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ABSTRACT

The formation of tropylium ion is reviewed and
the possibility of formation of analogous ions in the
-mass spectra of benzotriazoles arnd related compounds
investigated.

The loss of a molecule of'N2 from the molecular
ion of substituted benzotriazoles and benzothiadiazoles
and the loss of a molecule of NO from the molecular ion
of substituted benzofurazans have been studied. The
relative ease of these losses has been investigated by
comparing the corresponding ionization and appeérance
potentials. It is observed that in general the loss of
a molecule N2 is more facile than the lecss of NO in com-
pounds in which the two hetero atoms are adjacent to
each other. This is related to the greater stability
of a nitrogen molecule.

The fragmentation patterns of benzotriazoles,
benzoxadiazoles and benzothiadiazoles have been studied
and compared, and the effect of substituents on these

fragmentation patterns investigated.



iii

TO MY ©PARENTS



iv

ACKNOWLEDGEMENTS

I would like to express my sincerest thanks to
Dr. E.S. Waight for his patience and his professional,
and at the same time friendly advice and guidance
throughout +this work. I am also indebted to Professor
Sir Derek Barton for the opportunity of working in this
department. I would like to thank Dr. L., Phillips for
his advice on the n.m.r. spectra.

The technical co-operation of Mr. Ron Carter,
Mr., E. Pepper and the late Mr. J. Watson are gfeatly
appreciated. The friendly assistance of Mrs. A.I.Boston
and Mr. J. Moore for the A60 n.m.r. spectra and Messrs.
S.J. Roberts and A.M. Ahmad for the HA1OC n.m.»r. spectra
is appreciated. I would also like to express my gratitude
to Mrs. J. Lee for the low resolution mass spectra and
to Mrs. Day in the organic chemistry stores for her
friendship.

Special thanks go.to my friends and colleagues
Mr. J. Bilton for his advice on the mass spectra and his
maintenance of the MS9; Dr. Hikmat Al'Jallo, and Dr. G.S.
King whose friendsrip will always be remembered.

| Finally, my deepest thanks go to my brother

Dr. €. Razmara and my parents whose help and encouragement

have been unlimited.



TITLE

ABSTRACTS

DEDICATION

CONTENTS

ACKNOWLEDGEMENTS

CONTENTS

CHAPTER ONE

CHAPTER TWO

7

/

: REVIEW

Tonization and Appearance Potentials
Tropylium Ion

Azatropylium Ton

Benzotriazoles

Benzofurazans and Benzothiadiazoles

: RESULTS AND DISCUSSION OF
SYNTHETIC WORK

Benzotriazoles

Benzofuroxans and Benzofurazans

Benzothiadiazoles

Electrophilic Substitution

Nuclear Magnetic Resonance

CHAPTER THREE : RESULTS AND DISCUSSION OF

MASS SPECTRA

Introduction

ii
iii

iv

1-70

17
42

51

71-121
72

85
102
108
110

122-221
123%

Contd.



Chap. 3 (Contd.)
Benzctriazoles
Benzofurazans
Benzofuroxans
1,2,3~-Benzothiadiazoles

2,1,%~-Benzothiadiazoles

CHAPTER FOUR : EXPERIMENTAL
Benzotriazoles
Benzofuroxéns and Benzofurazans

Benzothiadiazoles

REFERENCES

Page
124
157
178
194
209

222-249
224

233
244

250

vi



CHAPTER ONE

REVIEW OF LITERATURE



IONIZATION AND APPEARANCE POTENTIAL

In an electron impact mass spectrometer when a
nolecule is bombarded with a high energy beam of electrons
{70 ev) the least energetic process that can be detected
corresponds to removal of an electron from the highest
occupied molecular crbital. The resulting ion is the
molecular ion. The energy required for this process is
the ionization potential (IP) of the molecule.

The velocity of a 50 ev electron has been
mentioned to be sbout 42 x 108 cn/s. An electron with
such a speed traverses molecular diameters of a few X in
around 10°16 sec. The most rapid vibrations in molecules
occur in about 10-14 sec., i.e. about 100 times slower.
Therefore the process of removal of an electron from a
molecule by electron impact will occur without changes
in intérnuclear distances, i.e., the transition follows
the Frank-Condon rule which requires that the configur-
ation and momenta of the nuclei do not alter during the
transition (fig. 1). Experimentally the molecular ion
is usually left in a vibrationally excited state and the
corresponding ionizaticn potential is called the vertical
IP,(A). The adiabatiec IP,(B), on the other hand, is the
amount of energy required to remove an electron from the
molecule in its lowest vibrational level, leaving the

resultant ion in its lowest vibrational level.
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The prdbability of such an adiabatic process is very small.
As = result the icnization process by electron impact is
accompanied by some vibrational excitation. Because of
this factor, the IP's by electron impact are slightly
larger than those obtained by spectroscepic methods.

Field and Franklin®

have attributed this to the possib-
ility that photon-impact gives adiabatic ID.

The minimum amount of energy necessary to
produce an ién and a neutral fragment in the source of

mass spectrometer is termed "appearance potential” (AP).



For the reaction

M+ e —_— Mt o+ 2e (1-1)
Mt —_— R (1-2)

The IP and AP aire related to heats of formation as

follows:-~-
IP = Hf(M'+) - Ho (1) (1-3)
AP = H(E') 4+ Hu(N) - Hy(M) (1-4)
AP = Hf(F'+) + Eo (W) - Hf(M'+)+IP (1-5)

The aprearance potential measured is in fact
roughly the sum of the IP plus the activation energy
(Ea) for the reaction (1-2).

It has been argued3 that the activation energy
represented by AP ~ IP is the sum of energy required to
get to the transition state plus the energy required to
obtain a reaction rate constant of about 1053_1. This
rate constant must be reached in the source of mass
spectrometer if the daughter ion is to be detected.

This extra amount of energy has been termed the "kinetic
shift""*

In order to look at the kinetic shift more
closely a brief look at the quasi-equilibrium theory
(QET) is necessary. According to the QET5 in its sim-
plest form6 the assumption is made that the fragmentation
process involves a series of competing, cousecutive
unigolecular»decomposition reactions of energetically
excited molecular ions. Another important assumption
is that the initial excitation energy is randomized

throughout the molecule at a faster rate than the rate



of dissociation. Fragmentation will only result when
enough energy has gathered in the necessary bonds. The
internal energy E and the rate constant for a given

reaction have originally been related 5 as follows:-

e - (p2) - (1-6)

where Ea is the activaticn energy for the given reaction,
g is the effective number of oscillators and v is a
frequency factor. In a given situation "s" represents
the vibrational modes, i.e., the number of internal
degrees of freedom and is given by (3n - 6), where n

is the number of atoms in the molecule. It has been
shown & that one-third of this wvalue should be considered
to be the effective number of oscillators. The frequency
factor " » " is considered to be a constant for any given
reaction and it can be, very roughly, thought of as the
number of paths by which a reaction can occur. McLafferty7,
gualitatively relates the magnitudes of " v " to the
looseness of the activated complex. A "loose complex"
is the one in which the rotational states have increased
at the expense of vibrational states. In a "tight
complex”, on the other hand, the rotational degrees of
freedom are frozen. From the above equation (1-6) it
can be seen that a relatively large internal energy as
compared to thke activation energy of a certain reaction
mak;é the ratio E—%«Eé approach unity and, hence, the
rate constant "k" equals the vibrational frequency of

the bond in question. If, however, the activation

energy "Ea" is smaller but of the same order of magnitude



of internal energy "E", then the rate constant will be
dependent on the size of the molecule and the frequency
factor. The larger the molecule the larger the number
of degrees of freedom, s. Since (E-Ea)/E‘<Il a large
value of "s" will reduce "k".

In a rearrangement reaction two things should
be fulfilled before the reaction can occur. First,
enough energy should be collected in the appropriate
reaction coordinates, the activation energy. Second,
in the transition state, the molecule should attain a
specific orientstion. The value of " » ", the frequency
factor, is dependent on the second factor. The more
the specificity 6(Or tightness of transition state 7)of
orientation the lower the value of " v ", and hence, the
smaller the value of the rate constant.

As mentioned previously the amount of energy
necessary to increase the rate constant of a reaction
to about 10”s™% in the ion source is termed the "kinetic
shift". The magnitude of this energy can be roughly
generalized using the relationship between "kf and "E" 3,

[E - Ea) s-1
E

k = v = 1055"l

The kinetic shift is larger for larger molecules. The

g
kinetic shift increases with increase in Ea' The kinetic
shift increcases with a decrease in » .

8,9,10 have measured the

Several workers
appearance potential of metas-stable peaks and have con-
cluded that in general these wvalues occur at or lower

than the appearance potential of the daughter ion.



This would be expected since the meta-stable transitions
occur at a slower rate and from lower energy states than
the normal fragmentation (fig. 2). Beynon et a1, 11
have suggested that the AP of metastable peaks reflect

more closely the true activation energy.

P(E)

(fig. 2)
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Figure 2 roughly illustrates thet different k-values
define the molecular ion, metastable ion or the daughter
ion for the simple reaction M + ¢ —s> M'7 + 2 B pot |
The upper half of figure 2 describes the probability of

formation of the different ions with respect to the



internal energy. The lower half describes the rate of
the reaction as a function of internal energy.

Hickling and Jennings 12

have partially
measured the amount of kinetic shift by obtaining the
difference between the AP of meta-stable and fragment
ions. They have pointed out that the actual value of
the measurable part of the kinetic shift appears to be
partly dependent on the method by which the data are
treated.

Bentley, Johnstone and McMaster 13 have shown
that in most cases the partial measure of the kinetic
shift is the result of crué%ess of the methods employed.
They 13 have shown that when the IE/EDD method 1% (see
page 15 ) was used, within experimental error, no

significant difference in the AP of meta-stable and

normal ions were observable.

METHODS OF "IP" AND "AP" MEASUREMENTS

A plot of ion current for a given m/e as a
function of the energy of the ionizing electron beam is
called the ionization efficiency curve. (fig. 3).
Three distinct regions can be distinguished in this
curve. First, the "foot" of the ionization efficiency
curve, where the ion current gradually falls to zero.
The tailing is caused by the energy spread in the
electron bear. Second, the relatively linear rise of
ion current with increase of electron energy. Third,

the region where the ion current is relatively insensitive

to the change in electron energy.



ion current —>»

electron energy (ev) —>

(fig. 3)

It should be noted that the "ionization
efficiency” curve could refer to a molecular ion or a
daughter ion, since they both result in similarly shaped
curves. Obviously this is an improper terminology for
the daughter ion, but through coumon usage such curves
have come tc be known by this term.

A number of methods have been devised for the

measurement of the IP's or AP's,
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Linear Extrapolation.

This method was introduced by R.H. Yought 15.
The linear portion of the ionization efficiency curve is
extrapolated tc¢ zero ion current for both the unknown
and a standard substance of accurately krown ionization
potential (fig. 4). The difference between the two
obtained IP's is the increment to be added to (or

subtracted from) the ionization potential of the standard.

°% ion current

IPunk) . IP(stand)

electron energy

(fig. &) \

The Extrapolated Voltage Differcence Method (Warren's Method).

7.W. Warren 16

plotted the ionization efficiency
(IE) curves of the unknown and standard and changed the

scale of ion current of either the standard or unknown



ion current

11

so as to make the linear part of the two curves parallel
(fig. 5). The separation of the linear part of the two
curves is measured at different values of ion current.
A new plot of these geparations ( AE) against the ion
current is drawn and the curve extrapolated to zero ion
current (fig. 6). The value obtained (z&Eo) represents

the differehce between the IP's of the unknown and

standard.
c
d
| -
3
U ~~
c w
° g
(AEo)
R
E(ev) E(ev) 100 cuirent
(fig. 5) (fig. 6)

Semi-Logarithmic Plot Method.

F.P. lossing g§.§;317 proposed the semi-
logarithmic plot method. They plotted the logarithm of
the ion current expressed as a percentage of the 50 ev
ion current versus electron energy for the standard and

the unknown. They found that the curves were parallel
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in the region of about 1% of the 50 ev ion current and
suggested that values obtained were reproducible to

18 found that the curves were

within + 0.01 ev. Kiser
-parallel in the region of 2 or 3% to about 0.1% of the
50 ev ion current and the reproducibility was of the

order of 0.05 - 0.1 ev (fig. 7).

100-

S
o

unknown standard

o

%% of 50 ev ion current

o

electron energy {ev) —>

; : (fige 7)

The average of the electron energy difference between
the two curves in the region where they are parallel
represents the difference between the IP's of the standard

and the unknown.

Critical Slope Method.

This method was developed by Honig 19 for

determining IP and AP values. He assumed that the



13

probability of ionization is proportional to the square
of the excess energy above the IP. He derived the

relationshiyp,

e +V -V
N(V) = 1nl(V, - V) + 3kT7 - < + C
kT

where N(V) is the number of iomns pfodﬁced at an energy

of V, Vc is the ionization potential, k is the Boltzmann
constant, T is the absolute temperature, £ is the work
function of the filament in the source and C is a constant.
A plot of 1nN(V) against electron voltage results in a.

straight line with the following slope, o

1 1
slope = (ET)‘ [(Vc e 5km)]

At the ionization potential V = Vc, hence
I S "‘T‘l = =2

The IP and AP was then found from a semi-logarithmic
plot by determining at what voltage a line of slope 3§T
becomes tangent to the curve.

Barfield and Wahrhaftig 20

have mentioned that
in the case of large polyatomic molecules the critical
slope should be taken as 2/3kT while for the calibrant
rare gas the slope should be 1/2KT. This value was
used since the ionization effliciency curves for rare

gases near the threshold have a linear dependence on the

excess energy.
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Energy Compensation Technique.

This methed was developed by Kiser and GallegOSEl.

In effect this technigue follows the concert of the semi-

17, In this method the ion

logarithmic plot metnod
current of the standard and the unknown are measured at
50 ev. Then the sensitivities of the ion current
recorders (one for each peak) are increased 100 fold.
The electron energy is then decreased until the ion
curreﬁts are the same as they were at 50 ev. The
difference between the two slectron energies is taken as

the difference between the IP's of the standard and the

unknown.

The "Times-10" method.

22 have described a method in

Flesch and Svec
which some unique points in the ionization efficiency
curves of the unknown and standard are compared. With

slight modification of Warren's method 16

s they normalized
the ionization efficiency curve so that equal recorded
intensity of icn current is obtained at a point about

1.5 - 2.0 ev avove the onset potential. In doing so.
they found that the curves are similarly shaped in this
low energy region (fig. 8). One possible unique point

is that point on the IE curve such that one ev increase

in electron energy results a ten-fold increasse in the

ion current intensity. That is to say,

Ie + 1 - R
s i
x

?



where Ix and IK+1 are the ion currents at electron
energy X and x+1 respectively and R is the ratio of
the ion currents. When R = 10, then the value of x
represents the value of uncorrected IP of the unknown.
By treating the standard in the same way the correct IP

is found.

1004~ - = = mm m e e

8 0

60-

40-

20-

1.5 120
(£ig. 8)
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The Cowputer IL/EDD Method 4.

The IE/EDD (Ionization Efficiency by Energy-
Distribution Difference) technique is a coamputer-assisted
method for acquisition of ionization efficiency data with
mathematical smoothing and analysis of the resulting
curves. It has been suggested 23 that more accurate and

reproducible results can be achieved by this method.
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Occolwitz, Cerimele and Brown 2% have compared

and evaluated a number of methods for measuring ioniz-
atlion and appearance potentials, and have concluded that
a slightly modified critical slope method gives the best
result. In their measurements the ion currents were
plotted as a percentage of the wvalue at 20 ev rather

19 24 have mentioned

than 50 ev which Honig used. They
that the criticsal slope method provides IP and AP measure-
ments with reasonable accuracy using conventional mass
spectrometers without the need for modifications to the
instrument, They have concluded that the APrvalues
obtained by the critical slope method are close to the

AP's found from the corresponding meta-stable reactions.
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TROPYLIUM ION

One of the most impecrtant fragment ions in the
spectra of aromatic hydrocarbcns is the O7H7+ ion. The
structure and the production of this ion have been the
subject of a lot of research. 4 comprehencive review
on this subject hac been written by Grubb and Meyerson 25
and exfended by many publications. In this section,
therefore, only a short revie& will be made on the
subject.

The first indication that a tropylium ion might
be formed came when the ionization potential of the

2
26 was compared with an earlier value27

benzyl-free radical
obtained by measurements of the appearance potential of
the C?H.7+ ion from toluene and bibenzyl. The two values
differed by 0.7 ev (16 Kcal/mole) which was too large to
be attributed to experimental error. To study this
discrepancy Farmer and co~workers 28 compared the mass
spectra of unlabeled and labeled toluene. In their
experiments they found that toluene--a--d5 loses H and D
nearly in the ratio of 5 to % as if all the hydrogens were

equivalent. They interpreted this result by the two

following processes.

LI _H. +
8 Hu: ] ——>  CgHCH,

H_CH —|'+ ~—H o 4cm.cH
eigCHz ey Ol

C
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However they failed to distinguish which of the two
processes was involved attriouting their failure to
insufficient isotopic purity. In another experiment 29
it was cbserved that 66% of hydrogens lost in the
spectrﬁm of toluene-a-d5 are protium which confirmed
the ratio of 5:3 observed by Farmer and co-workers 28.
Furthermore the spectra of toluene-o-d, -m-d and -p-d
were indistinguishable and showed that 10% of the
hydrogens lost were deuterium. The spectrum of
toluene- o -d showed only slightly greater loss of deuterium
relative to protium than the tcluene-ring-d compounds.

Table I shows partial spectra of the unlabeled and

labeled tolucnes.

TABLE I : Partial spectra of labeled toluenes

Mass Unlabeled o-d o~-d m-d p-d a--d3 ring—d5
97 - - - - - - 10C.0
96 - - - - - - 76.0
95 - - - - - ]100.0 61.0
a4 - - - - - 92.0 -

93 - 10C.0§10C.C{100.0}100.0! 46.0 -
92 100.0 129.0(132.0}132.0]133.0) - -
91 148.0 17.2] 14.3) 14.0| 14.71 - -
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From the above experiments it was seen that,
apart from a slight preference for loss from a- over
ring-hydrogens and also of protium over deuterium, the
hydrogen atoms in toluene have become indistinguishable
in the formation of the ion C7H7+. As evidenced by
metastable peaks the ion C7H7+ decomposes further to
form the ion 05H5+ and C,H,. From labeling studies it
was found that the retention of the labeled atom in the
ion C5'H5+ was 6%, 77, 77, 77 and 70% for toluene- a-d,
-o-d, m-d, p-d and tx-Ql3 respectively. These retention
values are in good agreement with the 71% retention if
complete loss of positional identity of the aﬁoms in the
ion C7H7+ had occcurred. This complete loss of identity
¢f carbon and hydrogen atoms in the ion C7H.7+ suggested
a highly symmetrical structure which led to the proposal

of tropylium ion (1) 29

The rearrangement to a seven-membered ring may
occur before, during or after the first cleavage. However,
the loss of ideatity of the hydrogen atoms suggested that

rearrangement occurs before or during the bond cleavage.
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The dissociation of di-alkylbenzenes via
tropylium rather than benzyl ions gives a reasonable
explanation for the fact that no differences are observed
between the mass spectra of ortho, para and meta isomers.
The residue of one side chain is incorporated into the
ring and only one side chain remains; as a result the

products of the three isomers are identical 25.

> + R.

CH,R

Iurther evidence for the structure of the ion
C7H7+ ir the mass spectrum of toluene was obtained by
comparison of the mass spectra of toluene and cyclo-
heptatriene 50. The two spectra were remarkably similar
for two compounds with different structure and chemical
properties. The similarity of the ions in the lower
mass region suggecssed that they have a common origin.
The appearance potecntial measurements and consequently
the heats of formation for s number of alkylbenzenes
resulted in values which were remarkably close o the
value obtained for cycloheptatriene. These results

confirmed the suggestion of a Ltropylium ion for the ion

4
C7H7 .
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In the mass spectra of xylenes two metastable
peaks are observed which are attributed to the following

fragmentation paths.

+s ~<CH ~C,H
cE. Y. | cgt 22 +
CRu(Oy)y | P oyt —2e oy

The methyl radical lost had been assumed to be one of the
original side chain mebthyls. However, labeling studies
on p-xylene support the formation of a tropylium ion,

and also show that the methyl radicals lost are not all
original methyl groups 31. From the label retention in
C7H7+ (table II) it was observed that the values are in
good agreement with the retention values calculated on the
assumption that the original methyl group lest has had a

* 50:50 chance of exchanging one hydrogen with the ring.

TABLE II : Label retentions in C7H7+ from p-xylene

Number of ' _al3
labeled atoms a-d @, a'=dy o-d a=C
- obhserved
1l 56% 81% 89% 58%
2 - 1%% - -
calculated*for a-cleavage preceded by
exchange
1 58% 83% 88% 50%
2 - 17 - -
calculated*for a-cleavage with no exchange
1l 50% 100% 100% 50%
2 - 0 - -

* The calculated values arec based on the assumption that
only one reaction path is involved. The absence of
any changes in the retention wvalues as the ionization
voltage is changed from 70 ev to AP supports this
assumption.
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The models that would meet these requirements

are of the following forms:

N 7 N

I I

H H
\H
H
Each methyl group gives rise to a CH, group and the CH3 "

group lost may be either of these and a hydrogen from an
adjacent CH group. From the yield of labeled 05H5+
relative to labeled C7H7+ derived from singly labeled xylene,
it was found that the atoms originally in the ring and

eide chains are no longer distinguishable. In this
experiment, however, Meyerson and Rylander could not

account for the 16% of the methyl radicals coming from

the ring. Meyerson and E.X. Field 52

suggested that the
unaccounted fraction could result from two hydrogens from
the methyl group rather than one being transferred to the
adjacent carbon atom in the ring and consequently the new
methylene group is lost with one hydrogern from the
adjacent carbon atom.

The generality of formation of the tropylium

ion was further studied by the consideration of mass

spectra of benzyl compounds of the following type:

CH X

(2)



In the mass spectra of benzylchloride (2 : X = C1l) and
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benzylaleohol (2 : X = OH) 53tne ion C.7H7+ consists of

the original atoms in the benzyl group.

The metastable

peaks in the unlabeled, singly labeled and doubly labeled

alcohol and chloride established that the ion 0757* i

the source of the ion C5H5+. The label retention wvalues

in C5H5+ ion implied that the Hydrogen atoms in C7H7+ ion

intermediate had become equivalent suggesting the tropylium

ion structure for the ion C7H7+ (Table III).

TABLE IIX

Label retention in C5H5+ from benzyl-

chloride and alcohol

(a)
a‘-d o-d m-d a“d2
[ Chloride 68% 7% 74% u7%
Obsefved
Alcohol 68% 2% 69% 45%
Symmetrical 71% 71% 71% 48%
{ op *
i vard
Calculated
Benzyl ion (b) 60% 80% 60% 80%
. r + '
C6HSCH2

(a) Retention of both deuterium stoms.

(b) The calculated values for benzyl ion sre based on the
assunption that the benzyl icn can lose 02H2 in five

different ways.(see next page)
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The ion C7H7+ produced in the mass spectrum of

P-chlorotoluene 25

undergoes further decomposition %o
form the ion C5H5+. For the singly labeled B~ch1oroto1uene
the label retention values in the 05H5+ ion #ere found
to be 72% which was in very good agreement with the
calculated value of 71% if all seven hydrogen atoms in
the ion C7H7+ had become equivalent, i.e. if the ion C7H7+
had the structure of the symmetrical tropylium ion.

The tropylium ion structure was also assigned
to the ion C7H7+ produced by electron bombardment of the
benzyl and benzylwcr—de free radicals 34 formed by thermal
decompositicn of the corresponding 1l,2-diphenylethanes.
Table IV shows partial spectra of the two compounds.
The retention value of 47% (retention of both deuterium
atoms) in the ion C5H5+ is in cemplete agreement with
the calculated value, 48%. This reteation value was

unchanged by a change in ionization voltage which suggests

only one path for the reaction.
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TABLE IV

Partial spectra of benzvl radical

-

Mass Unlabeled o - d2
93 - 100
92 - 77
91 100 14,6
c0 10.7 8.7
89 20.4 2.0
656 - 6.5
65 70,9 14,2

To account for the equivalence of the hydrogens
during the formation of tropylium ion Meyer and Harrison 55

did some extensive labeling studies on methylethylbenzene,

a B
CH3 CHZCH3

and suggested a mechanism for the formation of the tropyl-
ium ion. In their studies they found that the g-methyl
and ring methyl groups are lost in the ratio of approx-
imately 5 to 1. The appearance potentials for the loss
of Cﬁ5 ana CDB_in either methyl—da-ethylbenzene or
methylethyl~[3—d5—benzene were the same. From the AP

value the heat of formation for the ion 08H9+ was found
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to be 226 * 3 kcal/mole. This walue was in agreement
with the heats of formation found in a similar way for

6

diethylbenzene 36,.g-propylmethylbenzene 5 and m- and

p-Xylene 57 (221 - 226 kcal/mole) suggesting a common
structure for the ion C8H9+ . Theee results indicated
‘that loss of the riang-methyl and the g-methyl yield the
same fragment but the ratic suggested that the two
methyls had not become equivalent in the formation of
the fragment. The ratio of 5:1 remained constant as
the ioﬁizing‘vcltage was decreased from 50 ev to the
appearance potential which suggested only onempath for
-the reaction. The following mechanism was proposed to
account for the ratio and other observations.(Scheme I)
One of the a-hydrogens is transferred to the
ring carbon bearing the ethyl group followed by insertion
of the resuliting /;CHCHB group between any two carbons
of the benzene ring resulting in the three structures
b1, b2 and b3 (Scheme I). In the latter intermediate
a rapid intramolecular hydrogen transfer occurs resulting
in an equilibrium between the structures b3 and bi4.
This hydrogen transfer causes the relative abundances
¢f the intermediates D1 ¢ b2 ¢ b3 : b4 to be 2:2:1:1.
The methyl radical is lost only from the methylene
(i.e. positiocn 7) of the intermediates; as a result 5/6
of the methyl radicals lost would be the B -methyl and
1/6 the ring-methyl. These ratios are in agreement
within experimental error with the observed ratio of 5{1.
In proposing this mechanism Meyer and Harrison made two

major assumptions. The first was that the ring expansion
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(b3)

SCHEME T
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occurs by the insertion of the side chain with equal
probability in any position in the ring. The second
assumption was that the rate of hydrogen transfer
between édjacent carbons which are equivalent (in this
case carbons bearing a methyl group - the D3 and b4
structures, Scheme I) is much faster than it is between
non-equivalent carvons. If this were not so then orne
would expect complete equivalence of the methyls in the
intermediates b1 to b3 and hence a ratio of 1:1 for
the loss of the two methyls. In other words the rates
of hydrogen transfer and the rate of methyl loss are

related in the following manner,

k) 3> ky > ky

To get scme insight into the extent to which
the a-carbon atom is scrambled into the ring Rinehart
and éo—workers >8 studied the mass spectrum of toluene- a,'
1l - 1502. They calculated the ratio of loss of CoHy
from the ion C.7H7+ which could be formed by path (a) or
(b). In path (a) the a -methyl is inserted between
carbon atems 1 and 2 of the ring giving rise to the
gstructure (3) in which only carbons 1 and 2 are labeled.
Path (b) involves the insertion of the «-methyl between
any two carbon atoms with equal probability. As a

result in structure (4) any two carbon atoms could be

labeled.



Table V shows the label retention values in 05H5

(a)

(3)

calculated on the basis of path (a) or (b).
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+

+

TABLE V : LabYel retention ratio in the ion C5H5
of toluene- a, 1 - 1502. |
I 13 13
Csfs CC4H5 0203H5
(m/e _65) (n/e 66) (n/e 67)
Pgth
Calculated (a) 1/7(C.143) | 2/7(0.286) | 4/7{0.572)
label
retention
ratios Path
in 05H5+ (b) | 1/21(0.048) | 10/21(0.476)| 10/21(0.476)
Abundance Ratios
0.060 0.457 0.48%

observed
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The observed retention values suggest that
path (b) is responsible for the scrambling of the carbon
atonms. This was in complete support of the mechanism
proposed by Meyer and Harrison 55 for the formation of

the tropylium ion.

Siegel 59 argued that although the study on
toluene- «, 1-1502 suggests the formation of a tropylium
ion in which the carbon atoms have randomized, it does
not differentiate between the two following processes,

(a) and (b), by which this randomization occurs.

(a) Randomization by a series of rapid benzyl ion-

tropylium ilon isomerization.

cH
\ YA
\ /

(p) Randomization by insertion of the methyl carbon

atom randomly between any two adjacent carbon atoms of

the ring.

"r+

He studied 59 the mass spectrun of toluene-2,6-1302
(5). The tropylium ions that are formed by either pro-

cesses, (a) or (b), are shown below.
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chy |7 1B
_ (8)
Sk

(5) (@)

+ 1 + (8

(6)

Heavy dots represent labeled atons.

The C5H5+ ions produced by loss of C2H2 from
the ions O7H7+ according to path' (b) must all be at least
singly labeled, since neither of the intermediates (7)
and (8) can lose the two labeled atoms as 1502H2. In
fact the observed relative intensity for the production
of 05H5+ ion by the loss of 1302H2 was 0.057, Table VI
shows the observed relative intensities of the ions atb
m/e 65, 66 and 67 and the calculated values based on
paths (a) and (b). The observed values are in good

agreemen® with the calculated values basedon path (a).

TABLE VI : Partial spectra of toluene—2,6—1302

calculated*
1
mass ion observed | path (a) path (b)
65 Colig 0.057 0.048 0.000
66 1500435 0.467 0.476 0.571
67 150203H5 0.476 0.476 0.429

* >.65, 66, 67 = 1.000



Siegel

40

, in a recent report, examined the

mass spectrum of tropylium—l,4—1302 iodide (8) to

determine whcther scrambling occurs in those C7H7+ ions

which have suflicient energy to fragment by losing 02H2.

The loss of 02H2 from skeletally intact C7H,7+ ions should
give only labeled 05H5+ ions (Case a), whereas skeletally

rearranged C7H7+ ions should produce some unlabeled 05H5+

(9)

ions by losing l5CEH2 (Case b).

Table VII shows the

observed relative abundances of the ions at m/e 65, 66

and 67 recorded at 70 ev and 20 ev.

show the calculated values for the two cases (a) and (b).

32

The last two columns

TABIE VITI : Partial spectra of tropylium-l,4—1302
- jodide. '
* ®
observed calculated
n/e ion 70 ev 20 ev case (2) case (b)
65 CoHg 0.029 0.03%9 0.600 0.048
66 1300435 0.549 | 0.500 0.571 0.476
67 130203H5 0.422 | 0.461 0.429 0.476

*

2.65, 66, 67

= 1,000
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As expected the extent of rearrangement increases
at lower ionization voltage. Another recent repors 41,
referred to by Siegel 40, shows that the appearance
potentials of the C7H7+ ions produced by electron impact
from tropylium iodide, bromide and tetrafluoroborate were
identical (6.74 ev). Thie #alue was close to the spect-
roscopic ionization potential of the cycloheptatrienyl
radical (6.24 ev) and very much closer to the ionization
potential of this radical measured under electron impact
(6.60 ev), which suggested that “he tropylium ion from
these salts is first reduced to the radical and then
ionized %o C,7H,7+ ion, presumably a tropyliumrion. As a
result the tropylium ion and/or the radical undergo
skeletal rearrangement prior to decomposition to the
CSHB* ion. These skeletal rearrangements may occur via
a tropylium ion - benzyl ion isomerization. The results

40

of Siegel and Hvistendahl et al. suggest that the

loss of positional identity of the carbon atoms in toluene
does not solely occur during the formation of tropylium
ion but also after its formation.

Isotope labeling of the hydrogen and carbhon
atoms have shown that the ion C7H7+ has the symmetrical
tropylium ion structure. However the conclusions were

based on those C,7H7+ ions which have enough energy to
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undergo further decomposition to thg ion 05H5+ and CZHZ‘
Harrison, Kebark and Lossing 42 measured the ionization
pctential of a number of meva and para substituted benzyl
radicals by the electron impact technigque. They observed
that a number of substituents showed large differences
in the stabilizatica of the benzyl ion depending on the
position of substituent and its capability of conjugation
with the pcsitive charge. This result suggested that
the substituent effect might be useful in determining
the structure of the substituted 07 ion formed in the
dissociative ionization of the molecule. N

Tait, Shannon and Harrison 57 showed that non-
decomposing ions of general formula RG7H6+ at the threshold
have the symmetrical tropylium ion structure depending
on the nature of substituent. They suggested 57 that
if the ion RC7H6+ has the benzyl structure at the threshold
cne would expect that the appearance potentials of meta
and para isomers would differ by the same amount as is
found for the ionization potentials of the corresponding
benzyl radicals. On the other hand, if rearrangement
to the tropylium ion has occurred the orientation of meta
and para will be lost and the appezrance potentials of
the ions RC7H6+ from the two isomers would be identical,
In the interpretafion of their results 57 they assumed
that during the process of dissociative ionizatibn of
benzene derivatives the orientation o substituents is
not changed if the central skeletal structure of the ion
is mainfained. On the basis of their experimental

results (Table VIII) they concluded that the ion R07H6+



formed has the gsymmetrical tropylium ion structure when
= r R) . ~ +
R = CH3’ F and OH. However the ion R%;% has the

benzylic structure when R = OCH,.
~

TABLE VIII

Appearance Potential Differences

for meta and para substituent.

CHy—X
R
Experimental Theoretical*

R X AP(meta)-AP(para) | AP(meta)-AP(para)
CH5 H -0,02 £ 0.05 0.28
CH3 Br 0.C1 " C.28

R H 0.01 " 0.50

F Br 0.07 " 0.50

OH H -0.08 " 0.66
OH CHy -0.03 0.66
CHBO ClL 1.15 £ 0.1 0.99

* calculated on the basis of benzyl ion formation.

In an attempt to probe the structure of RC7H6+
ion in the transition state in which they are formed
Brown 43 measured the rate of decomposition of a series

of meta and para substituted berzylphenyl ethers at
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70 ev and 20 ev. A linear relationship was observed
when the relative rates were correlated with Hammett's o
constants. This linear relatiorship suggested that in
the transition state for the initial cleavage reaction
the potential daughter ion does not have the tropylium
ion structure and tliat the molecular ion has not
rearranged prior to cleavage. This means that all
isomeric pairs of meta and para substituted benzylphenyl-
ethers decompose with different rates which suggests the
retention of positional identity of the substituent and
the formation of benzylic intermediate (Scheme II).

This ion undergoes further decomposition and the meta-
stable ion characteristics Hh for these transitions were
recorded {(Table IX). It was observed that the ratio of
metastable ion intensity te that of the precursor ion
were effectively constant for each pair of meta and para
isomers with the exception of the methoxy isomers. This
observation suggested that the positional identity of

the substituents is lost and that the ion RC7H6+ has
rearranged to the symmetrical tropylium ion before frag-
menting any further. These recsults can best be explained

in the Schene I1I.



3T

+ ¥
CH,~OPh] At
/
R R R
R=0CHj R =CH,,F,CL,CFy
V
tfragment
SCHEME II
TABLE IX

Metastable ion abundance Data for the Reaction

' o+ . +
RC6H4CH20Ph —r RL6H4CH2

[metasteblel/[RC.H, CH.¥1 x 10°
R Transition 67472
B - m-IR p-R
oF; | 159 —> 109 0.65 0.61
159 = 139 0.35 0.31
c1 125 —> 80 0.40 0.28
125 —> 99 C.14 0,12
F 109 b 83 .35 0.36
CHy | 105 —> 77 0.22 0.18
105 -—> 78 0.16 0.14
105 ——— 79 0.79 0.70
OCH; | 121 —» 77 0,27 0.14
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In a later paper Brown'45 reported that the
rate differences for the reaction RC6H40H2_OPh°+ —_—
RC6H4CH2+ between the meta and para-R isomeric pairs did
not distinguish the energy differences between the
molecular ions and/cr the transition states. In a
series of experiments he measured the raté of decomposition

of the para isomer, Z_ relative to that of meta isomer,

Y
Zm’ where:
AY AT
Mp' M
+ - + +e * 4
A = Rc7n6 ’ M = RC7H6-OPh.

These measurements were made over the electron energy
range from 7C ev to the threshold of A" formation.

Since the ions CHz0C,Hg" 77and NO,C H.* *® seemed to be
benzylic in structure, the similar variation in,Zp/Zm
for all the substituent from 70 ev to the threshold
suggested that tne ion RC7H6+ has the benzylic structure.
However, the ion RC,7H6+ has been shown 57 to have the
tropylium ion structure at the threshold when R = CH3
and F. Therefore, it was concluded that %his wvariation
in Zp/Zm (which reflects the transition state energy
difference) could be tzeause of vibrational energy
difrferences in.a comnon RC7H6+ ion derived from each
meta and para substituted isomeric palir of benzylphenyl

ethers when R = CH,, F, Cl, Br and CF3° When R = OCH3

or NO,, however, the variations of Zp/zm were attributed



to structural difference in the transition state leading

to the ions CH3006H4CH2+ and N0206H4CH2+ . In other

words, in contrast to his previous paper 43, Brown con-
cluded that the molecular ion rearranges to a common
intermediate with only vibrational energy dirferences
for each pair of meta and para isomer with the exception

of the cases when R = OCH, and NO

> 2"
In a similar experiment Brown

47

considered
the loss of a methyl radical from the molecular ion of

a series of meta and para substituted ethylbenzenes.
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He found that when R = NH2 or OCH5 the positional identity

is maintained. However, when R = OH,CHB, F, C1, Br and
CF5 the molecular icn rearranged prior to fragmentation.
These results are bhest demonstrated in Scheme IIT.

-+

The structure of the ion N0207H6 has bheen

shown to have the benzylic structure. Shepiro and

Serum 46

studied the mass spectra of meta and para nitro-
benzylbromide and nhenyl ether. They observed that
after the initial cleavage (loss of ‘Br or°0FPh) the ion

at mass m/e 136 behaved differently depending on the
position of the nitro grcup. In the spectrum of the
para-nitro substituted isomer metastable peaks were
observed for the loss of NO and N02 from the M~X ions
(where M is the molecular ion and X = Br or OPh). In
the case of the meta isomer, however, only metastable
peaks for the loss of NO2 were observed. As the ioniz-

ation voltage was lowered the rearrangement process

(i.e. loss of NO) was favoured to a greater extent than



40

(a) QOHZ—X
. .
e

f{) - .
—_—  fragment

()

a— bH —>» ¢ - f &8 =3 h ~>» 4 ~2 e -» f

when R = NH2, OCH:), N02 when R = OH,CHB,F,C].,BI', CF3

SCHEME III
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the loss of NO,. The loss of NO from the (M-X) ion in
the spectrum of the meta isomer although increasing with
decreasing ionization voltage does not do so as rapidly
as in the case ¢f the para isoner. Shapiro and Serum 46
interpreted the results to mean that the decomposing ion
(H0206H4CH2+) does uot lose positional identity based on
the fact that the two isomers behave so differently.

In other words this ion must be benzylic in structure.
They suggesbed that the para isomer loses NO with a
rearrangement for which there is a strong driving force,
whereas the meta isomer predeminantly loses NO2 by direct

cleavage and the driving force for the rearrangement

reaction is much wesaker, (Scheme IV)

TCH, CH,
‘ m/e 1386
jN (10)
| 5
o o o~ o
ﬂ (11)
+ .
_ + +
cHy | Hy | CHj |
: %
—NO > l —>
N
0 .0 le 106 0
(12) “N=0 (13) e (14)

SCHEME IV



This driving force was explained in terms of
the electronic effects in the ion, m/e 136. Since the
~SH2 group has a strong electron withdrawing effect, the
para-nitrobenzyl cation (10) is expected to be highly
destabilized because of the contributing structure (11).
However, the recarrarngement of the nitrc to the nitrito
group (an electron donating group) will stabilize the
ion at m/e 136; the loss of NO is favoured by resonance
in the resulting ion (m/e 106) 48 (13 €« 14). In the
case of the meta isomer such contributions are not possible
and as a result the driving force for rearrangement
reacticn is very weak.

Westwood, Williams and Yeo 48

extended the
above work and drew essentially the same conclusions when
the leaving grcup "X" was changed to H, CH5 and C2H5

{structure 15)

CF&“‘X (15)
v
P“Dz

LZATROPYLIUM ION

An analogue of the tropylium ion intermediate
is the azatropylium ion (16) which may be responsible
for hydrogen scrambling in nitrogen-containing aromatic
compounds. |

In the mass spectrum of aniline the main frag-

mentation involves the loss of HCN from the molecular ion.
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(16)

It is assumed that if HCN is lost with no rearrangement
in the molecular ion, then the carbon atom lost as HCN is
the one to which the amino group is originally attached,
i.e. carbon 1. In the mass spectrum of 1-13C-aniline49’50
it was found that 90% of the molecular ion fragmented
with total loss of the labeled atom as hydrogen cyanide,
i.e. no rearrangement occurred. However, an ion C6H6N+
is also pfesent which is produced by the loss of a
hydrogen atom from the molecular ion as dencted by the
corresponding metastable ion. This ion, C6H6N+, undergoes
further decomposition by losing HCN and C2H2 with apprecp-
riate metastable ions.

Tn the spectrum of 1-12C-aniline the (M-H)*
ion at m/e 93 loses not only 02H2 but also 15CCH2 suggest-
ing that it must have rearranged, presumably to an
sazatropylium ion, so that the labeled carbon atom could
be lost as acetylene. It was concluded that although
the molecular ion is nearly all unrearranged, the (M-H)*
ion is largely rearranged to the azatropylium ion prior
to further fragmentation, in a process analcgous to the

formation of tropylium ion from toluene.
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+o °
CoH N BocghNI”
m/e 93 m/e 94
hY
~H N _V “H-
¥ v
CeHgN1® CsHgl ™ PecgHeN]
mie 92 m/e 66 m/e 93
/ e
—HCN -& BecH,/ -CH, HEN
N Y
fragment | C4H4I\T|+ 1‘?’CC3H,’N_T" fragments
m/e66 m/e67

The formation of the azatropylium type of ion
was investigated in the mass spectra of qulnoline and
isoquinoline and their methyl-substituted derivatives 51.
The most important fragmentation ip the mass spectra of
quinoline and isoquinoline is the loss of HCN from the
molecular ion. Introduction of a methyl group in these
molecuies reduces the importance of this fragmentation
in favour of a new process. This new process involves
the loss of a nydrogen atom from the molecular ion
followed by expulsion of HCN to give rise to the fragment
jon [(M ~(H + HCN)['. It was observed that the ratios of
peak intensities [M~-(H + HCN)1/(M - H) were constant
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when the methyl group was in any position in the hetero-
cyclic ring (Table X). This constant ratio suggested
that the fragment ion (M-H) undergoes rearrangement prior
to fragmentation. This rearrangement occurs in such a
way that the carbon atom originally in the methyl group
beconmes identical to the rest of the carbon atoms in the
heterocyclic ring, i.e. a common azatropylium lon is
formed for the three isomers. Since the hydrogen cyanide
is expelled from a common intermediate the position of

the methyl group in the heterocylic ring does not alter

the extent of formation of the fragment [M-(H + HCN)]+.

TABLE X

Intensity of peaks of (M-8)* ang [M~(H+HCN)]+fragments in
the spectra of methylquinolines and methylisoquinolines.

Position| Peak intensities | [H-(H+HCN)J
Compound of
Methyl (M-H) [M-(H+HCN) ] (M-H)
2 3,9 5.0 1.28
3 9.0 11.8 1.32
Quinoline 4 6.5 9.3 1.32
s,’i\ i\ \ 5 16.5 .5.7 0.34
s | £¢¢ \ 6 14.7 4.8 0.32
3 7 13.4 4.0 0.31
8 13.4 4,2 0.31
Isoquinoline
1 4.9 10.1 2.04
> 5.5 11.1 2.08




The following mode of fragmentation was proposed for the

2~, 3= and 4-methylquinolines:

CH,

For the case when the methyl group is in the
benzene ring the ratio [M-(H + HCN)1/(M - E) is also
constant but much lower than for the isomers with the
methylugroup in the heterocyclic ring. The congtant
ratio suggested a common intermediate for the four
isomers namely a tropylium ion. The following equil-
ibrium between the tropylium and azatropylium ions was
postulated to account for the extent of loss of HCN from

the (M - H)¥ ion in the two groups of compounds.

46
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In the mass spectra of the 1- and 3-methyliso-
quinoclines the ratios were nearly twice as large as for
2-methylquinoline (Table X). This high ratio was simply
attributed to the fact that the azatropylium intermediate
in this case could lose HCN in two different ways, as

shown by dotted lines below,

: _14"
I/ \ H / ~ PELEY
I O - ‘_If..
A y N AN S —‘f"N N
CHs | v oo

-

Marx and Djerassi o2 further investigated the
formation of the azatropylium ion by labeling l-methyliso-
quinoline at the carbon 1 position (17) and at the methyl
group (18) with carbon 13. They suggested that if an
azatropylium ion is formed either of the two paths shown
in Scheme V are possible. Path (i) involves phenyl
migration, whereas path (ii) involves nitrogen migration

For 12C to be lost as HYJCN from either of
these species the intermediate (8l) must be formed.

Since this intermediate is symmetrical with respect to
the nitrogen the carbon atom lost as HCN can be either
of the two adjacent carbon atoms. As a result the
observed percentage of labeied atom lost represents only

half of maximum loss of labeled carbon atom (Table XI).



l—HCN - l—HCN
50% mle 116 mle 116
50% m/e 115

SCHEME V

TABLE XI : Percentage of labeled atom lost as HCHN
in the two compounds (17) and (18)

Conpound % label lost m/e
17 26 115

18 14 115
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From these results it can be seen that (17) and.
(18) lose HCN through the intermediate (a1) with a con-
tribution of 52% and 28% respectively. Marx and Djerassi,
therefors, concluded that at leaust 80% of the [M-(H+HCN)'
ion in the spectrum of l-methylisoquinoline comes from
the rearranged (M-H)' ion, i.e. the azatropylium ion (a).

The formation of the azatropylium type of ion
has been suggested in the fragmentation of the cation
radical of phenyl nitrene. Kingston and Henion 23 have
studied the mass spectrum of 2,4,6-dz~phenylazide.
They observed that the intensities of the ions resulting
from the decomposing (M—N2)+ ion are in good agreement
with the calculated values. The calculated values were
based on the assumption that complete scrambling of H and
D in the ion (M—N2)+ had occurred prior to any decomposition.

Woodgate and Djerassi ot looked at the spectrum
of 1-150—pheny1azide and observed that the molecular ion
not only loses labeled HCN but also lebeled acetylene.
To account for this latter loss the nitrogen must insert
into the ring to form the azatropylium type of ion.

In the nass spectrum of p—toly1_2,6-d2-azide
it was observed 2that the (M—N2)+ ion has.undergone 60%
insertion of the methyl group as deduced from the partial
scrambling of the methyl and ring hydrogens. This
suggests that the insexrtion of the methyl to form the
tropylium ion is a more favoured process than the form-

ation of azatropylium Zon.



In a number of reports the pyrolytic
conversion of phenylnitrene and pyridylcarbene

56,57,58,59

mentioned The azabropylium type
structure has becen proposed as aa intermediate

interconversion.

inter-
has been
of

for this

50



BENZOTRIAZOLE

The mass spectra of aromatic heterocyclic
compounds of the general formulae shcwn below, where X,
Y and 2 are hetero atoms, are not very well known.
Although the mass spectra of benzotriazoles (19) and (20)

have been recorded 60,61,62,63

sy hot much work has been
dore on compounds like benzofurazans (23) and benzo-

thiadiazoles (21, 22).

Z | X\Y éx\y

R 57 R 2/
(19) : X = = N, =NH' (20) : X = 2 = N, = NH
(21) =Y =N, %2=5 (22) : X =2 =N, Y =8
(23) 1 X =2 =N, ¥Y =0

l,2,%-Benzotriazole could have any of the following

tautomeric forms.

H

N ,/&
I\ o /\N-He@\
/ Ny N N

H
(19a) (20) (19b)

51
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It has been shown that the two structures
(19a and b) predominate in solution 64, In a recent
report Maquestiau and co-workers 63 have shown that in
gas phase only the l-H-benzotriazole exists. They
suggested that in the mass spectrometer the 2-H-benzo-

triazole isomerises to the l-H-isomer prior to fragmen-

tation.

The main fragmentation of l-H-benzotriazole
under electron impact is the loss of N2 followed by

61 proposed two

expulsion of HCU, Lawrence and Waight
routes for this fragmentation (Scheme VI). The first,
route (a), involves the transfer of the aminohydrogen to

the ring resulting in the molecular ion of phenylazide (24);
they suggested that the similarity of the spectra of
phenylazide 65 and benzotriazole supports this route.

The second, route (b), involves the loss of N, and ring
contraction to form the ion (25) which rearranges to the
molecular ion of cyanocyciopentadiene (26). In fact

one of the products obtained from pyrolysis of benzotriazole

has teen identified as cyanocyclopentadiene 65.
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&
\ !
(a)
— e
z lo’\, ' =
i
+N=N (25)
\i/
*
CN

(24)

SCHEME VI (26)

Comparison of the mass spectra of phenylazide
and benzotriazole clearly reveals that although the two
spectra are quite similar below m/e 92, the intensities
of the molecular ion at m/e 119 are quite different.

The larger relative intensity of the molecular ion of
benzotriazole suggests that this ion is more stable than
the molecular ion of phenylazide, i.e. it does not lose
N2 as easily. However, the similarities below m/e 92
indicates that %he fragment ion (M'N2) from the two
compounds may be similar. In other words the (H-N2) ion
in the spectra of benzotriazole may rearrange to form an

ion similar to the (M—Ng) ion in the spectra of phenylazide.
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62 have studied the

Ohashi and co-workers
2lectron impact mass spectra of a number of benzotriazoles
and essentially their results on the l-H-benzotriazole
are consistent with those found by Lawrence and Vaight 61.
They suggested that the molecular ion (19) loses N2 to
form a radical cation (27) which can ring contract
folldwed by hydrogen migration to produce the molecular
ion of a pyrolytic fragmentation product, i.e. cyanocyclo-~
pentadiene (26).

The azirine (28) could be a possiblerstructure
for the ion at m/e 9l. However, with the help of
molecular orbital calculation using the extended Huckel

62 found out that the

method, Ohashi and co-workers
azirine ion (28) is less stable thar the radical cation
(27) by sbout 1.7 ev. As a result they suggested that

the ion (27) is preferred to the structure (28).
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It may be of some significance to note that the
1,3-biradical (29) was proposed as an intermediate in the
pyrolytic decomposition of benzotriazole (i9) 66. The

evidence which was offered in support of this biradical
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was that it abstracts hydrogen atoms to form aniline in very
low yield.‘ The 1,3-biradizal (29) was also an inter-
mediate in pyrolysis of isavin (30) 66, Pyrolysis of
S-methylisatin (%1) below ’700O resulted in the formation

of p-toluidine in a very low yield but at higher temper-
ature a small amount of m-toluidine was also produced.

The production ¢f m-toluidine suggested that the azirine
(32) may be an intermediate in this decomposition. Scheme

VII.

0 - -
CHs v CH CH,
Z | 0 -2C0O Z Hy
N | X r;l NH,
H H

he SN
(32)

SCHEME VII

Pyrolysis of 4-methylbenzotriazole (33) has
67

been reported by Wentrup and Crow who proposed the

following mechanistic paths for the fragmentation,Scheme
VIII. Because of tautomerism, either of the biradicals
(34 a or b) can be formed. These biradicals may undergo

any of the following transformations?:
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1 - formation of azirine (35); 2 - rearrangement to the
nitrenes (36a and b); 3~ formation of the iminocarbenes
(%37a and b). The formation of the azirine (35) is an

unlikely but not inpossible process.

Hy H CHj
,/"\]I::dejN L liill'l |V§§N
NN @) T

H
/ CHs
J H
/ \ Hs
(35) .
(34a) (34b)
H
\ He CHs
¢ N
(36Q) (37a) \\ (36b)
CHsy CHa
@:CNH _— @CN
~/,/
| (38)

SCHEME VIII
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Rearrangement to nitrene does not occur since no azo-
benzene derivative (a common product if nitrene is
present) was identified in the pyrolysate of benzotriazole.
It was zclso observed 67 that pyrolysis of benzotriazole
results in the formation of cyanocyclopentadiene in up
to 99% yield as compared to about 50% for phenylazide.
This suggests that different intermediates are involved
for the two compounds. The most probable process is
the formation of the iminocarbenes (37 a and b) which
underge a Wolff rearrangement to form the cyanocyclo-
pentadiene ,(38). )

The similarities of mass spectra of phenylazide
and vic-triazolo[l,5-al pyridine (39) suggests that the

radical cation of phenylnitrene and 2~pyridylcarhene

interccnvert by ring expansion 55, similar to the pyrolytic

interconversion 56’57’58’59.
_ H
/\‘///(\
S
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Comparison of metastable peaks in these spectra and those
in the spectrum of cyanocyclopentadiene 55, however,
suggests that the radical cation of phenylnitrene does
not ring contract in the mass spectrometer.

In order to get an insight into the structure
of the ion (M‘N2)+ in the spectrum of benzotriazole,
Wentrup and co-workers 25 locked at the spectrum of
l-d~benzotriazole. They observed that the (M-28)% ion
loses DCN and HCN in the ratio of about 80 : 20. From
comparison of this result and the results of Kingston

23 on deuterated phenylazide, they55 concluded

and Henion
that the (M—N2)+ ions in the spectra of the two compounds
are different.

In a recent investigation by Maquestiau and co-
workers it was observed that the (M~N2)+ ion in the
spectrum of 1-d-benzotriazole loses DCN and HCN in the
ratio of approximately 1l:4. This ratio suggested that
complete hydrogen scrambling had occurred in the ion
[C6H5N1+' prior to any fragmentations. The manner by
which this hydrogen scrambling occurs in this ion is not
well defined. This hydrogen scrambling does not seem
to occur via an intermediate which was responsible for
hydrogen scrambling in the isomeric phenylnitreme radical
cation. As mentioned above this latter radical cation
does not ring countract 55. It is possible that this
scrambling may occur in the ion [CSH5N]+’ which has
rearranged t0 the molecular ion of cyanocyclopentadiene (26).
Scrambling of hydrogens may be an easy process in this ion
since hydrogen shifts have been reported to be very facile

in this. compound 67’68.
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H H
= CN ——=
QCN bCN

(26)

61 also studied the mass

Lawrence 60 and Waight
spectra of a number of 1- and 2-methylbenzectriazoles and
proposed ﬁhe following mechanistic routes for their’ frag-
mentation, Scheme IX . These routes are essentially the
same as those proposed for benzotriazole itself.

They suggested that the molecular ion of the
l-methyl isoﬁer loses both N2 and N2CH5 according %o
routes (b2) and (bl) respectively. The 2-methylbenzotriazole,
however, loses only N2CH5 indicating that no rearrangement
of the molecular ion to that of the l-methyl isomer occurs.

In support of their mechanism theyv studied the mass spectra
of amino-l-methylbenzotriazoles. Similarities were
observed between the mass spectra of 5- and 6~amino com-
pounds and also between the 4- and 7~ isomers. These
similarities indicated that the fragmentation occurs
through route (b) resulting in the ions (40 a and b) and

(41 a and b). The ions 40a and 4la are formed from the

4= or 7-amino compcund by routes (b2) and (bl) respectively;
and the lons 40b and 41b are formed from the 5- or 6~amino

isomers by the routes (b2) and (bl) respectively.
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Electron donating groups like NH2 and OCH3 tend
to assist the expulsion of N20H3 from the ions (4la and b)
by the resonance effect. In the case of an electron
withdrawing group like N02, however, the [M—N20H3]+ ion
is relatively unimportant. In the mass spectra of 44—,
5-, 6~ and 7- nitro-l-methylbenzotriazoles it was observed
that the fragmentation patterns of the 4~ and 6- isomers
were similar and were different from those of 5- and 7-
isomers. This suggested that the nitro-compounds
probably undergo fragmentation via route (a) in which
the positions % and 6 hecome identical tut 5 and 7 do not.

Ilagquestiau and co-workers 63 also studied the
fragmentetion of l- and 2-methyltenzotrizzoles. With
the help of the metastable refocusing technique, they

showed that the molecular ion of l-methylbenzotriazole
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only loses N2 and not N2CH3 as suggested by Lawrence and
61

Waight °T.
N .
Ty e (T
\ °Rl-/ 7 \ N+ Cd m/ego
| ¢
CHs CHs 45

They proposed that the N20H3 lost is the result
of a two step process, namely: first, loss of a nitrogen
molecule and second, the expulsion of a2 methyl radical
resulting in the ion at m/e 90 with a relative intensity
of 45% with respect to the mclecular ion (100%). The
2-methyl isomer, being a more stable molecule Than the
1l- isomer, undergees fragmentation less easily and the
relative intensity of the ion m/e 90 is only 28% with
the molecular ion at 100% at m/e 1%33. This ion (m/e 90)
is prcduced by way of two processes. The first involves
the loss of a methyl radical resulting in an ion at m/e
118 with a relative intensity of 0.5% followed by the
loss of N,. In the second process the molecular ion

loses N20H3 radical as shown by the appropriate metastable

transitions.
e
NZN ~N,CH
N-CHj ~2~13 m/e 90
X 28°%

\éHg N,
m/el18
0-5%%
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BENZOFURAZANS AND BENZOTHIADIAZOLES

Very little work has been dore on the mass
spectra of benzofurazans and benzothiadiazoles. It has

been shown 60,61 t

ast when two atoms of nitrogen are
adjacent to each other in these compounds, the loss of

N2 is relatively an easy process. While benzofurazan (23)
loses NO with relative ease, the sulphur analogue
(vbenzothiadiazole) (22) does not expel NS to any apprec-

iable extent.

Zh ZNAN \
\\N/}D N \\N//55 (:::::I::::)\l
(23) (22) 21

Both NO and NS are odd electron species.
However NO is a much more stable molecule than NS, It
appears, therefore, that the ease of fragmentation of
the two compounds (22) and (23) depends on the stability
of the neutral fragment expelled6l. Table XII shows
the percentage of the total ion current carried by the
ion (M - X)*, where X = N5, NO or NS depending on ﬁhe

conpound.



TABLE XII

Loss of neutral fragment from the molecular ion

of compound (23),(22),(21) and benzotriazole.

Corpound X M-X
2,1,3-benzcxadiazole NO 26,6
2,1,3-benzothiadiazole NS 3.92
1,2,3-benzothiadiazole N, 39,7

' NS C
1,2,3%-benzotriazole N2 19f0

* percent total ion current carried by this ion.

Cantrell and Haller 69 have studied the photo-
chemical behaviour of some five-membered ring aromatic

heterocyclic compounds.

(42) ¢+ X =0
RN @3 : X =8
R:I:;N/x (#4) : X = N-R

R = CHg, Pn

Irradiation of 42 (R = Ph) in ether resulted
in the formation of benzonitrile (82%) and phenyliso-
cyanate (48%). | Irradiacion of 42(R = CHB) in the same
manner resulted in acetonitrile and some tar. However,
photolysis of 42 (R = CH5) in the presence of a large
amount of cyclopentene produced, besides acetonitrile,

the adduct of acetonitrile and cyclopentene (45).
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R N
0 —— s R—C=N + [R—C=N—0]
RN

R=Ph

Photolysis of 43 (R=CH5,Ph) always resulted in

the formation of the corresponding nitriles and elemental

sulfur.
R N
7\
5 hv > R—C=N + S
RN
(43) R=CH; ,Ph

While irradiation of 2,4,5-triphenyl-2H~1,2,3-
triazole resulted in no reaction, the photolysis of
L (R:CHB) in the presence of an excess of cyclopentene

resulted in ﬁhe formation of acetonitrile and the

compound (46).
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CHa N\ | ok
N—-CHj > CHyC=N—N + CH3~C=N
; \N/ [ ®
CHs
(44) @
c\HQ’

(46) ¢

CHs

These results indicate the particularly interesting
double fragmentation of the 1,2,5-oxadiazole resulting in
the corresponding nitrile and nitrile oxide 69.

Mukai and co-workers 70 have also studied the
Photochemical behaviour of 3,4-diphenyl-1l,2,5-oxadiazole
42 (R=Ph). They observed the formation of the two
compounds (47) and (48).

Ph N
~

o
> Ph—C=N + Ph —C=N—0
PH |

Ph
Aol
Ph +
O-
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The formation of these two produéts (47 and 48) can be

explained by the double fragmentation process proposed

by Cantrell and Haller 69. In other words, the oxadiazole

(47) is product of recombination of benzonitrile and

benzonitrileoxide, and the compound (48) is the result

of recombination of two molecules of benzonitrile oxide.
The electron impact mass spectrum of 42(R=Ph)

was studied and peaks corresponding to the molecular ions

of benzonitrile, m/e 103, and benzonitrile oxide (or

phenylisocyanate) m/e 119 were observed.

TABLE XIIT : Partial spectra of (42,R=Ph)

fragment nass relative intensity (%)
M*e 222 95
M-No* 192 85
) 151 17
Ph~CN-0** |
.. 119 86
Ph~-N=C=0
Ph~CN** 103 10
Ph-N"7 91 34
Ph-C* 89 100

This result suggested that the double fragmentation
process observed in photolysis also occurs in electron

impacte.
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Mukai and Nitta 71, in an attempt to synthesize
1,4~dinitriles from furazans, irradiated benzofurazans (49)
and obtained a complex mixbture of products. The com-
piexity of the mixture was explained in terms of the

production of a reactive intermediate, a nitrile-oxide (50),

. G

(50)

°Xygen
(49) “CCopior C

However, when the photolysis was carried out in the

C—N

presenée of an oxygen acceptor (e.g. triethylphosphite)
the expected dinitrile was produced very cleanly in high
vield (80%).

If parallelism can be drawn between photolytic
and electron impact fragmentations, then benzofurazans
may undergo the same sort of fragmentaticn under electron
impact as they do on photolysis. As a result it may be
that benzofurazans, 2,1,3~benzothiadiazocles and 1,2,3-
benzothiadiazoles decompose in the mass spectrometer by

at least two processes, nanely:



. 70
/N\T+
o » =R
sy ) '/ | |

72 N
C=N—0
—NO
— 5 mle 90



CHAPTER TVWO

RESULTS AND DISCUSSION

CP SYNTHETIC WORK



T2

BENZOTRIAZOLES

Benzotriazole and its derivatives are commonly
obtained by diazotization of o-phenylenediamine or an
appropriately substituted derivative 71&. Most of the
benzotriazoles synthesized in this work (Table I) were
already known and in general the literature procedures
were followed for their synthesis. Irn the followiag
pages the synthetic routes are shown schematically. The
starting materials in each case were easily available

and for each reaction a brief description of the con-

ditions used is mentioned.



73

TABLE I
R CHs
CH3/ l N\\N .R _ I N\
Ry Y ',\‘/ Ry N
Ry H Ry H
(a) (b)
compound reaction  structure Rl R2 R5 ref.
number route
(1) 1 a H 72
(2) 2 b H H 75
(3) 3 Cl- H 74
(4) 4 b c1 H 4.
(5) 5 a N0, E 75
(6) 6 a H NoO H
€ 7 a H NO, 76
8) 9 b H H N0,
(9) 8 b H No, H 77
(10) 9 b NO, H
(11) 10 a NH,, H
(12) 11 a H NH, 76
(13) 12 a CH H 78

* The preferred tautomer of this

6-methyl-7-nitrobenzotriszole (see page 112).

counpound is the
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With the exception of (5), (8 and 10), (11) and
(12) obtained by routes 5, 9, 1C and 11 respectively, the
rest of benzotriazoles were synthesized from the corres-
ponding o-phenylenediamines.

Attempts had been made to synthesize the com-~
pound (5) from the appropriately substituted phenylene-
diamine. Nitration of 2-nitro-N-acetyl-p-toluidine (14)
followed by hydrolysis results in the formation of two
isomeric dinitrotoluidines (15) and (16) 72*80,  However
the reducticn of these two products with sodium sulfide
failed to produce the ortho-phenylenediamines (17 and 18)
but instead gave the diamino products (19 and”20) respec-
tively, (Scheme I).

The sodium sulfide reduction of dinitrotoluidene
was quite successful in some cases 76 (routes 6, 7 and 8).
The mechanism by which this reduction occurs is not clear.
However the above results suggest that the reduction is
specific and dependent on the position of the nitro group
with respect to the amino group. In the two dinitro-
toluidines (15 and 16) the nitro group reduced was meta
to the amino group. In the other cases, however, no
nitro-group was present in the meta positions and there-
fore the nitro ortho to the amino-group was reduced
(routes 6, 7 and 8). As a result it may be possible to

generalize the ease of reduction in the following manner,

meta-nitrc > ortho-nitro > para-nitro ,
where the meta-, ortho- and para-  refer to the position

of the nitro- with respect to the amino~ group.



CHs
NO,
14
NHAc
HNO 4
CHs CHj
NO, NO»
NH» NH»
15 : ’ 16
Nazs
CHy - CHj3 CHa
NO» NH, Z NH»
| NHz NO, 02\ NH,
NH2 NH2 NH
17 19 20

(SCHEME 1I)
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In an attempt to synthesize the benzotriazole(ld)
from the corresponding diamine (21), Meisenheimer's 81
procedure was followed to synthesize the dinitro-m-
toluidine (22) which was expectel to produce the diamine(21)
under sodium sulfide reduction. However, an extremely

low yield in the synthesis of (22) made it necessary to

abandon this procedure (Scheme II).

H3 CH3
NO NO
2\ NO2 NH,0H 2 NO2 Na,S
—> 02
™ MeOH, K OH NH,
22
\o CHj : CH3
2 NH : NO, N
= | 2 HONO \N
X NH»2 o N//
H
21 10

(SCHEME II)

Failures to synthesize the nitrobenzotriazoles
(5) and (1C) from the correspcnding o-phenylenediamines
prompted the investigation of other synthetic routes for
these compounds. Nitration of benzctriazole (23) has been
shown to result in the formation of #4(7)-nitro-derivatives
(24) predominantly 82, The reason for the predominance
of this compound may be the production of an N-nitro

derivative (25) followed by rearrangement of the nitro

group to the ortho-position.
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5 N N Ny
\N HNO 5 @: \N . \N

° N 5«1/ N
I NO2

23 _ 25 24

It may also be that, since the triazolo-ring
is an electron rich center, positions 4 and 7 of benzo-
triazole are more susceptible to nitration than positions
5 and 6. The resonance effect does not seem to be very
important in this nitration, since if one considers the
canonical forms coentributing to the threé tautomeric
structures, one finds all four positions in the benzene

—_

ring to be equally activated. (Scheme III).
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It seems, therefore, that the important factors influencing
nitration are the production of the N-nitro intermediate
and the inductive effect of the triazolo-ring.

Nitration of S5-methylbenzotriazole resulted in
the'formation of 4-nitro-S5-methylbenzotriazole (5) (see
footnote to table I,znd pagell?) almost quantitatively
(route 5). The exclusive production of this compound
suggests that the nitration is controled by the methyl-
group. The position four, being influenced by both the
methyl group and the triazolo-ring is, therefore, the
only position nitrated.

The influence of the methyl-group i; better
observed in the nitration of the 4-methylbenzotriazole (2)
(route 9). Two main products\are obtained in this
reaction, the 7-nitro-4-methyl- and the S5-nitro-4-methyl-
benzotriazoles (8) and (10) respectively. The production
of the 7-nitro-derivative (8), as expected, is the result
of the ortho-para directive effect of the methyl group
and the inductive effect of the triazolo-ring. However,
the 5-nitro-derivative (10) is solely the result of the
former effect in the electrophilic aromatic substitution
reaction.

Por obvious reasons the amino-benzotriazoles
were not synthesized by diazotization of the correspond-
ing amino-o-phenylenediamine. These compounds (11 and
12) were produced by reducing the corresponding nitro-
derivatives with stannouschloride 76 (routes 10 and 11).

The synthesis of S5-methylbenzotrizzole was

carried out in the usual manner, i.e. by diazotization

81
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of the corresponding o-phenylenediamine with nitrous acid;
In the presence of excess nitrous acid, however, the pro-
duct obtained was not the expected S5-methylbenzotriazole
(1). The infrared spectrum of this compound showed a

1

broad absorption arcund 1900 cm™~ which suggested the

presence of a salt (NE' stretching vibration 2200-~1800 em™1).
The proton magnetic resonance spectrum showed, besides

the normal peaks for the 5-methylbenzotriazole, two ex-
changeable protens. The mass spectra of S5-methylbenzo-
triazole and this product were identical with the exception
of a peak at m/e 46 for the latter. Failure to purify
this salt (the impurity was the 5-methy1benz$triazole)

made it impossible to find out the exact molecular

formula b7 microanalysis; however the data strongly
suggest the presence of a nitrate anion. The production
of the same salt by treatment of S-methylbenzotriazole (1)
with an egquivalent amount of nitric acid in acetic acid

suggested that in the original reaction the benzotriazole

(1) is formed followed by the production of the salt (26).

CHj NH CHj N
2 HONO @ \
NH, v//
H
HN03
HOAc .
CH, g\
\I::::]::4-7 _
\$/ N 3
H
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Treatment of this salt (26) with concentrated
sulfuric acid resulted in the formation of 4-nitro-5-
methylbenzotriazole (5) in very high yield.

The above results suggest that benzotriazole
is slightly basic. In fact the production of benzo-
triazole~hydrochloride has been reported 83. The
basicity of benzotriazole is largely dependent on the
nature of the substituent in the benzene ring. The
presence of an alkyl group probably increases the basic-
ity of the benzotriazole and hence enhances the production
of the nitrate (26). The presence of an electron with-
drawing group like a nitro- or chloro- group in the ring
causes the hydrogen on the nitrogen to become slightly
acidic. It has been shown that in a reaction of S-nitro-
2-phenylbenzotriazole (27) with sodiumhypochlorite in |
alkaline methanol the methoxy-chloro-derivative (28) is

84 The mechanism of this reaction and reactions

produced.
similar to it will be discussed later in this section

(pages 89-92).

NO OCH,
2 Cl N
AN NaoCl 0 N
N—Fh —— N—Ph
\N/ OH, CH30H ™ \N/

(27) (28)



When this reaction was carried cut on S5-methyl-
7- nitrobenzotriazole (7), however, the chloro-methoxy
compound (29) was not produced. Neutralization of the
reaction mixture with hydroéhloric acid afforded quantit-

ative recovery of the starting material.

CH, CH,
Ny e \A \
N —OH CH40H /\CH30 N
NO, a
7 ' (29)

The failure of this reaction may be due to the acidity

of the benzotriazole (7). This compound in the presence
of the hydroxide may form the corresponding anion making
the molecule quite electron rich and as a result prevent

the apprcach of the anion CHBO' to the reaction site.

84
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BENZOFURAZANS AND BENZOFUROXANS

The mcst common methed for synthesis of benzo-
furazan (30) is by dehydration of ortho-quinonedioxime
(%31) 85,86 ,p by deoxygenation of the corresponding N-
oxide (32) 87. Most of the benzofuroxans are easily
reduced to the corresponding dioximes in alkaline solutions

of hydoxylamine. As a result for the synthesis of the

O- )
r|\|+ N
“ \}) —0 - 2N\
32 :
“oH, 30
NH,0H ~H;0
N N—OH
N—OH
31

benzorurazans it was found most economical to prepare the
corresponding N-oxides.

The two most common methods for the synthesis
of these compounds are (i) alkaline hypochlorite oxidation

88

of o-nitroanilines and (ii) pyrolysis of o-nitroaromatic

azides.
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N\
0—
: i
NO, L
0
(i) 1. HOWO____ o b?
“NNH, 2. NaNj3 \ RN
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Possible mechanisms for these synthetic routes
are shown above.

The structure of benzofuroxan has been reviewed

89

by Boyer and the generally accepted forms (32 a and b,

Scheme IV) for these compounds have been suggested by Green

and Rowe 88. The appropriate intvermediates for the

interconversion of these two forms were also proposed by

o)
Boyer et al. ’O.
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o-
7 'Iq.},
6 2 \o - /N\
5 \N/ - \N+}
4 )
32a 32b O-
. ~
N=0 N—O"~
N—O~ §===0
L “\\\\\s é(/”)7 - P
NO
NO

(SCHEME 1IV)

This 1,3-oxygen shift has been suggested % to
be quite rapid whenr no 4 or 7-substituents are present.
In the presence of such substituents this equilibration
becomes slower in favour of the less sterically hindered
isomer, i.e. the 4-isomer. However, since this equil-
ibrium appears to be quite rapid at roonm temperatures or
above (even for the 4 or 7-isomers), unless otherwise
stated, the benzofuroxans in this thesis can take elther
of the forms (32 a or b).

In table II the tenzofuroxans prepared are listed.
In most cases the literature procedure was followed for

their synthesis.



TABLE IJIT

Ry
R
2 /N\
R3 \'r:,/o
R, O
c d Syntheti

ompoun ya evlc Rl R2 R3 R4 raf.

nunber route
(32) (1) H H H H 86
(33) (L) H CH; H H 85
(34) (1) H 31 H H 86
(35) (ii) CHy, H H H 85
(36) (i1) CH, NO, H 92
(37) (ii) B CH; KO, H 93
(%8) (ii) NO,, H CH5 H 92
(39) (1i) H NO, H 94,95,96
(40) (i1) OCH, H H 95
(41) (1) CH, €1 H
(42) a OCHy H | CH H
(43) a OCH c1 CH H
(a4) C1 OCHy 'CHE H
(45) b NO,, | H CH 92

a

b

see pages 89-92

see pages 93-94



Compounds (32) to (34) were synthesized by the
alkaline hypochlorite oxidation of the appropriately sub-
stituted o-nitroanilines, route (i). Compounds {35) tc
(41) were obtained by pyrolysing the corresponding ortho-
nitro-aromatic azide, route (ii). Attempts were made
to produce the benzofuroxans (35), (40) and (41) by route
(1); however, these reactions resulted in very low yield
6f the desired prbduct and large amount of tar. The
same observations were made by Dyall and Pausacker 97
when they tried the above reactions.

The first attempt to synthesize nitro-substituted
benzofuroxans was the treatment of the appropriately
substituted o-nitroanilines with alkaline hypochlorite.
Hdwever the product of these reactions was a chloro-
methoxy-substituted benzofuroxan rather than the expected
nitro-derivative.

This curious reaction was first reported by

88

Green and Rowe when they treated 2, 4-dinitroaniline

in alkaline methanol with sodium hypochlorite solution.

Mallory and Yarimbi o8

repeated the same reaction and
established the true structure of the product to be
5-chlorc-4-methoxy-benzofuroxan (46) and proposed the

following mechanism for the reaction.
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NH, N<
~ | TOCl, CHa0H = 0
S TOH . o
NO, NO2 NO, n
o~ 0
I, .
—0CHy z 9 co- . (¥ AN
. ”
5 N —-OH, —NOy /
NG, N//’ _ 2 C|"\\‘ \\N
H COCH;3 OCH3 (46)
+ TOH + NO;

In support of their mechanism 2, 3-dinitro-
aniline (47) 28, 2-phenyl-S-nibrobenzotriazole (27) 8%
(see page83 ) and the dipenylquinoxaline (48} B4 Jere
treated in the same fashion and the expected products

(49), (28) and (50), respectively were obtained.
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‘_n

o
NH, _ e
0, CHaOH z \0
NO, or CH,0 I
NO, Ci
(47) (49)
0OCH,
ZE AN - =
N-Ph — 2T N-Ph
XN ~OH \N/
(27) (28)
OCHj
NO, cl
2 Ny -Ph -
N7 Ph XN Nph
(48) (50)

Anslogous to the above reaction, treatment of

2,6-dinitro-p-toluidins (51) with sodium hypochlorite

solution in methanclic potassium hydroxide resulted in

the formation of the chloro-methoxy-derivative (44)

preéumably by the same mechanism.
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o
CH; NO, CH, |+
~0CI, CHy0H Z2N
NH, ~OoH GH,0 \N/O
NG, cl
51 44

Treatment of 2,5-dinitro-p-~toluidine (16) in
the same manner, however, resulted in the formation of

two products (42) and (43).

I 3
CH CH, . CH; +
NO» ~0CI, CHa0H NN\\O + %\&N\‘
—OH -
02 NH> NS o XN
 CCH, OCH;
16 42 43

Further investigation in this reaction revealed that in
the presence of a large excess of sodiuﬁhypochlorite the
latter compound (43) predominates.

‘Analogous to the benzotriazcles (pages79-81 ),
benzofuroxans undergo nitration reactions with the pro-
duction of the 4(7) nitro-derivatives 22?2,  The
nitration of 4-methylbenzofuroxan (35) resulted in the
formation of two nitro-derivatives (45) and (52) with

the former predominating.
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- ‘/N\O HNO5 i// /N\ N /N\
> 0
X \N+/ X \N/ NS \N/
(!)_ NO; Cl)
35 : 45 ' 52

The compound (45) wés also produced by nitration
of S5-methylbenzofuroxan (33). This nitration originally)/
results ih only one product, the 4-nitro-5-methylbenzo-
furoxan (53) 92, This product, however, undérgoes a
rearrangement to form the less sterically hindered isomer,
i.e. the nitro-derivative (45). As a result the product

of the above nitration was a mixture of the two nitro-

derivatives (53) and (45).

0O o
CHj3 N CHj N
7N HNO5 = \Q
X /0 i £
+ 4
N

33 / 53

(a2



This type of rearrangement was first reported
by Boulton and Katritzky 99 (The Boulton-Katritzky
Rearrangement) and they suggested that refluxing the
derivative (53) in acetic acid resulted in quantitative
yield of the more stable isomer (45). Hence reflux of
the above mixture of isomers afforded the isolation of
the iscmer (£5) as the sole product of nitration.

The Boulton-Katritzky rearrangement 29 is

also respcnsible for the formation of (45) in the DYI0-

lysis of 2,3-dinitro-4-azide-toluene (54).

- NO; N Q>
CHjy ND CH,
SN2 N
—N> - = \O

~ NS
N3 N
0-

54
W
45

With the exception of nitrosubstituted derive
atives most of the benzofurazans were prepared from
the corresponding benzoiuroxans. The two methods used

were mentioned at the beginning of this section and
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a possible mechanism for these are shown below.

(1) Nm, on (H20
“OH
o
l, .
/N\0 = N \0
XN xS
(i) fiphizP=0
+-
N=0 N—‘—O P(Ph)
=~ P(Ph, ’
— 0
X N—O N~

In table III the benzofurazans prepared are
listed. Column 2 shows the route by which the highest

yield was obtained.
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TABLE ' IITI

R
R, /N \
C
R3 Sn
R,
Compound Synthetic R . B R rof.
nunber route 1 e 5 4
30 (i) H H H H 88
55 (ii) C1 H i H 86
56 (1) E OCH; H H 95
57 & NO,, H H E o4
58 (ii) H NO, H H 103
59 (1) CH, H H 85
60 (1) H CH, H H 85
61 (1) H CHy Ol H
62 (1) H CEy OCH; Ol
63 (1) H CH, H = OCH,
64 a NO, CHy H H 92

8 -~ Nitration.
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Aralogous to benzotriazoles and benzofuroxans,
the benzofurazans undergo specific nitration reactions 94.
As a result the nitro-derivatives (57) and (64) were
synthesized by direct nitration of the.corresponding

benzofurazans (30) and (60), respectively.

NO,
AN HNO, ZaN
0 > /}3
\\N// \\N
30 : 57
CH CH NO2 -
3
Ty —=—s T
’ ”~
\N N \N/
60 64

Attempts were made to prepare other nitro-
derivatives by deoxygenation of the corresponding N-oxides
with triphenylphosphine. The failure of these attempts
was attributed to the fact that triethylphosphite and
probably triphenylphosphine tend to react with nitro-
aromatic compounds forming the corresponding nitrene.

The only excepiion to these failures was the synthesis
of S5-nitro-benzofurazan (58) by treatment of the corres-
ponding N-oxide with an equivalent amount of triphenyl-

phosphine.



P(Ph)s

L4
(@)

NO,

The production of nitrene in the reaction of

nitroaromatic compounds and triethylphosphite prompted

Cadogan et al.

100

to earry out this reaction on o-dinitro-

benzene in the hope of obtaining the corresponding benzo-

furazan.

CENOZ
NO,

/

v
|
A NGO,
|
Y
S 4

P(OEt)4

However the product obtained was (65) and

S P(OEt),

\'4

P(OEt)z
4+ EtONO

4

65

NO,

/N\O
XN /
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not the desired benzofurazan. In a similar reaction

Boyer and Ellzey 87 used triphenylphosphine with negative
results,

Recently Di~Nunno and Florio.lol have developed
a synthetic route for the synthesis of these compounds by
refluxing one equivalent of substituted ortho-dinitroben-

zenes with 2 equivalents of sodiuvmazide in dimethylsulf-

oxide or ethyleneglycoil.

NaNg AN NaNy /’N\\

X~"“NO, / . ‘\N//p

\
&)
\

They report successful results when y = Br, Cl, I or OCHB,
and failure when y = N02. The mechanism by which the
benzofuroxan is deoxygenated by sodiumazide is not clear.
The compound(6l)was synthesized by this method in very
low yield. However, attempts to prepare the 4-methyl-

5-chlorofurazan from the corresponding dinitro-derivative

failed.

CHj NO, CHj N
NaNg = N~ \O

cl NO, S a7

61

In a procedure described by Frokipcak, et 31.102,103

some benzofurazans were prepared by pyrolysis of ortho-

nitro carbamates (66). Originally it was thought that



the carbamate decomposes to the correspondibg isocyanate
followed by loss of carbon dioxide Fo form the desired
benzofurazans. However failure to obtain these compounds
by pyrolyses of the corresponding isocyanates suggested a
more complex mechanism (Scheme V). In general the yields
in this reaction were very low, the best result being

achieved when R = CH3°

H
| ]
Lo — L

S
Rz |
66 | 0
v {or
| H
Ry _~ N=C=0 Ri A | N\__C
+
Rz: : :Noz / R, X
Ry N: R N o]
C/O T C(
v M
R, N” Ry N

R X \N/

O=—=2+
o)
N

(SCHEME V)

o



By this method the benzofurarans (30), (55),
(s6), (58), (59) and (60) were prepared 102’103. The
compound (58) was synthesized from the carbamate (66,
Ry = NO,, R, = H). However, all attempts to prepare
the same compound from the carbamate 66 (R1 = H, R, = NOQ)

failed.
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BENZOTHIADIAZOLES

Thne third group of compounds synthesized for
the purpcse of mass spectral studies consists of the
benzothiadiazoles. The 1,2,3- arnd 2,1,3- benzothiadia-

z0les are ccmmonly synthesized from the corresponding

104 C5

ortho-aminothiophenols and ortho-phenylenediamine”

respectively.

NH, N
G HONO - \N
i) > .
SH S
NH, N
Z N\
(if) SOtk > 3

~ .
NH, pyr.or N(Et)4 J \N/

In tables (IV) and (V) the 2,1,3- and the
'1,2,3-benzothiadiazoles prepared are listed. Most of
these compounds were synthesized by literature procedures
and the synthetic routes of some of these are shown

schematically in the following pages.



R
R, //N\\é
R: SI4
R,
Compound Synthetic
number route By By Ry Ry ref.
67 (i1) H H H H 105
68 (ii) H CHy H H 105,106
69 (ii) H CH5 H N02 107
70 a NO, CH; H H 108
71 b NH2 CH3 H H -
72 b H CH3 H Nﬁg -
a -~ Nitration
b - Reduction
TABLE V
Ry
R N
2 Q§&
N
R3 s/
A
Compound Synthetic
number route Ry R, R; R, ref,
7% (1) H H H H 104,109
(o (i) H CH H H 137
75 (i) q B CH; H 110,111
76 (1) CH, H Q1 H 114
77 a NO, CHy q 2§ -
78 a H H CH;  NO, -
79 b NH, CH, B H -
80 b H H CH3 NH2 -

a - Nitration; b - Reduction.

i_‘l

Q
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The derivatives (67) to (69) were prepared -
from the corresponding ortho-phenylenediamines in the
usual way. A possible mechanism for these reactions is

shown in Scheune VI,

I
NH2 N
= 2 s0cCl, - g \s—o 5
\\ NH B: | rd /—\ +2 'HCI
2 N cn\S/O
B=Pyr.or NEt)3 H ~
4
\\ Cl
B?\} ) ) lv
a P
—Cl
N N
S+_Cl » —S0, = l \S+ o
h —B-HC!
NéZ X N —(\3\ =0
Vooe
_ 3”5
/N‘\
S
\N/

SCHEME VI

Analogous to the benzo~triazoles and -oxadiazoles,
the nitro derivatives (70), (77) and (78) were synthesized
by nitration of (68), (74) ani (75) respectively. Reduc-
tion of the nitro~derivatives with anhydrous stannouschloride |
resulted in the formation of the corresponding amino-

derivatives (71, 72, 79 and 80).



CH4 CH3 CH3
N02 NH2
75 78 80
NO, NH>
CHj N CHs Ne CHj N
=~ Y > HNO4 24 x sncl, = .
N XN HCH XN
68 70 71
CHs CH
N a3 N
~ ¥ \5 sncl, Y2 s
N 4 G %
NO> NH,
69 72

The 1,2,3-benzothiadiazoles (73) tc (76) were
easily synthesized by diazotization of the corresponding
ortho-aminothiophenoles. The eynthetic routes fér the
appropriately substituted thiophenols for the above

reaction are described in the following pages.
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The 4-methyl-orthoaminothiophenol.(81) was

synthesized from 3-nitro~-4-chlorectoluene according to

a procedure described by Dannley and Zazaris 112.
CH; NO CH; .NO N
= 2 NasS, S ~ l \ ’ 02 CH3
- S
N Cl EtOH s S’/’ \\S
CHj NHy-HC! CH»
Sn,HCI N ’ HOND =~ N\\
2T I N !
X SH N s/
81 74
In a procedure described by Fridman 113,
-NH, N
1. CuCl,KCNS/HOAc = | \C NH
2. NH,OH PN J 2
83

__NH, N
1. KOH/Hy0 , 150°C _ HONO = A -
2. HCI - > S l /N
. CH3 SH CHy S .

82 75
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2-amino-5-methylthiophenol (82) was prepared by base
hydrolysis of 6-methyl-2-amino-benzothiazole (83)
followed by neutralization with hydrochloric acid.
The thiazole (83) was synthesized by treating p-
toluidine with cupricchloride and potassiumbhiocyanate.
6-Chloro~4-methylbenzothiadiazole (76) was
prepared by treatment of o-toluidine with sulphur
monochloride according to a pfocedure described by
Kirby et al. 114. A mechanism for this reaction has

been proposed by Hope and Wiles 115, Scheme VII.

GH3 s CHa H\ /H
NH, -HCI oc N+\ Cl
2 2; /S 52012
L S y
f
[ chs ”\ /520' [ CHy i
N =cl N
/
S —_— | > + Cl+25
s/ A S
—~ - - J
CHj3 : CHsy -
N NH
clp N - 50 % HyS0, z
—22 5 ;,, cl = >
5 — S05-HCI sh
ci c
CHj
oo . 2N
—HONO | N
o X S/

SCHEME VII




ELECTROPHILIC SUBSTITUTION

;..-J
O
(@3]

The susceptibility of benzo-triazoles, -oxadiazoles

and ~thiadiazoles towards electrophilic substitution in

the benzenoid ring has been noted and made use of in the

synthesis of nitro derivatives,

In order to obtain a

more qQuantitative theoretical explanation of the relative

reactivities of the various positions irn the ring systems

Dr. L., Phillips and Mr. Kircns have calculated the total

electron density on the carbon atoms using the CNDO/2

methed (Complete Neglect of Differential Overlap), the

results are chown in Table VI.

TABLE VI
Compound Total electron density
4 5 6 7
! N
5 i
[:::I: \N 4,021 4,011 2.994 4,031
6 m/
7 K
CHy A N
3
\I::::[: /N 4,040 3. 974 4,010 4,025
)
CHq
5 N\ * &
3,982 4,031 3,988 4,042
N
b

(Continued)



CHy 4

ZAN
)
|9®

TABLE VI (Cont

*
4,026

*
4,011

3,971

%
4,0211

'3.995

40336

oo
O
(&)

d.)

Total electron density

5 & 7
' |

3.959 4,014 4,005

3.995 3.963 4,006

47006 3,999  3.993

Z.0456 4.01%4 3.9583

3,9954  3.9636 3.9795

2.,9494  3,9908 4.0132

* <the star shows the position nitrated.

In general it can be seen that the carbon atom

nitrated in each compound in fact has the highest electron

density in agreement with previous discussions on these

reactions.
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NUCLEAR MAGNETIC RESONANCE STUDIES

In order to get better insight into the fire
structure of the compounds under investigation, a detailed
study of their NMR spectra has either been made 21,118,119
or is currently being carried out by Mr. A.l. Ahmad and
Dr. L. Phillips 1170 These results are briefly discussed
in this section. One of the compounds which has already
been partially studied 117 is the 5,6-dimethylbenzotriazole

(13). This compound, although not symmetrical, appears

to be so because of the following equilibriumn,

H
CH, N CHj fll
48 = T )
o Vs
C 3\ iil/ C 3\ N/
H
(13) (13)

As a result the NMR spectrum of this compound shows a
singlet for the six methyl protons ( 7 7.65) and also a
singlet for the two aromatic protons ( 7 2.38). At low
temperature however the aromatic singlet is resolved into
two separate singlets suggesting the freezing of fthe
above equilibrium. |

There are indications that the above trans-
117

formation is base catalysed. Phillips and Ahmad

observed that the coalescence temperature was lowered as
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the basicity of the solvent increased. The amphoteric
character of benzotriazoles (page 83) may also contribute

to this transformation by self-catalysis.

/\\/‘\,ﬂN\\ r\

38

In the review it was mentioned that the N-
substituted benzotriazoles have only one structure whereas
in the absence of such a substituent three tautomeric

structures are possible for these compounds.

N
N \
v \N/ N7
H
23a 23b | 23¢

Because they have higher delocalization energy
the benzenoid structures (2%a and ¢) are to be preferred
to the quinoid form (23b). In the case of substituted
benzotriazoles other factors like resonance effects,
steric hindrance and the possibility of intramolecular
hydrogen bonding may affect the relative stability of the

benzenoid forms (23a) and (23c). It has been shown 82



that of the two tautometric forms of #4(7)-nitrobenzo-
triazole (24a and b) the structure (24b) is the more

stable form because of hydrogen bonding.

0 -
Nk
NO- \N/ T
N
N§§N - S l \\N
N// NS plfy
)
24q 24b

Attempts were made o study this hydrogen bond-
ing by investigating the infrared spectrum of G-methyl-7-
nitrobenzotriazole (5). However no suitable solvents

could be found.

N
\,

/

CHj f‘ll

The resonance effect is most pronounced when
the substitvent is an electron withdrawing group. The
preferred tautomer in such cases is that which can be
stabilized by a quinoid type of resonance structure.

Ags an example for the two 5~ or G-nitrobenzotriazoles,

the S5~-nitro~-derivative would be the more stable forn.
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NO» I\l']
H \
N H

&
!
N

In the presence of other suhstituents like
methyl-, chlorine or an amino-group it would be more
difficult to visualize any preference for either of the
two isomeric structures. However, when one of the sub-
stituents is ortho to the heterocyclic ring steric factors
drive the equilibrium in favour of the 4-derivative.

This steric hkindrance, of course, does not apply to the

nitro derivatives in which hydrogen bonding is possible.

|
N N
Z A |
] N —_ hY
X T// \\N4?,
X H X
where X = C1, NHZ’ CHB'

Based on the precedirg argument concerning the
benzotriazole equilibrium the preferred tautomers have

been tabulated with their NMR data, (table VII).
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TABLE VII : NMR SPECTRA OF BENZOTRIAZCLES

A
7 H
Compound Chemical shifts (7 ) Coupling constants c/s
H4 Hq 'H6 H,7 CH3 ring-ring rethyl-ring
4-methyl- multiplet (2.20-2.85) | 7.24
S5-methyl- 2.30 - 2.80 | 2.12 7.48 H6I-I,7 : 8.5; H4H6 : 1.5 MeHQ:O.B; MeH6 & MeH7:O.4
4-—methyl-5-chloro-| - - 2.25 | 2.60 7.25 H6H7 : 8.5 ’MeH6:0.6; MeH7:O.5
S5-methyl-6-~chloro-|2.26 - - 2.06 747 - MeH4:0.8; MeH7:O.9
5,6-dimethyl- 2.38 - - 2.38 7.65* - -
5-methyl-6-nitrc- [2.26 - - 1l.35 7.28 - MeH4:O.85; MeH7:O.5
5-methyl-7-nitro- |1.76 - 1.76 | - 7.40 H4H6 t 1.3 MeH4:0.85; MeH6:O.5
6-methyl-7-nitro- {1.8C} 2.60 - - 7.16 H4H5 : 8.5 MeH4:O.45; MeHS:O.ES
4-methyl-"7-nitro- - 2.67( l1.64 - 7.06 H5H6u: 8.3 -
4-methyl-6-nitro-| - 1.82 l.21 7.12 H5H7 : 2.0 MeH5:1.O; MeH7:O.7
5-methyl-7-amino- |3.71 - 3.37 - 7.73 H4H6 : 0.8 MeH4:0.9; MeH6:O.5
5-methyl-4-amino- - - 2.96 3.18 7.79 H6I~I,7 : 8.1 MeH6:0.5 “

* The two methyl signals appear at the same 7 value.
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The NIMR spectra of a number of benzofurazans
and benzofuroxans have been reported 1, 118’119. It
has been pointed out 118,119 that the coupling constants
across the 4-5 and 6-7 positions are larger than those
for the 5-6 positions, i.e. 9.0 - 9,3 Hz and 6.5 Hz
respectively. This observation has also bsen made
between the methyl and the ring protons in the methyl-
substituted benzofuroxans 119(1.0 - 1.4 Hz across the
4.5 and 6-7 positions, and 0.3 Hz across the 5-6 positions).
These large coupling constants for the methyl-ring protons
appear to be more of an allylic type, in other words the
120

double bonds in these compounds may be partially fixed

between the carbon atoms 4-5 and 6-7.

This type of coupling was also observed in the
methyl-benzofurazans and their sulfur analogues. The
chemical shifts and coupling constants of the benzo-
furoxans, ~furazans and thiadiazoles are listed in tables
(VIII), (IX) and (X) respectively.

The structure of thece compounds is best rep-
resented by the form (a), whereas form (b) need only be

invoked vo explain their aromaticity.
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S // TABLE VIII : NMR SPECTRA OF BENZOFUROXANS

-6 NS
7 T+
O—
Chemical shifts (7)) Coupling constants (c¢/s)
Compound
Hy, H5 H6 H7 CH5 ring-ring methyi-ring
4~-methyl- multiplet (2.7 - 3.1) 7,44 - NeH5 : 0.8
5-methyl- multiplet (2.5 - 3.1) | 7.61 - MeH, : 1.2
5-chlorc- multiplet (2.25- 3.05)| -~ - -
S5-methoxy- multiplet (2.65- 3.55) - - -
S-nitro- multiplet (l.45- 2.45) - - -
5-nethyl-6-chloro- 2.67 - - 2.47 | '7.55 - MGH4 : 1.3
S-methyl-4—methoxy - 2.80 - 346 7.72 - MeH7 : 1.2
5-methyl-56-nitro 2.50 - - 1.87 | 7.44 - MeH4 s 1.3
4-methyl-6-nitro - 2.1 - l.65] 7.28 - MeHB‘: 0.9
7-methyl-4-nitro - 1.451 2.65 - 7.29 H5H6 : 7.5 MeH6 : 1.3
6-methyl-4-nitro - 1.67 - 2.40 | 7.40 - MeH7 : 1.3
6-nethyl-5-methoxy-4-chloro- - - - 2.94 | 7.71 - MelHs : 1.3
S5-methyl-4-nitro - - 2.82 | 2.40| 7.34 H6H7 : 9.2 -




0 TABLE IX : NMR OF BENZOFURAZANS
6 \N/
7
Compound Chemical shifts (7) Coupling constants c¢/s
Hy H5 .H6 H7 CH5 ring-ring Methyl-ring
4—methyl- multiplet (2.2 - 3.0) | 7.35 CHB-—H5:1.27; CHB—H6:O.9
S5-methyl- 2.44 - 2.731 2.24| 7.53% H6H7:9.O; H4H6:1.l CHE-H4:1.3: CHBmH6:O.4; CH5H7:O.2
S>-methoxy-* 3.16 | =~ 2.92 | 2.30| =~ H6H7:9.5; HyHg:2.0 ' -
5-chloro- multiplet (2.C - 2.8) - - -
S5-nitro- multiplet (1.0 - 2.6) - - -
4-nitro- multiplet (1.2 - 2.4) - - -
5-methyl-6-chloro~ [2.30 - - 2.11 7,49 H4H7: 0.9 I"IeH4 : 1.4 MeH, : 0.5
5-methyl-7-methoxy- |2.48 | - | 3.18| - | 7.68| H,H : 0.8 MeH : 1.3; MeHg : 0.5
5-methyl-4-nitro - - 2.46| 1.87] 7.25 H6H7: 9.0 -
5-methyl-6-methoxy-
- - - 7 - d, ¢ 1.3

7-chloro 2.50 7+60 Med, : 1.3

* The methoxy signal is at 6.08 7 |

+ The methoxy signal is at 6.05 7

¥ The methoxy signal is at 5.93 r



TABLE X : NMR SPECTRA OF BENZCTHIADIAZOLES

Chemical shift (7) Coupling constants (c/s)
Compound
H H H H I CH, ring-ring Methyl-ring
4 N 4 5 6 7 3
5277 NN\
S
X AN
7
S5-methyl- 2.28 - 2.€2 | 2.14 7.48 H6H7:9.O; H4H6:1'5 MeH4:1.1
5-methyl-7-nitro- 1.83% - 1.56 - 7. 14 H4H6:1.6 MeH4:1.1
5—methyl—4—nitro- - - 2.421 1.90 7.35 H6H7:9.O -
5-methyl-4-~amino- - - 2.83| 2.8% 7.77 - -
5-methyl-7-amino- 3.04 - 3. 74 - 7.66 H4H6:1‘2 MeH4:1.l
5 N§§N
6 S/ .
S5-methyl-. 7 1.78 - ] 2.67}| 2.15 7.5% H6H7:805; H4H6:1'5 MeH4:O.9; MeH6:O.4; MeH7:O.2
6-methyl- 1.50 | 2,57 - 2.15 7.42 H4H5:9.0; H5H7.1 4 -
4-methyl-6-chloro- - 2.65| - 2.14 | 7.001 H 5H,7 :1.5 - -
5-methyl-4-nitro- - - 2.341 1.83 7.35 H6H7:8.5 -
6-methyl-7-nitro- 1.20| 2.27 - - 6.97 H4H5:8.5 -
5-methyl-4-amino- - - 2.73 | 2.84 7.7% H6H7:8.2 -
6-methyl-7-amino- 2.’74I 2,21 - - 7.68 H4H5.8.4 -

81T




N. N
2\ N
X > X+
ey N
Q b
X = 0,8

The lone pair of electrons on the oxygen or

sulfur is used to fulfil the (4n + 2)TT rule of aromat-

icity. Delocalization of these electrons can result in

benzeroid structures like (b). However these are expected

to be unimportant because of charge separation.

Recently the NMR spectrum of 4-methylbenzoquinone

(84) (a nonaromatic compound) has beern invest;igated121

In table (XI) the relevant data are listed.

TABLE XTI
Ha
HE i 0
He
i
Chemicsl shift T Courling constants c¢/s
Ha : 3.77 Ha—Hb 2.1 CHB—Ha 1.7
Hb ¢ 3,06 ?a-Hc 0.9 CH3—Hb 0.3
Hc ¢ 3%.65 ﬁb-Hc 10.0 CHB—HC 0.5
CH3 s 7.80 :




The similarities of the coupling constants between the
CH5 - Ha protons in this compound and those observed for
the benzo-furazans, -~furoxans and 2,1,3-benzothiadiazoles
support the quinoid type of structure in the latter
compounds.

In a series of molecular orbital calculations
using the CKDO/2 method, Dr. L. Phillips and Mr. M. Kipnel®
have calculated the 7TT-bond order for the substituted
benzo-triazoles, -furoxans, -furazans and thiadiazoles.

In table XII the values for the benzenoid ring of a
nunber of these compounds are listed.

The values in Table XII indicate that the /7~
electrons are partially localized in the bonds (b and 4)
betweeﬁ carbon atoms 4-5 and 6-7 in the benzo-furoxans,
-furazans and 2,1,3~benzothliadiazoles in agreement with
the quinoid type of structure and the observed coupling
constants.

The 7 ~-bond orders for the 1,2,3-benzothiadiazoles
however, are very much closer to each other suggesting a
more complete delocalization of the 77 -electrons which
is expected for benzenoid type of structures,

The benzotriazoles appear to be in an intermed-
iate position.indicating that these compounds can have
either of the two structural forms, namely benzenoid
and/or the quirnoid forms, in agreement with the previously

discussed tautowerisn., .



TABLE XIT

Benzofurazan: X=0, Y=N

Benzofuroxan: X=0, Y=N->0
2,1,3%-Benzothiadiazole: X=S5,Y=N

|
M
b=

1,2,3~-Benzothiadiazole:¥X=N,Y=5
Benzotriazole: X=N, Y=NE

Compound T ~-bond order
T
a b t ¢ d e £

- Benzofurazan . 51151 .764%] ,5566(.7650] . 5090} .518%
S5-methyl- " o 51441 74591 54221 76801 ,5079!1 ,5155
~methyl- " 497G 24421 . 5625 .76201 . 5062 .5192
Benzofurcxan .5026|.76611 .5548].7623| ,52041,5126
S-methyl- u . 50161 .7703| .5398|.7446{.5229}.5123
t-methyl- " 48981 . 74811 .5581].7349).51431.5167
2,1,3-Benzothiadiazole . 38891 .8694| ,39241.8697( .38761.5591
S-methyl- " « 39561 .8434] . 38356 .8715] . 3864}.5570
1,2,3~-Benzothiadiazole «6553| 6720 .6395]|.6811| .6453{,5838
S-nethyl- " .6625] .6610| .62581.6830| .6442].5789
S-methyl-- " 65451 .6805] .6270].6635| 65221 .5797
Benzotriazole 5698 .7179) .,61231.7117|.585€}.5631
S5-methyl- " « 5693 , 7042 . 5962 |.7163( . 58381 .5630
d—-methyl- " 55691 .6989] .6177}.7089| ,5823|.5645
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CHAPTER THREE

RESULTS AND DISCUSSION OF

MASS SPECTRA
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INTRODUCTION

It has been shown that in benzotriazoles,
benzoxadiazoles and benzothiadiazoles where a heteroatom
like N, O or 8 is adjacent to a nitrogen atom one of the
main fragmentation processes of the molecular ions under
electron impact involves the expulsion of a molecule of
N2, NO or NS. The production of these molecules is
largely dependent on their stability (see review) and
also on the etability of the product and the parent ions.
In this chapter the mass spectral fragmentation patterns
of these compounds are studied and the effect of sub-
stituents in the benzene ring on the fragmentation

investigated.



BENZOTRIAZOLES

The electron impact induced fragmentations of
benzotriazole hsove already been discussed in the review.
The main fragmentation of the molecular ion is the loss
of N2 Tfollowed by expulsion of hydrogen cyanide. lthough
the mass spectra of benzotriazoles with a methyl group
in the heterocyclic ring have been investigated 60,61,65
no mention concerning the fragmentation of benzotriazoles
with a methyl substituent in the benzene ring has been
made.

The molecular ions of the 4~ and 5-methyi-

benzotriazoles like the parent compound, undergo facile
| loss of N2 followed by expulsion of HCN resulting in the
ions m/e 105 and m/e 78 respectively. Metastable ions
at m/e 82.9 and m/e 57.9 confirm these losses in the mass
spectra of these compounds (MS-2 and -3, respectively).
A striking difference between the mass spectra of these
compounds and that of the parent compound, however, is
that the molecular ion and also the (M-N2)+ion of the
4. and 5- methyl-benzotriazoles show a loss of a hydrogen
atom. This loss from the molecular ion occufs only to

a small extent, whereas the (M—NZ)'+ ion loses a hydrogen
atom resulting in the most abundant peak at m/e 104 in
the spectrum. Sharp metastable ions at m/e 131.0 and
103.0 confirm these losses. Metastable defocusing
reveals that the ion m/e 104 also results by the loss of

N, from the (M-1)* ion.

-~
N
N
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The absence of such a hydrbgen atom loss in
the mass spectrum of benzotriazole (MS-1) strongly
suggests the involvement of the methyl group in this
fragmentation.

Analogous to the substituted toluenes the
hydrogen elimination may involve either the tropylium
intermediate or the benzylic intermediate depending on
the nature of the substituent.

In order to get some insight into the fragmen-
tation mechanism of the methyl-substituted-benzotriazoles
it is, perhaps, of some significance to compare the mass
spectra of these compounds with that of E—tolylazide(MS—S).

The molecular ion of the azide shows three main
fragmentations. The most significant of these is the
loss of N,. The other two fragmentations involve the
losses of C,H, and HON resulting in the ions m/e 107 and
n/e 106, respectively. These latter lcsses are not
observed in the mass spectra of the methyl-benzotriazoles.
Furthermore the molecular ion of the tolyl-azide does not
show any loss of a hydrogen atom. The differences in
the fragmentation pattern of these compcunds imply that
the molecular icns of the benzotriazoles do not rearrange
tb that of the tolyl azide. .

The (M—N2)+' ions in both compounds show the
loss of a hydrogen atom resulting in the ion m/e 104
(Scheme I). This loss in the case of the tolylazide
predominantly occurs via a tropylium ion 55. If the
(M—N2)+' ion (a) in the spectra of the 4- and 5- methyl-

benzotriazoles loses a hydrogen atom via a ring expanded



(b)

(cy

(d)

I

Scheme
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intermediate (b and ¢), then one would expect the result-
ing ion to have the same structure as the m/e 104 ion (d)
in the spectrum of tolyl azide.

The rearrangement step (b —»c¢) is justified
since similar hydrogen shifts are responsible for the
production of tropylium ion in the spectrum of E-chloro-

toluene °2 (see review page 24).

CH3_]+.

—Cle

k

Cl

The ion m/e 104, (C7H6N)+, in both spectra
undergoes a metastable fragmentation by expulsion of HCN
resulting in the ion m/e 77. However, comparison of the
relative intensities of the ions m/e 104, m/e 77 and the
corresponding metastable ion m/e 57.0 strongly suggests
that theionsm/e 1C4 in the spectra of these compounds do
not have the same structure. Table I shows the ratios
(n/e 57.0)/(n/e 104), (u/e 77)/(a/e 104), (m/e 78)/(m/e 105)
and (m/e 104)/(m/e 105).
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mn* transition loss
118.5 : 147 ——> 132 {CH,)
2
MS-4 117.0 ¢ 119 ——> 118 (H)
0.2 118 ———> 1 HCHN
Me Z N\\ '7_ 9 ( )
N 46.4 3 91 —> 85  (CoH,)
Me X r!q/
H
100- 13 147, M+
80
60
a1 :
40- —HgN }—]-.-l
04 —Ng*
20~ 132—CH3
£
lhl ||'| ||| || 1L, L ”
: T T T ' T I T T Y
60 80 100 120 140
MS-B
Me
N3
190- 105
80 ~Ng
60 78
—HCN 133, M*
40
65 —CaH,
20 I
_ illl l I I I L
T 1 v ] ' ] 1
0 80 100 120 140
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TABLE I

Ratio of relative intensities

n/e 57.0 |m/e 77 lm/e 78 Im/e 104

N

vompound m/e YO m/e 104 {m/e 105 | m/e 105
4-nmethyl-Benzotriazole] 8.1x10™% | 0.32 1.3 3.21
S-methyl-Benzotriazolel 11.1x10™+ | 0.31 1.7 4,76
b-tolylazide 15.5x10"% | 0.66 0.78 0.56

The ratios in the first two columns clearly
indicaté that the loss of HCN from the ion m/e 104 is more
favoured in the case of the azide. The third column, on
the other hand, shows that this loss from the (M—N2)+°
ions is more pronounced for the benzotriazoles. Further-
more the loss of a hydrogen atom from the ion m/e 105 is
a more favourable process in the case of the benzotriazoles
as evidenced by the ratios in the last column of table I.
These results are in agreement with the suggestion that
the fragmentation of methyl-benzotriazoles does not involve
tropylium type of ions as intermediates.

A more probable mechanism for the fragmentation
of the 4- and S5-methylbenzotrizzoles is shown in Scheme II.
This involves the production of the radical cation (a)
which, anaiogous to the previously reported fragmentation
mechanism of the parent compound61’ 62 (see review, pp 52 -

55) undergoes ring contraction to the structure (b).



m/e 105

_H. ) 0/
%
- ~ . S
CH L
+ +
C=NH =— @CE—NH

() (d)

NOTE: The 4-methyl-benzotriazole undergoes the
same type of fragmentations.

SCHEME II

(WY

’_.l



132

The species (b) can then undergo two processes, namely
losses of a hydrogen atom or HCN resulting in the ions
m/e 104 and m/e 78. The loss of a hydrogen atom from
(b) is a favourable process since the resulting tiradicel
can probably be stabilized by a structure like (c). A
second process which contributes to the stability of the
ion m/e 104 is the ring expansion of the ion (b) followed
by the loss of H. and the formation of the stable benzenoid
structure (4). The relative magnitude of the loss of
HCN from the ion m/e 104 may be related to the stability
of the ion m/e 104. The greater the stability of this
ion the less the extent of loss of HCN. The relative
stability of structures (¢) and (d) may therefore account
for the lesser loss of HCN from the ion m/e 1C4 in the
spectra of the methyl-benzotriazoles. The greater loss
of HCN from the ion m/e 105 in the case of benzotriazoles
can also be explained via the rihg—contracted mechanism.
The HCN roiety already present ir this structure can be
lost via a direct cleavage, whereas in the case of tolyl-
azide the loss of HCN must be preceded by a rearrangement.

A second mechanism that could account for the
greater stability of the ion m/e 104 in the methylbenzc-
triazole is shown in Scheme III.

With the consideration of the equilibrium between
the two tautomeric forms of the S-methylbenzotriazoles the
ion m/e 105 (M-N,)*' can have either of the structures
(a) or (a'). Ring contraction on either of these struc-

tures results in the formation of the ion (b) in Scheme II.



CHZ + ‘ CHg/‘
| C=NH
NH =~
(e) (b)
CHa -r”' CHy _l
N§§q N N
N// ny
H
l—Nz l‘NZ
H3 CH3
7 I+ 7 l NH
NS NH NS +
_~
j A
Hs G2,
= . NH
C==NH
~ . +
(f)

SCHEME III
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However, another pathway open to the ion (a)
is the loss of He with the production of the stable
quinoid type of ion (e). In the case of the 4-methyl-
benzotriazoles because of steric factors the equilibrium
between the twe tautomeric forms will be shifted in favour
of the 4-isomer and not the 7-isomer. As a result the
fragmentation by the quinoid type cf intermediate (f)
would be of little importance. This additional frag--
mentation pathwey for the S5-methylbenzotriazole accounts
for the slightly greater statility, and ease of production
of the ion m/e 104 in the mass spectra of the Hwo methyl-
benzotriazoles. This is evidenced from the ratios in
the first and last columns of table I.

The main fragmentation of the molecular ior of
4-methyl-5-chlorobenzotriazole (MS-6) and S5-methyl-6-
chlorobenzotriazole (MS-7), analogous to the corresponding
methylbenzotriaroles, is the loss of N2 resulting in the
ion m/e 139. Metastable ions at m/e 115.7 in the spectra
of both compounds confirm this fragmentation. The (M-N2)+'
ion in the spectrum of the 4-methyl-5-chlorobenzotriazole
undergoes two competitive metastable transitions. These
involve losses of a hydrogen atom and a chlorine atom
resulting in the ions m/e 138 and m/e 104, lMetastable
ions at m/e 137.0 and m/e 77.8 confirm these losses. In
the spectrum of the 5-methyl-6-~chloro-benzotriazole (MS-7),
however, only the metastable ion at m/e 137.0 1is observed
suggesting that the loss of the hydrogen atom is more
favoured in this compound. The metastable defocusing
technique was employed to confirm the loss of the chlorine

atom from the(M-N2)+' in this compound.
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- transition loss
MS-6 137.,0 ¢ 139 ——> 138 (H)
115,7 ¢ 167 ——=» 139 (NE)
e 104,3 ¢ 167 ——» 132 (C1)
. 89.%2 + 133 » 111 (HCH)
Cl ~N.
2 j“ 778 + 139 ~—— 104  (C1)
{
NI N 754 ¢ 138 — 102 (HC1)
:31 57,0 : 104 ——» 79 (HCH)
55,1 : 102 > 75  (HCH)
100- 104 8 167,M+*
77
-H
60 132 | ¥
—N,
¥
20 ' l
l”h I I l” “h I l i
T T T T T 1 1 i T
69 80 100 120 14¢ 150
MS~-7 27,0 139 - 138 (H)
115.% + 167 —— 139  (N,)
104.3 3 167 ——» 132 (C1)
Me N 89.3 : 138 —» 111 (HOW)
X
Cl N/
|
H
138 167, M+
1007
60 _*H
77 =N»
%
104
20- I 132 ]
IL i lhl |1| ”Il N ' ]
1 T T ! T T T 1 T ] T
60 80 100 126 140 160
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It has been shown that aromatic chlorides
undergo facile loss of the halogen resulting in the most
abundant fragment ion 122, The same is true for aromatic
chlorides with a methyl group on the ring. However in
the presence of alkyl groups larger than methyl the usual
alkylbenzene @-cleavage starts to prevail. In other
words the loss of a chlorine atom relative to the g-
cleavage becomes unimportant. By analogy one would
expect, therefore, in the mass spectra of the two chloro-
methyl-substituted benzotriazoles, the (M-N2)+' ion to
lose a chlorine atom predominantly. The fact that the
(M-N2)+‘ behaves differently in the spectra of the two
methyl-chioro-benzotriaszoles and also in contfast to the
aromatic chloro compounds suggests that different mechan-
isms are involved.

By analogy to the fragmentation mechanism of
5-methyl-benzotriazole the (M—N2)+' ion in the case of
the 5-methyl-6~chlorobenzotriazole loses a hydrogen atom
by two mechanisms namely the ring contracted mechanism
(Scheme II) (The chlorine atom is more likely to be lost
through this mechanism; see below) and the quinoid mechan-
ism (Scheme ITI). From the relative intensities of the
ions m/e 1328 and m/e 104 Table II, it is apparent that
the latter mechanism prevails (Scheme IV),. Because of
steric hindrance the loss of He from the (M—N2)+' in the
spectrum of the 4-methyl-5-chlorobenzotriazole predomin-
ately occurs via the ring contracted mechanism; this
mechanism also accounts for the approximately equal loss

of the He and Cle (Scheme V).

(@
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TABLE II
Partial spectra of 4-methyl-5-chloro- and

5-methyl-6-chloro-benzotriazoles

*
Compounds Relative intensities %
m/e 1%39| m/e 138! m/e 104

-methyl-5-chloro-benzotriazole 26 93 98
S5-methyl-6-chloro-benzotriazole 24 100 22

* The base peak is the molecular ion.

The mass spectra of the amino-methyl-benzotriazoles
show the same type of fragmentation patterns described for
the methylbenzotriazoles. The molecular ions in both the
4—zmino-5-methyl (MS-8) and #4-amino-S-methyl-benzotriazoles
(MS-9) show the loss of N, followed by elimation of a
hydrogen atom resulting in the ions m/e 120 and m/e 110
respectively. Both these ions undergo consecutive meta-
stable fragmentations of two molecules of HCN resulting in
the ions m/e 93, m/e 92, m/e 66 and m/e 65. The metastable
fragmentations and the corresponding metastable ions for

both amino-derivatives are listed in table III.



m® transition loss

118,0 : 120 —— 119 (1)

MS-~-8
97.3 ¢ 148 ~——> 120 (N2)
NH2 72.1 ¢ 120 ———> 03 (HeN)

45.9 : 92 > 65  (HCN)

M . 71,1 : 119 —> 92 (ECW)
NS N\\
46.8 : —> 66 HCH
T p— @ gm
H

100 : 1o - 148,M%°
l *
i 65 _HCN 92 }-H
% -N

i 52 2
20 ! l -

e | ) | I

. 60 80 100 120 140
MS~-9 118.0 : 120 ——> 119 (H)

97.3 : 148 —> 120 (N2)
72.1 : 120 ~——> 03 (HCN)

NH2
Ny 71.1 : 119 ——> 92  (HCN)
~ | \N 46,8 : 9% —> 66  (HCN)
M SN 45.9 : 92 —> 65  (HON)
H
100- 148, M*
149
8- ~ —HCN
—HCN £3
- % .
65 ; 2 Ve —H:{E: N Eﬂ.
20- 52 \,” .l - ;NZ
| ;lhl lll n|l ] N l , |

] ¢ I
G0 80 1C0 120 140
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TABLE TIII

Metastable fragmentation | Fragment lost| Metastable ion m/e
M¥* —=> m/e 120 N, 97.3

m/e 120 — m/e 119 E 118.0

m/e 120 —+ n/e 93 HCH 72.1

n/e 119 —» m/e 92 HCN | 71.1

m/e 93 —>» mn/e 66 HCN 46.8

n/e 92 ——p» wm/e 65 HCN 45,9

Comparison of.the relative intensities of the ions
m/e 119 and m/e 120 in the two spectra suggests that the
loss of hydrogen from the (M-N2)+° ion does not follow the
same éourse. Another difference in the two spectra is
that the molecular ion of 4-aminc-5-methylbenzotriazole
shows a loss of a hydrogen atom whereas the 4-amino-6~methyl-
derivative does not.

The larger relative ir%ensity of the ion m/e 119
in the spectrum of 4-amino-5-methylbenzotriazole can be
explained using the same argument which accounted for a
similar observation in the spectra of S-methyl- and S-methyl-
6-chloro-benzotriazoles. Because of steric hindrance the
preferred tautomers of the 4-amino-S5-methyl- and &4-amino-
6-methyl-benzotriazoles would be the structures (a) and (b)
respectively. The structure (a) can lose a hydrogen atom

via the ring contracted mechanism or the quinoid mechanism,
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whereas the structure (b) loses H. only via the ring
contracted mechanism Scheme VI,

The fact that the molecular ion of 4-zmino-5-
methyl-benzotriazole shows a loss of arhydrogen atom may
be justified since such a loss is accompanied by stabil~-
ization of the product ion by the following quinoid type

of structure (1)

Ho N, LT
'H—Z\B N HyC N
\ —He \\\
N ' | N
N// > N//
H H
(1)

Since no such stabilization of product ion is
possible for the (M-1)* ion in the case of 4-amino-6-
methylbenzotriazole, the molecular ion does not undergo
this fragmentation.

| The mass spectra of the methyl-nitro-substituted
benzotriazoles are generally complicated. This complic-
ation arises from a number of factors. Nitro aromatic
compounds undergo a number of competitive fragmentations;
namely the losses of oxygen, NC and‘NOé from the molecular
ion. When the methyl and the nitro groups are ortho to
each other the molecular ion shows mainly the loss of a
hydroxyl radical followed by expulsion of carbon moroxide.
By 15¢ labeling it has been shown 125 that the carbon

atom lost as CO is the original methyl carbon. The
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mechanism in scheme VII has been suggested for this

fragmentationleQ.

+ /

CH: 1 . HQ—Q.L /0
//l NO, N+
A

C
v

4
> CﬁHsN

SCHEME VII
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m?* transition loss
MS-10 145,86 2 178 ——>» 161 (CH)
126.4 : 178 » 150 (W,)
57,9 : 105 — 78  (HCN)
N 45,9 : 92 ——s 65  (HCH)
/N 33.8 : 77 ——> 51 (C,H,)
Me it 33.3 : 78 — 51 (HCN)
100-
178, M+*
17
60 —Nz
*
—O0H
l 105 *
204 150
' 1614
! Il”l I!l Wl 1 | |
. I Y T T T T 1 1 | )
60 80 100 120 140 160 180
MS -11 126.4 : 178 —» 150  (N,)
' 57.9 : 105 » 78  (HCIN)
56,1 : 103 —» 76  (HCN)
Me Ny 33.8 : 77 —> 51 (CoH,)
/N 3%,% 3 78 —» B1 (HCN)
~N/ 32.9 : 76 ——» 50 (C,H,)
NOZ '!'
1004
- 178, M+*
17
50
- I 150 —Nz
*
20 ' l ' 105
A |
! { i | ! | ! i I T 1
60 80 100 120 140 160 180
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m* transition loss
MS~-12
145,6 ¢ 178 —» 161 (OH)
126.4 : 178 — 150  (N,)
Me N 56,1 ¢ 103 ——» 76 (HCK)
~ \N 45,9 + 92 » 65  (HCN)
N J/ 33.8 + 77 — 51 (G H,)
NO, >~ "N 33,3 : 78 —> 51 (HCH)
H 32.9 1 76 ——> 50 (CoH,)
100+
133
77 178, Mt
60+ 193 —Nz 161
] —OH
[ ¥
20 '
Il |
l I “”.I l’ I Ll Jm o ; i
' | N 1 i { ! ! | ' I 7
60 §0 100 120 140 160 180
MS ~-13 145.6 : 178 —p 161 (OH)
126.4 ¢ 178 ——» 150 (K,)
Me 109.9 : 161 > 133 (N,)
04N, N\\ 53.8 + 77 ——>» 51 (02112)
N 3%2.3 1 78 =——p» 51  (HCK)
NV
|
H
51
1001 17
178, M**
601
i 105
65
' 133 Ny 161 _oH
20+ l | * *
!l'll l. | il ” 1l A ; | |
L r I Y { ' | i | ' {
60 80 100 120 140 160 180
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m* trensition loss
MS 14 126.4 : 178 ——» 150 (,)
_ 12%.1 ¢ 178 —> 148 (KO)
Me 80.9 ¢ 178 ~— 120 (N 2)
N\\ 7.9 1 105 se——» 78  (HCN)
57.0 : 104 —» 77 (HCI)
NO, N 6.1 : 103 ——» 76  (HCN)
H 33.2 ¢ 77 —=> 51 (C,H,)
33.3 ¢+ 78 =——» 5] (HCN)
100 7
178, Mt
51
60
| - —Np
%
104 y
T
1 J“ll ” ’I || !l | Jt il L
! i ! 1 ' | ! 1 v Ll I 4 1
60 80 100 120 140 160 156
MS -15 126.4 1 178 — 150 (N,)
72.1 : 120 —» 03 (HCI)
Me 57.0 : 104 —s 97 (HCH)
. 56.1 : 103 ——» 975 (HCI)
~ N\\
| . %3.8 ¢ /7 —» 51 (chg)
N N %3,% 1 78 = 51  (HCN)
| A2 s ) ——
1001 77 178,M**
51
60
i —N»p
103 [V *
ol
150
” | 1||”_( ll I‘l' l,n | | A .I
' T ' J ' T T i y T - T " 7
60 80 100 120 140 160 480
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The mass specvra of some nitro-benzotriazoles
have already been investigated6l (see review, page 62).
Like nitro aromatic compounds introduction of a methyl
group in the benzere ring complicates the fragmentation
pattern. In the high mass region, however, some general-
izations can be made in regard to the primary fragmentation
of the molecular ion of the nitro-methyl-benzotriazoles.

The molecular ions in all these compounds lose
N, resulting in the ion m/e 150. The extent of this loss
is very much dependent on the position of the nitro group
relative to vhe methyl group and the triazolo ring. When
the nitro group is ortho to the methyl group the molecular
ion, besides the loss of Nz, undergoes the competitive
loss of a hydroxyl radical. In the mass spectrum of
ortho-nitroaniline analogous to g—nitrotoluehe the molecular
ion shows a loss of a hydroxyl radical presumably via an

analogous mechanism 125.

As a result it might be antic-
ipated that when the nitro group is in the ortho position
to the triazolo ring the molecular ion should show a loss
of +OH . However this loss 1s not observed in the mass
spectra of 4-methyl-7-nitro- and 5-methyl-7-nitro-benzo-
triazoles (MS-15 and MS-11, respectively) suggesting that
the loss of N2 1s a more favourable process.

The loss of N2 from the molecular ion in all
the methyl-nitro-benzotriazoles is accompanied by a sharp
metastable ion at m/e 126.4. Comparison of the ratio of
the metastable ion to precursor lon intensities for the
loss of N, from the molecular ion (Table IV) shows that
when the ortho-nitro-methyl moiety is present the loss of

N2 relative to «OH becomes less pronounced.
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TABIE IV

Metastable ion to precursor ion intensity ratio
for the reaction M"" (M-N2)+' in

methyl—nitro-benzotriazbles

Msss spectrum £ L.
Compound m /M
number
4-methyl-5-nitro MS - 13 6.55 x 1074
6-methyl-5-nitro MS - 12 | .04 x 107%
6-methyl-7-nitro MS - 10 7.05 x l()'4
4-methyl-6-nitro MS - 14 11.08 x 10~*
5-methyl-7-nitro MS - 11 1%.6 x 107*
4-methyl-7-nitro MS - 15 18.9 x 1074

The ratios in table IV also show that when the
nitro group is ortho to the triazolo ring (i.e. position
7) the loss of N2 from the molecular ion becomes relatively
more facile. This may be justified since the product ion
in such cases can be stabilized by a quinoid type of

structure (2).
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The mass spectra of the methyl-nitrobenzotria-_
zoles exhibit an ion at m/e 133. Mass measurement has
shown that this ion is (C7H5N20)+. Metastable defocusing
indicates that this ion is produced by orne or both of the

following processes.

e N, ~OH
(1) M » m/e 150 ——> m/e 133
—OH -

(2) M — /e 161 ——2» nm/e 133

In the cases of 6-methyl-5-nitro-, 4—-methyl-5-nitro- and
6-methyl-7-nitro-benzotriazoles (MS-12, MS-13 and MS-10
respectively) both processes contribube to the production
of the ion m/e 133. Whereas in the cases of 5-methyl-
7-nitro- and 4-methyl-7~nitro-benzotriazoles (MS-11l and
MS-15 respectively) only process (1) is responsible.

The larger relative intensity of the ion m/e 133
in the spectra of 6-methyl-5-nitro- and 4-methyl-5-nitro-
benzotriazoles may be attributed to the stabilization of

the product ion through structures like (3 and 4).

00—
/, CH»
/CHZ NH N Xt
O\N + XXNH
(3) (4)

The loss of OH from the ion m/e 150 in the
spectrum of 6-methyl-7-nitro-beuzotriazole may result from

analogous processes suggested for the loss of +OH from

125 125

ortho-nitro-toluene and ortho-nitro-aniline . The
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loss of CO from the ion m/e 133 may be accounted for if

the loss of *OH follows the course of ortho-nitrotoluene.
Whereas the loss of NQ from the ion m/e 133 would prevail
if the hydroxyl radical is lost via the mechanism suggested .
for the ortho-nitroaniline. It may be that this latter
process, i.e. consecutive loss of OH gnd NO, is respons-
ible for the low relative intensity of the ion m/e 133

in this compound. Schemé VIIT,

An analogous mechanism to that described in
scheme VIII may account for the low intensity of the ion
m/e 133 and also the production of the ions m/e 105 and
n/e 103 by losses of CO and NO respectively in the mass
spectrun of S5-methyl-7/-nitrobenzotriazole. The peculiar
loss of 20 from the benzofurazan structure (a) in scheme
VIIT will be discussed in connection with the mass spectra
of benzofurazans. _

Metastable defocusing has shown the ion m/e 103
in the spectra of 6-methyl-5-nitro- (IMS-12) and 4-methyl-
5-nitro-benzotriazoles (MS-13) to originate from the ion
m/e 150. Mass measurements have confirmed this loss to
correspond to HN02.‘ In the spectra of the 4-methyl-7-
nitro~ (1MS-15) and 4-methyl-€-nitvro-benzotriazoles (1NS-14)
this loss is observed as a loss of He followed by Néz.

The m/e 150 ion in the latter two compounds alsc shows a
loss of NO, resulting in the peak m/e 104, in other words
a typical aromatic-nitro~-fragmentation, suggesting that
the nitro group does not get involved in rearrangements

as much as in the other isomeric compounds.



The fragmentation sequences which are in common
in the lower mass region of the mass spectra of the
methyl-nitro-benzptriazoles are shown in scheme IX. These

fragmentations were ceonfirmed by metastable defocusing

technique.

+ -+ +o
CGHsNH C7H5Nl C7H5&]
m/e 105 m/e 104 ' m/e103

-HCN -HCN -HCN
v v o £
+ + +o
C5H, NI CeHs ) cﬁﬁﬂ
mle78 mled7 mle76
HCN
“CoHz #{-CoHy -C,H;
 / v \ 4
+ + +e
CsHN_! C4H3_| H S C4H2“|
mle52 mle 51 m/e50

% metastable transition

SCHEME IX

Finally, all methyl-nitro-benzotriazoles show
a combination of losses which are observed in nitro-
aromatic compounds and benzotriazoles. These are best
illustrated in Scheme X. All the processes were confirmed

by metastable defocusing.

1
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m/i 148 m/e 150
-co |No
\ \
+
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m/e120 m/e 120
\ % ~HCN
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CGHGN_I CsH50-|
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+
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SCHEME X

The fragmentation sequence (ii) in scheme X is
Observed only in the mass spectrum of 4-methyl-6-nitro-
benzotriazole. This is in agreement with the previous

suggestion that the nitro group in this compound, being
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away from both the methyl group and the triazolo ring,
does not get involved with rearrangement reactions through
ortho-effects.

| The ionization potential of a substituted berzo-
triazole is largely dependent on the nature of the sub-
stituent. It is known that eleétron withdrawing groups
increase the value of I.P. whereas electron donating
groups decrease the value‘of IP of a molecule 126.

The IP and AP values for the production of the
molecular ion and the (M-N2)+ ion, respectively, were
found using the critical slope method and are listed in
table V. As expected the IP values are largest for
benzotriazoles with a nitro group in the benzene ring
whereas lowest values were found for the compounds with

amino group in the benzene ring.

The energies of activation (Ea) for the reaction,

-N

are also listed in table V. The wvalues of (Ea) are
calculated by subtracting the IP values from the corres-
ponding AP values. The (Ea) values calculated in this

way only roughly represent the true values (see review

pp 4-8) however, for the purpose of comparison these values
may be considered as good approximations.

The approximately equal values of E (within
experimental error) for the substituted benzotriazoles
(with the exception of amino derivatives) strongly suggest
that the energy required for the loss of N2 is independent

of the substituent. The large (Ea) values for the amino



derivatives however indicate that the activation energy
for the loss of N2 in these compounds is dependent on

the stability of the molecular ion. Therefore the high
value of (E,) in the case of the amino derivatives is
Probably not surprising if one considers that the aromatic
amines generally have high intensity, stable molecular
ions because of the stabilizaticn of the radical by de-

localization in the ring 127 (structures 6-7).

+ +
*NH2 NH, NH,

N\
o
!
Van.
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(5) (6) (7)
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Rl 32 R5 R4 IP(M) AP(M—Ng) Ea AP(M—Ne—h)
- - - - 9.04 10.54 1.50 -
CH; - - - 8.63 9.93 1.30 11.53
CH5 Cl - - 8.5% 9.98 1.45 11.23
- CH3 Cl - 8.83% 10.1% 1.30 11.53
- CH5 CH3 - 8.44 9.%4 1.10 11.44
CH3 - N02 - 9.58 10,73 1.15 -
CH3 - - N02 2,73 11.03 1.%0 -
- - CH3 N02 9.5% 10.68 1.15 -
- CH5 N02 - 9.58 10.73 1.15 -
NH2 CH5 - - 714 9.84 2.70 10,28
- CH3 - NH2 7.60 10.25 2.65 11.80
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BENZOFURAZANS

The mass spectra of benzofurazans have not been
discussed to any detail. Although the mass spectrum of

the parent compound has been reported6o’6l

no fragment-
ation mechanisms have been proposed.

| The main fragmentation of these compournds under
electron impact involves the facile loss of NO from the
molecular ion. By analogy to the photolytic cleavage 71
the first step in the fragmentation may involve the form-

ation of a nitrile coxide (8) which could then lose nitric

oxide.

=
N e o
\N/ _N ~—-O

(8)

The mass spectra of nitrile oxides are not known.
However, it is reasonable to assume that like other Ne
oxides they would lose an oxygenvatom. Sinée no loss of
oxygen is observed in the mass spectrum of benzofurazan,
even if the nitrile oxide intermediate is involved in the
loss of NO its contribution is probably very small.

The loss of NO from the molecular ion is accom-
panied Dy a metastable ion at m/e 67.5. The sharpness
of this metastable ion suggests that the loss of NO from

the molecular ion is not accompanied by release of kinetic



158

energy. In other words the ion m/e 90 in the spectrum

of benzofurazan (MS-16) is produced with excess energy.

A possible mechanism for the fragmentation of benzofurazan

under electron impact is shown in Scheme XI.

/N\;r.

7
XN
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It has been suggested that aromatic nitrenes
undergo not ring contraction, but ring expansion with
resultant stabilization through an azatropylium ion 55.
However the ion (¢) is not isoelectronic with phenyl-
nitrene and therefore it is not expected to behave like
it. This ion is however isoelectronic with the (M-H)
ion of the cyanocyclopentadiene (e) which may justify
the rearrangement process.(c)-nb (d) in scheme XI.

Introducticn of a simple substituent like a
chlorine atom into bthe benzene ring does not alter the
fragmentation pattern to any appreciable extent. In
other words the molecular ion of 5~chlorobenzofurazan
(MS-17) undergoes facile loss of NO followed by expulsion
of HCON and/or C,H,.

The most intense peak in the spectrum of 5-
methoxybenzofurazan (MS-18) is the molecular ion. This
ion shows a metastable loss of NO resulting in the ion
n/e 120 (C7H6NO)+ which undergces fragmentation typical

of aromatic methoxides 129

, narely losses of CO, CH20
and CH5 resulting in the ions at m/e 92, m/e 90 and m/e
105, respectively.

The mass spectra of nitro-substituted benzo-
furazans are more complicated. The complication arises
because of the number of competitive fragmentations due
to aromatic nitro-compounds and the benzofurazan ifself.
Both 4- and 5-nitrobenzofurszans (MS--19 and MS-20 respec~
tively) show loss of an oxygen atom resulting in the ion
n/e 149 (relative intensities of approximately 2%). The

molecular ions in both compounds also show losses of NO

and NO, giving rise to the ions m/e 135 and m/e 119.
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m* transition loss
MS-19 110.4 : 165 —== 135  (NO)
£9,6 : 119 =——s 91 (co)
NO, 52.5 1 105 ——s 77 (CO)
2N 4%,2 : 89 —s» 62  (HCN)
XN/ 32,5 ¢ 77 ——» 50  (HCN)
75 +
1001 ~NO —NO -Ng "M
1 *
62
105
—COo
60' *
89
204 | 18 v
135
1!“1 .Hl, Ly e L _
, 60 80 160 129 140 160
MS-20 110.4 : 165 ——s 135 (X10)
84,8 ¢ 135 ———p 107 (CO)
69,6 : 119 ———» 0Ol {CO)
NOz/ N 65.6 : }19 - 83 (¥e)
0 56,5 : 105 ——s» 77 (CO)
N\ 43,2 1 89 ~——» 62  (HCH)
42,% :+ 88 —-» 61 (HCH)
165,M*°
100
—NO —NO
1 —C0 *
%
60 62 l
77 L
A
105
39 -~CO
*
209 " l 19 |
135
TR O Y
60 80 100 120 140 160
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In the mass spectrum of the 5—nitfo-derivative
(MS-20) the (M-NO)¥ undergoes two major fragmentations
namely the losses of NO and CC resulting in the ions m/e
105 (C6H§NO)'and m/e 107 (CSHBNEO) respectively. The latter
fragmentation is accompanied by a metastable ion at m/e
84,8, whereas the former loss was confirmed by the meta-
stable defocusing technique. The above fragmentations
and the subsequent decomposition of the product ions are
best demonstrated in scheme XII.

The fact that the ion m/e 135 loses both nitric
oxide and carbon menoxide indicates that the loss of NO
from the molecular ion follows two mechanistic routes.

In other words the first molecule of nitric gxide lost
may originate from either the nitro group or the furazan
ring.

Two main differences are cbserved between the
mass spectra of 4- and 5-nitrobenzofurazans. First,
the ion m/e 135 in the spectrum of 4-nitrobenzofurazan
does not show any loss of carbonmonoxide. This suggests
thét the first loss of NO from the molecular ion originates
solely from the furazan ring. The second main difference
in the two spectra is the presence of the base peak at
m/e 75 in the spectrum of 4-nitrobenzofurazan. Mass
measurement has shown this ion to be (CGHB) which corres-
ponds to consecubtive loss of three NO molecules from the
molecular ion. These losses may be explained through an
ortho-effect and the production of a tri-nitrosb interped-

iate (9).
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Another possibility is the rearrangement of the
molecular ion to that of nitrosc-benzofuroxan (10) followed
by expulsion of 3 NO molecules. However the molecular
ions of bLenzofuroxans exhiﬁit a consecutive loss of two
atoms of oxygen resulting in the ions (M-0)** and (M-02)+'.
Since such ions are not present in the spectrum of 4~nitro-
benzofurazan the contribution of this latter_intermediate
for the three consecutive losses of nitric oxide is
negligible,

Introduction of a methyl group in the benzene
ring of btenzofurazan alters the fragmentation pattern
considerably. The molecular ions of 4- and 5-methyl-
benzofurazans (MS-21 and MS-22 respectively) besides the
usual loss of NO also exhibit a peculiar metastable loss
of 29 a.m.u. resulting in the ion m/e 105. Mass measure-

ments showed the ion (M-29)* to be (06H5N2)+ which means
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o* transition loss
MS - 21 82.2 : 134 ~——> 105 (H+CO)
Me 57.9 + 105 — 78  (HCN)
! N 57,0 : 104 ——s 177 (HCH)
Za \o 5.8 + 77 —> 51 (CoH,)
XN 33,3 ¢+ 78 =——>» 5] (HCI)
160 134,M+*
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40 60 80 100 i20 140 .
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the 29 a.m.u. corresponds to CHO, A metastable ion at
m/e 83.2 confirms this loss. A second peculiar frag-
mentation of the molecular ion of these compounds corres-
ponds to a loss of*OH. Metastable defocusing confirms
this loss of 17 a.m.u. from M'". However, the relatively
low intensity of the product ion at m/e 117 and of the
subsequent fragment ions at m/e 90 and m/e 63 suggest

that this fragmentation is not very important (Table VI).

TABLE VI

. ~CH . -HCN -HON
M (n/e 134) — (C HM,) (/e 117) —> m/e 90 —> n/e 63

Relative intensity
ions 4-methylbenzofurazan | 5-methylbenzofurazan
MY (m/e 134) 100 100
(M-0H) *(m/e 117) 7 | 5
(CeHy M) (m/e 90) 7 3
(Csz)" (w/e 63) 6 ' 6

Since the losses of CHO and OH are not observed
in the mass spectra of benzofurazans without a methyl group
it is reasonable to assume that the methyl group is respén-
sible for the abov%mentioned losses from the molecular ion

of 4- and S5-methylbenzofurazans. This assumption, however,




does not prove that the carbon and hydrogen atoms lost

are from the original methyl group. The explanation

for the loss of OH and CHO in the case of 4-methylbenzo-
furazan may be simpler since such losses may be attributed
to ortho effects similar to the one obéerved in ortho-
nitrotoluene. However the remarkably similar fragmen-
tation pattern in the mass spectra of 4- and S5-methyl-
benzofurazans (MS-21 and MS—EElrespectively) strongly
suggests a common fragmentation mechanism.

It has been reported130 that in the mass spectrum
of g—nitrosotoiuene the molecular ion shows a loss of CC.
However, the true nature of this loss has not been estab-
lished. |

Perhaps it is worth considering the possibility
of a two step metastable process for the loss of CEO;
in otber words the loss of a hydrogen atom followed by a
very rapid decomposition of the (M-1) with the expulsion
of CO. Another possibility for the combined loss of
E + CO is the occurrence of two fragmentation reactions
with the same rate at different sites of the molecular
ion, i.e. a concerted loss of H. + CO.

The mess spectral fragmentation pathway fer
the S5-methyl-6-chlorobenzofurazan is shown in scheme XIIIT.
The molecular ion shows metastable losses of H + CO, NO
and Cl resulting in the ions m/e 139, m/e 138 and m/e 133
respectively. The base peak in the spectrum appears at
m/e 102 which corresponds to the loss of HCl from the ion
(M-§0)*,

-3
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\ o |
\ —Hcl ~HCl
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m/e 102 . m/e103
v
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CoHsN |
103 —HCN ~HCN
%(55.1)
Y \
+ +
CoHs) CsH,N]
m/e 75 m/e 76

% The figures in parentheses correspond to the metastable iomns.
The identity of the underlined ions have been established
by accurate mass measurements.

SCHEME XIII
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The most interesting fragmentation in the mass
spectrum of 5-methyl-6-chlorobenzofurazan (MS-2%) is the
loss of CO from the ion (M~-C1l)¥ resulting in the ion
(C6H5N2)+ at m/e 105. This consecutive loss of Cl1 + CO
from the molecular ion is in support of the analogous two
step loss of 29 s.m.u., i.2. H + CO, from the molecular
ion of 4~ and 5-~methylbenzofurazans. In other words the
molecular ion of S5-methyl-6-chlorobenzofurazan undergoes
a fast loss of He followed very rapdily by expulsion of
CO; or it can undergo a metastable loss of Cl. followed
by a slower loss of CO;

It is impossible to deduce the true nature of
this fragmentation without carrying out labeling exper-
iments. However because of very high cost of the required
labeled compounds no attempts at further investigations
were made. /

From the results at hand, however., it may be
possible to draw some conclusions. Since the loss of
CHO is only observed in the mass spectra of methyl-
substituted benzofurazans, the first step in this fragmen-
tation may involve a ring expansion to a seven-membered
ring intermediate. It is obvious that extensive rearrange-
ment processes must occur before the molecular ion can
lose the elements of H + CO {and/or Cl1 + CO for the
chloro-methyl-derivative). One such rearrangement
process is shown in scheme XIV,

The rearrangement of {a) —» (b) may be just- .
ified since similar process is responsible for the inter-

conversion of pyridylcarbene and phenylnitréne (see
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o transiticn loss
MS—23 1%?¢0 : 168 139 (H+CO)
1i3.4 : 168 138 (HO)
105.3 : 168 - 133 (C1)
NN N 75,4 1 138 102 (HCL)
0 55.1 : 102 > 1
AAANN 55,1 : 10 75  (HCN)
“ 50,7 : 111 75  (HCL)
100 4
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60 1 | "g
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15 y *
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60 80 120 140 160
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e transition loss
MS ~25 146.6 : 179 ——> 162  (OH)
112.5 :+ 162 — 135  (HCN)
NO, 69.6 : 11§ ~—> 01 (co)
Me 2N 66.7 : 119 —> 89  (NO)
\N/O 56,1 : 103 — 75  (HCH)
45,0 :+ 91 ——> 64  (HCN)
44.6 : 89 —> 63 (C,H,)
33,3 3 78 =——> 51  (LCN)
100+ 18
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‘ ¥
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review page 56). The structure (b) can then undergo a
Beckmann type of rearrangement accompanied by the loss
of hydregen atom resulting in the acylnitrene (d) via
the structure {c). A Curtius rearrangement of (d)
results in the isocyanate (e) which can undergo a facile
loss of CO via the structure (f) resulting in the ion (g).
Expulsion of two molecules of hydrogern-cyanide from (g)
results in the ion m/e 78'and m/e 51 in {he spectra of
4— and S5-methylbenzotriazoles.

The mass spectrum of 4-nitro-5-methyl-benzofurazan
(11S-25) is very complicated; however three main'fragmen-
tation sequences are observed in the spectrum. The
first involves the ortho effect observed in the spectra

=
12/. This ortho effect seems to

of orthe-nitrotoluenes
be prevailing in this compound and as a result the main
fragmentation of the molecular ion is the loss of =z
hydroxyl radical resulting in the ion m/e 162. The

second fragmentation sequence is the consecutive loss of
three nitric oxide molecules resulting in the ions m/e

149, m/e 119 and m/e 89. Like 4-nitrobenzofurazan (MS-19)
it is only after the second loss of nitric oxide that the
resulting ion at m/e 119 shews the less of CO.,  This
suggests that the first molecule of nitric oxide lost
originated solely from the furazan ring. Finally the
most important fragmentation sequence is the loss of N02
followed by expulsion of NO resulting in the ions m/e 133
and 103 respectively. The latter ion undergoes further:
decomposition by losing HCN giving rise to the base pesak

at m/e 76 in the spectrum of 4-nitro-5-methylbenzofurazan

(MS-25). In addition to the above fragmentations the
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NO» + e
7N -CHO *
o —=CHO . ¢ .H,N;0,
\N/ m/e 150
m/e 179
-OH i N\-NO,
%(146:6) \NO \
+ N =+
C;H4N30,] C;HsN,04 C7H5N,O
m/e 162 m/e 149 m/e 133
-HCN
*{112.5) -NO -NO
v &
© + e
CgH3Nz02|" c/Hsho|* CHsN]
m/e 135 m/e1i9 m/e 103
-CO -NO -HCN
*#(69-6) %(66-6) %(56.1)
v v
R +s + . +0
CgHs ] C1Hs] CoHa |
m/e 91 _ - m/e 89 : m/e 76

All the transformations were confirmed by metastable
defocusing.

¥ Figures in parentheses correspond to the relevant
metastable ion.

The underlined ions were confirmed by accurate mass
measurements. :

SCHEME XV
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molecular ion also shows the peculiar loss of H + CO;
however, this fragmentation occurs only to a very small
extent.

The fragmentations described for 4-nitro-5-
methylbenzofurazan are best represented in scheme XV,

The methoxy-derivatives of the methyl-benzo-
furazans have stable molecular ions. In the mass
spectrum of 4~methoxy~6-methyl-benzofurazan (MS-24) ions
of relatively low intensity corresponding to the loss

of CH,, CHO and NO are observed at m/e 149 (rel.in%.2%),

39
m/e 135 (rel. int. 5%) and m/e 134 (rel. int. 15%)
respectively. The molecular ion of 4-chloro-5-methoxy~
6-methylbenzafurazan (1MS-26) undergoes the séme type of
fragmentations. The ion (M—-Cl)+ in the spectrum of
this compound shows the losses of NO and CO analogous
to the fragmentations of the chloro-methylbenzofurazan.

As expected the ionization potential wvalues
are derendent on the substituents. The benzofurazans
with a methoxy group in the benzene ring have the lowest
IP values which is not surprising considering the electron
donating property of the methoxy group (Table VII).

The energy of activation for the loss of NO
from the molecular ion was calculated by subtracting the
IP value from the appropriate appearance potential value

of the (M-NO)' ion formation.

M+a =NO 3 (M—NO)+

E, = APQU-NO)Y - IPOD*
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The energy of activation for this reaction is
lowest in the case of the parent compound whereas the
highest value is obtained for the methoxy-derivatives.

' The high value of Ea for the»methoxy—derivatives
can be explained through the stability of the molecular
ion. Like aromatic amino compounds the molecular ion
is generally the base peak and its stability comes about
because of delocalization of the free electron in the ring
"(structures 12 ~ 14). As a result a greater amount of

energy is necessary to reach the transition state for the

ZaN Z2N

0 <~ 6]

N . xn
|

(1) .ocH; OCH3 (12)

|

l N N\\b «“—> | //N\\b
T/J§>N// \\N//

OCH OCH
3 Iy 3

loss of NO.

(14) (13)



TABLE VII

Ry
"2 ZZAN
. N 4
R,
Compound (ev)
Ry| By | By | Ry | IPOD™ | AP(u-NO)* E,
- - - - 9.73 12,23 2.50
-l - |- 9.78 13,08 3.30
- [0CHy | - |- 8.94 13,14 4,20
CH; | - - |- 9.18 12.63 3,45
- leE, | - |- 9.18 12.63 3.45
- | CHg [ CL |- 10.43 13.73 3.30
~ | CHz |OCH, | C1 8.68 12.33% 2,65
- | CHz | - |ocH, 8.83 12,87 4.00
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BENZOFUROXANS

Benzofuroxans are the N-oxides of the corres-
ponding bhenzofurazans. As a result one would expect
these compounds to lose an cxygen atom and fragment in
an analogous way to the benzofurazans. However besides
this fragmentation process the mass spectra of benzofur-~
oxans show fragmentation patterns characteristic to
themselves.

The most interesting fragmentation process i
the spectra of these compounds under electron impact is
the consecutive loss of two atoms of oxygen. By analogy
to the photolytic cleavages the molecular ion of benzo-
furoxan can undergo a ring opening to form the correspon-
ding di-N-oxide which can easily lose the oxygen atoms.
The first loss of oxygen is generally a more favourable
process since the product ion can be stabilized by re-
arrangement to the molecular ion of corresponding benzo-
furazan. The presence of typical fragmentations of the
benzofurazan in the mass spectra of the corresponding
benzofuroxan confirms this process. The loss of the
first oxygen atom and the formation of benzofurazan can
also be explained via a direct cleavage of the molecular
ion. These fragmentations are explained in scheme XVI.

The main fragmentation of the molecular ion of
benzofuroxan (MS-27) is the consecutive loss of two
molecules of nitric oxide most probably via a dinitroso

intermediate. This consecutive losses of two NO molecules
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generally occurs very rapidly in the scurce of mass
spectrometer. The reason for this rapid fragmentation
may be the production of the relatively stable benzyne
intermediate. | The molecular formulas of the (M-2N0) **
ions in the spectra of the benzofuroxans were confirmed
by accurate mass measurements.

The mass spectra of the methyl-benzofuroxans
show the same type of fragmentation described for the
parent compound. The (M-0)** at m/e 134 undergoes
exactly the same decomposition processes described for
the corresponding methylbenzofurazans.

The main difference between the mass spectra
of 4~ and S5-methyl-benzofuroxan (MS-29 and MS—BO respec-
tively) is that the molecular isn of the former compound
shows a loss of 29 a.m.u. (CHO) resulting in the ion at
m/e 121. A metastable ion at m/e 97.6 and accurate mass
measurement of the ion at m/e 121 (C6H5N20) confirm the
loss of CHO. This loss, unlike the similar loss from
the molecular ion of methylbenzofurazans, can be explained
through an ortho effect analogous to the one observed in
ortho-nitrotoluenes. The production of this ion at m/e
121 also explains the higher intensity of the ion m/e 91
whiph correspoads to a loss of NO from the ion m/e 121 in
the spectrun of 4-methylbenzofuroxan.

The most intense peak in the spectra of the
methylbenzofuroxans is the ion at m/e 65. Mass measure-
merts have shown this ion to be (05H5). A metastable
ion at m/e 45.9 indicates that this ion arises from the

ion m/e 92. The relatively low intensity of this ion
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o ® transition loss
82,6 : 136 = 106 (NO)
MS -27 s
33,3 1 78 =——>» 5] (HCN)
32,9 : 76 == 50 (02112)
9%
XN
Qh
O-
100 128, M7
—2NO0
51
60 76
—~NO -0
20 | l o
l||| . “lll ‘ r i
60 80 150 120 140
MS--28 115.2 : 170 —> 140  (NO)
00.8 : 154 ———> 124 (NO)
51.6 : 112 =—— 76 {HC1)
KI/N\ 51,1 : 110 ——> 75  (C1)
cl XN/
I‘F
1004 76 170,M**
—2NO
60- 1‘!"’ ~NO =0
v *
124 ¢ 154
51 _0
20 l I
|‘ lh E” IL,J' l ' ””l' “1; I’l 'lL ' I . J}. - llLl I ;
60 80 100 120 140 160 180
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_m* transition loss
97.6 : 2 1
MS = 29 97.6 : 150 - 121  (CHO)
82,3 : 134 =——s 105 (H+CO)
Me 57.9 : 105 —> 78  (HCN)
/N\o 57.0 : 104 =—=> 77  (HCN)
45,9 1 Q2 HCH
I
O-
100+ 63
’ 150, M**
60 91 —{H+CO)
17 144
- -
1175 __0
20- ’ 118£
il
ll “ ! lll,l Ll | . |
' T - I | T I
. 60 . 80 100 120 149 160
MS-30 95,0 : 150 ez 120 (NO)
88,0 : 90 ~——> 89 (H)
Me N 82.5 : 134 —>» 105 (H+CO)
~ 0 70.2 : 118 —=> 91  (HCN)
Xng 57.9 : 105 — 78  (HCN)
(l) 57,0 : 104 ——> 77  (HCN)
- 45,9 1 92 w———> 65  (HCN)
100 o | 150, M+ *
60 89 ~(H+CO)
&
1 77 -0 134 -0
Wi 1oy
| “ li“' , dllll |||l.‘ L |

] 1
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(n/e 92) made its mass measurement a difficult task.
However, since 27 a.m.u. are lost in the above metastable
- transition it is reasonable to assume the neutral frag-
ment lost corresponds to HCN. As a result the nclecular
formula of the ion at m/e 92 could be (C6H6N). The frag-
ment that should be lost from the molecular ion therefore
corresponds to CNO2. The most reascnable path would be
elimination of & combination of CO and NO, probably first
the loss of NO followed by CO.

With the help of the metastable defocusing tech-
nique it has been possible to establish that the origin
of the weak (M-58)" ion in the spectra of substituted
benzofuroxans and the parent compound is the ion (M-30)7,
This confirms the original assumption that the loss of
58 a.m.u. correspond to sequential loss oi NO feollowed
by CO from the molecular ion. The fact that the ions
(M-NO)" and (M-NO0-CO0)* are not observed in the spectra
suggests that this sequential loss occurs very rapidly

in the source of the mass spectrometer. The loss of NO+CO

dose not seem to involve the nitro-nitrene intermediate (15).

CHj ?' CHy O
NT |'\||+
Z N ~ S0
0 — |
X SN/ XN
- (15)

If such an intermediate were iavolved then one would
expect to observe the known loss of a hydroxyl radical 125
through an ortho effect in the case of 4(7)-methylbenzo-

furoxan. Since no ion corresponding to (M-OH)' is
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observed in the mass spectrum of this compound, an inter-
mediate different from the nitro-nitrene must be involved
in the loss of NO + CO. Two probable mechanistic path-
wajs for this consecutive fragmentation are shown in
scheme XVII. In path (i) the first étep involves the
formation of the three-membered intermediate (a).  This
step is analogous tc the intermediate in the rearrangement
of aromatic nitro compounds to the corresponding nitrite151

(16).

(16)

The formation of (a, Scheme XVII) is probably
more favoured than the formation of the intermediate in
the rearrangement of aromatic nitro compounds since it
corresponds to an oxazirane ring. The ion (a) can then
rearrange to form the intermediate (b) which can easily
lose NO + CO.

Alternatively the molecular ion can lose a
molecule of nitric oxide via the dinitroso intermediate
(c) (path ii, Scheme XVII). The resulting ion (d) may
then undergo a ring contraction to form the nitrile oxide
(e). The rearrangement of the nitrile oxide to the
corresponding isocyanate (f) could explain the facile

loss of CO from the (M-NO)¥ ion.
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Comparison of the mass spectra of the benzo-
furoxans and the corresponding benzofurazans indicates
that loss of one oxygen atom and format;on of the molec-
ular ion of benzofurazans makes little contribution to
the fragmentation pattern of the benzofuroxans. It is
apparent that the molecular ion of the benzofuroxans
undergo facile chavacteristic fragmerntation resulting in
the most intense peaks in the spectra. These character-
istic fragmentations can be divided into the following

three categories:

1. A1l benzofuroxans exhibit a sequentisal 1oss of two
atoms of oxygen (probably via nitrile N-oxide

intermediate).

2. All benzofuroxans show the loss of two molecules of
nitric oxide (the intermediate for this fragment-

ation involves a dinitroso compound).

3. All benzofuroxans undergo the facile sequentisl
losses shown below: :
mte =29 (uwoyt =S8 (m-sg)* HEL - (1r_gs5)*
The exception to the above losses are observed in
the benzofuroxans containing substituents which can
easily be eliminated or pavrtially eliminated. In

such casesthe last step, i.e. loss of HCN, is

replaced by the most facile fragmentation.

The point (3) above can be explained by considering
the appropriate fragmentation in some substituted benzo-

furoxans.

oo

(@)
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In the case of the parent compound and the 4-
and S5-methyl-derivatives the main fragmentation of the
(M-58)+ involves the metastable loss of HCN resulting in
the ions at m/e 51, m/e 65 and m/e 65 respectively.

In the spectra of 5-chloro- and 5-methyl-6-
vchloro—benzofuroxanes (MS-28 and MS-31 respectively) the
(M-58)*% ions show the loss of HCN giving rise to the ions
m/e 85 and m/e 99 respectively. However, the more
favourable fragmentation of the (M—58)+ ion involves the
elimination of HCl resulting in the ions m/e 76 and m/e
90 respectively.

In contrast to their benzofurazan analogues
which show an intense molecular ion, the 5-methoxy<(118-33)
and 4-methary-6-methyl-benzofuroxans (11S-34) undergo facile
losses of two molecules of nitric oxide resulting in the
intense ions at m/e 106 and m/e 120 respectively. These
ions undergo typical fragmentation of aromatic methoxides129
namely loss of CH5 followed by expulsion of CO resulting
in the ions at m/e 91 and m/e 63 in the case of S5-methoxy-
benzofuroxan, and m/e 105 and m/e 77 in the case of 4~
methoxy-6-methyl derivative.

The [M~-(NO+CO)1™ ion in the spectra of these
compounds is of extremely low intensity. However ions
corresponding to the loss of CH5 from the ion (11-58)* are
observed at m/e 93 (C5H5NO) and m/e 107 (C6H5NO) in the
spectra of 5-methoxy-(lS-33) and 4-methoxy-6-methyl-
benzofuroxans (MS-34) respectively. Metastable defocue-

ing and mass measurements confirm the above losses.
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il transition loss
MS—31 128.9 : 184 w——> 154 (N0)
115.0 : 168 ———> 139 (H+CO)
(l)- 77.8 1 126 ——> 99  (HCHN)
Me /NK 75.4 ¢ 138 — 102  (HC1)
Kj: 0 3.9 + 124 -—> 89  (C1)
Cl NN 55.1 : 102 —— 75  (HCN)
53.8 ¢+ 99 ——> 73 (G,H,)
44,6 3 89 ——> 63 (02}12)
100- 89 184, M+
i —-2No
60 99
. 1‘?t4
20+ l ’ 16? =0
| | f]l]hl | I e g0 Il B | .
60 0 100 120 140 160 1;0
ME-32 128,3 : 156 ——s 141 (Me)
125,5 : 154 == 13%G (Iie)
o- 90.6 : 141 —> 113% (CO)
Me he 88.6 : 139 — 111 (CO)
7N 80.0 : 154 —m> 111 (Me+CO)
MeO XN 50,7 : 111 ——> 75  (HCL)
Cl
100- 154 214 , M+*
| —2NO
14
50
7 141
198
MH || L | N
! | ' 1 I ] | T I o ] 1
100 120 140 160 189 20¢ 220
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n* transition loss
95,0 : 150 =~ 120 (10)
78.1 : 106 =——s Q1L (CHB)
NS \\?f‘
0-
100- 166, M+*
63
~2 NQ
106
60+ 150
-0
i -0
20 93 I
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60 80 100 120 140 150
MS— 34 125.0 : 180 == 150 (NO)
91.9 : 120 ———» 105 (CH3)
OMe 838, : 90 = 89 (1)
- //N\\ 9.6 ¢ 119 —» 91 (CO)
0 67.5 : 120 —— QO (CH20)
> \N/ [ = O— ~
Me [* 56.5 1 105 =—— 77 (CO)
O_ 46.4 ¢ 91 ——» 65 (CEHE)
44,6 ¢ BY ~——> (3 (02H2)
100 7 180, M+*
| 120
—2NO
60 “
i 167 164
T =
Il | ' : ”“!] ’!II : Il : |H I : - i L.
60 80 100 120 140 160 180
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The mass spectra of the methyl-nitro-benzofuroxans
are generally very complicated btecause of the number of
competitive fragmentations that can occur from the molec-

ular icn. However, some generalization concerning the
positions of the methyl group and nitro group in relation
to each other and the furoxan ring can be made.

The molecular ion of S5-methyl-6-nitro-btenzofur-
oxan (MS-35) shows the characteristic loss of oxygen
followed by the expected loss of OH through an ortho effect
resulting in the base peak at m/e 162. The loss of a
hydrcxyl radical is the characteristic fragmentavion of
ortho-nitrotoluenes through an ortho effect.

The molecular ion of the 4—methyl—é—nitro(MS—36)
isomer shows the consecutive losses of two oxygen atoms.
Analogous to the 4(7)-methyl-benzofuroxan the molecular
ion also shows the loss of CHC through an ortho-effect.

Both the above methyl-nitro-derivatives exhibit
the characteristic loss of two molecules'of nitric oxicde.

The mass spectra of the 4-nitro-7-methyl- and
4-nitro-6-methyl-benzofuroxans (MS~327 and MS-38 respec-
tively) are even more complicated than the previous two
isomers. The 4-nitro-7-methyl-derivative, through the
ortho effect, exhibits the loss of CHO from its molecular
ion. However this process does not seem to be compatible
with the main fragmentation process of these two methyl-
nitro-derivative where the nitro group is ortho to the
furoxan ring.

The molecular ions in the 6- and 7-methyl-4-

nitrobenzofuroxans (MS-38 and MS-37 respectively) undergo
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a facile loss of oxygen atom. The resulting ions at

m/e 179, as mentioned previcusly, correspond to the
molecular ion of the apprbpriate nitro-methyl-benzofurazans.
As a result the (M-O)+'undergoes three consecutive losses

of nitric oxide resulting in the intense ion'at m/e 89

Qe ' . .
CH3 |, CHs _T CH3 ~I+
N N NO
e —- ‘e
IO e TN
N NP | , NO
NO, NO; ~NO

—3 NO

+ o

CHs |
m/e 89
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LIt transition loss
12,5 : 1G5 —— 178 (CH)
l46.8 : 179 > 162 (cH)

107.6 * 162 > 132 (NO)

MVYN\ 56.1 : 103 > 76 (HCN)
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NS N/ 1) T
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O-
100+ 162
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BENZOTHIADIAZOLES

In this section the mass spectra of 1,2,3-benzo-~
thiadiazoles and 2,%1,3~-benzothiadiazoles are discussed
and the fragmentation patterns compared to those of the
analogous benzotriazoles and benzofurazans.

The molecular ion of 1,2,3-benzothiadiazole like
the benzotriazole undergoes metastable loss of a nitrogen
molecule. The resulting (M-N2)+“ appears to be quite
stable and gives rise to the base peak in the spectrum
(1S-39).  The only major metastable fragmentation of the
ion (M-N2)+° involves the loss of acetylene giving the
ion m/e 82. A metastable ion at m/e 62.% confirms this
loss. vThe metastable defocusing technigue also shows
the loss of a 03H5 radical from the ion (MnN2)+' resulting
in the ion at m/e 69.

As in the analogous benzotriazole introducticn
of a methyl group into the benzene ring alters thé<frag—
mentation pattern to a large extent. The molecular ion
undergoes only one fragmentation process, namely the loss
of N, resulting in the ion (M—NE)"" at m/e 122. Meta-
stable ions at m/e 99.2 in the mass spectra of 5- and 6-
nethylbenzothiadiazoles (MS-42 and MS-41 respectively)
confirm the loss of N2 from the molecular ion.

The ion (M-N2)+° in the spectra of these com-
pounds as expected undergoes metastable loss of a hydrogen
atom giving rise to the base peak at m/e 121. This losé
of hydrogen can be explained in two ways. The first

involves a ring expanded mechanism (path i, scheme XVIII).
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transition loss
8 - H N
MS -39 5.8 136 ~——» 108 (Ng)
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MS —41 120.0 : 122 > 121 (H)
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(h) - m/e 78
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The second (path ii) on the other hand involves a ring
contracted mechanism.

Both the ions (M-N,)*" and (M-N,-H)" show the
loss of CS. . The loss of CS seems to be more favourable
from the (M-N2)+' ion. This may be justified if one
considers that the product ion in this fragmentation
corresponds to the molecular ion of benzene.

The (M—N2)+' in the spectrum of the parent
compound unlike that in the methyl derivatives does not
show any loss of CBS. This may be explained through
the ring contracted mechanism (scheme XIX). The loss
of CS from the intermediate (a and b scheme XIX) may be
much slower than the same loss from the corrésponding

methyl substituted intermediate (g, scheme XVIII),

+e :
N\\N_l O | Q Y
. > I EE— C=5
5/ N S+
(a) -

— (b)
%

SCHEME XIX
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The reason for the faster rate in the lafter is probably
because of the benzene mclecular ion. The intermediate
(b, scheme XIX) also explains the losses of CoH, and 03H3
from the ion (M—N2)+' in the spectrum of benzothiadiazole.

In the mass spectrum of 4-methyl-6-chloro-
benzothiadiazonle (MS-40) the molecular ion like that of
the methyl-derivatives shows the loss of a nitrcgen
molecule resulting in the ion m/e 156. This ion, however,
unlike the ion (M—N2)+° in the spectra of the methyl-
derivatives loses CS only to a small extent giving rise
to the ion m/e 112. The reason for this behaviour is
probably becsuse of the highly competitive loss of a
chlorine atom. The ion (M—N2)+° also shows the loss of
a hydrogen atom. Metastable ions at m/e 154.0 and m/e 93.8
confirm the losses of H* and Cle from the ion m/e 156.
Comparison of the ion intensities indicates that the loss
of a chlorine atom from the ion (M—N2)+‘ is a more favour-
able process resulting in the base peak of the spectrum
at m/e 121.

The mechanism for the competing metastatrle
losses of hydrogen and chlorine aioms may conceivably
involve the ring expansion ring contraction process
(scheme XX).

The greater loss of a chlorine atom relative
to hydrogen from the ion (M—N2)+' is not surprising, since
a similar observation has been made in the spectrum of
chloro-toluenes 25 (see review, page 24). The relacively
small loss of CS from the ion (M-N,)*° may also be justi-
fied through the intermediate (d, scheme XX). The most
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(e)

where X = Cl or H

SCHEME XX




probable decomposition that (d) undergoes is the loss H.
or Cls resulting in préduct ions which are relatively
stable, i.e. the benzenoid structure (e) in scheme XX.

Some interesting results concerning the mass
spectral fragmentation of nitro—methyi—benzothiadiazoles
have been obtained. In the mass spectrur of the 6-
methyl-7-nitrobenzothiadiazole (MS-43) the molecular ion
is hardly observable, whereas the molecular ion of the
5-methyl-4-nitro-benzcthiadiazole (MS-44) constitutes
the base peak in the spectrum.

The molecular ion of the 4-nitro-S5-methyl-
derivative (MS-44) shows the loss of N2 resulting in the
ion at m/e 167. Typical fragmentations of éromatic

nitro compounds 125

are observed from the icn (M-N2)+',
namely loss of N02 and losses of NO followed by CC giving
rise to the ions m/e 121 (rel. 4%), m/e 127 (rel.int.19%)
and m/e 109 (rel. 32%) respectively. The main fragmen-
tation of the ion m/e 121 involves the loss of CS givirng
rise to the ion m/e 77. A metastable ion at m/e 49,0
confirms this loss. The ion m/e 109 (06H58)+ however,
undergoes two major fragmentations. These involve the
losses of CS and CxH,, (methylacetylene) resulting in the
ions m/e 65 and m/e €9 respectively. A nmetastable ion
at m/e 38.8 confirms the loss of (S from the ion (06H53)+,
while metastable defocusing technigue aud accurate mass
neasurement of the icn m/e 69 ecstablished the loss of
C5H4' A probatle mechanism for the above fragmentation
from the 4-nitro-5-methylbenzothiadiazole is shown in

scheme XTI,
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¥ transition loss
MS-43 14%,0 3 195 ———> 167 (N5)
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N . —
y, 44,6 : 89 -» (63 (02H2)
S
NO, 38,8 : 109 —— 65  (CS)
| 55,8 1 77 —> 51 (Cyil,)
100~ 131
80-
60 69 167
65 —CqH, —N:
404 * _C: —Ns
¥
17
20+ l 89 109
| ll l Ill l |[} ll i ll ll 1?5'M+.
i 4 ’ ] ! ) { ¢ ] ' } 1
60 80 100 120 140 160 180 209
MS—44 . 143,0 : 195 ——>167  (V,)
112.4 3 167 ——» 137 (K0)
86.7 : 137 » 100 (CO)
49,0 : 121 —» 77 (C3)
38.8 : 109 —— 65 (Cs)
33.8 1 77 ——> 51 (CoH,)
100 195, M**
80-
50 6 Ny
17
35 —NO ¥
401 109 *
20 —co 157
‘ * 167
ll.l l | ||| L 1 | h
T ¥ T T T T ) 1 ' | i
50 8o 100 120 149 150 180 285



NO,
CHs

2

‘ NO
H3
— +
C=s
N ¢

m/e 167

-NO»

: CS+

-CS

+
-CsHs—l
m/e 65

+
CeHsl
m/e 77

—NGC
—>

: +
H—C=C—C=S

‘r-. NOZ . O |
N CH3 CH3
Q& -N, ¢ -NO ¢
I L, s
S ) S+
. 0Oe
CHy A/
LoNg,

m/e 137
CHy 4
I // C=S+
-CO
CHs
') ® m/e 109
Z ¢
g+
—CqH,,

m/e 69

The ions m/e 167, m/e 137, m/e 121, m/e 109 and m/e ©9

have been identified by accurate mass measurements.

SCHEME XXI
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In the mass spectrum of 7-nifro-6-methylbenzo-
thiadiazole (11S-43) the same type of fragmentations
described for the 4-nitro-5-methyl-derivative are observed.
However, the bace peak in the spectrum corresponds to the
(M-N2-NO)+ ion at m/e 137. The molecular ion in contrast
to the 4-nitro-5-methylbenzothiadiazole has a low relative
intensity of only %% suggesting instability. The loss
of N2 from the molecular ion of 7-nitro-5-methyl-derivative
is accompanied by stabilization of the product ion by the
intermediate (a) (Scheme XXII). The nitro group in the
position 7 is also responsible for the extremely facile
logs of N2 from the molecular ion by the concerted mech-
anism shown in scheme XXII. The productionvof the inter-
mediate (a) is very probable. This intermediate could
rearrange to the ion (b) which weuld lose NO and SO result-
ing in the ions m/e 137 and m/e 89. Mass measurements
of the ion m/e 89 showed that it corresponds to the losses
of (N, + WO + 80) from the molecular ion giving rise %o
(C7H5)+. The absence of the ion m/e 89 in the spectrum
of 4-nitro-5-methyl benzothiadiazole and the higher relative
intensities of the ions m/e 167 and m/e 137 in the case of
7-nitro-5-methy1—isomer.are in support of the mechanism
in scheme XXII. |

In the spectra of the 4-nitro-5-methyl- and
7-nitro-6-methyl-benzothiadiazoles (MS-44 and MS-43% respec-
tively), although the methyl and nitro groups are ortho
to each other, the expected ortho effect does not seem to
be operating to any significant extent. However the
small contribution of this fragmentation pathway accounts

for the low intensity ions at m/e 122 and m/e 95.
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SCHEME XXII

Accurate mass measurement of the ion m/e 95 (C5H33) con-
firms the occurrence of this process.

-N . -
1wt —5& /e 167 = w/e 150 =Xbn/e 122 Hben/e 95 (cH,S8)

The molecular ion of the 4-amino-S5-methyl- and
7—anino-6-methyl-benzothiadiazoles like cother 1,2,3-benzo--
thiadiazoles undergo facile loss of N2 resulting in the
ions m/e 137 in the two spectra (MS-46 and lMS-45 respec-
tively). This ion undergoes three major processes result-

ing in the ions in the lower mass region. These three
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fragmentation processes are best explained in the scheme

XXITIT.

4
CoHaNgS| T, M+
m/e 165

m%(113.7) [N,

A
CqHsN STH
m/e 137

—Cs ~HCN

(88.3)%= e(135.0)

\

4 4o ““td-e
CoHoN | CoHeS " CoHgNS ™
m/e 93 m/e 110 m/e 136

~HCN /—cs “HCN

#(45.8) / (39.8)%= . (87-4)%=

+
CeHsS |
m/e &6 m/e 109

—He . -CcS
| *(38.8)

CsHsl'
m/e 65

% Metastable ions for 4-amino-5-methyl-derivative.
m Metastable ions for T-amino-6-methyl-derivative,

SCHEME XXIII
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mn* transition loss
g ad . z
MS-45 135.C : 137 — 136 (H)
113.7 : 165 ——> 137 (Ne)
88,3 : 137 —— 110  (HCN)
?\\ 87.4 ¢+ 126 ——» 109  {HCH)
N 46,8 : 9% ——p» 66  (HCN)
Me s/ 39,6 : 110 —> 66 (CS)
NH,
100 1 138
13-+
804
167,M**
60 -HCN
*
40 —;:2
105
20 65 - 93
Il 1“ . L Il | l.'l lh . Il . , L
6'0 80 100 i29 140 169
MS-46 113.7 : 165 ~——> 137 (1)
88.3 : 137 » 110  (HCN)
87.4 : 136 ——» 109  (HCN)
£2.2 : 126 —> O2 (Cs)
39,6 ¢ 110 ——» 66 (Cs)
38.8 ¢ 109 ——>» 65 (Ccs)
100- 136 M
80
60
—HCN .
109 —'Nz
204 65 93 %

69
l !“ \.“ ! |l| ‘l' lulk" h L, ]

1 T T [ |
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TABLE

VIIT

N
N\
N
s/
Compound (ev)
+e + e . . +
Rl R2 R3 R4 IP(M) AP(M—NE) Ea AP(M-[N2+H])
- CH3 - - 8.73 9.78 1.05 11.28
- - CH5 - 8,98 G.98 1.00 -
CH3 - Cl - 8.93 10.23 1.3%0 12.C8
NH, CHB - - 7.53 9.88 2.35 11.43
- - CH5 NH2 7.48 9.1% 1.65 11.53
NO, CHy - - 9,73 - - -
- - CH3 NO2 - - - -

ND
Cco
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The ionization potential values fér the produc-
tion of the molecular ions of the 1,2,3-benzothiadiazoles
are dependent on the substituents. | The compounds with
an amino group have the lbwest IF values whereas the
highest value corresponds to the nitro;substituted
derivatives, (Table VIII).

The value of the energy of activation was calcul-
ated in the same way as the Ea values for the benzotriazoles
and benzofurazans. Again these values are largest for
the amino derivatives which can be explained as in the

previous cases.

2,1.3-Benzothiadiazoles

Unlike the 1,2,3-benzothiadiazcles the mass
spectra of the 2,1,%-benzothiadiazoles do not show frag-
mentation of the molecular ion to any appreciable extent.
The molecular ion constitutes the base peak in the spectra,
and the main fragmentation of this ion involves the loss
of hydrogen cyanide.

By analogy to the fragmentatién of benzofurazan
the molecular ion of the 2,1,3-benzothiadiazole shows the
loss of NS to a very small extent (MS-47). The low
abundance of the ion (M—NS)+ may be because of the relative
instability of NS as compared to NO. The molecular ion
also shows a small loss of S which may be explained via
a similar mechanism suggested for the pyrolytic and photo-

lytic cleavages. (Scheme XXIV).
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N CsHsNS |*°
N m/e 109

SCHEME XYIV

Like the parent compound the molecular ion of
5-methyl-2,1,3%-benzothiadiszole is the base peak in the
spectrum (MS-48). Losses of HCN, NS and S are observed
from the molecular ion resulting in the ions w/e 123, m/e
104 and m/e 118 respectively. The mecst significant
fragmentation of the molecular ion is the loss of a hydro-
gen atom giving rise to the ion m/e 149, Besides the
metastable loss of HCN, the ion (M-E)¥ also exhibits a
loss of C5 to a very small extent resulting in the ion
n/e 105 (06H5N2>+ (rel. int. 2%). The identity of the
ion m/e 105 has been confirmed by accurate mass measurement.

The combined loss of H + CS from the molecular

ion of 5-methyl-benzothiadiazole is analogous to the loss
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-NS
60 | -3
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&0 80 - 100 120 10
MS~-48 m* transition loss
148,0 ; 150 » 149 (H)
121.5 : 150 > 1%5 {Je)
Me y - b O . - N M
\r// /N\S 100,92 ¢ 150 > 123% "HCN)
.9 ¢+ 140 —p 12D (HCN)
N \N/ 99.9 ‘ 3 Ch)
4.9 ¢ 123 ~——» 0p (HCN)
69,2 : 117 ——» Ci (HCH)
160+ 1§o,M+'
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60-
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*
+ + ~H (%
[C,HgN]| [CgHsN2]
20~ 104 ! 105 123
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of (H + CO) from the molecular ion of methyl-benzofurazans.
It may be that because of the greater stability of CO the
(M—H)+ in the latter compounds undergoes extremely facile
decomposition resulting in the ion (M-CHO)+, whereas in

the case of the 5—methylbenzothiadiazoie the ioss of CS

is not favourable and as a result most of the (M-H)¥ ions
are detected at the collector without decomposition. The
loss of CS most probably follows the same type of mechanism
proposed for the logs CO in the methylbenzofurazans.
(Scheme XIV page 170 ).

The main fragmentaticns of the molecular ion of
the 5- and 6-methyl-4-nitrobenzothiadiazoles are those
corresponding to aromatic nitro—compoundsle5‘(MS—EO and
MS-49 respectively).

The fragmentation processes in the spectrum of
the 6-methyl-4-nitro-derivative are shown in scheme XXV.
Mass measurement of the ion m/e 149 shows that this ion
corresponds to the loss of NO, and not NS from the molecular
ion.

In the spectrum of the 5-methyl-4-nitro-benzo-
thiadiazole the same fragmentations described for the
6-nmethyl-4-nitro-isomer are observed. However, because
of the positions of the methyl and nitro groups with
respect to each other, the main fragmentations are caused
by the known ortho effect, i.e. the loss of OH followed
by expulsion of CO giving rise to the ions m/e 178 and

m/e 150 respectively. (Scheme XXVI).
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3 /N\‘l
: S

XN yd
—-NO ~-NO4
N NO
* . 2
(139-8) m/e 195
, + | +
CyHsN, 05| ~ CyHgNgS|
in/e 165 m/e 149
—C0 —HCN
*(113-7) %(99-9)
v k J
+ +
CsHsN,S | CoHiNS]
mle 137 *(74-0) mle 122
¥
+ +
CeHsN, | CeHN |
m/e 105 m/e S0
SCHEME XXV
- NOz A
7 - + - +
> __=OH__ ¢,H,N50S] _Tz%z»’)’ CsHaNaS|
X %(162-5 *(126-
NN 162:5) e 178 | m/e 150
m/e 195
~HCN —HCN
—N(f \NO; *(128-1) ¥*(100-9)
J’ + ¢ +
same as above CngNZOS_] C5H3N25—l
m/e 151 m/e 123

The underlined ions have been identified by accurate mass
measurements.

SCHEME XXVI



__m* transition loss
MS — 49 139,6 : 195 ——p 165 (x0O)
113,7 ¢ 165 ~——» 137 (CO)
M 99.9 : 149 —» 122 (HCN)
< PN 24,00: 149 ——> 105  (CS)
S
\N/
N02
100+ 195, M**
—NO,
—NQ
60+
-CO *
J * e
. 165
137 J
122 149
20
I![ JII ll. ll ] IJ y 1l { | 1] 1 |
T T T 1 ¥ 1 L ] 4 1 | |
60 30 100 120 140 160 180 280
MS-50 162.5 : 195 —p 178 (0H)
128.1 ¢+ 178 ——>» 151 (HCN)
126.4 : 178 » 150 (CO)
NO,
Me 1C0.9 : 150 —~=—p 123 (IiCN
N
“N 99.9 : 149 —» 122  (HCX)
XN 88.% : 137 —» 110  (HCH)
' 74.C : 149 ———>p» 105 (C8)
1007 178
195, M**
60 —Co —0H
. *
122
150
207 ” 105 137 l 5
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In the spectra of the 5- and 6-methyl-4-amino-
2,1,3-benzothiadiazoles like other 2,1,3-benzothiadiazoles
the base peaks are the molecular ions,
(MS-51 and l1S-52 respectively). The molecular ion in
both spectra shows a loss of HS radicai. This loss most

likely occurs via an ortho effect.

40
N+
7 //N\\
H4C S ——— > HqC
N\ \N/ N
~HS
H
SN
N+
HaC

The (M-HS)+ ions in both spectra undergo further
decomposition by three consecutive lossés of HCN resuiting
in the ions m/e 105, m/e 78 and m/e 51. These losses
are confirmed by the presence of metastable ions at m/e
83.5, m/e 57.9 and m/e 33.4.

The most important fragmentation of the molecular
ion, however, is the loss of a hydrogen atcm resulting in
the ion m/e 164, Comparison of the relative intensities
of this ion in the two spectra clearly indicates that the
loss 6f He is more favoured in the case of 4-amino-5-methyl-

benzothiadiazole. Aromatic amines are known127 to exhibit



a strong molecular ion and an (I"I--l)+ ion wifh a relative
intensity of approximately 11%. It is therefore the loss
of methyl hydrogen which is respcnsible for the strong
(M-1) ion in these compounds. The differences in the
intensities clearly rule out the possibility of tropylium
ion formation since in such a case one would expect to
observe the same intensity for the (M-l) ions in the two
svectra. '

The greater loss of He from the 4-amino-5-methyl-
isomer is due to the stabilization of the product ion by

the resomance contributing structure (17).

+
o NH, a* cH NH2
2
~ ”N\\ —He ”N\\
\N/S T \N/S
(17)

The formation of this structure could be the
driving force for the loss of the hydrogen atom. Since
no such driving force can operate in the case of 4-smino-
6-methyl-derivative the loss of a hydrogen atom does not

seem to be as favoured.
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m* transition loss
MS - 51 163.0 : 165 —» 164 (H)
118.4 ¢ 164 ———p 137  (ACHN)
NH, 8%2.5 : 132 —» 105  (HCN)
M /N\ 57.9 : 105 =———p 78  (HCN)
S = . -
N 53,4 ¢ 98 ——» 51 (HCN)
(M~H)* 165,M**
100 - 1§f “////
\\\#
80
~HS
®0 1 —HCN
¥
40 - —HiN ___~HeN
] ¥
l 105 l
20 ] 78 )
| | ¥ 137
4”] l Jdu . l|= " [ | . lI 1‘!’2 Itl 4 ' | .
60 80 100 120 140 160 170
MS —52 115.4 : 165 —>» 138 (HCK)
114.4 ¢+ 164 ——p 137 (ZCX)
85.8 : 165 = 119 (N3)
Me N\ 83.5 : 132 » 105 (HCK)
Y 57.9 : 105 ~——> 78  (HCN)
XN 3%,3 : 78 » 51 (HCN)
NH,
100- 165,M+*
804 —SH
60- “H;'N ~ _HCN
—HCN |
40+ ¥
~H
201 105 132 1133
:lll 1.1 . l: e 'k"l'h N uli I‘I’L | I ; l h .
6|0 810 150 120 140 160
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Comparison of the IP values for tﬁe benzotriazoles,
benzofurazans and benzothiadiazoles clearly show that the
highesﬂvalues correspond to the benzofurazans. The values
of IP for the other two groups of compcunds appear to be
very close to each other. |

The values of the activation energy for the loss
of N2 are much lower than the values for the loss of NO.

One way of Jjustifying this behaviour is the consideration
of the structure of the following three groups of compounds

(structures 18, 19 and 20).

N N N
R \\N R \\N R- ” \o
(18) | (19) (20)

The most stable formsof the above groups of
compounds in the ground state are represented by the
structures (18), (19) and (20). It can be seen that the
loss of N2 requires the cleavage of two single bonds,
whereas for the loss of NO one single and one double bond
have to be ruptured. Therefore it is not surprising to
see that a greater amount of energy is needed for the
loss of KO.

An interesting result has been obtained while
measuring the appearance potential of the (M—N2)+' ion
in the spectra of the 5-methy1-4-amino-benzothiadiazole.
The slope of the ionization efficiency curve is abruptly

changed in the low ev region (fig. 1). This type of
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unusual abrupt change in the I.E. curve has been reported
in the case of some nitro-aromatic compounds for the (IM-30)
ions 11, Beynon et g;,ll have studied the mass spectrs
of some five nitro aromatic compounds under high resolving
power. In the vicinity of the (M-BO)+ ion weak peaks
ffactionally higher in mass were observed. These weak
peaks corresponded to the amino compounds obtained by the
reduction of the nitrc compound under investigation.
Introduction of DEO into the mass spectrometer shifted
these small peaks by 2 a.m.u. Since the samples were
purified by GLC the presence of such impurity peaks suggested
the occurrence of catalytic reductioh in the source of the
mass spectrometer. ”

Another process which can cause this type of
change in the slope of the IE curve is if a certain frag-
ment ion is being produced via two different processes
from the molecular ion or the same process from molecular
ions which are at different states of energy24. In other
words if the minor process has a lower appearancz poten-
tial than the major one, then the IE curve for the frag-
ment ion would show a drastic change in its slope at low
electron energies.

Finally the most probable process which could
cause such a behaviour is the occurrence of pyrolysis in
the heated inlet or in the vicinity of the filament®',

In such a case then the AP value obtained would correspond
to the IF value for the ionization of the pyrolysate

which in the case of the benzothiadiazole would be the

bi-radical (21).



. CHj
Al —>»
S
(21)
-..e-
NH,
CHs
S+

Ancther likely process which could account for
this behaviour in the methylaminobenzothiadiazole is the
rearrangement of the molecular ion tc¢ the benzotriazolo-

thiol(22 followed by expulsion of Ns.

NH ‘|+° NH m
CH CH
3 N\\\ 3 N+
N —»
S// Se
—N; . €§§§§3
l CHy H H
(M—N, )** N
m/e 137 N
N7
]\“Nz 7 -
3 H
CHy TJ GH3
Z2E Z ,i,f/’“
o l)‘
SH S H
N

(22)
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The mass spectra were measured with an AEI MS9O
instrument with an ionizing energy of 70 ev. High
resolution data” were obtained with the same instrument
operating at 70 ev electron beam energy and 100 #A trap
current with a resolution of about 10,000 (10% valley).
Mass measurements were carried out using heptacosafluorotri-
n-butylamine as an internal standard. The samples were
introduced through the heated inlet system into the source.
The ion chamber temperature was normally at éOOOC. The
ionization and appearance potential measurements were
carried out with thé same instrument with the trap current
at 10 uA, The ion currents in the low ev region of the
ionization efficlency curves were measured in increments
of 0.1 ev using Fiuke 8000A digital multimeter. The
ionization efficiency curves were plotted as a percentage
of 30 ev ion current against the electron energy.

The melting points are uncorrezted and were
measured on Kofler microscope hot-stage.

The infra-red spectra were obtained as nujol
mulls using a Pye-Unicam SP200 or Perkin-Elmer 157
instrument.

The 60 MHz and 100 MHz n.m.r. spectra were
recorded on Varian A60 and HA 100 instruments respectively

using tetra-methylsilane as an internal standard.



BENZOTRIAZOLES

3,4—Diaminotoluene152

2-Nitrotoluidine (5.0g) and granulated tin (12.0g) were
mixed and concentrated hydrochloric acid (25.0 ml.) was
added in portions. After the initial reaction subsided
the mixture was refluxed for a total of 2.5 hours. The
solution was cooled, neutralized with 1-N sodium hydroxide
solution and the product extracted with ether. The ether
layer was dried (Na2804) and evaporated. The title
compound was recrystallized from pet. ether to give
colourless masses of plates. Yield: 3.7 g. (90%). This
experiment was repeated on 10.0 g of starting material
resulting in 7.2 g. of the title compound. m.p.:87 - 88°¢
(Lit. 88.5 172 and 89.0 133),
5-Methyl—1,2i5—Benzotriazole72

3,4-Diaminotoluene (5.0 g.) was dissolved in dil. HC1

(20 ml1.). The solution was cooled to about 5°C in ice
and a solution of sodium nitrite (3.0 g.) in 10 ml. cold
water was added. The mixture was stirred for 10 minutes.
Sodium bicarbonate was added until no more 002 was evolved.
The product was extracted with ether. The ether layer was
dried (N32804) and evaporated. The title compound was
crystallized from benzene. Yield 3.4 g. (64%),m.p. 82~
83°C (Lit.’2 m.p. 83-84°C).

S5-Methyl-1l,2,3-benzotriazole~nitrate.

(a) In an experiment analogous to the one described above
3,4-diaminotoluene was diazotized with a two fold

excess of sodium nitrite. The product was collected
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prior to neutralization of the excess nitrous acid
with sodium bicarbonate. The product decomposed

with evolution of a gas at ahout 138°C.
-1

IR: cn 2200 - 2300, 2000 - 1840, 1620, 1310,
1240, 1150, 1040, 970, 940, 820, 760,
730.

(b) 65-Methyl-l,2,3-benzotriazole (0.2g) was dissolved
in acetic acid (5 cc) and this solution was added
dropwise to a cold (5-10°) mixture of zonc. nitric
acid (2 cc) acetic acid (5 ce). A few drops of
water was added and the precipitate collected and
dried in air. m.p. 13800 Dec.

IR: same as above.
NMR: same as that of 5-methylbenzotriazole (see
table VII, Chapter two, page 114) except for

two exchangeable protons at about -0.55 7,

Analysis A=C,7H7N3 B= C,H,N,-HNO

b 5

Calculated for
5.2% A | 6.4% &
lst.anal. |2nd.anal. |3rd.anzl. B | 94.8%6 B} 93,6% E

C 43,84 44,21 44,03 [42.86 | 43.91 44,16
H 4,20 4,26 4,20 | #.21)| 4.17 4,19
N| 28.83 28.67 28,94 |28.56|28.72 | 28.75
o 23.13 22.86 22.83 {24.47 | 23.20 22.90

2.5-Diaminotoluene 134

The title compound was synthesized by reduction of 2~amino-

3-nitrotoluene (3.0g.) with aluminum amalgam according to

the procedure of H. McCombie et g;.lEq. The t.l.c. of

U1



the product showed only one spot, therefore, no attempt
was made to purify the product and it was used in the
next step. Yield 2.0g. (8%%).

LL—l"Iethylbenz.otn:'iazole'73

2,3-Diaminotoluene (2.0 g.) from previous experiment was
dissolved in glacisal acetic acid (5.0 mi.). The mixture
was cooled in ice to about O—5°C and a solution of sodium
nitrite (1.2 g.) in the minimum amount of cold water was
added with shaking. The mixture was left stirring at
room temp. for 2 hrs. Water was added and the solution
neutralized with bicarbonate. The precipitate formed was

crystallized from hot water to give almost colourless

26

needles. Yield, 0.9 g. (41%), m.p. 149-50 (1lit.’?, m.p.150).

4-Amino-3,5-Dinitro-toluene

The title compound was synthesised by nitration of N-acetyl-

p-toluidine (5.0 g.) with fuming nitric acid followed by
hydrolysis with 50% sulfuric acid according to a standard
procedure. The product was crystallized from ethanol to
give the title compound as bright orange crystals.

Yield 3.3 g. (50%), m.p. 170°C (Lit.’® 172%).
5;4—Diamino-5—Nitrotoluene76

4-Amino-3,5-dinitrotcluene (2.0 g.) was suspended in hot
ethanol (5 ml) and to it was added a solution of sodium
sulfide (5,0g.) in 5 ml. of water in two portions. The
mixture turned dark red and started to boil. it was
heated fer a further 5-10 minutes on the steam bath.
Water was then added (20 wl) and the mixture was left |
standing for 2 hours. The precipitate formed was coll-

ected and crystallized from water to glve the title
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compound as dark red needles. Yield, 0.8 g. (47%).
m.p. 158°C (Lit.’® m.p. 158°C).
5-Methyl-7-Nitro-l1l,2,3-benzotriazole 76

3,4-Diamino-5-nitrotoluene (0.4 g.) was suspended in dil.
HC1 (5 ml). The solution was ccoled iﬁ ice bath and a
solution of sodium nitrite (0.2 g.) in the minimum amount
of water was added slowly. The mixture was left standing
at room temperature for 10 minutes and then heated on the
steam bath for 20 minutes. A precipitate was formed
which was collected and crystallized from ethanol to give
the title compound. Yield, 0.3 g. (70%). m.p.: sublimes
below 270°C (Lit.’® 277°C).

135

N-3-Tolylsuccinimide

m-Toluidine (10.0 g.) and succinic anhydride (0.0 g.) were
treated according to the literature procedure to give the
title compound. m.p. 114-115°C (Lit.13% 113°C).  Yield,
9.0g. (54%).

2,4=-Din? tro-5-aminotoluene

135

N-3-tolylsuccinimide (2.4 g.) was nitrated followed by
hydrolysis according to the procedure of Evans, et al. 125
to give the title compound. - Overall yield, 1.2 g. (48%).
m.p. 241-242°C (Tit.15% 240°¢).

2-Nitro-4,5-diaminotoluene

2,4-~-Dinitro-5-aminotoluene (1.0 g) was reduced with sodium
sulfide the same way as for the synthesis of 3,4-diaminc-

S5-nitrotoluene. The product was crystallized from water

to give the title compound as bright orange needles.

Yield, O.4 g. (47%). m.p. 140-141°C.
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5-Methyl-6-Nitro-1,2,3-Benzotriazole

2-Nitro-4,5~-diaminotoluene (0.4 g.) was diazotized by the
same method as for the synthesis of 5-methyl-7-nitro-1,2,3-
benzotriazole.. The product was crystallized from ethanol
to give the title compouand. Yield, 0.25 g. (59%%), m.p.
sublimes at 218-212°C.

NMR: See table VII, Chaplier two, page 1l4.

Mass Measured M*° C7H6N4O2 aerror(ppm)
178.0496 178,0491 2.8
136

3.5=-Dinitro-2-Aminotoluene

Acetyl-o-toluidide (7.0 g.) was added to ice-cold fuming
nitric acid (25 ml) during 20 minutes. The mixbure was
stirred for one hour and then poured on ice with stirring.
The precipitaﬁe was collected and heated with 50% sulfuric
acid at 80° for 10 minutes. This solution was poured on
to ice and the precipitate collected and crystallized
from ethanol to give the title compound as orange yellow
needles. Yield, 3.0 g. (32%), m.p.: 212-213 (Lit.136
m.p. 214°C).

77

2,3%-Diamino=-5=-nitrotoluene

3,5-Dinitro~2-aminotoluene (1.0 g.) was reduced with
sodium sulfide (4.0 g.) in the same way as for the syn-
thesis of 3,4-diamino-5-nitro-toluene. The product was
crystallized from water to give the title compound as red
needles. Yield, O.4 g. (50%), m.p. 184-5°C (Lit.’’
m.p. 185°C).

4-Methyl-6-Nitro-1,2,3-Benzotriazole 77

2,3-Diamino-5-nitrotoluene (0.4 g.) was diazotized in the
same way as for the‘synthesis of 5-methyl-7-nitro-1,2,3%-

benzotriazole. The product was crystallized from
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aqueous ethanol tc give the title compound. Yield, 0.30 g.
(71%) m.p. 252-3°C (Lit.’? 252-3°C).
6-Methyl-7-Nitro-1,2,3-Benzotriazcle 75

5-Methyl-1,2,3-benzotriazole (0.1 g.) was dissolved in
concentrated H,S0, (2.0 ml) and nitric acid (D:1.42)

(0.1 ml) was added, The mixture was heated on a steam
bath for 10 minutes, cooled, and finally poured on to ice.
The precipitate was crystallized from ethanol to give the
title compound. Yield, 0.1 g. (82%), m.p. 249-50°C
(Lj.'l:.?5 not reported).
4-Methyl-5-Nitro-1,2,3-Benzotriazole and

A-Methyl-7~-Nitro-1l.2,3-Benzotriazole.

To a solution of 4-methyl-l,2,3-benzotriazole (0.2 g.) in
concentraiced sulfuric acid (2.0 ml) concentrated nitric
acid (0.5 ml) was added at room temp. The mixture was
first heated on & steam bath for 5 minutes and then leit
at room temperature for 45 minutes. The mixture was
then poured on to ice and the precipitate collected.
T.l.c. (50% EtOH/CHClB) of the mixture showed the pres-
ence of twe products which were separated and purified by>
the same method. The two derivatives}were identified by
their mass spectra. Fast running compound 4;methy1—5-
nitro-1,2,3-benzotriazole. Yield 30%, m.p. 208-209°C.
NMR: see-table VII, chapter two, page 1l4.

Mass Measured M** ColleN, Op error (ppm)

178.0494 178.0491 1.7

Slow running compound 4-methyl-7-nitro-1,2,3-benzctriazole.
Yield, 40%, m.p. 236-237°C.

NMR: see table VII, chapter two, page 114,
Mass Measured M'° C7H6N402 error (ppm)

178.0494 178.0491 1.7
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5,6-Dimethyl~1,2,3%3-Benzotriazole 78

A mixture of 4,5-diamino-o-xylene (1.0g.), glacial acetic
~acid (2.0 ml) and water (3.0 ml) was cooled to 5°C. A
solution of sodium nitrite (1.0 g.) in water (1 ml) was
added slowly. The mixture was then left standing at
room temperature for 24 hours. The precipitate was
collected, dried and crystallized from benzene tc give
the title compound. Yield, 0.9 g. (83%), m.p. : 156-7°C
(Lit.”8 m.p. 156-7°C).

4,5-Dinitro~-6-Chiorotoluene 74

The title compound was synthesized by nitration of
2-chloro-4-nitrotoluene (5.0 g.) according to the liter-
ature procedure. Yield, 4.8 g. (80%), m.p. 88.5°C
(zit. ™, m.p. 88.5°C).

4,5~-Diamino-2-Chlorotoluene (s

The title compound was synthesized by reducing 4,5-dinitro-
2-chlorotoluene (2.0 g.) with granulated tin (5.0 g) in
concentrated HC1l. The product was not purified 2nd was
used for the next step. Yield, 1.2 g.(83%).
S5-Methyl-6~-Chloro-1,2,3-Benzotriazole 74

4-5-Diamino-2-chlorotoluene (1.2 g.) was diazotized with
sodium nitrite (1.0 g.) according to the literature methed
to give the title compound. Yield, 1.0 g. (78%), m.p.
192°C (Lit.’* m.p. 192°C).

2,3%-Dinitro-6-Chlorotoluene 74

2-Chloro-6-nitrotoluene (6.0 g.) was nitrated according
to the literature procedure to give the title compound.

Yield, 6.5 g.(86%), m.p. 106.5°C (Lit.’?, .p. 106.5°C).
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4-Methyl—5-Chloro-1,2,3-Benzotriazole 7+

24,3-Dinitro~6-chlorotoluene (2.0 g.) was first reduced
and the product diazotized in the same way as for the
synthesis of 5-llethyl-6-chloro-benzotriazole to give the
title compound. Yield, 0.9 g. (58%, overall), m.p. :
Dec. 230-1°C, (Lit.’* m.p. 232°C).

4-Amino-5-methyl-1,2,3-Benzctriazole

4-Nitro-5-methyl-1,2,3-benzotriazole (0.2 g.) was added
slowly to a stirred sclution of arhydrous stannous chloride
(1.2 g.) (Synthesized by treatment of the hydrated form
with acetic anhydride) in concentrated hydrochloric acid
(1.0 m1). The mixture was left stirring at room temper-
ature for 45 minutes, and then neutralized with 20% sodium
hydroxide solution. The amine was extracted twice with
ether. The ether extracts were dried (Na2804) and
evaporated under reduced pressure. Tyl.c. (5% EtOH/CHCl3)
showed one spot. The title compound was further purified
by sublimation at 16000 under reduced pressure. YTield.
0.14 g. (84%), m.p. 157-8°C.
NMR: see table VII, Chapter two, page 114.

Mass Measured M*° C7H8N4 érror (ppm)

148.0751 148.,0749 | 1.3

7-Amino-S5-methyli-1l,2,3-Benzotriazole 76

7-Nitro-5-methyl-1,2,3-benzotriazole (0.2 g.) was reduced
with anhydrous stannous chloride (1.2 g.) in the same way
as for the synthesis of the 4-amino-derivative. The
title compound was purified by sublimation under vacuum
at 160° .  Yield, 0.12 g.(72%), m.p. 154-155°C, (Tit.’°,
m.p. 155°C).
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Attempted reaction of 4-nitro-6-methvl-l.2,3-benzotriazole

with sodium hypochlorite.

4—Nitro—6—me£hyl—l,2,5—benzotriazole (0.1 g.) was treated
with sodium hypochlorite in a solution of potassium hydrox-
ide (0.2 and 0.4 g.) in methanol (20 cc) at room temperature,
at 50°C and at reflux temperature. The starting material
was recovered quantitatively in every case when the mix-

ture was neutralized with dilute hydréchloric acid.
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BENZOFUROXANS AND BENZOFURAZANS

Benzofuroxan 86,157

o-Nitroaniline (10.0g.) in ethanolic potassium hydroxide
was treated with sodium hypochlorite solution according
to a standard procedure. Yield, 9.0 g.(91%), m.p. 72°C
(Lit. 127 m.p. 72-93°C).

Benzofurazan 88

Benzofuroxan (5.0 g.) was treated with hydréxylamine
hydrochloride (7.5 g.) according to the literature pro-
cedure. After steam distillation the product was ex-~
tracted with chloroforn. The chloroform extract was
dried (sodium sulfate, anhydrous) and evaporated under
reduced pressure to leave the title compound as a pure
(t.1.c.) low melting colourless solid. Yield, 3.0 g.
(68%), m.p. 54°C (Lit.%8, m.p. 5590)
5-Methylbenzofuroxan 85

4-Amino-3-nitrotoluene (10.0 g.) in ethanolic potassium
hydroxide was treated with sodium hypochlorite solution
(commercially available bleach) according to a standard
procedure. The title compound was recrystallized from
aqueous ethanol. Yield 8.5 g. (86%), m.p. 96-7°C (Lit.52,
n.p. 97°C).

5-Methyvlbenzofurazan 85

(a) Hydroxylamine method.
85

The procedure of Zincke and Schwarz was used to

deoxygenate S5-methylbenzofuroxan (5.0 g.). The
title compound was purified by preparative t.l.c.

(CHC1. Yield, 3.5 g.(78%), m.p. 36.5°C (Lit.%?,

3)
m.p. 37°C).
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(b) Tripﬂenylphosphine method.
5-Methylbenzofuroxan (1.5 g.) and triphenylphosphine
(2.5 g.) were refluxed in benzene for one hour.
The benzene was evaporated under :educed pressure
and the residue steam distilled. The distillate
.was cooled an@ the solidified product was separated.
The solid was purified by preparative t.l.c.(CHClB)
to give the title ooméound. Yield, 1.0 g.(75%),
m.p. 36.5-37°C (Lit.%” m.p. 37°C).

2-Azi d 0-3-NitrotolueneS?

2-Amino-3-nitrotoluene (4.56 g.) was dissolved in a mix-
ture of acetic acid (50 wl) and concentrated sulfuric
acid (30 ml). The solution was cooled in ice and sodium
nitrite (2.1 g.) was added. The mixture was stirred
keeping the temperature at 0_50 by addition of ice.
Excess nitrous acid was destroyed by addition of urea.
Finally, sodium azide (2.0 g.) was added and the mixture
warmed to room temperature and left standing for 3 hours.
The precipitate was collected and washed with wabser and
finally crystallized from ethanol to give the title com~
pound. Yield, 4.8 g.(99%), m.p.50°C (Lit.85 m.p. 50°C).

4-Methylhenzofuroxan 85

The above azide (2.0 g.) was refluxed in a mixture of
water and ethanol in the ratio of 90/10 for 24 hours.
The mixture was cooled and the solid recrystallized from
95% ethanol to give the title compound. Yield, 1.2 g.
(71%), m.p. 60°C (Lit.%%, m.p. 60°C).

85

4-Methylbenzofurazan

4-Methylbenzofuroxan (2.0 g.) was deoxygenated in the

same manner as the 5-methyl derivative, using the
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85 procedure. Yield, 1.2‘g. (67%),

Zincke and Schwarsz
m.p. : 44°C (Lit.85, m.p. 44°C).

3,5=Dinitro-4-Azidotoluene 92

4-Amino-3,5-dinitrotoluene (4.0 g.) was diazotized followed
by treatment with sodium azide (1.5 g.).in the same manner
as for the synthesis of 2-azido-3-nitrotoluene. Yield,
3.5 g. (76%), m.p. 96-97°C (Lit.%2 m.p. 97°C).

4-Nitro-6-Methyibenzofuroxan 92 .

4-Azido-3,5-dinitrotoluene (2.0 g.) was refluxed in acetic
acid for 30 minutes. The mixture was cocled and water
was added. A precipitate formed which was crystallized
from ethanol to give‘the title compound. Yield, 1.5 g.
(86%), m.p. 144°C (Lit.%2 m.p. 145°0). ”

4_Amino-2,5-Dinitrotoluene 80

4-N-Acetyl-2-nitrotoluene (5.0 g.) was nitrated with
potassium nitrate in concentrated sulfuric acid followed
by hydrolysis according to the procedure described by
Scott and Robinsonao. The title compound crystallized
from ethanol as orange-red needles. Yield, 3.0 g.(60%),
80 m.p. 189°C).

4-Amino-2,3-Dinitrotoluene /280

4-N-Acetyl-2-nitrotoluene (5.0 g.) ﬁas nitrated with fuming
nitric acid (D:1.5) at 0°C followed by hydrolysis accord-

ing to the procedure of Scott and Robinsonso. The title
compound crystaliized from aqueous ethanol as yellow

needles. Yield, 1.5 g.(30%), m.p. 125-4°C (Lit.%‘m.p.124°).

4-Azido-2,5-Dinitrotoluene 92

4-Amino-2,5-dinitrotoluene (2.0 g.) was diazotized followed

by treatment with sodium azide (1.5 g.) in the usual manner.



Yield, 1.8 g.(75%). The azide was not purified and was

used directly for the following decomposition.

93

5-Methyl-5-Nitrotenzofuroxan

4-Azido-2,5-dinitrotoluene (1.5 g.) was suspended in a
little water and heated on a2 steam batﬁ for one hour.

_ On cooling a precipitate formed which crystallized from
ethanol to give the title comwpound. Yield, 1.0 g.(78%),
m.p. 208-209°C (Lit.??, m.p. 209-210°C).

92

2-Azido-%,5-Dinitrotoluene

2-Amino-3%,5-dinitrotoluene (2.0 g.) was diazotized foll-
owed by treatment with sodium azide in the usual way to
give the title compound. Yield, 1.7 g.(75%), m.p.60-61°C
(Lit.92 m.p. 61°C). “

92

H4-Methyl-6-Nitrobenzofuroxan

The title compound was synthesized by decomposition of
2-azide-3,5-dinitrotoluene in the usual way. M.p. 69°C
(Lit.92 n.p. 70°C).

2=Chloro-4-N-acetylaminotoluene 139

2-Chloro-#-nitrotoluene (5.0 g.) was reduced with tin
(5.0 g.) and HC1 in the usual way. The acidic reaction
nixture was neutralized with dil. NaOH and the amine
extracted with ether. The ether layer was dried (Nazsog)
and evaporated. The crude amine (3.5 g.) was acetylated
wvith acetic anhydride in the usual way. The reaction
mixture was poured on ice to destroy the excess acetic
anhydride. The product was crystallized from aqueous
ethanol to give the title compound. Yield, 3.5 g¢. (65%),
m.p. 83°C (Lit.12?, m.p. 83°C).

™"
(o)



2~Chloro-4—-amino~5-nitrotoluene 140

2-Chloro-4-N-acetylaminotoluene (2.0 g.) was added very
slowly to a stirred solutioﬁ of ice cold conc. nitric
acid (10 cc). The mixture was left standing at room
temperature for 10 minutes and then poured onto ice.

The yellow precipitete was collected and érystallized
from ethanol to give 1.8 g. of the N~-acetyl derivative

of the title compound. This was dissolved in 50% sul-
furic acid (10 cc) and heated on a steam bath for ten
minutes. The mixture was poured onto ice and the yellow
precipitate collected and dried in air. Crystallization
from ethanol gave yellow crystals. Yield, l.4 g. (64%),

140

m.p. 164-165°C (Lit. m.p. 165°C).

5-Methyl-6-Chlorobenzofuroxan

(a) The azide method:
The above aniline (1.2 g.) was diazotized followed
by treatment with sodium azide (0.42 g.). The
procedure was analogous to those described for the
- synthesis of other azides. The azide was not pur-
ified and was decomposed directly by refluxing in
acetic acid for 30 minutes. The mixture was cooled
and water was added to compiete crystallization.
The title compound was recrystallized from ethanol.
Yield, 0.8 g. (67%), m.p. 122°C.
(b) The sodium hypochlorite method:
2-Chloro-5-nitro-p-toluidine (0.2 g.) was dissolved
in a hot solution of methanol (15 cc) and potassium

hydroxide (0.6 g.). The mixture was cooled to about

15°C and a solution of sodium hypochlorite (commercial

(VY]
-3
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bleach) was added until the solution was completely
decolourized. A pale yellow precipitate formed

which was separated and dried in air. Recrystall-
ization from ethanol resulted in the title compound.

Yield, 0.04 g. (20%), m.p. 122°C.

.NMR: see table VIII, Chapter two, page 1ll6.

Mass Measured M'° 07HBN20p error (ppm) |
18%4,00%7 184.,0039 1.1

5-Methyl-6~chloro-benzofurazan.

(a) The hydroxylamine hydrochloride method:

()

The corresponding N-oxide (0.8 g.) was dissolved in
ethanol (10 cc) and hydroxylamine hydrochloride (1.0g.)
in the minimum amount of water was added: A solution of
25% NaOH was added dropwise until no more N, evolved.
The mixture was made alkaline with NaOH solution and
steam distilled. The product was extracted with

CHCl§, the chloroform was dried cver sodium sulfate

and finally evaporated under reduced pressure leaving

the pure title compound as colourless crystals.

Yield, 0.58 g.(79%), m.p. 51°C.

The sodiuvm azide method:

2-Chloro-4,5-dinitrotoluene (1.08 g.) and sodium

azide (0.65 g.) were mixed in ethylene glycol (20 cc).
The mixture was heated to 140°C for 90 minutes and

at 185°C for 2-3 minutes. The mixture was cooled
and water was added. The product was extracted

with chloroform. The chloroform layer was dried
over sodium sulfate and finally evaporated leaving

the pure title compound as colourless crystals.



4_Nitro-7-Methylbenzofuroxan
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Yield, 0.2 g. (24%), m.p. 51°C.
NMR: see table IX, Chapter two, page 1l7.
Mass Mgasured Mt C7H5N2OCI error (ppm)

168.0092 168.0090 1.2
92 ' |

(a) .

()

4-.Nitrobenzofurazan

By nitration of 5-methylbenzofuroxan:
5-Methylbenzofuroxan (0.5 g.) was added to cold con-
centrated nitric acid (5 ml) and to the mixture two
or three drops of concentrated éulfurid acid was
added. The mixture was left standing in ice for

30 minutes followed by 3C minutes at room temperature.
The mixture was then poured onto ice and the precip-
itate collected and dried. The solid ﬁés then
refluxed in acetic acid for % hr. _The mixture was
cooled, water was added and the precipitate collected
and crystallized from ethanol to give the title com-
pound. Yield, 0.37 g. (57%), m.p.:161-162°C (Lit.2?,
m.p. 162°C).

By decomposition of gfazido-2,B-dinitrotoluene:
g—Azido—2,5—dinitrotoluene was synthesized from 2,3-
dinitro—g—toluidine by diazotization followed by
treatment with sodium azide in the usual manner. The
azido compoupd was refluxed in acetic acid for 1 hr.
to give the title compound. m.p. 162°C (Iit.22,

m.p. 162°C).
o4

Benzofurazan (1.0 g.) was added slowly to a cold solution

of concentrated nitric acid. The mixture was left stand-

ing at room temperature for 30 minutes. The solution was
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then poured on to ice and the precipitate collected.

The product was crystallized from ethanol to give the
title compound as yellow crystals. Yield, 0.9 g.(46%),
m.p. 99°C (Lit.94, n.p. 98°C).

94

5=-Nitrobenzofuroxan

2,4-Dinitroaniline (5.0 g.) was diazotized followed by
treatment with sodium azide (2.0 g.) in the usual way.
The product (2,4-dinitroazidobenzene) was not separated
from the reaction mixture but was decomposed by warming
up the mixture on a steam bath until no more nitrogen
evolved. The mixture was then cooled and the solid
separated. It was crystallized from ethanol to give
the title compound. Yield, 3.0 g. (61%), m.p. 71-72°C
(Lit.94 m.p. 72°C).

5-Nitrobenzofurazan 103

The corresponding N-oxide (0.9 g.) and triphenylphosphine
(1.35 g.) were refluxed in benzene for owue hour. The
mixture was cooled and filtered through silica. A clear
solution was obtained which was dried ‘over sodium sulfate
and the benzene evaporated under reduced pressure leaving
0.45 g.(55%) of the pure title compound. m.p. 65°C,
(Lit.loa, m.p. 64-65°C).

4-Chloro-5-methoxy-6-methylbenzofuroxan.

4-Amino-3,5-dinitrotoluene (0.5 z.) was dissolved in a
hot mixture of methanol (25 ml) and potassium hydroxide
(1.0 g.). The mixture was then cooled to about 30-4000
ard sodium hypochlerite solution (commercial bleach) was
added until the solution was decolourized. Water was

added and the precipitate formed was collected and
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crystallized from ethanol to give the title compound in
the form of yellowish white small prisms. Yield, 0.35 g.
(65%), m.p. 121°C.
NMR: see table VIII, Chapter two, page 116.
Mass Measured M** 08H7N20301 error (ppm)

214.0143 214,0145 0.9

4-Chloro-5-methoxy-6-methylbenzofurazan

The corresponding furoxan (0.5 g.) was dissolved in ethanol
(10 cc) and hydroxylamine hydfochloride (0.5 g.) dissolved
in minimum amount of water was added. 1-N sodium hydrox-
ide was added dropwise until no more nitrogen evolved.
The mixture was made alkaline and steam distilled until
all the furazan was collected. Water was adaed to the
distilats and the product extracted with chloroform. The
chloroform solution was dried over sodium sulfate and
evaporated under reduced pressure. The solid product
was recrystallized from ethanol to give the title compound
as white needles. Yield, 250 mg. (54%), m.p. 95°C.
NMR: see table IX, Chapter two, page 117.
Mass Measured M*t- C8H7N20201 error (ppm)

198.0200 198.0196 2,0

4-Methoxv-6-methylbenzofuroxan

2,5-Dinitro-4-aminotoluene (0.5 g.) was dissolved in a

hot solution of potassium hydroxide (1.0 gs.) in methanol
(50 m1). The mixture was cooled to about 40°C and sodium
hypochlorite solution {(commercially available bleach) was
added dropwise while the mixture was stirred vigorously.
The addition was continued until no more decolourization

occurred at which time the mixture was diluted with water.



The precipitate was collected, dried in air, and was

crystallized from 90% ethanol/water to give light amber

fine needles. Yield, 0.2 g. (44%), m.p. 121-122°C.

NMR: ses table VIII, Chapter two, page 116.

Mass Measured M'° 08H8N203 error (ppm)
180.05%6 180.05%5 0.6

-Methoxy-6-methylbenzofurazan

The corresponding benzofuroxan (0.5 g.) was deoxygenated
with hydroxylamine hydrochloride (0.45 g.,) followed by
steam distillation in the usual way. Crystallization
from aqueous ethanol gave the title compound as white
crystals. Yield, 0.3 g. (66%), m.p. 118-115°C.
NMR: sees table IX, Chapter two, page 11i7. ”

Mass Measured M’ CglgN50, error (ppm)

164.0581 164.0586 3.0

4oAzido-3-nitro—anisole

2-Nitro-4-methoxyaniline (4.0 g.) was diazotized with
sodium nitrite (1.75 g.) followed Ly treatment with sodium
azide (1.7 g.) according to a standard procedure. Yield,
3.9 g.  The product was not purified and was used in the
following experiment.

95

5-Methoxybenzofuroxan

The above azide (3.0 g.) was refluxed in acetic acid for
30 minutes. The solution was cooled and water was added
to complete crystallization. The solid was recrystal-
lized from ethanol. Yield, 2.0 g. (78%), m.p. 118°C
(Lit. 2%, m.p. 118°C).

S5-Methoxybenzofurazan 25

The corresponding N-oxide (1.0 g.) was deoxygenated in



the usual way using hydroxylamine hydrochloride. Yield,

0.4 g. (44%), m.p. 98°C (Tit.2” m.p. 99°C).

4-Nitro-5-methylbenzofurazan 92

5-Methylbenzofurazan (0.2 g.) was added in portions to
ice cold concentrated nitric acid (5 ml>, The mixture
was left standing at room temperature for one hour and
then poured onto ice. A yellow precipitate formed which
was collected and dried in air. The solid was crystal-
lized from ethanol to give the title compound as pale
yellow crystals. Yield, C.2 g. (75%), m.p. 82°C (Lit.92
m.D. 83°C).

5-Chlorobenzofuroxan 86

2-Nitro-4-chloroaniline (5.0 g.) was converted to the
title compound with sodium hypochlorite in the usual way.
Yield, 3.5 ge (7100), mopo 4'6—4700 (Lit086, mop. 480())-

5=Chlorobenzofurazan 86

The corresponding N-oxide (2.0 g.) and triphenylphosphine
(3.2 g.) were refluxed in benzene for 30 minutes. The
benzene was evaporated under reduced pressure and the
residue steam distilled until no more oily substance came
over. The distillate was cooled and the product extracted
with chloroform. The chloroform layer was dried (sodium
sulfate) and the chloroform evaporated under reduced
pressure leaving the pure title compound. Yield, 1.7 g.

(94%), m.p. 43-44°C (Tit.S® m.p. 44°C).
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BENZOTHIADIAZOLES

5-Methyl-2.1l,3-benzothiadiazole 106

The title compound was synthesized from 4-methyl-o-

phenylenediamine (1.0 g.) according to the procedure of

Dea Dal Monte Casoni, et al.19%®.  Yield, 0.9 g. (73%),

106 1 p. 34°; b.p. 233°C).

107

m.p. 34°C, b.p. 234°C, (Lit.

4-Nitro-6-methyli-2.1,3-benzothiadiazole

A solution of thionylchloride (3.0 g.) in toluene (10 ml)
was slowly added to a solution of 5,4—diémino-5—nitrotoluene
(0.55 g.) and triethylamine (1.5 g.) in toluene (30 ml).

The mixture was refluxed for 36 hours. The triethylamine
hydrochloride was filtered off and the solvent evaporated
on the rotary punp. The title compound was crystallized
from ethanol to give light amber needles. Yield, 0.4 g.

2.p. 145.7°C).

(63%), m.p. 146 -147°C (Lit.197
108

4-Nitro-5-methyl-2,1,3-benzothiadiazole

To a cold solution of 5-methyl-2,1,3-benzothiadiazole
(0.2 g.) in concentrated H,S0, (L ml) fuming nitric acid
(0.2 ml) was added. The mixture was left standing at
room temperature for 5 minutes after which time it was
poured on to ice. The precipitate was collected and
dried in air. T.l.c. of the precipitate showed only one
spot. The solid was crystallized from methanol to give
the title compound as yellowish white crystals. Yield,
190 mg. (73%), m.p. 156-157°C (1it.1%® m.p. 157°C).

1,2,3-Benzothiadiazole 104

2-Aminobenzenthiol (2.5 g.) was suspended in dil. hydro-

chloric acid (25 cc) and the mixture cooled in ice.
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A solution of sodium nitrite (2.0 g.) in water (10 cc) was
added and the mixture stirred for 5 minubtes at rcom temp-
erature. The solution was stirred for a further 5 minutes
at about 50-60°C, and the product isolated by steam dis-
tillation. The distillate was extracted with ether.

The ether layer was dried (Na2804) and the ether evaporated
under vacuusm. The product was purified by t.l.c. (CHCIB).
Yield, 1.5 g., m.p. 35°C (Lit.10%109 1 4. 35%).

bis~-(4-Methyl-2-nitrophenyl)trisulfide 112

The title compound was synthesized from 3-nitro-4-chloro-

toluene (17.1 g.) according to the procedure of Dannley et

gl.llz. The product was not purified and was used for

the following reduction. Yield, 14.1 g. (77%).

4-Methyl-2-aminobenzenethiol Hydrochloride 112

The above trisulfide (4.0 g.) was reduced according to the
procedure of Dannley, et g;,llg. The product obtained
(2.0 g.) consistazd of the title compound and tin salts.
The title compound was not purified and was used directly
for the synthesis of S5-methylbenzothiadiazole.

5_Methyl-1,2,3-benzothiadiazole 129

The above mixture of salts (2.0 g.) was dissolved in
dilute hydrochleric acid (10.0 m1l) and the solution cooled
to 0-5°C. A solution of sodium nitrite (1.0 g.) in the
minimum amount of water was added in one portion. The
mixture was left standing at rocm temperéture for one

hour after which time it was neutralized with 1-N NaCH.
The product was extracted with ether, the ether evaporated
under reduced pressure and finally the product purified by
preparative t.l.c. (CHCly). Yield, 140 mg., m.p. 26°C
(Tit. 158 m.p. 26°C).
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6-Methyl-2~aminobenzothiazole 115

The title compound was synthesized from p-toluidine according
to the procedure of Fridmantl?, Yield, 6.3 g.(40%),
115 m.p. 137°C).

5-Methyl-2-aminothiophenol 113

m.p. 137°C (Lit.

The procedure of Fridman was used for the preparation of
the title compound by hydrolysis of the 6-methyl-2-amino-
benzothiazole. The product (1.5 g.) was not purified and
was used in the next step.

6-Methyl-1,2,3-benzothiadiazole t+0»111

The crude product from the previous experiment (1.0 g.) was
diazotized with sodium nitrite (0.5 g.) in the usual waylll.
Prior to separation of the product the excesé_nitrous acid
was destroyed with sodium bicarbonate. The product was
extracted with ether; the ether layer dried over sodium
sulfate (anhydrous) and finally evaporated under reduced
pPressure. The crystalline solid product showed one spot
on t.l.c. Yield, 0.8 g., m.p. 41-42°C (Lit.110:111 o o
42.43°G),

4-Nitro-5-methyl-1l,2,3-benzothiadiazole

5-Methyl-1,2,3-benzothiadiazole (200 mg.) was dissolved

in conc. H580, (5 ml) and the solution cooled to 0-5°C.
Fuming nitric acid (0.5 ml) was added and the mixture was
left standing for 10-15 minutes at room temperature.
Finally it was heated on a steam bath uhtil the colour of
the solution became light yellow (2 minutes). The mixture
was then cooled and poured oanto ice. The precipitate was
collected anﬁ dried in air. T.lcc.(CH013) of the solid

showed only one spot. The solid was crystallized from
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ethanol to give the title compound as very light amber
crystals. Yield, 180 mg. (70%), m.p. 148°C.
NMR: see table X, Chapter two, page 118.
Mass Measured M** C7H5N5O2S grror (ppm)
125,0104 195,0102 1.1

7-Nitro-6-methyl-1l.2,3~-benzothiadiazole

The same procedure as described above was used for the
nitration of 6-methyl—1,2,3—benzothiadiazole (200 mg.).
The product was crystallized from ethanol to give the
title compounds. Yield, 190 mg. (73%), m.p. 114,5-115°C,

NMR: see table X, Chapter two, page 118.

Calculated for C7H5N3028 : C: 43.07%; H : 2.58; N : 21.53;
S : 16.43, =

found C : 42,93 3 H : 2.77; N : 21.51; S : 16.36.

4-Amino-S-methyl-1l,2,3-benzothiadiazole

To a stirred solution of anhydrous stannous chloride (1.5 g.)
in conc. HC1l (2 ml) 4-nitro-5-methyl-1l,2,3~benzothiadiazole
(200 mg.) was added. The mixture was warmed, while
stirring was continued, until a clear solution was obtained.
The acidic solution was neutralized with dil.sodium hydrox-
ide and the product extracted with ether. The ether
layer was dried (Na2SO4, anhydrous) and evaporated undex
reduced pressure. The bright yellow solid was crystal-
lized from water to give the title compound. Yield,
135 mg. (80%), m.p. 94-95°C.
NMR: see table X, Chapter two, page 118{

Mass Measured M'° C7H7N38 error (ppm)

165.0359 165.0361 1.2



7-Amino-6-methvl-1,2,3-benzothiadiazole

7-Nitro-6-methyl-1,2,3-benzothiadiazole (150 mg.) was
reduced with anhydrous stannous chloride (1.2 g.) in an
experiment analogous to that described in the previous
experiment. Yield, 105 mg. (83%), m.p. 133-4°C.
NMR: see table X, Chapter two, page 118.

Mass Measured M** C7H7NBS error (ppm)

165.0364 165.0361 1.8

4-Amino-5-methyl-2,1,3-benzothiadiazole

An analogous procedure to that described above was carried
out for the reduction of 4-nitro-5-methyl-2,1,3-benzothia-
diazolé (300 mg) with stannous chloride (1.7 g.). Crys-
‘tallization from water gave the title compound as bright
orange needles. Yield, 200 mg. (79%), m.p. 78-79°C.
NMR: see table X, Chapter two, page 118.

Mass measured M'° 07H7NBS error (ppm)

165.0357 165.0361 2.4

4-Amino—6-methyl—2,1,3—benzothiadiazole

The title compound was synthesized by reduction of 4-nitro-
6-methyl-2,1,3-benzothiadiazole (120 mg.) with anhydrous
stannous chloride (1.0g.) analogous to the previous exper-
iments. Crystallization from water afforded 90.0 mgs.
(8%%) of bright yellow needles. M.p. 89.5-90°C.

NMR: see table X, Chapter two, page 118.

Mass measured M¥° C7H7N35 error (ppm)
165.0356 165.0%61 3.0
114

4-Methyl-6-chloro-1,2,3-benzcthiadizzole

o-Toluidine hydrochloride (2.0 g.) was added to sulfur

monochloride (15.0 g.) at room temperature stirring the
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mixture at all times. The mixture was warmed to 65°C
and kept at this temperature for #4 hours. The mixture
was cooled and benzene was added. The product was
filtered off and the solid washed with benzene until the
washings were colourless. The solid was added to 50%
sulfuric acid (20 cé.) at 60°C. The mixbture was filtered
through glass wool tc get rid of tars. The filtrate

was cooled in ice to 0°C and a solution of sodium nitrite
(1.4 g.) in the minimum amount of water was added with
stirring. Stirring was continued for one hour at 0°¢
after which time the mixture was poured into ice-water
and left standing for four hours. The product was ex-
tracted with ether. The ether layer was dried over
gsodium sulfate and finally evaporated under reduced
pressure ieaving the pure title compound. Yield, 1.9 g.

(74%), m.p. 63-64°C (Lit. 1% m.p. 63.4-64.5°C).
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