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CHAPTER I

IONIZATION IN THE GASEOUS PHASE AND

MASS SPECTROMETRY TECHNIQUES



1.1 INTRODUCTION

Information on the structures of organic
compounds can be obtained by a variety of analytical
techniques such as NMR and mass spectral data.
During the last two decades there has been almost
tremendous growth in the use of these techniques
to solve structural problems of great complexity.
Mass spectra of a variety of organic compounds have
been examined both for the purpose of understandinc
the mechanism of fragmentation of molecular ion and
also with a view to attempt the inverse operation of

using the cracking pattern to determine the molecular

>
structure.l”"3

Over the past few years a number of methods
for ionization of organic molecule have been developed
in the field of organic mass spectrometry. This
chapter deals with mass spectrometric instrumentation,
some aspects of electron ionization (EI), chemical

ionization (CI) techniques and metastable ions.
1.2 MASS_SPECTROMETRIC INSTRUMENTATION

There are four operations involved in any mass
spectrometric experiment, namely (1) sample introduction,
(2) ion production (ionization), (3) separation of ions
according to their mass to charge m/z ratio and

(4) detection.



(1) Sample introduction

There are several means of introducing samples
into mass spectrometer ionization chamber and the
inlet system used will normally depend on the
volatility of the sample. These are (a) cold inlet,
(b) hot inlet, (c) direct inlet and (4) gaschromatoaraphic

inlet.

A msss spectrometer is an instrument which
produces gaseous ions from a substance, separates
according to their mass to charge ratios and records
their masces and relative abundances . The process by
which an electrically neutral atom or molecule becomes
charged, due to loss or gain of one or more electrons
is called ‘'ionization'. The focusing and separation
of ions is achieved by forces acting in electrostatic
and magnetic fields. There are two types of geometrics.
In :iier—Johnsonl+ geometry (Fig. 1) the deflection of
the ionc in the electrostatic and magnetic fields are

5

in same direction whereas in Mattauch-Herzog” geomet:ry

(Fig. 2) they are in opbposite direction.

(2) The ion_source

The most common technique for the production
of positive ions in the mass spectrometer is electron

bombardment. The substance to be examined is
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introduced as a vapour into the ion source at its

6

operating pressure (ca. 10 ° mm Hg). The vapour is
allowed to pass through a slit into the ionization
chanber (Fig. 3) where it is bombarded with a beam
of electrons emitted from a hot filament. The
energy of electron beam can be varied from 0-100 eV.
The ionization potential corresponds to the energy
required to remove an electron from the highest

occunied molecular orbital and the reaction is

represented by eq. (1).

)M.I + 2e (1)

Ionization enerqgy of most of the organic molecules

fall in the range 7-13 eV.

(3) Separation_of ions

6

According to Wiens~ a beam of positive ions

could be deflected by both electric and magnetic
7

fields. Thomson’ built the instrument to analyse

9 built similar

positive ions. Aston® and Dempster
instruments independently. 1In early stages of its
discovery the mass spectrometer was mainly used for

the accurate measurement of the masses and relative

abundances of isotopes.



Ions produced in the ionization chamber are

accelerated by apolying the acceleration potential

(2 to 8 KV). These ions then enter the mass analyser
which differentiates them on the basis of their mass
to charge ratio (m/e) by electric and magnetic field.
The two functions of a mass analyser are to resolve
the ion beam into its components and to focus the
resolved ions. The kinetic energy of an ion with
charge 'e' @nd accelerating potential 'V!' is teV'.
The kinetic energy of an ion of mass 'm' moving with

2

the velocity 'vl' is 1/2 mvl.

eV = 1/2 mv (2)

H N

The centripetal force due to the magnetic

field on the ion Hev1 is balanced by the centrifugal

2 )
force mvl/R (where 'R' is the radius of the ion path

and 'H!' is the magnetic field).

Elimination of v, between (2) and (3)
results in the fundamental equation for a single
focusing mass spectrometer

HZRZ

m/e = S (4)
2V



Thus the radius of the path 'R' can be varied
by changing 'H' or 'V'. Generally 'E' is varied

but for very fast scenning 'V! is varied.

(k) Ion detector

The ions which are separated by the analyser
are detected and measured either electrically or
photographically. In the electrical detection the
spectrum is scanned by varying the magnetic field.
The ions pass through a collector slit one after the
other and fall on electron multiplier. The electron
currents are amplified and recorded either with a
strip chart recorder or using a fast scanning
oscillograoh. In the vhotogravhic plate recording,
the magnetic field is fixed and the ions are recorded
on a photographic plate placed at the focal plane of
the ions. In the Nier-Johnson geometry it is possible
only to record spectrum electrically. However, in the
Mattauch-Herzog geometry the spectrum can be recorded

both electrically and photographically.

1.3 ELECTRON_ IMPACT IONIZATION

10

It has been pointecd out that 50 eV electron

has a velocity of h.2x108 crn/s and will traverse

16

o -
molecular diameter of a few A in around 10 seconds .



The fastest.vibrations found in organic molecules,
(C-H) stretching vibrations, are almost 10.‘3 times
slower and therefore the position of the nuclei in
the molecule being ionized will not change during

the time that the bombarding electron is in the
vicinity of the molecule. Thus, when the electron
bombardment process results in the removal of a
valence electron to aive a molecular ion, the process
will occur without changes in internuclear distances.
The transition will follow the Frank-Condon rule
which requires that the configuration and momenta of
the nuclei do not alter during the transition. If

we use potentisl energy diagrams applicable to
diatomic molecules to illustrate the principle of
Frank-Condon rule with reference to polyatomic
molecules (Fig. L4) then the ionization process would
be represented by verticgl transition. Hence,

ionization under electron impact is a vertical process.
+
M+ e - M+ + 2e

Depending upon the interaction of the electron
with the molecules, molecular ions are produced with
internal energies varying from zero to (70- I.P.)
of the molecule (Fig. 5). As there are no collisions,

intermolecular enerqgy transfer does not take place
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and hence the initial enerqgy distribution is
fixed and does not change on the mass spectrometer
time scale. According to the quasi-equilibrium

theory,11

the molecular ions formed with varying
internal electronic excitation energies do not

decompose immediately into various fragments.

The initial excitation energy of the molecular
ion is thought to be distributed randomly over all
the molecular degrees of freedom in a short time
compared to a dissociation process. Fragmentation
occurs if a sufficient amount of energy is accumulated
in one bond. It is further assumed that during
these vibrations there is a high probability of
radiationless transitions amonao the many potential
surfaces of the ion. The general expression for
the rate constant of the ionic dissociation process

is given in eq. (5).

K = v( °> (5)

The rates of decomposition 'K' are described
in terms of internal energy 'E' of the decomposing
ion, the activation energy Eo for the fragmentation
process, the frequency factor Y and s is the effective

number of oscillators which is given by 3n-¢6 where



n is the number of atoms in the molecule. For a
simple cleavage reaction where the internal energy
is extremely large, reaction will occur in one
vibration and K = Y = vibrational frequency

of the bond in question (1013_1014 s—l). The
molecular ion underqoes competing and consecufive

unimolecular fragmentation reactions as given by

QET rate expression.

L . ¥ .
r>A + N —> A + N
1 A 2

i
Me—tf—» B +

Ny

& o .
L c +n

For the rearrangement reaction it is not
sufficient condition for a reaction to take place
merely that the energy of activation for reaction
be collected in the appropriate coordinates. The
transition state with the formation of a new bond
must take up a specific orientation with resvect to
the atom which is to receive it. The relatively low
probability of attaining such a specific orientation
lowers the reaction rate and therefore rates of such
rearrangement reaction do not approach bond

vibrational frequencies even when the internal

10
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energies are extremely hicgh. The situation is
analogous to the negative entropies of activation
for the formation of highly order transition state

in ordinary thermal kinetics.

Competing Simple Cleavege and Rearrangement Reactions

If the molecular ion undergoes competing
fragmentations involving simple cleavage and
rearrangement, then the activation energies and
frequency factors will be different for the two
processes. For the rearrangement process involving
bond formation, frequency factor and activation
energies will be lower than for simple bond cleavages.
This will lead to K versus E curves of the type shown
in Fig. 6. Although it is difficult to predict
quantitatively the variation of the ion abundance
ratio of rearrangement and simple bond cleavage ions
(R/c) with electron energy, useful generalisation
can be made from the shapes of the K versus FE curves
shown in Fig. 6. As the electron energy is reduced
to thresheld values, the ion abundance ratio (R/c)
should increase. All investigations on competitive
simple cleavage versus rearrangement reactions have

shown that this generalisation is valid.12
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This theory is moderately successful in
predicting the mass spectra of alkanes, but fails
in the case of complex compounds. Some of the
guidelines for understanding mass spectrometric
fraomentation reactions are based mainly on
empirical rules. Yeo and William3]3 have calculated
the ion abundance in the mass spectra of organic
compounds undergoing two consecutive reactions
using the simplified rate expression (5). In
doing this it was assumed that the actual number
of oscillators is a function of the internal eneray
of the ion and that it varies from one fifty at
the threshold to one half of the total number of
oscillators when the ion has 10 eV excess €nergy.
Good agreement between calculated and observed ion
abundance is claimed in the spectra of mono- and

1k

di-substituted benzenes.

Types of Ions

The different types of ions usually met
with in mass spectrometry are (1) molecular ion,
(2) fracgment ion, (3) rearrangement ion,

(4) metastable ion, (5) multiple charged ion,
(6) isotope ions, (7) negative ion, (8) odd and
even electron ion and (9) ions formed by ion-

molecule reaction.



(1) Molecular Ion

Molecular ions as parent ions are formed by

the removal of one electron from the parent molecules.

4o
M * e -+ M, + 2e.

() Fragment Ion

The excited molecular ion undercgoes many
competing and consecutive unimoleculer ion
decompositions to give rise to a variety of fragment
ions. Fraqment'ions are formed by both heterolytic
anéd homolytic cleavage of bonds induced by active
sites such as, radi;al and cationic. They are formed
by simple cleavaée and rearrangement processes. The
formation of fragment ions by simple cleavage is a
hich eneragy process while formation of rearrangements

is a low energy process.

(3) Rearrangement Ion

Fragment ions formed by intramolecular
reorganization processes involving the migration
of hydrogen and other atoms or groups are referred

to as rearrangement ions.

(4) Metastable Ion

Ions decomposing unimolecularly outside the

ionization chamber of a mass spectrometer are termed



"metastable ions". Depending on the internal

energy and geometry of the instrument, metastable

6

ions have life times in the range of 10 °© to 10-5 =

(5) Multiple Charged Ion

The removal of two or more electrons from
a molecule without fraagmentation is nossible in the
case of oraanic compounds with aromatic rinags and
compounds containing conjugated systems. The doubly
charged parent ions are formed by the loss of two
electrons. They appear at half the mass of the
molecular ion. A triply charged ion formed by the
loss of three electrons from the neutral molecule
will occur at one-third of its actual mass since it

carries three positive charges (m/3).

(6) Isotope Ions

Most elements are mixtures of two or more
stable isotopes differing bv one or two mass units.
Elements like carbon, hydrogen, oxvaen, sulphur, etc.
have one major isotope which is more than 90%
abuniant and a minor isotope. Chlorine and bromine
have twc isotopes (35,37 and 79,81) in the ratios
3:1 and 1:1 respectively. The isotopes ions are
very helnful in detennining the presence of such

elements in the molecule.

14



(7) Negative Ton

Negative ions are formed from neutral molecules
upon electron impact by the resonance capture of an
electron (AB + e - AB) or by dissociative resonance
capture of an electron (AB + e * A B-‘) as by ion
pair production. (AB r e = A+ B - e). The
efficiency of negative ion formation is lower by

about a factor of thousand that of nositive ion.

(8) 0dd and Even Electron Ions

0dd ions contain an unpair electron while
in even electron ions the electrons are paired.
The molecular ion is an example of odd electron ion
(M7).

3

(9, Ions formed by Ion-Molecule Reactions
Generally mass spectral reactions are
intramolecular. Intermolecular reactions between
ions and neutral molecules take place when a sample
pressure is very high. These reactions are termed
as ion-molecule reactions. The simplest example is
the orotonation of molecular ion which resalts in

the formation of the (M + 1)T peak.



16

Disadvantages of Electron Impact

Although electron impact serves as a qgood
general ionization technique, it suffers from
certain specific disadvantages. Most of these
arises from the unknown high amount of energy

deposited in the molecule upon ionization.

1. Internal Energy Distribution

The exact internal energy distribution of the

ions produced by electron impact is generally unknown.

2. Unstable Molecular Ion

For certain classes of compounis, M is
unstable with respect to dissociation even at low
internal energy. In such cases almost all Mr.ions
fragment in the source with subsequent loss of high

mass and molecular weight information.

3. Isomerization versus Decomposition

Because the rate of decomvosition of ions
is slow compared with that for energy randomisation,
ions may isomerise prior to decomposition. This is
not in general a problem although isomeric samples

often yield identical electron impact spectra.

L. Stereochemistry

Because of internal energy randomisation
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prior to decomposition, stereochemical information
may be lost if electron impact is used to produce

the ions.

5. Involatile and Thermally Unstable Compounds

Due to the prerequisite of sample vaporisation,
compounds which either do not easilvy vaporise or
decompose upon vaporisation cannot be fully analysed

by electron impact.

1.4 CHEMICAL IONIZATION

Unier EI conditions sample molecules vaporized
in the ion source under high vacuum ;10—5 to 10-6 torr)
and are ionized by impact of a energetic (> 50 eV)
electron beam. During this ionization process, the
ion produced acquires average enerqgy in the range
of 1-8 eV and the ion undergoes extcnsive fragmentation.
Since high vacuum is employed in EIl conditions
ion-molecule collisions are effectively precluded.

The internal energy of the ions therefore remains
in non-equilibrium distribution from the instant
of ionization. In some cases molecular ions are
not observed. Chemical ionization technicque was

developed to overcome this limitations and first

described by Munson and Field.15

54351 1 547(043)
™R



Hydrogen, methane, isobutane, water and
ammonia have been employed as the reactant gases.
The formation of major ions and onroton affinity
of the above gases are given in Table 1. In CI
conditions only the reagent gas is ionized by EI
and samole molecules are ionized by ion-molecule
reactions. To achieve this, a samnle to be
analysed is added to the reaction gas at much
lower pressure (about 10-3 torr). The stable ions

of the reaction gas (at 1 torr) then react with

the sample producing the quasi-molecular ions which

fragment further. The ionization occurs by either
proton transfer or hydride abstraction from the

sample molecules.

R+e =+ R (6)

(excited primary
reactant gas ion)

T i Y.
rRY "+ R collisional B 5 R ()
(deactivation (equilibrium
mechanism) secondary reactant
gas ion)

Proton transfer

Mor RHD (MeH) "+ R ()

18
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TABLE - 1
Reagent Gas Reaction Plasma Proton Affinity
P.A. (A) kJ mol }
2 te
1. Hydrogen H2 + e —_— H2 + 2e 535
H .
& HY'+ H, —— H. +H
2 2 3
T + *
H:2 -+ H + H
+ +
H, + H =—t H
2 k'
o - T T - g
2. Methane CHl+ *F e —— CHH’ CHj, (,HZ 706
CH .
‘* CH "+ CH —— CH' + CH
L L 5 3
CH! + cH — C_H' + H
+ 1
L 29 2
. -'- -
CH, + CH —* C H_ + H  + H
L 23 2
CH. + CH ——C_H. + H
+
23 35 2
Isobut i CH,.+e —=CH +2 =
. Hute - - 2e
3 sobutane i w0 410 755
C H .
L 10 +
- C.H T —— - C H_ +H
. 45710 . 9
.f -
- C —_— C_ H + CH
. w0 3
+o
I Water HZO ¥ e —t H.)O r Qe 689
H_O + + :
- HZO’fHO —t H. O v OH
T e \
5. Ammonia NH3 T e —_ NH3 ¥ 2e 340
NH E - ¢
NH. * NH ——t NH ~ + HN
? 3 7 My y TN,
M + RH* -— MH + R

A + P.A. (R) _— P.A. (M)
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Hydride transfer

T +
M + Ri -+ (M-H) + R + H (9)

M+ )+ RH - M+ 1)+ R (10)

Since the exothermicity of gas phase proton
transfer and hydride abstraction reaction is usually
low (0-3 eV) the resulting even electron ions are
relatively stable towards further decomnosition.

The opportunity for the sample ion to uniergo
stabilizing collisions (eq. 10) with neutral reagent
gas molecules under CI conditions also contributes

to the reduced fragmentation observed in the CI mode.

The mass spectra produced in this way by
chemical reaction are usually quite different from
those obtained by electron impact. Generally, the
relative abundance of fragment ions is much smaller
in the case of chemical ionization mass spectra.
Therefore, this method seems to be very promising
for the analysis of complicated mixture of organic

comoonents.

Although the formation of (MrH)r is usually
the major reaction when methane, isobutane and

ammonia are used as reagent gases, peaks due to



addition reactions may also be observed under
appropriate conditions. In methane, low intensity
M + CZHS)+ and (M + C3H5)+ ions may be observed and
in isobutane (M + C3H7)* and (M + C1+H9)+ ions may be
observed. The proton affinities of most oxygen
containing organic compounds fall in the range of
710-830 kJ mol-llé. Proton attachment to such
compounds by NH; is therefore endothermic although
for many compounds NHL attachment to give (M + NHL*)T
is exothermic. Therefore, as a general rule NH;
will protonate compounds containing nitrogen such as

*
amines and will form attachment ions M F NHH) with

oxygen containing compounds such as sugars.

1.5 METASTABLE IONS

The origins of metastable peaks

If a singly charged molecular ion of mass
™y does not dissociate before arriving at the

collector, it is recorded as a molecular ion or

¥ + )
parent ion. If the reaction m1 -+ m, occurs in the
+

source then m, may travel the whole of the analyser
region as a mass m; and recorded as m; daughter
jon. However, it is possible that the transition

m; -+ m; will occur after the source slit but before

arrival at the collector. The ions can decompose in

21
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the source region (A) before acceleration, in the
first field free region (B) after acceleration,
in the electric sector (C), in the second field
free region (D) before the magnetic sector or in
the magnetic sector (E). Ions undergoing such
transitions are called metastable ions (Fig. 7).
These ions do not have full accelerating kinetic
energy. The K.E. is reduced by a factor of mz/m1

after metastable decomposition.

Molecular ions with internal energies less
than the acﬁivation energies EO will not decompose
no matter what the freguency factor are in the
reaction coordinate. These ions will be stable
enough to be carried to the analyser and will be

recorded as molecular ions.

Decomposition in the second field free region

Ions which have been accelerated may decompose
in the magnetic sector region. These ions will not
be recordeﬁ.17 Ions which decomnose in the second
field free region D(m; -+ m; + N) will be recorded

as small diffuse peaks at non-integral masses.
(1)

These peaks are called metastable peaks.
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Decompositions in the first field free region

The daughter ions resulting from the
decompositions in the first field free region are
not recorded in the mass spectrum when the instrument
is set for normal operation. The kinetic energy of
the daughter ions is reduced to m_&/m1 of the full
acceleration energy when the decomposition takes
place in the first free region. These ions cannot
follow the central path along with the ions
decomposing in the source. They generally strike
the metal places and are lost. These ions can be
made to follow the central path by increasing the
ion accelerating voltage by the ratio of the masses

of the precursor to the daughter ion m. /m_ . This

1 2

method of observation of metastable transitions is
known as metastable defocussing technique which is
developed by Elliott and Barber:® The method has
the disadvantage that as the ion accelerating
voltage is changed, the optimum tuning conditions
within the source are altered, owing to change in
the field penetration and also that voltage cannot
be changed by more than a factor of four. This

limits the ratio of the precursor to daughter ions

which can be studied.

24



The advantages of using first free region

for the study of metastable transitions are:

(1) each transition is unequivocally identified
in terms of the mass of parent and daughter
ions;

(ii) all the precursor ions of m, may rapidly
be found in one scan of the accelerator
voltage

(iii) normal ions 4o not interfere: and

(iv) in the absence of normal ions, the electron
multiplier can be increased and so weak

transitions mavy be detected.

Methods of observing metastable transitions

and their applications

In double focussing instruments, the three
possible variables are E, the electric sector
voltage, V, the accelerating voltage and B the
magnetic field strength. These may be scanned in
various ways to allow the collection of dauaghter
ions formed in the metastable transition which occur
in the field free region between the source and the
first sector and between the two sectors. The major
characteristics of the five methods which have so

far been used are summarised in Table 2. In

25
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TABLE - 2

Characteristics of different methods for

observations of Metastable Transitions

Scan Fixeqd Ease of KE Feature
assignment Release
1. E vV, B i) Difficult Yes i) E preceeds B:
gives all m]/mz
ii) Usually to ratios without
nearest mass analysis.
nominal Requires EN
mass . between sectors.

ii) B preceeds E:
gives all mé
from selected m_ .
Wide range;
constant source
conditions.

. g

2 \Y E, B Usually to Yes Gives all my of
nearest
p selected m_. Range
nominal 2 .
mass limtted by practical
ratio.
ViV
Source conditions
vary during scan.
O
3. B v, E Often Yes Gives mf‘)‘/m1 ratio.
difficult Low intensity
relative to normal
veaks. Overlap
problems.
1/2 .
L. \Y /E B Good No Gives all m, from
peaks narrow selected m;. Range
limited to m]/mq
Source conditions
vary during scan.
- -~ . k
5 B/E v Good, narrow  No Gives all m, from

+
peaks selected ml' Wide

range, constant
source conditions.



discussing these methods, it will be assumed,
unless otherwise stated, that the mass spectrometer
has a geometry in which the electric sector preceeds

the magnetic sector.

Metastable transition is used in (1) ion
structure elucidation from metastable ion abundances;
(2) identification of rearrangement process of
kinetic energy release measurement, (3) measurement
of isotope effect, (4,) determination of extent of
scrambling and (5) collisional activation studies

to gain information on ion structure.

The analysis of metastable peak shapes is one
of the most powerful tool for the investigation of
reaction mechanism. Upon decomposition, part of
the excess energy of an ion is released as kinetic
energy T, leading to a range of translational
energies in the ion beam. The kinetic energy
re leased upon metastable ion decomposition can be
detectedlfrom the peak broadening.19 Small average
T-values lead to narrow, Gaussiun shaped peaks,
whereas flat-topped or dish shaped peaks are
observed for large T values (Fig. 8). Measurement
of kinetic energy in metastable ion transition

-0
helped in ion structure studiesao ““ as they afford

gl



28

information concerning the energetics and

DQA= )
mechanism of ion decomposition reactions.“3 &)
Holmes et alaz have examined metastable peaks

+ ks
the f 2 i C.H O -+ CH O .+ H
for the fragmentation of g oMy
in the first field free region. Three isomeric
+ e te
O 1ions were generated CH_-CH
" ion re generate (a) \30/ 29

1—.
and (c) CHZ = CHOH from ethylene oxide, acetaldehydie

C H (b) CH,CHO o
and vinyl ether respectively and found each

*
fragment is producing a different m peak having

a characteristic shape and kinetic enerqgy release.
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CHAPTER II

REACTIVITY OF SOME 7 ELECTRON SYSTEMS, SYNTHESIS

OF AZEPINES AND ISOMERIC CARBAMATES



2.1 GAS_PHASE_ANALOGY AND DIFFERENCE WITH SOLUTION
PHASE

Introduction

Many reactions which occur in solution phase
do occur in gas phase and vice versa. The fundamental
factors that influence reaction rates cannot be studied
in solution phase because the solvent molecule
themselves interact strongly with the reacting snecies.
If the solvent could be totally removed, the intrinsic
reactivity of the bare reactant could be measured and

distinguished from the effect attributable to solvation.

Non-ionic reactants have been known to be
converted into non-ionic product through transient
ionic reactive intermediates in acid catalysed solvent
in solution phase. The development of super acid
have made it possible to produce stable alkyl carbonium
_ions in solution and directly observe them with
analytical instrumentation made available such as
13C NMR at opresent time. Ionic species in the gas
phase react three billion times faster than the same
species do in acetone and a million billion (1015)
times faster than in water. In the cas phase well

established mass spectrometric methods such as electron



33

impact and chemical ionization allow the study of

the reactivityof gaseous ions. These reactivity
studies can be further supported by more sophisticated
techniques such as, mass analysed ion kinetic enerqgy

and collision activation technique.

Gas phase acid catalysed Beckmann, Pinacol,
Wagner-Meerwien, Claisen, Cope rearrangements,
Fischer indol synthesis, aldol condensation have
been shown to be analogous to known reaction in
solution.1 Gas phase electrophilic and nucleophilic
substitution reactions are also observed to be
analogous to their counterparts in solution.z
Hoffman et gi3 have examined methyl substi tuted
hexadiens and cyclobuten isomeric pairs and showed
mass spectral reactions to be analoqgous to

photochemical and thermal process.

A short review of these analogies of similarity
of ionic reactions in the solution and gas vhase

reported in literature is illustrated with examples.

2.2 REARRANGEMENTS

Beckmann Rearrangement

Aliphatic and aromatic oximes are known to

undergo Beckmann rearrangement in acidic solutions.
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Maquestiau and co-w0rkersh have reported
the occurance of the Beckmann rearrangement of
(M*H)+ ions of oximes in the gas phase by using
the combined technique of chemical ionization
(methane) and collision induced dissociation in the
macss spectrometer. The (MH-—HZO)Jr ions were selected
by the magnet of a reversed geometry mass spectrometer
for the study of collision induced dissociations in

the second field free region.

The fragmentation of the (MH-HZO)f (m/z 104)
ions of syn- and anti-benzaldoximes are quantitatively
different. Analysis of the peaks at m/z 89 and
m/z Q1 allows the differentiation of the ions, a

-'»l
more intense m/z 91 (C H5N) ion is observed for

6

the syn-isomer 1, while the m/z 89 (C +.ion

7's?
prevails in the case of anti-benzaldoxime 2.

These results indicate, therefore, that m/z 104

ions formed from the protonated oximes 1 and 2 are
dissimilar. Moreover, the great similarity of the

CID spectra of these (MH-H20)+ ions from 1 and 2

to those of the protonated molecular ions of
phenylisocyanide (a) and benzonitrile (b) respectively,
leads to the conclusion that the water loss is

concerted with a stereosnecific migration of the

anti-substituent (Scheme 1).
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The CID spectra of the (MH-H20)+ fragment
ions from acetaldoxime 3 and the nitrilium ions
obtained by protonation of methylisocyanide §
and acetonitrile 4. The results are compatible
with a mixture of nitrilium ¢ and isonitrilium 4

cations for these i{ragment ions (Scheme 2).

In conclusion, the results show that the
protonated aromatic aldoximes and ketoximes
rearrange into nitrilium cations with a stereospecific
migration of the anti-group with respect to the
hydroxyl function. Even with mixtures of aliphatic
oximes, it is possible to show that the loss of
water is concerted with the specific Beckmann

rearrangement.

Pinacol-Pinacolone Rearrangement

Aqueous solutions of pinacol under acidic
conditions are known to rearrange to pinacolone.
Glish and Cooksg first reported the occurance of
similar rearrangement in the gas phase under chemical
ionization (CI. Butane, conditions. The protonated
molecular ion ¢ eliminates water, giving rise to
carbonium ion intermediate 7. Methyl migration to
the carbonium ion center produces protonated

pinacolone ion @ as shown in Scheme (3). The MIKE



(6)

—Hzo

SCHEME 3

SCMEME 4

|

37
OH
H3C\+ |
G~ C— CHy4
H3C/ |
CH3
(7)
CH. +
|3 _ OH
H
CH3z CH3
( MIKE )
(8)
HaC CHy



spectrum of this dehydration product of protonated
pinacolone 6, was identical to that of authentic
protonated pinacolone indicating that similar
pinacol - pinacolone rearrangement is occurring in
the gas phase. Maquestiau et 916 have reported
similar rearrangements for other pinacols under

CI (isobutane) conditions.

Fischer Indole Synthesis

Glish and Cooks5 first reported that the
gas-phase acid-catalysed elimination of NH3 from
protonated phenylhydrozones is analogous to a
solution reaction. They employed MIKE measurements

in conjunction with isotope labelling to support

their observations.

The chemical ionization mass spectrum

(isobutane reagent gas) of acetone phenylhydrazone

shows a prominent ion due to the protonated molecule,

m/z 149, as well as peaks at m/z 109 (protonated
phenylhydrazine), m/z 59 (protonated acetone).

In addition, to these peaks an ion of low abundance
(0.9% of (M*H)+) occurs at m/z 132. The presence
of this ion in the mass spectrum provides necessarv

but not sufficient evidence that an NH_ elimination

3
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reaction, which may be analogous to the Fischer
indole synthesis (Scheme 4) may be occurring in

the gas phase.

The protonated molecule m/z 149 was selected
and the resulting ions formed by collision of

+
(M¥d)  with nitrogen were analysed and found loss

of 17 a.m.u. (NH,) from the protonated molecule

3
is a major process. Such a reaction is not

expected for protonated acetone phenylhydrazone

and a rearrangement of the ion, prior or subsequent

to collision is indicated. It should be noted that
the major reactions of this species, the formation

of m/z 93, 92, 77, 65 and 58 are expected for the
protonated hydrozone structure. Further, confirmation
that the elimination of 17 mass unit does indeed
correspond to ammonia loss comes from MIKE spectrum

of the hydrazone formed from acetone-dé. A clean

loss of-19 mass unit is observed that is NHD& is

lost. This result shows that interchange (scrambling)
of hydrogen atoms between thé ring, the amino

hydrogens, and the methyl hydrogen does not occur

: + .
in (MTH) ion.

In the MIKE spectra of authentic protonated

2-methylindole and acetone hydrazone, eliminzation

39



product were compared.6 The good corrcspondance
observed points to the presence of protonated
2-methylindole in the m/z 132 ion beam of acetone-
hydrazone and thus confirms the overall reaction

segquence shown in Scheme (k).

Claisen Rearrangement

Phenylallyl ethers are known to undergo
Claisen rearrangement in the solution leading to
formation of o-allyl phenol.7 Similar rearrangements

were reported in the gas phase by Liehr et 9&.5

In the CI spectrum of allyl phenylacetate,
the principal process corresponds to sequential
loss of HEO (m', m/e 142.8) followed by CO
(m*, m/e 108.1) from the protonated molecular ion,
which requires skeletal rearrangement, is shown in

Scheme (5).

+
(M +H) -+  m/z 159 -+ m/z 131
allyl (MH-HZO) (MH-i{zo-CO)
phenylacetate

The possibility of thermal rearrangement
prior to protonation was excluded as a contributor

to the formation of m/e 131 and 159, because of the
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absence of analogous peaks in the EI spectrum

which is constant over a range of temperature

upto at least 2500C. Expulsion of HZO from 3

and CO from Y4 was initially interpretted in terms
of allyl migration to phenyl ring in the protonated
molecular ion. Therefore, after initial attack,
abstraction of the o-hydrogen by the carboxyl group
would lead to a highly favourable re-aromatization,

thus completing an intramolecular extrophilic

substitution.

The mechanism was supported by deuterium
labelling in the ortho position and allyl
phenoxyacetate using 2,4,6-trideuterio comnound.

The CIMS revealed the following sequence.

(Mra)" o (MH-#DO)T <+  (MH-HDO-CO)

m/z 196 m/z 177 m/z 149

Wagner-Meerwein Rearrangement

Wolfschurtz and co--workers9 proposed a
Wagner-Meerwein rearrangement in CI mass spectra

of cyclohexanediols and have used collisionally

activated dissociations and potential energy surfaces

to substantiate the cyclopentyl carbaldehyde

42
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*
structures of the (MH—HZO) ions from cis and
trans-cyclohexane-1,2-diol. Mechanism is as shown

in Scheme (6¢).

Cope Rearrangement

Kruger and co-workerslo

have proposed a Cope

+
type rearrangement of (M + C3H5) ions formed in the
CI (Methane, mass spectra of nitrobenzene. The loss

of NOa in these cases was collisionally activated.

Aldol Condensation

Wesdemiotis and McLafferty11

have investigated
the loss of water from the (2M+H)T ion of acetaldehyde
in CI (methane). Collisionally activated dissociation
studies support the pronosed formation of protonated

crotonaldehyde analogous to the Aldol condensation

in solution.

2.3 THERMAL, PHOTOCHEMICAL AND ELECTRON IMPACT

TRANSFORMATIONS - APPLICATION OF WOODWARD

AND HOFEMANN RULES

Thermal and photochemical irradiation of
molecules containing conjugated T electron systems
is known to lead to the synthesis of a large number
of novel compounds. In these systems a cyclic

reorganization of bond occurs. In these reactions
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an acyclic m system is converted intoc cyclic

T system by formetion of a single sicma bond

between the termini of the cyclic system. The
reverse ring opening reactions are also known.

These transformations have been called electiocyclic
reactions because the closure or onening involves

the movement of electrons and atoms but no atoms

are lost and gained. The other cyclical
reorganization of bonds leading to novel synthesis
are intramolecular cycloadditions and sigmatronic
shifts. Both intermolecular and intramolecular
additions are characterised by having a negative
entropy of activation which is in keeping with
formation of cyclic transition state. These reactions
may be stereospecific and this stereospecificity may
be explained by Woodward-Hoffmann rules. Woodward
and Hoffmann rules rationalise the behaviour of many
previously puzzling pericyclic reactions and predict
with the remarkable accuracy, the outcome of hitherto
unknown ones. These rules are based on the princinle

of the conservation of orbital symmetry.

The Woodward-Hoffmann rules diviae the

pericyclic vrocesses into two categoriesy those



which are forbidden have high activation energies.

Selection Rules for Intramolecular Cyclo

additions_and Cycloreversions

Number of w-electrons Favoured process

in cyclic member Thermally Photochemically

4kn and 4n ¥ 1 Conrotatory Disrotatory

bn + 2 and 4n + 1 Disrotatory Conrotatory

The essence of Woodward-Hoffmann rules is
that during the course of pericyclic reaction, the
symmetries of changing orbitals relative to the
overall symmetry of the molecule must be retained

from reactants through products.

The application of the Woodward and Hoffmann
orbital symmetry rules to the radical cations
generated in the mass spectrometer is of interest.
Woodward and Hoffmann statelz that orbital symmetry
rules applicable to neutral systems containing
even electrons should also hold for electrocyclic

transformations within odd electron systems; the

charged system should alsc behave in the same manner



as neutral system containing the same number of
electrons. This argument is supported by the
investigations of several systems using extended

Huckel thvory.]3

In order to gain a better understanding of
the reactive states of ions, capable of undergoing
electrocyclic transformations similar to those
under photochemical and themal conditions, various
workers have examined mass spectral fragmentation
of isomeric pairs of 2%, 47 and 67 electron systems.
Comparison of normal mass spectral ion-abundance
data, (I.P.-A.P.) measurements, metastable peak
shapes and kinetic energy release data have been
cited to seek correlations between electron impact

and analogous photochemical and thermal behaviour.

Mande lbaum et a_llu'

compared the mass spectral
behaviour of dimethyl esters of epimeric (cis and
trans) cyclobut-3-ene-1,2-dicarboxylic acids

(Ib, IIb) and the isomeric muconates (Vb, IIlb and
IVb) (Scheme =-7) respectively. The mass spectral

fragmentation was entirely different in these

isomers. Cyclobutene diesters undergo elimination

of methanol and decarbonylation under electron impact

46
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whereas these fragmentations are absent in the
muconates. The most prominent ion in the spectra
of muconates was formed by elimination of the
COOCH3 radical. whereas these (M-59)f ions were

of low abundance in the spectra of substituted
cyclobutene diesters. Mandelbaum et al therefore
conclude that cyclobutene diesters (I,II) retain
their cyclic structure and configuration unon
ionization inspite of their low thermal stability.
Concomitantly, the behaviour of 3,4-dialkyl-
muconates (Scheme 7) indicate that their molecular
ions retain the open chain structure before at least

fracmentation takes place.

Hoffman et g£3 have examined mass spectra
of acyclic W and 4T-electron systems and compared
their behaviour with isomeric 4T and 27W-cyclic
systems respectively accessible through electrocyclic
transformations under photochemical and thermal
conditions. The princinal fragmentation routes of
molecular ions of cis, cis-3,4-dimethv1-2 4-hexadiene
(VI), cis, trans-3,4-dimethyl-2,4-hexadiene (VII)
were compared with cis-1,2,3,4-tetramethylcyclobutene
(VIII) and trans-1,2,3,4-tetramethylcyclobutene (IX)

(Scheme 8). Loss of hydrogen, methyl radical



and hydrogen molecule from molecular ions were
principal fragmentation modes. Kinetlic enerqgy
released in these fragmentation modes was measured
to probe the structures of fragmenting ions. For
the loss of hydrogen and methyl radical processes,
identical kinetic energy released values were
observed for the isomers (VI and VIIL) and

(VII and IX). These isomers are interrelated by
photochemically excited state disrotatory processes.
For loss of hydrogen molecule from molecular ion,
all the four isomers showed identical kinetic
energy release values. This has been taken to
indicate that all the isomers equilibrate to a
common structure or a set of structures through
vibrational and excited state pathways. Similarly,
the principal decomposition routes of molecular
ions of 67 electron octatriene and isomeric
dimethyl cvclohexadiene were investigated by
Hoffman et gi.ls The kinetic energy release in
the fragmentation of molecular ions involving

loss of hydrogen and methyl radical from isomeric
pairs were compared. It was concluded that the
loss of radicals from molecular ions proceeds

from ground state since identical values were

49
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observed in pairs that are reacting through a
disrotatory (vibrational) pathway. Loss of
neutral molecule such as H2 from molecular ions
seems to proceed from complete equilibration of

structures, via both ground and electronically

excited state pathways -

This short review shows that many physical
organic concepts employed to rationalise organic
reaction mechanism in solution phase are also
useful in explaining ionic gas phase reactions.
There are, however, important differcnces in the
energetics of the two analogous processes due to
the internal energies of the ions and solvation
of reactants, transition states and proiucts.

In solution phase the abundant solvent molecules

serve as an efficient energy sink and rapid
multiple collisions remove any reaction exothermicity.
This results in Maxwell-Boltzman Adistribution of
internal energies of ions. The collision process
deactivates the reactants and lowers the intriasic
reactivity. Solvation energies are high and
differential solvation of reactants, tranzition

tates and products creates energy barriers to

solution reactions. On the contrary. in the gas



phase there are few collisions and exact energy
distribution of ions under electron ionization

and chemical ionization is not known. The ionic
and the neutral reactants approach along an
attractive surface due to ion-permanent dipole and
ion-induced dipole forces. The exothermicity of
the reaction activates the reactive soecies to an
energy state greater than many of the transition
states of simple reactions along the reaction
coordinate. The transition state energies are
below the reactant eneracies and thercfore gas
phase ion-molecule reactions do not require an
activation energy. Reaction exothermicity and
strain enerqgy often result in the fragmentation of
the collision partners. The ion-dinole compnlexes
appear to have moderately long lifetimes which
allows extensive exploration of the reaction
surface. These fragmentation processes often
demonstrate striking selectivity from among a
manifold of product channels. Some of these reaction

channels show similarity to solution phase processes.

9l
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2.4 CHEMISTRY OF AZEPINES: SYNTHESIS AND REACTIVITY

Attempts have been made to correlate mass
spectral reactions with thermally and nhotochemically

1

analogous processes.3’16’17 Mandelbaum has
compared mass spectral fragmentation of isomeric
pairs of 27, 4LT and 67 electron systems and
attempted to correlate the fragmentation modes
from electrocyclic transformations in the system

similar to those occurring under photochemical and

thermal transformations in the neutral systems.

At present there is interest in the correlation
of mass spectral reactions which are analogous to
thermal and photochemical processes. Antiaromatic
8" electron heterocyclic azepine svstem is unstable
and undergoes valence isomerization, dimerization
and aromatization under nhotochemical,]g thermal

and acid-catalyzedlg—ZI

conditions respectively.
There is no detailed comparative mass soectral
study of this system. This study was done with a
view to see whether transformations reported under

photochemical, thermal and acid-catalysed conditions

will also occur under mass spectral condition.
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SYNTHESIS

N-phenylcarbamate la

This was prepared by the method described
in the literature.lg’22 9.3 g of aniline and
5.4 g of ethylchloroformate in 100 ml of
tetrahydrofuran were stirred at room temperature
for 30 minutes. The precipitated hydrochloric‘
salt was removed by filtration and the filtrate

was concentrated under reduced pressure to give

-]
o
.

Recrystallized from ether-hexane, m.p. 53°C.

(Lit.23 m.p. 53%).

N-ethoxycarbonyl 1H-azepine 1b

The azepine )b was prepared by the method

described by Cottor et gi.zu

A solution of 1.5 g
of ethylazidoformate in 4O ml of benzene was
placed in a sealed tube which was heated at 1350C
for § hours. The benzene was subsequently removed
under reduced pressure. The residue was
chromatographed on 25 g of Florosil and elution
with ether until yellow eluate no longer appeared;
followed by fractional distillation of eluate
under reduced pressure, gave N-ethoxycarbonyl 1H-
azepine 1b, b.p. 54-55°C (0.1 mm) (Lit.2* 55-5¢°C

at 0.1 mm).
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In this reaction, the formation of
azanorcardiene derivative (2) was nostulated us
a probable intermediate which then rearranges to

. 25
azepine 1b (Scheme 9).

o-Methyl-N-phenylcarbemate 2a

This was prepared by the method described in
literature.lg’22 10.7 g of o-toludine and 5.4 g
of ethylchloroformate in 100 ml of tetrahydrofuran
were stirred at room temperature for 30 minutes.
The precipitated hydrochloride salt was removed by
filtration and the filtrate was concentrated in

vacuum to give 2a. Recrystallized from ether-

hexane, m.p. u6OC (Lit.26 MmePe. héOC).

reparation of methyl-N-carbalkoxyazepines

Synthesis of substituted azevines has been
reported by various workers by photolysis and

Dyrolysiszu’zs

methods. The pyrolvsis method
involves generation of carbalkoxynitrene by
thermolysis of alkyl azidoformates which adds to
carbon-carbon bonds of aromatic nuclei. With
substituteaqd aromatics, carbalkoxynitrenes have

been reported to add indiscriminately and do not

)y
show any selectivity. Hafner and colleaques®’
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report that 243 and L-methyl-N-carbethoxyazepines

2
are formed in the ratio of 1:1.2:1.3. Baldwin et i

report that methyl-N-carbomethoxyazepine isomers
are formed in the ratios of 1.2:1:1.Z2.
Carboethoxynitrene and carbomethoxynitrene
therefore display no aopreciable selectivity in

28 also reports

reactions with toluene. Photis
formation of the isomeric azepines with substituted
aromatics and has developed a procedure for isolation
of a=-alkyl(2=-alkyl)-N-carbethoxyazepine. The

success of the reaction is attributed to a slower
rate of hydrolysis of a-(2-alkyl) substituted

isomer as a consequence of their steric hindrance

about nitrogen and ester group.

Paquette et 2129 have also described
preparation of specifically substituted 1H-azepines,
which consists of electrophilic addition of
iodineisocyanate to 1,4-dihydrotoluene derivative.
Cyclization of the resulting iodoisocyanate or
their derived carbamates with various bases gives
rise to unsaturated aziridines which after
bromination and dehydrobromination give the
desired 1H-azepine. This method is reportedz9 to

give low yields of azepines.

56
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Z2-Methyl-N-carbethoxyazepine 2b

We have prepared and isolated (Z2b) from the
mixture of methyl substituted azepines by thermolysis
of ethyl azidoformate in toluene by the method

described by Photis®® (Scheme 10).

2.5 g of ethyl azidoformate was added to
30 ml of toluene and the solution was heated under
reflux to 12500 in an oil bath for two hours until
the evolution of nitrogen ceased. Vacuum distillation
of excess toluene left & viscous oily mixture of
crude azepines. GC-MS of this crude mixture was
carried out on SE-54 capillary column. Earlier
workers29 attempted separation of the mixture of
azepines by preparative SF-96 column but attempts
were not successful. No separation could be
obtained on ordinary open tubular GC column of

SE~30 or OV-17. The mixture could be separated on

capillary column SE-54 under following conditions.
I and W fused silica capillary column.
Column dimensions 15 M x 0.285 mm
SE-5

Film thickness : 0.25 uM

Liquid phase

Helium gas flow

..

25 ml/min.



Column temperature : Initial temperature 750C,
programming 5OC/min., final
temperature 23OOC., zone
temperature 160°C.

Split/sweep valve : L0.0 sec.
time

The GC chromatogram (Fig. 1) showed three
major peaks, namely, scan numbers 168, 189 and 194
in ratio 1:1:1 and mass spectral fragmentation and
molecular weight 179 was consistant with the
expected fragmentation of methyl substituted
N-carboethoxyazepines. This shows that the addition
of nitrene occurs indiscriminately and there is no
selectivity. Earlier workers' observation on the
ratio of the three isomeric mixtures were based on
the analysis of NMR signals. Our results were
based on separation of isomers by cavillary gas

chromatography.

The mixture of crude azepine was dissolved in
20 ml of 95% ethanol. 6.0 g potassium hydroxide
was then added and the mixture was stirred at room
temperature for six hours. The dark coloured
solution was then poured in 100 ml of water and

extracted three times with 30 ml portions of ether.

a8
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The residue from evaporation of the dried ether
extract was chromatogravhed on alumina. Elution
with hexane first removed excess toluene and then
eluted with benzene gave azepine (2b) fraction.

NMR analysis was consistant with that revorted in

the literature.28

PMR (CDC1l.): & 2.06(s), CH, S-alkyl substituted.

3 3

Ethyl N=-(2,5-dicarbmethoxyohenyl)carbamate 3a

The carbamate 3a was prepared by the method
described in the literature.30 2=-Aminoterephthalic
acid dimethyl ester (0.1 g), ethyl chloroformate
(100 ml) and sodium carbonate (0.1 g) was refluxed
for 16 hours. Ethyl chloroformate was removed under
reduced pressure and ethyl N-(2,5-dicarbmethoxyphenyl -
carbamate was recrystallized from petroleum ether,

white needles m.p. 13u°C (Lit.30 m.p. 134°C).

1-Ethoxycarbonyl-2,5-dicarbmethoxy-1H-azepine 3b

This was prepared by the method described in
the literature.3o Dimethyvlterephthalate (4.0 g) and
acetic anhydride (14.0 g) were heated at 1250C under
stirring. Ethylazidoformate (0.4 g) was added

gradually under stirring over a period of 30 minutes.



The reaction mixture was maintained at the same
temperature for two honrs. After completion of

the reaction, acetic anhydride was removed under
reduced pressure. Unreacted dimethyl terephthalate
was removed by repeated crystallization in benzene.
The total quantity of dimethyltereohthalate was

3.0 g. The remaining residue was adsorbed on silica
-gel column. Initial elution with petroleum ether
gave unreacted dimethylterephthalate (0.05 g)-.

Next elution with petroleum ether:benzene (1:1)

gave l-ethoxycarbonyl-2,5-dicarbmethoxy-|H-azenine 3b.
Recrystallized from petroleum ether, deep yellow
crystals, m.p. 93°C (Lit.30 m.p. 93°C). Rest of

the fractions were not isolated.

The sulfonanilides ha, 5a and sulfonvlazepines
4b, 5b were purified by recrystallization. These
four compounds were gifted from Dr. N.R. Ayyangar,
Scientist, Organic Chemistry Division, N.C.L.,

Pune. Purity of the comnounds was checked by TILC

and melting points by literature.

p-Toluenesulfonanilide 4a was recrystallized
from petroleum ether:benzene (1l:1), white needles

m.p. 103°C (Lit.3} m.p. 103°%C).



E-g-toluenesulfonvl—1H-azepinﬂ 4b was
recrystallized from petroleum ether:benzene (1:1),

5
colour pale yellow, m.p. 167OC (Lit.3“ m.p. 169°C).

p-Bromobenzenesulfonanilide ja was recrystallized
from petroleum ether, reddish brown crystals, m.p. e

(Lit.33 m.p. 119°%).

N-p-bromobenzenesulfonyl-1H-azenine S5b was

recrystallized from petroleum ether, m.p. 1310C

(Lit.?? m.p. 131°C).

STRUCTURE AND REACTIVITY OF AZEPINES

The heterocyclic seven-membered azepine
system contains cyclic array of 87 - electrons.
The absence of a driving force for delocalization
in this system leads to decreased u electron
stability relative to open chain congeners.
Huckel's rule predicts marked anti-aromatic polyene
Character.3l+ X-ray studies have indicated that the
molecule is not planar and exists in a boat
conformation. The reactive nature of azepines is
due to this anti-aromatic 8w electron cyclic array
driving the system to electrocyclic transformations

in the ground and excited states. It therefore,



63

readily undergoes valence isomerization,
dimerization and aromatization under ohotochemical,
thermal and acid catalysed conditions. Alkyl
groups on the ring and substituents on nitrogen

can have effect on these reactions. The chemistry

of azepine has been investigated by Paquette et éi-lg’:d
This is described briefly below.

i . 19,20
Thermal rearrangement: Paquette et al reported

that N-carbalkoxy-l1H-azepines and their 3,4-methyl
derivatives undergo dimerization at elevated
temperature, 2=-methyl-N-carbomethoxy azepine and

a number of disubstituted and annelated congeners
aromatize or rearrange when heated. They also
reoorted that this behaviour is not shared by
2,7-dimethyl-N-carbomethoxyazepine which is stable

unto ZSOOC but decomnoses above that temperature.

Heating of 2-methyl-N-carbomethoxyazepine 1
at 1300C for a period of 2 hr results no reaction,
but at 200°C 1 was converted in 64% yield to give
aromatic urethane 4 which is shown in (Scheme 11)
and as renorted by Paquette et Eilg. In this

transformation the termini of the n electron system

are joined resulting in the formation of benzaziridine
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intermediate 2. Ring opening following sigmatropic
shift of hydrogen resultes in the formation of
2-methylcarbamate 4. The N-alkoxyazeoine are also
reported to undergo intermolecular 6w ¥ Ly thermal
cycloaddition. The nature of the dimeric products
are comnlex and depend on temperature. Similarlv,
N-methane sulfonyl-]lH-azepines have also been
reoortedzn to undergo Lwm * 27 thermal cycloaddition

reaction.

Photochemical transformation: Paquette et gllg

also reoorted that the irradiation of methanol
solution of 2,3 and L-methyl-N-carbomethoXxyazenines
with a 450 W mercury arc under nitrcgen gives two
components mixture containing both onossible bicyclisc

valence tautomers, which is shown in Scheme 12.

Irradiation of 5 was seen to be quite selective

leading to 6§ and 7 in the ratio of 14:1. However,
as reported by Paquette et al, irradiation of
3-methyl isomer g gave 9 and 10 in equimolar
quantities and photolysis of 11 gave 12 and 13

in the ratio 105:1.

8 oroduces both isomers 9 and 10 in equal

amount was not unanticipated, since the photoisomers
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are not expected to differ measurably in strain enerqgy.
Significantly, however the Lh-methyl function in 11
does not exert on overwhelming directive influence

in the course of the photoreaction, desoite the

fact that in 12 the alkyl group is located at an

angular position.

Hence they conclude that the presecnce of a
methyl group at an angular position alone does not
constitute a significantly strong deterrent to product
formation. Rather the selectivity noted in the
cyclization of § is rationalized on the basis of
serious non-bonded interactions between the methyl
groun and rather bulky substituent on nitrogen as
distortion leading to 7. Such a revulsive forces,
which are absent in the alternative electro-
cyclization are apparently sufficient to cause the
preferred formation of 6. In contrast the ohoto-
rearrangsment of 8 and 10 are not affected by non-bondeqd
interactions and selectivity is not observed.

«
Acid catalysed rearrangement: Paquette et 113 also

discussed the acid catalysed rearrang=ments of these

21

same azepines. Hafner has noted that reaction of

N-carbethoxyazepine 14 with dilute acids leads raoidly
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to N-phenylcarbamate 17 which is shown in

Scheme 13. The transformation nroceeds by initial
protonation of carbonyl oxygen function followed
by formation of aziridine 16 intermediate. Ring
ooening followed by sigmatropic shift leads to

irreversible formation of ophenylcarbamate 17.
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CHAPTER TIII

MASS SPECTROMETRY OF SOME MODEL ANTIAROMATIC

AZEPINES AND THEIR AROMATIC ANALOGUES



3.1 INTRODUCTION

Although there are some reports on the mass
spectral fragmentation of alkoxycarbonylazepines,1
isomeric aromatic carbamates,z’3 sulf.‘onylazepines’+
and aromatic sulphonalides,s there has not been a
systematic attempt to correlate the mass spectral
fragmentations of the isomeric pairs. This is
necessary since the antiaromatic azepines are known
to undergo bicyclic valence tautomerization,6

dimerization7 and aromatization8 under photochemical,

thermal and acid catalysed conditions respectively.

The present work reports on the mass spectra
of ethoxycarbonylazepines, sulfonylazepines and
their aromatic substrates. The purpose of the study
was to examine whether the transformations of
azepines reported under photochemical, thermal and
.acid-catalyzed conditions also occur under mass
spectral conditions. The results are supported by
electron ionization (E.I.), chemical ionization
(C.I.) and low electron voltage, metastable ions

and shift techniques in the electron ionization mode.

The isomeric pairs belonging to these classes

are reported’ 13 to be thermally unstable and give
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complex reaction products in the presence of traces

of acids and bases. This creates problems in the
identification of these compounds by gas chromatogranhy
and mass spectrometry. In the present studies, care
was taken to record the mass spectra at as low a
temperature as possible and under identical conditions

to avoid these complications.

EI AND CI MASS SPECTRAL STUDIES

EI mass spectral fragmentation of N-phenvylcarbamate

la and isomeric N-ethoxycarbonyl-l1H-azepine 1b .

Z2-methyl-N-phenylcarbamate 2a and isomeric 2-methyl-N-

ethoxycarbonyl 1H-azepine 2b.

Figures (1 and 2) show the 70 eV mass spectra
of la, 1b and 2a, 2b. The mass spectra of
carbamates la, 2a and isomeric azepines 1b, Z2b
show significant differences. The molecular ion
abundances at m/z 165 and m/z 179 in the mass spectra
of carbamates la, 2a were greater than that of the
isomeric azepines 1b and 2b respectively at 70 eV
and lower electron volts (Tables ] and 2). This
is ascribed to the greater stability of éw electron
aromatic carbamates la, 2a than the antisromatic
8W electron azepines lb, 2Zb. Most of the

fragmentation could be ascribed to the localization
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TABLE - 1

Low electron volts EI mass

of carbamate

spectral fragmentation

la and azepine 1b

77

%11

9.0
55.0
12.0

5.0
18.0

3.0

6.0

6.0
2.0

100.0
14.0

6.0

60
10.0

3.0

5.0
12.0
24 .0

52.0

70 eV 30 eV 15 eV
m/z - — -
% 1 1a Z I 1b 1 1a %11 %1 1a

166 7.0 4.0 2.0 6.0 0.0
165  53.0 42.0 60 .0 50.0 100.0
137 5.0 12.0 5.0 14.0 5.0
120 12.0 6.0 10.0 6.0 8.0
119 47.0 19.0 40.0 19.0 24.0
107 6.0 - 5.0 - 4«0
106 58.0 6.0 50.0 6.0 46.0

Olt 9.0 4.0 30 3.0 5.0

93 100.0 17.0 100.0 25.0 59.0

92  19.0 100.0 20.0 100.0 5.0

91  22.0 8.0 20.0 9.0 3.0

80 2.0 4.0 - 4.0 -

79 5.0 3.0 5.0 3.0 -

73 3.0 3.0 3.0 7.0 -

77 19.5 640 18.0 5.0 -

7 - 4.0 - - -

67 3.0 6.0 4.0 7.0 -

66 18.0 13.0 13.0 14.0 4.0

65  30.0 610 27.0 50.0 3.0

6t  15.0 7.0 10.0 5.0 -

63 11.0 5.0 5.0 - -

57 - 5.0 - 5.0 -

52 6.0 3.0 - - -

51 12.0 L0 9.0 3.0 -

50 6.0 3.0 5.0 3.0 -
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TABLE - 2

Low electron volts EI mass spectral

fragmentation of carbamate 2a and azeoine 2b

m/z (A S . 2. ..
I2a %12 %I %I %Iz 771w
180 12.0 8.0 1210 9.0 12.0 7.0
179 100.0 58.0 100.0 60.0 100.0 67.0
151 6.0 12.0 6.0 12.0 L.0 15 (
134 14.0 20 13.0 4.0 6.0 4.C
133 24.0 10.0 60.0 15.0 29.0 13.0
132 14.0 5.0 17.0 6.0 6.0 5.0
121 640 2.0 6.0 - 6.0 5.0
120 5840 3.0 62.0 3.0 32.0 -
108 640 2.0 6.0 3.0 5.0 -
107 55.0 15.0 LT 18.0 41.0 19.0
106 6.0 100.0 780 100.0 6C.0 100.0
105 9.0 3.0 14.0 3.0 6.0 3.0
104 14.0 6.0 28.0 6.0 7.0 G0
9t = 10.0 3.0 10.0 - a.0
93 2.0 6.0 3.0 6.0 = 740
92 3.0 4.0 3.0 6.0 - 4.0
91 18.0 6.0 16.0 6.0 7.0 6.0
80 4.0 7.0 3.0 8.0 - 2.0
79 11.0 25.0 9.0 30.0 3.0 10.0
78 13.0 8.0 14.0 9.0 3.0 3.0
77 20.0 18.0 16.0 20.0 - 5.0
67 - 6.0 = 5.0 - 5.0
65 9.0 5.0 8.0 3.0 - =
03 4.0 2.0 3.0 2.0 = -
57 - 6.0 - 6.0 = -
53 40 640 3.0 4.0 - -
2 7 640 5.0 3.0 = -
51 10.0 740 7.0 3.0 - .

50 40 3.0 - - - E




of charge on! the nitrogen atom or on the oxygen
atom of the carbonyl group. The comparison of
the mass spectra reveals that isomers fraament
by simple cleavage, bhydroaen rearrangement and

skeletal rearrangement nrocesses.

Sinple cleavage reactions: In the mass spectra of
azepines 1b, 2b the basge peak is due to azatrooylium
ions at m/z 92 and m/z 106 resmectively resulting
from the simnle cleavace of N-C bond with the loss
of ethoxycarbonyl radice1l (Schemes = and 6£). No
metastable peaks were observed for the genesis of
these ions from molecular ions. These ions fraament
further by loss of HCN and CZH" Similer simnle

cleavage nrocess is not very significant in the

spectrum of carbamate la and Za.

<

Rearrangements: The comparison of the mass spectial
fracmentation processes in the two isomers reveals
that simple cleavage of C-N bond competes with
hydrogen transfer process. In the mass spectra of
the carbamates la and 2a, strong peaks at m/z 93

o . - A ; -
(100%) and m/z 107 (567) respectively, are due to

hydrogen transfer to nitrogen via six-membered

transition states. These McLatterty rearrangements
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are favoured in carbametes, whereas they are
relatively suppressed in azepines which favour
simple cleavage processes. The ratio of intensitics
of fearrangements and simple cleavage ions in the

two isomers are as follows:

m/z 93 (#)/ m/z 92 (%) la = 5.0, 1b = 0.Z

m/z 107 (%)/ m/z 106 (%) = 0.57, 2b

Il\?
o]
m
i
o
.
]
\Y)

This favoured rearrangement process in the carbamates
is ascribed to the stability of the parent and
daughter ions in carbamate which corresvond to

6m electron aromatic amines, whereas similar hydrogen
transfer process in azepines 1lb and 2b would lead to
antiaromatic 1H-azepinium ions. These azevinium ions
are unstable and hence hydrogen transfer is not
favoured. The striking difference in the relative
intensity ratios of simple cleavage/hydrogen
rearrangement ions in the isomeric pairs indicates
that thermel or electron impact induced isomeri-
zation to common intermediates or equilibration of

structures does not occur prior to fragmentation.

The mass spectre of the isomeric pvairs that

have been examined in the present studies show peaks
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at m/z 93 (C N+3 and/or m/z 92 (C6H6N+). These

67
ions fragment furthcr by loss of HCN and CZH'°
The structures of these ions are of interest and
+have been investigated theoretically and
exnerimentally by labelling studies. Douqhe)rtyl)+
on the basis of analogy between toluene and aniline,

has theoretically predicted that the odd electron
C6H7N+.aniline ion being aromatic should be more

stable than antiaromatic azepine ion. Aniline ion
therefore should not rearrange to azepine until

after B-clPavage which forms protonated even electron
nitrene (CbHéN)+ ion. These theoretical predictions
have been experimentally verified by Djerassi et glls’]“
and Rinehart and coworkers.17 The mass spectra of
1—13C-aniline, aniline-lsN, metastable scans and
high resolution studiesxs_l? were carried out by
these workers to determine the extent of skeletal
rearrangements of the CGHTN and Cﬁ”bN ion species.
Their studies reveal that the odd election ion
CGHVN is nearly unrearranged while the even election
ion C6H6N could be largely rearranged. This result
is ascribed to the electronic nature of the species

viz. the even electron character of the CbHCN ion,

an even electron ion which would corresvond to the

tropylium ion.
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In view of this extensive studies 6n these
ions we have not investigated the structures of
these ions further and assumed that similar
conclusions apply to m/z 93 and m/z 92 ions

ohggrved in present series.

Polyfunctional molecules containing an ester

1g=21 to eliminate a

function have been reported
molecule of alcohol under electron impact or
chemical ionization conditions. The elimination
can occur by four or six-membered transition states.
In the mass spectra of stereoisomers of
bycyclo(}+.3.0)=3-nonene skeleton rincg annulestion

and geometric arrangement of bonds have been shown
to influence the elimination of alcohols from
bicyclic keto esters and related compounds.19

The hydrogen transferred to the oxygen of the

ether moiety could be preceded by cleavage of the
ring and this cleavage could be assisted by the

18,19 In chemical

7 electron system of the molecule.
ionization spectra of esters, elimination of alcohol
when it competes with loss of other croups such as
acid, it has been shown that anchimeric assistance.
proton affinity of the departing neutral and steric

. " . 19,20
hindrance influence the fragmentation processes. ¢
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The mass spectra of isomeric pairs showed
loss of L6 mass units correspondinc to elimination
of ethanol from molecular ions. This could arilse
by consecutive losses of ethoxyl (éCZHS} and hydrogen
radical 'H respectively or direct loss of ethanol.
Most Erobably amide hydrogen is involved in
elimination of ethanol via four-membered transition
state to the ether oxvgen since this is supnorted

by metastable transition.

+ o
C_H_-N-C = O Il
65 Pq C6H5 N C=0 + CZHSOH
H 002H5 m/z 119
Mf‘.

The driving fofce for this fraagmentation
is the formation of stable phenylisocynate ion.
Similar ethanol elimination from azeovine molecular
ion is less pronounced. This could be due to
abstraction of hydrogen atom from a or B vositions
of the azepine ring via five or six-membered
transition states respectively and formation of
less stable product ion. The metastable peak

shapes for loss of ethanol from isomeric molecules

of carbamate and azepine isomers (la, 1b), (2a, 2b)



were different indicating that no isomerization to
common intermediates has occurred prior to

fragmentation.

Skeletal rearrangement: The genesis of the common

ion peak at m/z 106 and m/z 120 in the mass spectra
of la, 1lb and 2a, 2b respectively is of interest.
Lew152 indicated that m/z 106 probably arises due

to two processes, viz. loss of carbon dioxicde from
the molecular ion followed by loss of methyl or

loss of methyl followed by carbon dioxide (Scheme 3).
We investigated genesis of this ion by metastable
technique. No metastable peaks were observed to
support the genesis of comﬁon ion m/z 106 from
either m/z 150 or m/z 121. However, a metastable
peak was observed at m/z 68 (Table 3) to support

the genecis of this ion from molecular ion.

Nunsche3 has examined the genesis of this ion by
deuterium and 13C labelling. The molecular ion
undergoes complex rearrangement (Scheme L) and
m/z 106 has multiple precursors. The process is
initiated by methyl transfer to the oxygen atom
followed by hydrogen exchange. According to

3 . .
Wunsche~ CH, moiety in C6H5NH= CH, is contributed

by the both carbon atoms and two of the five

hydrogen atoms of OC2H5 group .
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TABLE - 3

Metastable studies

S.hNo. Name of the compound
1. N-Phenylcarbamate la
2. N-Ethoxycarbonyl-1H-

azepine b

% 2-Methy 1 =N-pheny 1
carbamate Za

L. 2-Methy1-N-ethoxy
carbonyl-1H-azevine 2b

5. Ethyl=-N-(2,5-dicarb-
methoxyphenyl)
carbamate 3a

6 1-Ethoxycarbonyl-2,5=-
dicarbmethoxy=-1H-
azepine 3b

Metastable
transition
v +
165 ~+ 119 * 46  85.%0
165" =+ 106  * 59 68.10
165 = 93 * 72 52.40
g . o
93 ' + 667 27 L46.850
. +
165~ 137 + 28  113.80
92 + 65 ¥ uy 45«90
176" -+ 151 ¥ 28 127.40
. +
179" =+ 133 + 46  98.80
T o +
179" " =+ 120 *+ 59  80.50
1517~ 107 * W 75.80
+
106" -+ 79 + 27 58.90
e + ,
179 =151 + 28 127.40

1517 =+ 107" * L4 75.80

r

106

281"
4.
281

250

-

79" + 27 58.90

235f * 46 196.50
200" * 72 155.L0
T

178 ¥ Ya 126.70

+ . 4
281 —+ 209 * 72 155.5

Calculeted

87

Observed

Lo =G o4
AP,

59.0
127.5
755
59.0

196.0
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TABLE -3 (contd.)

135.60 135.0

o
7. p-Toluenesulfonanilide ha 247 183* T 64
e + -
247+ 168 * 79 114%.30 11h.5
+ +
155 =+ 91 + 6k 53.40  53.5
e p-Toluenesulfonyl=1H 92 -+ 65* v 27 45.90 4660
azepine Ub
te +
3. p~Bromobenzene - 311 o247 T 6L 196.20 1236.5
~ s anilid >
sulfonanilide 22 92" =+ 65 ¥ 27  45.90  L45.0
+ r
-+ 65 ¥ 27 L5 .90 LA.0

10. p-=Bromobenzene
sulfonyl-1H-azepine 5b
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Similarly in the spectra of 2a and 2b the
common ion peak at m/z 120 as stated abbve probably
arises due to two processes, viz. loss of CO2 from
the molecular ion followed by loss of methyl or
loss of methyl followed by loss of COB' No
metastable peaks were observed to sunport the genesis
of this ion m/z 120 from either m/z 164 or m/z 135,
however a metastable peak was observed at m/z 80

(Table 3) to support the genesis of this ion from

molecular ion m/z 179.

EI mass spectral fragmentation of eghyl-N—iajj:

dicarbomethoxyphenyl)carbamate 3a and 1-ethoxycarbonyl-

2,5-dicarbmethoxy-1H-azepine 3b

Figure 3 shows 70 eV mass spectra of carbamate
3a and azepine 3b. The mass specfra show significant
differences in the fraamentation pattern. The greater
stability of the aromaticcarbamate 3a as compared
to isomeric antiaromatic azepine 3p is reflected in
the greater molecular ion abundance [3a MT.(HO¢),
3b M+.(8%)] and also the percentage of the total
ion current [3a % M*.(IJ-O), 3p % M¢.(3-0)] in
the former. The carbamate function contains

active amide hydrogen ~tom and under electron impact
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and chemical ionization conditions has been
observed to eliminate neutral molecules via a
variety of ways similar to thermolytic behaviour

of carbamates.21

The substituted carbamate in
addition has two carbomethoxy groups at 2 and §
positions. One could therefore expect the
molecular ion to lose these radicals from 2(ortho)
or § position resulting in fragment ions to be
stabilized by cyclization or quinoid type
conjugation. This expectation is realised by the
observed fragmentation by loss of methoxvl
radical from 2 or 5§ position leading to a
significant peak at m/z 250 which is stabilized
by cyclization or conjugation. Elimination of
ethanol further from-this ion leards to another
sicnificant peak at m/z 204, whereas elimination
of HCOOCH3 leads to a strong peak at m/z 190.
Methyl hydrogen transfer to amide nitrogen with
elimination of CO2 * CZHM from m/z 250 aives

rise to m/z 178. Both these elimination reactions
involve amide hydrogen atom. The molecular ion
also eliminates ethanol leading to substituted
phenylisocyanate ion at m/z 235, whereas methyl
hydrogen transfer to nitrogen via six-membered
transition state with elimination of COZC:ZH)+
leads to m/z 209 which again eliminates methanol

to produce base peak at m/z 177. It seems that



mass spectral reactivity is strongly determined

by active amide hydrogen as this hydrocen is
involved in the elimination reactions leading to
the formation of ions at m/z 235, 204, 190 and

177 respectively (Scheme 7). Absence of amide
hydrogen atom in azepine leads to different
fragmentation pattern. Simple cleavaage of N-C
bond leacding to formation of strong peak at m/z 208
competes with methyl hydrogen transfer to nitrogen
leading formation of azepinium ion at m/z 209
(Scheme &) followed by loss of formate HCOOCH.j to
give base peak at m/z 149. The COOCH3 function

and hydrogen radical involved in the elimination
reaction could arise either from C-Z and C-3 or
C-4 and C-5 atoms of the azepine ring respectively.
)* micht

+
Other peaks at m/z 29 (C,H_.) , 59 (COOCH

5 3

arise from simple cleavage and are not of

diagnostic value.

The mass spectral fragmentation analysis of
carbamate (lis 2a, 31) and isomeric azepine
(b, 2b, 3b) indicates that the intensities of
common ion vary significantly and hence we
conclude that azepines do not isomerize to

carbamates prior to fragmentation.
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EI mass spectral fragmentation of p-toluene-

sulfonanilide 4a and isomeric p-toluenesulfonyl-1H-

azepine 4b, p-bromobenzenesulfonanilide 5Sa and

isomeric p-bromobenzenesulfonyl-lH-azepine 5b

The 70 eV EIMS of La, 4b and Sa, Sb are shown
in Figs. 4 and § respectively. The mass spectra of
sulfonanilides and isomeric sulfonylazepines show
significant differences. In the mass spectrum of
sulfonanilide 4a, the molecular ion sbuniance
(4a M+.(27.0%), 4b M+.(10-O%)] and the total ion
current carried by molecular ion [4a % Mf'(lo.o),
4b % MT.(5.O)] was greater than that of azevine 4b
at 70 eV and lower electron volts (Table L4).
Similarly, in the spectrum of sulfonanilide 5a, the
molecular ion abundance [5a M+.(40.oﬂ), 5b, m 10.05)]
and the total ion current carried by molecular ion
[5a 7 M k]u.o), 5b % M R0.0)] was creater than that
of azepine 5b. This is ascribed to the greater
stability of aromatic sulfonanilide than the
antiaromatic sulfonylazenines. The comparison of

mass spectra reveals that isomers fraagment by simnle

cleavage and skeletal rearrangement processes.
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TABLE - L4

Low electron volts EI mass spectral fragmentation
of sulfonanilide la and sulfonylazenine L4b

. 70 eV 30 eV 15fiim,,",<___~_
%I4a % Iyub ZIuywa % ILup ZI4a % Iud
2k 8 3.0 . 0.0 11.0 9.0 4.0 -
247 30.0 10.0 33.0 15.0 33.0 18.0
183 3.0 - 4.0 - 4.0 -
182 8.0 240 20.0 - 15.0 -
168 8.0 2.0 5.0 - 2.0 -
167 3.0 2.0 4.0 - 2.0 -
166 - - 2.0 - = -
155 23.0 - 49.0 3.0 240 -
93 8.0 16.0 11.0 9.0 12.0 8.0
92 53.0 100.0 63.0 100.0 70.0 100.0
21 100.0 10.0 100.0 11.0 100.0 3.0
78 2.0 540 - 6.0 - 640
77 240 2.0 3.0 240 - ~
67 2.0 - - 2.0 - -
66 5.0 5.0 4.0 6.0 3.0 -
65 96.0 86.0 37.0 54.0 29.0 9.0
6l 10.0 3.0 3.0 2.0 = -

63 18.0 5.0 3.0 - - -




In the mass spectra of all these comvounds
a significant peak at m/z 92 is observed which
further fragmenté by loss of HCN followed by CZHZ
resulting in peaks at m/z 65 and 39 respectively.
These m/z 92 ions in the spectra of sulfonanilides
are produced by simple cleavage of N-S bond most
orobably have ohenvlamine CéHSNQ* structure
initially, which rearrange to azatrooylium ion

and those in azepines L4b, 5b could form azatropylium

ion structures directly.

The EIMS of sulfonylazeoines show only

'99

m/z 92, 65 and 39 significant peaks (Schemes 10 and 12).

Other peaks due to hydrogen rearrangement and
skeletal rearrangement are absent. In contrast,
spectrum of aromatic sulfonanilides shows peaks

d HSO.. In the mas
2 an 2 ass
soectrum of La, the peaks at m/z 183 and 168 are

arising due to loss of SO

due to elimination of 802 and NHSOZ from molecular
ion m/z 247 (Scheme 9,;. A metastable peaks at

m/z 135 and 11%.5 was observed to suvoort the losses
of SOZ and NHSO2 from molecular ion (Table 3). The

peak at m/z 155 is resulting from simnle cleavacge

of N-3 bond with the loss of C,H_NH which further
)

t O

at m/z 21 (Scheme 2).

-~

looses SOz to cive base neak
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A metastable peak at m/z 53.5 (Table 3) was
observed to supvort the loss of SO2 from m/z 155

to give base pezak at m/z 91. The peak at m/z 91

is very smzll in the spectrum of azeoine ub.

In the spectrum of §a, SO, elimination from
molecular ion m/z 311 results peak at m/z 247
which further locses bromine followed by loss of
CéHk to give peaks at m/z 168 and Q92 respectively
(Scheme 11). A metastable veak at m/z 196.5 is
observed to supvort the loss of SO2 from molecular
ion (Table 3). The peak at m/z 219 is resulting
from loss of C6H5NH from molecular ion which
further looses SO, to give peak at m/z 159
(Scheme 11). The skeletal rearrangement involve
migration of aryl grouos via 3 or 4 membered
transition states. Similar observations have
been noted on elimination of SO.2 ions in the

22 : 2
spectra of sulfonvlureas”™ , sulnhonamides 3 and

sulfones.2+ The arvl analogs exhibited peaks in
their mass sbectra corresnonding to skelastal
rearrangements involving arvl migration with
elimination of SO2 from their molecular ions,

but this fragmentation is absent in alkyl

analogs. This is Aue to the naturc of migrating
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groups which migrates as a nucleophile to the
electrophilic centre in the molecule. In the
present system 802 elimination from the molecular
ion of sulfonylazepines L4b and 5b could not be
observed. This is ascribed to the electronic
nature of migrating spvecies namely azepine which

is antiaromatic in character.

The mass spectral analysis indicates that the
intensities of common ion vary significantly and
showed different fragmentation nattern. Hence, it
is concluded that sulfonylazenines do not isomerize
to sulfonanilides prior to their principle fragmentation

and retain their antiaromatic character.

Metastable ion studies

The métastable transitions revorted in Table 3
were recorded on CEC-21-110B Mass spectrometer.
They occur in the second fiels free region of the
mass spectrometer. They were recorded in order to
characte}ise parent/daughter ion relationship and
to gain information on the structures of the
fragmenting ion. Most of the metastable transitions

were associated with hydrogen rearrang=ment and

skeletal rearrangement nrocesses. Peak shapes have
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not been given here. The peak shapes associated with
common fragmentation modes in isomeric pairs were
different indicating that no isomerization to common

intermediates takes place.

Chemical ionization mass spectral fraomentation of

N-phenylcarbamate la and isomeric N-ethoxycarbonyl-1H-

azepine 1b, 2=methyl-N-phenylcarbamate 2a and isomeric

2-methyl-N-ethoxycarbonyl-1H-azepine 2b.

N-phenylcarbamate la has also been named in
literature as phenylurethane, ethyl phenylcarbamate
and ethyl carbanilate.lz’13 Comoounds belonging to
this class have been reported to oproduce comvnlex
reaction products on pyrolysis. Carbamates decompose
to phenylisocyanate, aniline and alcohol when heated
to 2OOOC. The phenylisocyanate further react producing
dimers, trimers, biurates, allophanates, etc. depending
on the nature of the substance, temperature and presence

of basic or acidic catalysts.lz’13

The chemical ionization mass spectra were
recorded on JEOL D-300 instrument. An attempt was
made to record the spectra at lowest temperatures.

However, in this instrument the CI spectra could only



105

be recorded above source temperature of 150°C.
Due to this temperature limitation and presence of
..... ~ies in the chemical ionization plasma
the CI-MS spectra were complex due to thermal
decomposition products. The CI-MS of carbamate la
was simple and showed base peak at m/z 166 due to
protonated molecular ion which fragments by loss of
ethoxycarbonyl function to produce aniline ion at
m/z 93. Small peaks at m/z 106 and m/z 272
[MH* + 106] are due to the thermal decomvosition
and ion-molecule reactions respectively. The CI-M
of azepine 1b in contrast, was complex due to the
thermal instability of azevines at hich temperatures
and in acid catalysed reactions. According to
Paguette et §£,6,7 azeonines undergo thermal
dimerization reactions by cycloadditions and the
nature of products depend on the temperature and
substituents. The CI-MS of azevnine lb showed
significant orotonated molecular ion at m/z 166 and
another strong peak base peak at m/z 332. Thermal
dimerization of neutral azenine (MW 165) followed
by protonation should produce a peak at m/z 331.
However, peak at m/z 331 was very small and the

base peak was observed at m/z 332. This



108

corresponds to the dimerization of protonated

molecular ion [M+H 166], which is not likely.

Most probably protonated azevnine molecular ion

seems to have undergone acid catalysed isomerization

to phenylcarbamate which decomposes to ohenylisocyanate.
The ohenylisocyanate then dimerizes and reacts with
aniline producing biurate MW 331. The peak at m/z 332
is due to protonated biurate. The sequence of
reactions is represented by the following stevs.
Formation of biurate from phenylcarbamate by thermal

reactions has been reported in literature.12

|,O
Protonated azepine17)ERotonated carbamate E§2_7
160°
phenyli nate —* Di a C_H_-N=C= _—
phenylisocyana imeric product [ 6'ls =C 0]2 T
q 5
l
Biurate C _H_-NH-C-N{C H_)-C-NH-C_H MW 1
es M gHg (MW 331)

The CI-MS behaviour carbamate 2a and azepine 2b
was similar. The carbamate 2a showed the expected
protonated molecular ion at m/z 180 but strong peak
at m/z 181 (100%) is difficult to exnlain. Other
peaks in the CI-MS of 2a were insignificant.
Similarly, azenine 2b showed exvected orotonated
molecular ion at m/z 180 (100%). The peaks at

m/z 181 and m/z 360 were also strong and indicate
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thermal dimerization reactions. The peak at

m/z 360 could be due to protonated biurate
Q Q
{ )=C=-NH-C H -(CH,, MW a.
A S M 35¢

~
-

(CH3)=C Hy =5 65
The fragmentation of these two species 2a and 2b
was complex due to thermal decomposition and ion-
molecule reactions and conventional CI-MS technique
is not suitable to gain structural information of
these isomers. Recently, Cairns et §£21 have
recommended chemical ionization of carbamate under
IC-MS conditions and thermospray techniques, to

overcome some of these difficulties.

CI mass spectral fraomentation of ethyl-N-(2,5-dicarb-

methoxyohenyl)carbamate 3a and 1-ethoxycarbonyl-2,5-

dicarbmethoxy-1H-azepine 3b

The methane CI mass spectra of the carbamate
3a and azeoine 3p are shown in Fig. 6. Both of them

show significant ovrotonated molecular ions.

Site of initial protonation: Since the molecules

contain six oxygen atoms and one nitrogen atom,
initial protonation on these heteroatoms leading to
a mixture of heterogeneous protonated quasimolecular
ions is quite possible. The relative abundance of

+
the [MvH] ions is due to the different stabilities
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of these heterogeneous gquasimolecular ions and
different exothermicities of the localised nroton
transfer reactions. The exothermicities of the
proton transfer depend on the differences between
oroton affinity values of the functional groups

and conjugate base of the reagent ion. This
concept of initial oroton‘transfer at various sites
which initiates localised fragmentation is helpful
in the identification of functional grouvs.
Hydrogen bonding in protonated molecular ions of
specific bifunctional compounds has also been
ascribed to greater relative quasi-molecular ion
abunda'xces.25 The proton transferred can link two
funct 1al groups forming a stable cyclic structure
and ma..:s the proton affinity of the molecule greater
than that of either mono-functional compound.

In conformationally mobile systems, macrocyclic
structures with proton bridged structures as larce
as fortynine-membered rings have been indicatedz6
to be formed under CI-MS conditions. In the opresent
system of carbamates and azeoines the greater
stability of protonated molecular ions could be
due to such several ring structures formed due to
hydrogen bonding between the oroton transferred

and ether oxygen atoms of the two carbomethoxy grouns



and ester functions (Scheme 13).

Protonated molecular ions in CI-MS have
been observed to undergo elimination reactions.
According to Fieldz7 the tendency of the protonated
molecular ions to eliminate group XH is inversely
correlated with the proton affinity of the

departing neutral.

The extent of elimination reaction as
measured by RT/RXH? is inversely proportional to
the proton affinity of the departing neutral XH.
When several functional grouvs are present in a
molecule, orotonated molecular svecies can undergo
competing elimination reactions. If ‘f‘ieldsz"7
correlation holds for competing elimination
reactions, then greater fragmentation should be
observed with elimination if larger oroton affinity
of the neutral molecule. This prediction has been
found to be valid for competing elimination of
neutral molecules under CI-MS conditions by
28

Harrison et al

110
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The principal fragmentation of the substituted
carbamates and azepines is observed to be elimination

of methanol and ethanol resvectively (Scneme 13,.
Protonation of either of the two ether oxygen atoms

of the 2,5-dicarbomethoxy groups or oXygen atom of
0O

n
NH-C-OC_.H_ function followed by heterolytic cleavage

25
of the bond leads to the two elimination reactions.
Recently Cairns et giZI have reported CI-MS
fragmentation of carbamates in which protﬁnated
departing neutral such as, alcohols and isocyanates
were observed. The results were rationalised in
terms of proton bound complex. The protonation of
ether oxygen in the carbamate is followed by
intramolecular amide hydrogen transfer. The proton

bound bimolecular complex then adopts various

potential neutral molecules prior to fragmentation.

In the present system, peaks corresnonding
to protonated methyl alcohol (CH:—OHQ} and ethyl
alcohol (C2H5-0H2) were not observed and formation
of proton bound bimolecular comolex indicated by

21 Poas .
Cairns et al”™” is not indicated. The extent of

methanol elimination as measured by
% m/z 250 (MH=CH 05~

)

% m/z 282 (MTH)
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was greater than that of ethanol elimination.

% m/z 236 (M-C_H_OH)

2}55
% m/z 282 o (wer)”

he values of methanol and ethanol elimination
for the isomers are 3a, 1.05 and C.213 3b, 1.20

and 0.18 respectively.

The greater elimination of metheanol is certainly
due to the presence of two carbomethoxy groups which
opens two channels for eliminaticns. However, it
L )
could be due to lower proton affinity,“9 of methanol
(PA 757 K.J./mole) than that of ethanol (PA 787 K.J./
mole ) which explains the results according to
2'7
Field@'s prediction.””
The CI mass spectral fragmentation of
azepine 3b shows similar relative intensities of
protonated molecular ions and product ions
corresponding to the two elimination reactions.
N-carboethoxy azepines are reported to isomerize
to carbamzte under acid catalysed conditions by
D- 7 ) ) 8 .
aquette et 21’ and Hafner and co-workers. Since
acid catalysed reactions in solutions have analogies
. T ; o 25
to cas phase chemical ionizeticn reactlons,

probably isomerization of azenine 3b to carbamate 3a



by similer mechanism is possikble (Scheme 1k).
The isomerization is initiated by the initial

roton transfer to the carbonyl oxygen atom of the

114

carbomethoxy group leading to aziridine intermediste 3.

Sigmatropic shift of hydrogen atom followed by ring
contraction leads to aromatization priocr to
fracmentation. Hence it is concludeé that at least
part of the fragmentation reactions of azepines
occur after isomerization to carbamate.

CI mass spectral fragmentation of p-toluene-

sulfonanilide La and isomeric p-toluenesulfonyl-1H-

azepine Lb, p-bromobenzenesulfonanilide 5a and

isomeric p-bromol eénzenesulfonvl-1H-azepine 5b

The CI-MS of La. 4b and 5a, 5b are shown in
Figs. 7 and 8 resvectively. In the CI-MS of all
the compounds intense protonated molecular ion

is observed.

Site of initial protonation: Since these
molecules contain one nitrogen, one sulvhur and
two oxycen atoms together with heterocyclic rings,
initial orotonation on these sites leading to a

mixture of heterogeneous protonzted gquasimcolecular
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ions is quite possible. The stability of protonated
molecular ion could be due to proton bridge between
heterpatoms. These guasimolecular ions undergo
localised fragmentation giving rise to different

peaks.

In the spectra of sulfonvlezeoines intense
peak at m/z 92 is observed. This coulc be due to
initial protonation at sulophur or oxyvgen atom
followed by expulsion of p-toluene or p-bromophenyl
sulfonic acid resulting from simple cleavage of
N-S bond to give azeatropylium ion peak at m/z Q2.
Another possibility could be due to initial
protonation on nitrogen followed by hy' -ogen
transfer with exoulsion of same specie: to give
peak of azatropylium ion at m/z 92 (Schemes 16,18).
This ion at m/z 92 is not significant in the spectra

of sulfonanilides gg and ja.

In the spectra of sulfonanilides La and %a
initial protonation at nitrogen atom followed by
simople cleavage of N-S kond with elimination of
aryl sulfonyl radical leads to peak at m/z Q3
(Schemes 15, 17). The peak at m/z 157 in 4a

could be ascribed to the lcss of o-tolyl radical
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C6HM-CH from the protonated molecular ion which
fracments further by loss of SOB to give peak at
m/z 93. In the spectrum of 5a the peak at m/z 79
is not due to bromine ions as isotopic peak at
m/z 81 is absent. This could be ascribed to
formation of NH-502 ion by complex skeletal

rearrangement process.

The CI-MS analysis of sulfonanilides La,

rh

and azepines 4b, gb show significant differences
hence it is concluded that sulfonvlezzepines do not
isomerize to sulfonalides prior to principle

fragmentation under methane CI conditions.
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3.3 EXPERIMENTAL

The electron impact mass spectra were recorded
on CEC-21-110B or MS-30 mass spectrometer at lowest
tenpérature possible. Samples were introduced
through direct inlet system and vaporized at
minimum temperature. The other instrumental conditions

are as follows:

Ion source temperature 40-120°C
Electron energy 15-70 eV
Source pressure = 5x10-6 torr.
Trap current 50-100 mA

The GC-MS experiments were performed on Finnigan
Mat 1020B instrument. GC-MS sample was introduced
through capillary SE-=54 column with helium carrier
gas. The details of instrumental conditions are

stated in chapter 2.

The chemical ionization mass spectra were
recorded on Jeol D-300 mass spectrometer attached
to a JMA=-2000 data system. Methane reagent gas
used was greater than 99% purity. The ether

instrumental conditions are as follows:

Electron energy 200 eV
Source housing pressure 1.5x10-5 torr.

Emission current 600 A

Source temperature 150-180°C



The electron ionization, chemical ionization
mass spectra of azepines and their respective
aromatic isomers were recorded under identical
conditions. All the spectra were checked for
reproducibility.

The synthesis of the compounds was done by
known methods and purified by column chromatography,
repeated crystallization and distillation process.
Parity of all compounds was checked by TIC in two
different solvent systems, melting and boiling
points. They were uneguivocally characterised by
spectral and analytical methods.

121
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SUMMARY

Substituted ohenyl carbamztes an? isomeric
azepines were synthesised by methods reported in
literature. The product of thermolysis of ethyl-
azidoformzte and toluene was analysed on cavillary
SE-54 column GC-MS. The analysis reveal that all
the three methyl substituted (2, 3 and L4, iscomers
are formed in equal proportions. This indicates
that insertion of carbethoxynitrene in aromatics is
not selective. The work regarding selectivity of
carbethoxynitrene insertion revorted earlier was based
on NMR analysis. The present work is supported by
separation on cavillary column and mass spectral

analysis of the three isomers.

Mechanisms for the fragmentation of simnle
cleavage, hydrogen and skeletal rearrangements in
azepines and isomeric substrates were studied by
metastable technigque &and electron imcact at low
and hich electron volts. The intensities of common
ion show significant differences. Simole cleavace
reactions are preferred in azepines and rearrangements
are preferred in aromatic analcgues. The analysis
reveals that the seven-membered QW electron azenine

sxeleton is stakle to electron ionization at moderate
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temperatures and can be used to characterise azepine

structure from mass spectral fragmentation.

The methane chemical ionization mass spectra
of isomeric vairs show protonated molecular ions.

However, due to thermal decomnositions and presence

o

of acidic species, the spectra of

o

and 2z, 2b

b}

are complex. The CI mass spectra

9]

£ dicarbomethoxy
substituted azeoine 3 and carbamate 3a show

elimination of alcohols. The relative intensities

of the alcohol eliminated proiucts are inversely
proportional to proton affinities of the departing
alcohol. Some acid catalysed rearrangements similar

to that revorted in solution vhase is indicated.

The CIMS of sulfonanilides ja and 5a and sulfonylazepine

Lb and 9b shows significant differences.

From this studies we conclude that at least
to a large extent, azepines retain their unstable
T electron seven-membered cvclic structure before
principal fragmentation occurs. Concomitantly
isomeric carbamates znd sulfonanilides retain their
aromatic structure and no -inc exnansion to azeoninium

structures occurs vrior to their fragmentation.



