-2-azaanthracene, containing
cyanoethyl (I-III), aminopropyl (IV), amino (V, VI), and amide (VII-X) groups at the
C(s) atom, was investigated. It was shown that for all the compounds the general
direction of decomposition is elimination of substituents from the silicon and carbon
C(s) atoms. The stability of the compounds to electron impact is determined chiefly
by the nature of the substituent at the C(g) atoms and depends weakly on the type

of substituent at the silicon atom. In the case of amino-derivatives V-X, fragmenta-
tion of the molecular ions is determined by the method of localization of the posi~-
tive charge in the molecular ion. This determines the occurrence of specific decom-
positions, which permits reliable identification of the compounds studied according
to their mass spectra.

An investigation of the dissociative ionization of a new type of heterocyclic compounds,
dihydrosilaazaanthracenes and their derivatives, was begun in [1, 2]. It was shown that the
main directions of the decomposition of these substances under electron impact are determined
primarily by the nature of the substituents in the central hydrogenated ring of the molecule.
In this work we studied the mass spectrometric behavior of new derivatives of 10-sila-2-aza-
anthracene, containing cyanoethyl (I-III), aminopropyl (IV), amino (V, VI), and amide (VII-X)

P. Lumumba Peoples' Friendship University. Translated from Khimiya Geterotsiklicheskikh
Soedinenii, No. 8, pp. 1071-1076, August, 1984. Original article submitted June 14, 1983;
revision submitted October 21, 1983.

0009-3122/84/2008-0869%08.50 © 1985 Plenum Publishing Corporation 869



groups at the C(g) atom was studied. The mass spectra of the investigated compounds are cited
in Table 1.
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In contrast to the previously studied dihydrosilaazaanthracenes unsubstituted in the 9-
position [1], in the decomposition of their cyanoethyl derivatives I-III the intensity of the
peak of the molecular ion is negligible and is virtually independent of the nature of the sub-
stituent at the silicon atom (Table 1). This result is due to the introduction of a cyano-
ethyl group into the molecule, which lowers the stability of the compounds to electron impact
on account of the appearance of new energetically profitable channels of the decomposition
[3]. The main direction of fragmentation of substances I-III is determined by elimination
of the cyanoethyl substituent by the molecular ions (M+) (scheme 1), with the formation of
the fragment[M-—CHZCHZCN]+} the peak of which has a maximum intensity in the mass spectra
(Tables 1 and 2). The second direction of decomposition of the molecular ions of azaanthra-
cenes I-III is due to elimination of the hydrocarbon radical from the silicon atom (Scheme 1);
moreover, the probability of this process is determined by the nature of the particle elimi-~
nated (Table 2, compounds I and II). In the case of replacement of one of the methyl substi-
tuents at the silicon atom by a phenyl, the intensity of the peak of the ion [M—CH5,]T is sharp-
ly decreased, while in the mass spectrum of the diphenyl-substituted compound II, together with
the [M—Cg¢Hs]T ion, an intense peak of an odd-numbered electron fragment [M——78]+'is observed.
The formation of this ion can be explained by splitting out of a hydrogen atom and a phenyl
radical in different sequences or elimination of the molecule Ce¢Hs by M'.

Scheme 1
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In the mass spectra of compounds II and ITI there are metastable ions (m®), indicating

that Mt lose a C¢Hs molecule in one step, and m*, confirming the successive splitting out

of H® and CGH5+ radicals, are absent. These data agree with the premise of energetic unpro-
fitability of the elimination of a phenyl radical and a hydrogen atom from the even-numbered
electron ions [M—-H]+ and [M—CeHs]Y, respectively [3]. It should be noted that the formation
of the ions was noted earlier in a study of the fragmentation of dihydrosilaanthracenes [4] —
nitrogen-free analogs of the compounds studied in this work, which contain a phenyl group at
the silicon atom. The indicated facts suggest that the formation of the fragment [M—781F
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is associated primarily with the splitting out of a benzene molecule from the M'™* ion, while
the intensity of the peaks of the ions [M——78]+' formed in two steps, should be negligible. In
[1] it was suggested that the stripping of a benzene molecule is preceded by migration of a
hydrogen atom from the C ) atom to the phenyl radical enriched by w-electrons. It is essen-
tial that din the case oé decomposition of compound II the splitting out of a Ce¢Hs® radical
and a C¢He¢ molecule occurs with equal probability, whereas in the mass spectrum of compound
I1I, diphenyl-substituted at the silicon atom, the intensity of the peak of the ion [M—CeHs]T
is 3.1 times lower than that oftheion[M-—CGHs]+. (Table 2). One of the explanations for
this result may be the assumption of the existence of M of compound II in the form of two con~
formers with cis-diaxial (A) and cis-diequatorial (B) arrangement of the hydrogen atom at the
C(g) atom and of the phenyl radical at the silicon atom:

\

i
% Si-CgH,
. "‘»:J H ———
N\\»./ 4
- CH,CH,CN
A B

In the cis-conformer A the phenyl radical and hydrogen atom at the C/sy atom are in ster-
ic proximity, which facilitates migration of hydrogen to the phenyl group and subsequent strip-
ping of a benzene molecule. When the trans-form is realized in the molecular ion, analogous
migration of hydrogen»ap the C(g) atom to the phenyl radical is sterically hindered, and in
this case the predominating process is splitting out of a Ce¢Hs® radical. In the decomposition
of substances I and II, which contain a methyl substituent at the silicon atom, elimination
of the methane molecule, analogous to the stripping of a benzene molecule, is not observed,
which agrees with the data of [1].

The decomposition of M"Y of the B-cyanoethyl derivatives I-III, at its profound stages,
permits establishment of a relationship between the structure of these compounds and the na-
ture of their mass spectra. Thus, the ion [M-—-CHZCH2CN]+ then loses the substituent R® from
the silicon atom (scheme 1), forming a stable fragment that evidently has the structure of the
silaazaanthracene cation. Further decomposition of theions [M——Rz]+ is characterized by elim~
ination of the acetonitrile molecule and hydrocyanic acid as a result of breaking of bonds in
the cyanoethyl substituent. The elimination of the particle SiR'R? characteristic of fragmen—~
tation of organosilicon compounds [1, 4] occurs at the second stage of decomposition of the mol-
ecular ion (scheme 1). The high probability of this process is evidently due to the formation
of a stable azafluorene cation.

When cyanoethyl group is replaced by a y-aminopropyl group (compound IV), the intensity
of the peak of the molecular ion increases sharply (Table 1), while the nature of the frag-
mentition of this compound is determined by the site of localization of the positive charge
in M. The main directions of the decomposition of compound IV, just as in the case of cyano-~
ethyl derivatives I-III, are associated with elimination of the substituent R® (Tables 1, 2,
ion 224%) and elimination of a methyl group from the silicon atom (ion 267); moreover, the
probability of occurrence of the latter reaction is significantly lower than in the fragmenta-
tion of compounds I and II. The formation of other characteristic fragments at the first
stage of decomposition is due to localization of the charge on the nitrogen atom of the amino~
propyl group [5]. Thus, the ion 265 corresponds to elimination of an ammonia molecule, while
the fragment 252, [M —-CH;NH2]+, is formed as a result of cleavage of the a — B C—=C bond in the
aminopropyl radical. The peaks of the ions formed in the cleavage of the B — y C—C bond of the
aminopropyl radical (ion 238), as well as in the elimination of a y-aminopropyl group in the
form of an allylamine molecule (ion 225), are even more intense. In all cases of decomposi-
tion due to the presence of an amino group in the molecule, the charge is localized on the
tricyclic fragment. The secondary stages of fragmentation are characterized by elimination of
a methyl substituent (transitions 225 - 210, 224 - 209) and a Si(CH3), particle (transitionms
238 - 180, 225 + 167). All the processes of decomposition discussed are confirmed by the cor-
responding metastable peaks.

As we go to amino-derivatives V and VI, the nature of the fragmentation of the molecular
ion is sharply changed. The substantial intensity of the peaks of M" in the mass spectra of

*The numbers characterizing an ion define the value of m/z.
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TABLE 1.

Mass Spectra of Compounds I-X

Com~|
pound

Name "

Values of m/z (peaks with intensity >5%
of the maximum)

—

I

—

v

V

—

Vv

Vi

VI

10,10-Dimethyl-9-(8-
cyanoethyl)-9,10-dihy-
dro-10-sila-2-azaan-
thracene

10-Methy1—10-ﬁnhen 1- -
9-(B~cyanoethyl)-9,10~
dihydro-10-sila-2~aza-
anthracene

3-Methyl~10,10~diphen~
1-9-(B-cyanoethyD)-9,
0-dihydro-10-sila~2-
azaanthracene
10,10-Dimethyl-9-(y-
aminopropyl)-9,10-di-
hydro~10-sila-2-aza-
anthracene
9-Amino-10,10-dimeth-
y1-9,10-dihydro-10-
sila-2-azaanthracene

3-Methyl-9-amino-__,
10-dipheny1-9,10-dihy-
dro-10-sila-2-aza-
anthracene

R
dihydro-10-sila-2-aza-
anthracene

9-(y-Chlorobutyryl=
amino)-10,10-dimeth-
y1~9,10-dihydro-10=-
sila~-2-azaanthracene

1X19+(é Chilorovaleryl—

TABLE 2.
sity of the Peaks of the Characteristic

amino)-10,10 ~dimeth~
yl=9,10~dihydro-10~
sila~2razaanthracene

X|9- (y-Diethylamino~
valeryamino)-10,10-diq.

methyl=9,10~dihydro-

10-sila~2-azaanth-
racene

278 (0,5), 264 (20), 263 (81), 236 (7), 225 (23), 224 (100),
229 (6), 210 (12), 209 (30), 208 (6), 206 (7), 197 (7).
196 (11), 182 (8), 181 (9), 180 (15), 179 (12), 167 (15),
166 (7), 165 (5), 155 (7), 154 (6), 153 (6)

341 (0,2), 340 (0,8), 326 (16), 325 (51), 287 (28), 286
(100), 285 (7), 284 (12), 272 (8), 271 (19), 270 (13),
269 (8), 263 (17), 262 (16), 259 (5), 242 (7). 241 (7),
9292 (17), 215 (8), 209 (9), 181 (6), 179 (7). 178 (6).
166 (9), 164 (7), 149 (7). 83 (6), 81 (6), 71 (9), 69
(11), 57 (13), 56 (6), 55 (i0), 53 (B)

416 (0,3), 363 (28), 362 (100), 339 (13), 338 (40), 298
(9), 297 (29), 285 (6), 284 (20), 283 (16), 240 (6),
214(7()7), 164 (9), 151 (6), 78 (7), 77 (7), 53 (1),

983 (4), 282 (27), 266 (5), 265 (21), 240 (6), 239 (8),
238 (27), 226 (19), 295 (44), 224 (100), 210 (15),
209 (27), 197 (8), 181 (6), 180 (13), 179 (8), 167 (10)

241 (22), 240 (85), 239 (100), 226 (10), 225 (29), 224
(27), 223 (27), 211 (7), 210 (32), 209 (20), 208 (17),
197 {10), 196 (12), 195 (6), 183 (6), 182 (14), 181 (16),
180 (14), 179 (8). 167 (17), 166 (13), 163 (9), 162 (11),
161 (13), 155 (8), 152 (6), 139 (7), 132 (6), 102 (7)

379 (3), 378 (10), 377 (23), 376 (9), 364 (6), 363 (20),
362 (19), 361 (7), 301 (50), 300 (100), 299 (10), 286
512)162)85 (29), 284 (10), 283 (6), 196 (13), 181 (6),

299 (18), 298 (62), 284 (15), 283 (65), 266 (8), 253 (7),
252 (18), 251 (78), 241 (10), 240 (33), 239 (100), 238
(15), 237 (13), 225 (17), 224 (7), 223 (17), 211 (12),
210 (47), 209 (25), 208 (8), 196 (12), 195 (7), 182
(10), 181 (12), 180 (12), 179 (8), 167 (13), 166 (13),
161 (7), 156 (7), 149 (27), 139 (8), 112 (10), 105 (10)

346 (37), 345 (26), 344 (96), 343 (6), 331 (36), 330 (24),
329 (100), 314 (6), 308 (10), 281 (7), 279 (7), 278 (6),
970 (9), 241 (9), 240 (25), 239 (93), 227 (6), 225 (24),
294 (81), 223 (12), 226 (25), 222 (6), 211 (16), 210
(15), 209 (30), 208’ (16), 207 (30), 206 (6), 196 (11),
182 (10) 181 (15), 180 (12), 179 (10), 167 (16), 166 (18)

360 (39), 359 (30), 358 (100), 357 (7), 345 (41), 344 (27),
343 (97), 323 (5), 284 (12), 282 (12), 282 (11), 268 (8),
241 (8), 240 (25), 239 (99), 226 (22), 225 (20), 224
(60), 223 (11), 2[1 (14), 210 (11), 209 (27), 208 (17),
907 (22), 156 (10), 182 (9), 181 (15), 180 (i1}, 179 (8),
167 (13), 166 (12}, 69 (7), 55 (13)

396 (7), 395 (23], 380 (7), 366 (17), 358 (10), 324 (7),
240 (6), 239 (22), 226 (11), 225 (33), 224 (61), 210 (7),
209 (14), 87 (10), 86 (100)

Stability of Molecular Ions (W,) and Relative Inten-

E%:'Iagments (in 7 of total

ionic current) in the Mass Spectra of Silaazaanthracenes I-X

Compound War [M—H]* [M—CHal* [M-—CsHsl* [M—CoHel* [M—R¥*
1 0,1 0,11 12,6 — — 15,6
11 0,1 0,11 6,1 2,0 2,0 11,9
1 0,05 0,08 — 1,8 5,6 13,9
v 6,4 0,35 0,9 — — 23,8
\ 11,0 14,2 3,8 — 18,8 —
VI 1,9 43 3,7 9,4 _ —
VII* 6,2 — 6,5 — — 4,5
VIIi* 11,9 0,5 12,1 — — 9,4
1X 12,9 0,6 12,8 — — 7,6
X 3,6 0,2 1,1 — — 9,7

*¥For chlorine-containing ions the values of m/z are given cal-
culated for the isotope *°Cl. '



these compounds (Table 2) is due to the presence of a strong electron donor group in the mole-
cules [3]. One of the main directions of decomposition of the amines V and VI is elimination
of a hydrogen atom by Mt (Tables 1 and 2). The high probability of formation of the ions

[M — HIt in this case can be explained by the possibility of splitting out of a hydrogen atom
both from the sp®-hybridized carbon atom C(g), analogously to the decomposition of dihydro-
silaazaanthracenes [1], and from the amino group, as in the fragmentation of aromatic amines
[6]. In the latter case the high stability of the [M "‘H]+ ion can be explained by incorpora-
tion of the NH group into the ring and the formation of a fragment with a silaazepine structure
[7]. The second direction of decomposition of the amines V and VI is due to elimination of a
substituent from the silicon atom (Tables 1 and 2). 1In the case of fragmentation of compound
VI, which contains two phenyl groups at the silicon atom, the dominant process is stripping of
a benzene molecule (Table 2), and the intensity of the peak of the ion [M —-H] is significant-
ly lower than in the decomposition of compound V. In the mass spectra of the amines V and VI,
in contrast to compounds I-IV, peaks of the ions corresponding to stripping of a particle
SiR'R® are already present at the first stage of decomposition (ions 182 and 196, respectively,
Table 1).

The amides VII-X are characterized by the presence of several heteroatomic groups in the
exocyclic substituent in the molecule, which also determines the variety of pathways of frag-
mentation of these substances. The peaks of Mt have high intensity (Table 2); moreover, the
stability of compounds VII-X to decomposition (the values of Wy, Table 2) depends on the na-
ture of the substituent at the exocyclic nitrogen: the value of W, increases when the meth-
oxycarbonyl group (compound VII) is replaced by w-chloroacyl (compounds VIII, IX) and it de-
creases when chlorine in the acyl radical is replaced by a diethylamine group (compound X).

In the latter case, just as we should have expected [8], the peak of the ion in the mass spec-
trum of maximum intensity corresponds to the amine fragment CH,=N(C:Hs).. In the mass spectra
of the amides VII-X, in contrast to the amines V and VI, the peaks of the ions [M — H]+ have
low intensity.

One of the main directions of decomposition of M of compounds VII-X is associated with
the elimination of a methyl substituent from the silicon atom (Scheme 2, Table 2). In the
case of decomposition of substances VII-IX this process is dominant, while the introduction
of an amino group into the acyl radical (compound X) leads to a sharp drop in the intensity
of the peak of the ion [M —-CH3]+. The second direction of decomposition of the amides VII-X
is due to elimination of an acyl group by Mt (ion 239, scheme 2). As can be seen from Table
1, the probability of this process depends weakly on the nature of the substituent at the
amide nitrogen, and the charge in all cases is entirely localized on the fragment with greater
mass, which agrees with the fragmentation of cycloalkylamides [8].

Scheme 2
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The peculiarities of the dissociative ionization of the amides VIII~X include elimination
of a ketone molecule by M%, leading to the formation of ions 240. In the case of urethane VII,
the appearance of the ign 240 may be due to elimination both of a Si(CHs). particle and of a
COOCH; group from the M’ ion.  The occurrence of the latter process is supported by the ab-
sence of the ions [M—Si(CHs)z]" at the first stage of decomposition of compounds VIII-X. Even
more intense peaks correspond to the elimination of the ketene fragment from even-numbered
electron ions at ihe second stage of dissociative ionization of amides (transition Mt* —
[MA—-CH3]+j£¥E§jil———+225, scheme 2).

In the decomposition of the amides VII-X, just as in the case of compounds I-IV, elim-
ination of a substituent from the C oy atom is observed; however, in amides the probability
of this process is significantly lower (Table 2). In the mass spectra of compounds VIII and
IX, peaks of ions corresponding to the elimination of a chlorine atom and a HCl molecule by

are also present (Table 1).

Thus, for the decomposition of dihydrosilazaanthracenes containing an aliphatic substi-
tuent at the C oy atom, the general processes are reactions of elimination of the substituent
from the silicon atom and from the C,/yy atom. The probability of these processes depends on
the nature of the particle to be eliminated.

EXPERIMENTAL

The mass spectra of compounds I-X were obtained on a series-produced MX-1303 instrument
using a system of direct introduction of the sample into the ion source at an ionizing volt-
age of 70 V and a temperature of admission of the sample 30-40°C. Compounds I-X were synthe-
sized by the method of [9]; their purity and individuality were monitored by thin-layer chro-
matography and by the data of the IR, UV, and PMR spectra.
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