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EI induced mass spectral fragmentations of twelve new hydrazones of 2-(3- and 4-)-pyridinecarboxalde-
hydes and hydrazides of (E)-stilbenyloxyacetic acid as well as N-(E)-stilbenyloxyalkylcarbonyl substituted
amino acids were investigated. Fragmentations pathways are proposed on the basis of accurate mass and
B/E linked scan spectra measurements. The correlation between the intensities of M+ and the selected
fragment ions of these compounds is discussed. The data obtained create the basis for distinguishing isomers.
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Introduction.

In a previous communication [1], we described the syn-
thesis and physicochemical properties of isomeric hydra-
zones of 2-(3- and 4-)-pyridinecarboxaldehydes bearing
N-(E)stilbenyloxyalkylcarbonyl- and N-(E)-stilbenyloxy-
alkylcarbonylaminoalkylcarbonyl substituents [1]. Addi-
tionally, the differentiation of the metameric N-(E)-stil-
benyloxyalkylcarbonyl- [or (E)-4'-chlorostilbenyloxyal-
kylcarbonyl]substituted amino acids, their methyl esters
and hydrazides on the basis of EIMS analysis in conjunc-
tion with the interpretation of the values of [L (i.e. the ratio
of intensity of the selected fragment ions peak to that of
the molecular ion peak) have been studied previously in
our laboratory [2]. Our investigations have now been
extended to mass spectral fragmentation of isomeric
N-(E)-stilbenyloxymethylenecarbonyl 1-6, N-(E)-stilbenyl-
oxymethylenecarbonylamino-(1-phenylethyl)carbonyl
7-9, as well as N-(E)-stilbenyloxymethylenecarbonyl-
amino(methyl)methinecarbonyl 10-12 substituted hydra-
zones of 2-, 3- and 4-pyridinecarboxaldehydes, to estab-
lish whether it is possible to distinguish these isomers on
the basis of the differences in the values of . This paper
deals with the elucidation of the mass fragmentation of
the hydrazones of 2-, 3- and 4-pyridinecarboxyaldehydes
which have been obtained in the reactions with the
hydrazides of (E)-stilbenyloxyacetic acid [or (E)-4'-chlo-
rostilbenyloxyacetic acid] 1-6, as well as hydrazides of
N-(E)-stilbenyloxymethylenecarbonyl substituted
B-phenyl-B-alanine 7-9 and a-alanine 10-12 (Figure 1).

Results and Discussion.

Based on low and high resolution electron-impact as
well as B/E linked scan mass spectra (Tables 1-3), the
principal mass spectral fragmentation routes of 1-6 are
intepreted as shown in Scheme 1, and those of 7-9 and
10-12 in Schemes 2 and 3, respectively. It should be
pointed out that 9,10-dihydrophenathrene-type structures
of the molecular ions shown in Schemes 1-3 are conjec-
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Figure 1.

tural, but consistent with previously published literature
[3-7]. The principal mass fragmentation pathways of
N-substituted hydrazones of 2-pyridinecarboxaldehydes
1,4,7,10 are similar to those of their isomeric N-substi-
tuted hydrazones of 3-pyridinecarboxaldehydes 2,5,8,11
as well as N-substituted hydrazones of 4-pyridinecarbox-
aldehydes 3,6,9,12 but show differences in the abun-
dances of the important ions.
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Table 1

Elemental Compositions and Relative Intensities of the lon Peaks in the Spectra of 1-6 According to High-resolution Data

Ion m/z Elemental Copmposition
M+ a 357 szH 1 9N302

b 253 CiH;sNO,
287 C6H4NO,Cl

4 209 C 1 SH 1 30
243 C,5H,,0Cl

d 196 CH [0
230 C4H,,0Cl

e 178 C 1 4H 10

f 165 Ci3Hy

8 162 C8H8N3O

h 148 C7HgN;0

i 120 CeHgN3

j 92 CeHgN
Table 2

Elemental Compositions and Relative Intensities of the fon Peaks
in the Spectra of 7-9 According to High-resolution Data.

Elemental
fon m/z Composition Relative Intensity (%)
7 8 9
M+ a 504 C31HpgN4O5 49 100 100

c 356 C24H22N02 8 16 12
d 253 CygH;5NO, 7 24 18

e 209 C 1 5H 1 30 9 8 6
f 196 Ci4H;,0 48 51 22
8 178 C 1 4H 10 34 24 16

h 165 Ci3Hy 13 7 3

i 148 C7HgN;0 89 30 1

j 120 CgHgN3 100 39 8

k 92 CgHgN 38 5 3

Table 3

Elemental Compositions and Relative Intensities of the Ion Peaks
in the Spectra of 10-12 According to High-resolution Data.

Elemental
Ion m/z Composition Relative Intensity (%)

10 11 12
M+ q 428 C25H24N403 58 100 100
¢ 280 CygHgNO, 11 7 13

d 209 CysHy50 11 9 15

e 196 Ci4H 0 33 45 51
f 178 Ci4Hyo 34 19 27

g 165 Ci3Hy 7 7 7

h 148 C;HgN;O 98 17 5

i 120 CgHgN3 100 21 11

j 92 CeHgN 4 3 3

Relative Intensity (%)

1 2 3 4 5 6
100 63 100 = — o
— = — 43 100 91

1 2 2 — = —
— — — 1 1 3

1 2 6 = = —
— — — 1 3 4
40 100 46 — = =
— — — 14 71 100
42 43 26 53 52 13
14 5 37 5 9 20
10 12 10 17 25 25
13 3 7 39 1 1
66 6 4 100 5 6
82 1 3 74 5 6

The El-induced mass fragmentation of 1-6 begins with
the cleavages of methoxycarbonylhydrazonazabenzyli-
dene chain linking (E)-stilbene and pyridine molecules of
these compounds (Scheme 1). The charge-site initiated
inductive cleavages (i) of O-Csp; and Csp3-Csp, bonds
proceed with the eliminations of C{4H,50X*, C;sH;,0X"
and C7HgN30O* radicals giving g, i and ¢ even-electron
fragment ions. The radical-site initiated a-cleavage of
Csp3-Csp, bond proceed with the elimination of
C6H120X" radical. By this fragmentation route, the h
even-electron fragment ion is derived. On the other hand,
it is found that the cleavage of the O-CSp; bond of the
methoxy group of this chain, follows a McLafferty
rearrangement involving the migration of hydrogen atom
to a double bond of the phenyl ring of (E)-stilbene skele-
ton. Odd-electron fragment ions d were obtained by this
fragmentation pathway. These were the base peaks in the
mass spectra of 2 and 6.

It should be mentioned that the molecular ions M+ g in
the mass spectra of 1, 3 and 5 were the base peaks. For
structures 2, 4 and 6, M** a was 43-91% of the base peak
intensity. In contrast the base peak in the mass spectrum
of 4 is this the even-electron fragment ion i. In the mass
spectra of 1-6 this ion is also formed by the inductive
cleavage of the Csp,-N bond in the even-electron frag-
ment ions g and A, with the ejection of the molecules of
ketene, as well as carbon monoxide, respectively.

The even-electron fragment ions i decompose further
by the cleavage of Csps-N bond, with the simultaneous
hydrogen transfer, nitrogen molecule elimination, as well
as the charge migration giving even-electron fragment ion
J. This ion is also derived from the even-electron fragment
ion A, in the analogous processes of the simultaneous
eliminations of carbon monoxide and nitrogen molecules
with neighboring hydrogen and charge migration. In the
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second step of the mass decomposition of the molecular
ions of 1-6 odd-electron fragment ions e are derived, by
the eliminations of *OH and H (or *X) radicals from the
odd-electron fragment ion d. On the other side the simul-
taneous ejections from the ion d of the neutral molecules
of formaldehyde and *H (or *X) radical gave even-electron
fragment ions f. It is highly probable that this ion has a
fluoreny! cation structure, as was proposed earlier for the
fragmentation of the unsubstituted stilbene [7].

In the processes of the mass decomposition of the
molecular ions of 1-6 is also seen the second McLafferty
rearrangement involving the cleavage of N-N bond, with
simultaneous transfer of hydrogen from methine to car-
bonyl group and elimination of neutral molecule of ben-
zonitrile, This decomposition produces the odd-electron
fragment ion b. In the second step of the mass fragmenta-
tion, the inductive cleavage of the Csp;-Csps bond in this
ion eliminates OH-"C=NH radical giving even-electron
fragment ion ¢. The characteristic features of the first
steps of the mass fragmentation of the molecular ions of
7-9 (Scheme 2) are the cleavages of N-N (ion d), N-Cspy
(ion b) as well as O-Csps (ion f) bonds of the methoxy-
carbonylamino(phenyl)ethylcarbonylhydrazonazabenzyli-
dene chain according to McLafferty rearrangements. The
mechanism of a-cleavage of Csp; -Csp, bond (ion i), as
well as inductive cleavage of Csp,-N bond (ion j} of this
chain in the molecular ions of 7-9 (Scheme 2) show key
similarities with these observed in the mass decomposi-
tion processes of the molecular ions of 1-6 (Scheme 1).
The same similarities are seen in the second steps of mass
fragmentation of the molecular ions of 7-9 in the
processes of the cleavages of Csp,-N (ion j) and Csps-N
(ion k) bonds of the even-electron fragment ion i, as well
as Csp;3-Csp, bonds (ion h) and Csp,-O, Csp,-H bonds
(ion g) of odd-electron fragment ions f.

The characteristic features of the mass decomposition
of the molecular ions of 10-12 are three inductive and two
o-cleavages of Csp,-CSp3 and Csp,-N bonds of methoxy-
carbonylaminomethine(methyl)carbonylhydrazonaza-
benzylidene chain linking (E) stilbene and pyridine mole-
cules of these compounds (Scheme 3). In this way
even-electron fragment ions c¢,d,e (inductive cleavages) as
well as b and h (0-cleavage) have been obtained.

It should be pointed out that ¢ and 4, as well as b and {
even-clectron fragment ions are complementary. In the
fragmentation of the molecular ions of 10-12 is also seen
McLafferty rearrangement. The odd-electron fragment ion
e has been produced by this mechanism of mass decom-
position. In the second step of the mass fragmentation,
this ion decomposes by the simultaneous ejection of the
neutral molecule of formaldehyde and *H radical (even-
electron fragment ion g), or “OH and *H radicals
(odd-electron fragment ion f).

Vol. 36

Table 4 presents for all compounds investigated, 1-12,
the ratios of the intensities 4, ¢, d, 1-6, i, j, f, 7-9 and A, |,
e, 10-12 ion peaks to those of the parent ion peaks, i.e.

w=_.k_ 161012 wm=_i__ 19
a a
Ma= __i__ 1-6,10-12 po=-h.. 79
a a
pa= .4 1-9 Ma= __¢__ 10-12
a a
Table 4

The Values of u;-y13 Calculated from the EI Mass Spectra of 1-12

Compound ™ ™
1 0.13 0.66 0.40
2 0.04 0.09 1.58
3 0.03 0.04 0.46
4 0.90 2.32 0.32
5 0.01 0.05 0.71
6 0.01 0.06 1.09
7 1.80 2.04 0.97
8 0.30 0.39 0.51
9 0.01 0.08 0.22
10 1.68 1.72 0.56
11 0.17 0.26 0.45
12 0.05 0.11 0.51

Because the values of [ are highly dependent on the rela-
tive intensities of the ions, it is necessary that three mea-
surements be averaged, to be able to obtain adequate sta-
tistical results. This procedure guarantee that the results
with the differences of the relative intensities of the ions
on level of 2-3% between each particular scan are reli-
able. As can be seen from the data in Table 4, the differ-
ences between the relative intensities of the peaks of the
selected fragment ions d, e, h, i, j, and M** a ions i.e. the
values of py-H5 for N-substituted hydrazones of 2-(3- and
4-)pyridinecarboxaldehydes 1-12 may be sufficient to dif-
ferentiate isomers. It is possible to distinguish isomeric
hydrazones with annular nitrogen atom situated at 2-, 3-
or 4-position of the pyridine ring. This problem seems not
to have been tackled previously.

The isomers of hydrazones with nitrogen atom in posi-
tion 2- of the pyridine ring, 1,4,7,10, may be distinguished
from isomeric 3-2,5,8,11 and 4-3,6,9,12 substituted com-
pounds on the basis of the highest values of |; and 5.

In the series of 7-12 it is also possible to use the values
of Ly and (U, in the differentiation of the position of nitro-
gen atom in the pyridine ring according to the following
sequences:

712 UMy 2> KMy 3>HLHp 4
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The highest value of 5 is useful for the differentiation of
3-substituted isomer in the series of 1-3. The values of i3
are also useful for the differentiation of 2-, 3- and 4-sub-
stituted isomers in the series of 4-6 and 7-9 according to
the following sequences:

Wy 4> H33>H3 2 4-6
M3 2>u3 3> 4 79

Conclusions.

The basic mass fragmentation of 1-12 is due to cleav-
ages of O-Cspj, Csp3-Csp3, Csp3-N, Cspy-N and N-N
bonds of methoxycarbonylhydrazonazabenzylidene, and
methoxycarbonylaminoalkylcarbonylhydrazonazabenzyli-
dene chains linking (E)-stilbene and pyridine molecules
of these compounds. The values of W;-Hi3 (i.e. the ratio of
the intensities of the selected ion peaks to that of the mol-
ecular ion M+*) depend on the structure of the hydrazone
and the (E)-stilbenyloxyalkylcarbonyl, or (E)-stilbenyl-
oxyalkylcarbonylaminoalkylcarbonyl N-substituent. The
differences in the values of [1;-[5 in the series of isomeric
hydrazones 1-12 are useful for the differentation of iso-
mers as, follows: N-(E)-stilbenyloxymethylenecarbonyl-
1,4 and N-(E)-stilbenyloxymethylene carbonylaminoalyl-
carbonyl-substitued hydrazones of 2-pyridinecarboxalde-
hydes 7,10 may be distinguished from isomeric deriva-
tives of 3-pyridinecarboxaldehyde 2,5,8,11 and 4-pyri-
dinecarboxaldehyde 3,6,9,12 on the basis of the highest
values of Wy and p,. N-(E)-stilbenyloxymethylenecar-
bonyl-substituted hydrazone of 3-pyridinecarboxaldehyde
2 may be distinguished from isomeric derivatives of
2-pyridinecarboxaldehyde 1 and 4-pyridinecarboxalde-
hyde 3 on the basis of the highest value of L. N-(E)-stil-
benyloxymethylenecarbonylaminoalkycarbonyl-substi-
tuted hydrazones derivatives of 2-(7,10); 3-(8,11) and
4-(9,12)-pyridincarboxaldehydes may be differentiated on
the basis of the following sequence of the values of g
and ;.

HisHp 2> 1y, Mg 3 > 1y, by 4

The sequences of dwindling values of pj are useful for
the differentiation of isomeric N-(E)-stilbenyloxymethyl-
enecarbonyl substituted hydrazones of pyridinecarbox-
aldehydes 4-6, as well as N-(E)-stilbenyloxymethyl-
enecarbonylamino(phenyl)ethylcarbonyl substituted
hydrazones of pyridinecarboxaldehydes 7-9.

u3 2> p3 3 >u3 4 79
M3 4 > 13 3 >p3 2 4-6

EXPERIMENTAL

Low- and high-resolution mass spectra were recorded on an
AMD-402 two-sector mass spectrometer (ionizing voltage 70 eV,
accelerating voltage 8 kV, resolution 10,000). Samples were
introduced by a direct insertion probe at the source temperature
of ~150°, The elemental compositions of the ions were deter-
mined by a peak matching method relative to perfluorokerosene
and using the same instrument. All measured masses agreed
with those of the composition listed in column 3 of the Tables 1-3
to within +2 ppm. B/E linked scan spectra on the first field-free
region were investigated using helium as the collision gas at a
pressure of 1.73 x 10-5 with the ion source temperature of 180°,
jonization energy of 70 eV and an accelerating voltage of 8 kV.
Compounds 1-12 were obtained according to the literature [1].
The values of |Lj-p; were calculated as averages of three mea-
surements.
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