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SimARY

The formation of 2-nitroanils was investigated "briefly and

a procedure devised which was apparently general for these and anils

derived from other similarly weakly "basic amines. While

2-nitrohenzylideneanilines have an intense ion in their mass spectra

corresponding to the loss of hydroxyl radical from the parent ion,

such a loss was not important in the mass spectra of the 2-nitroanils.

For the simple 2-nitroanils the principal feature of the mass

spectra was an intense ion which had the formula YCgH^CO+, where Y
was the substituent in the aldehyde derived ring, and a mechanism

involving oxygen transfer from the nitro group to the azomethine carbon

has been put forward to explain this.

Benzylideneaniline derivatives with a 2-nitro substituent in

both rings have mass spectra which indicate interaction of both nitro-

groups with the azomethine group and a mechanism has been put forward

to explain this. The possible competition between "ortho-effects" in

a variety of 2,2'-disubstituted benzylideneanilines has been investigated.

The cyanide induced cyclisation of 2-nitro substituted benzylidene

anilines in methanol solution was investigated. B-benzylidene-2-

nitroanilines gave substituted 1-hydroxy-2-phenylbenzimidazoles, and

IJ-2-nitrobenzylidene-2-nitroanilines gave substituted methoxy-4-

(2-nitroanilino)cinnoline-1-oxides and methyl iI-(2-nitrophenyl)-2-

nitrobenzimidates; a mechanism for the formation of these products

has been formulated. The reaction of Y-2-nitrobenzylideneanilines was

found to give the substituted 4-anilino-3-methoxycinnoline-1-oxide in

all cases except when the aniline ring contains a 2-substituent which
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may act as an intex-nal nucleophile and in these cases a completely

condensed ring system was obtained. When the aniline was not

2-substituted an additional product, the 2-aryl-3-cyanoindazole,

was formed.

Possible intermediates in the formation of the cinnoline-1-

oxide formation have been prepared and investigated, and these

investigations have led to the formulation of a general mechanism

for the formation of the cinnoline-1-oxide derivatives.
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SECTION I



Chanter 1

The Preparation and Characterisation of Anils

The condensation of primary amines with carbonyl compounds was

1 2
first reported by Schiff and the reaction has since been reviewed .

In general, primary aromatic amines react very readily with aromatic

aldehydes either in alcoholic solution or in the absence of solvent as

shown.

ArCHO + Ar'NHg ArCH (OH)-ITHAr1 ArCH=NAr' + HgO
However, the experimental conditions used depend on the nature

of the aldehyde and amine, since electron attracting substituents in the

para position of the amine decrease the rate of the reaction while the

same substituents in the aldehyde increase.the rate^. In those cases where

the reaction does not proceed readily under ordinary conditions it is often

advisable to remove the water formed either by distillation or by using an

azeotrope-forming solvent^, and in some cases an acid catalyst may be used
5

with advantage .

The work described in this thesis required the preparation of a

variety of anils and in particular N-2-nitrobenzylidene-2-nitroaniline^
7

and its analogues. The reported method of preparation of this compound

involved heating equimolar quantities of 2-nitrobenzaldehyde and

2-nitroaniline in methanolic solution under reflux for several hours, after

which time the solvent was removed under reduced pressure and the residual

material triturated with fresh solvent to give the anil in 36^ yield.

However, attempts to repeat the preparation led to yields of the anil

which were variable and generally less than that previously obtained.
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The best yield was obtained when the 2-nitrobenzaldehyde used was not

fresh but a sample which had been exposed to the atmosphere for some

time and hence might well be expected to contain some 2-nitrobenzoic acid.

The yield of anil isolated could also be increased slightly by adding a

little glacial acetic acid to the reaction mixture, this having the twofold

effect of raising the reflux temperature of the solution and also providing
8

an acid catalyst. It had previously been observed that the synthesis

of N-benzylidene—2-nitroaniline was best achieved when 'aged' benzaldehyde

(i.e. benzaldehyde saturated with benzoic acid), or else fresh

benzaldehyde to which some benzoic acid was added, was used. Since the

synthesis of other 2-nitroanils in cuite good yields using benzoic acid as

catalyst and azeotrope-forming solvents had also been reported, it seemed

reasonable to investigate whether some similar method might also be applied

to the preparation of |f-2-nitrobenzylidene-2-nitroaniline and its

analogues.

The use of an azeotrope-forming solvent was investigated in the

hope of increasing the yield of anil formed. When a benzene solution

containing equiraolar quantities of 2-nitrobenzaldehyde and 2-nitroaniline

was heated under reflux, reaction was very slow as monitored by the

quantity of water collected in a Dean and Stark trap. However, when the

reaction was repeated in the presence of ja-toluenesulphonic acid (0.1 molar

equivalent) there was a rapid evolution of water and the reaction went to

completion in a fairly short time. Unfortunately, the product which

crystallised from the solution was observed to be markedly discoloured and

was susceptible to hydrolysis, although its simple properties (melting

point and infra-red spectrum) indicated that it was essentially the

required anil. It was thought that this was almost certainly due to the

crystals of the anil being contaminated with jD-toluenesulphonic acid, and
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the problem was readily overcome by substantially reducing the amount of

jo-toluenesulphonic acid used (to about 0.01 molar equivalents) and by

the addition of a small quantity of triethylamine to the reaction mixture

when the reaction had finished. The product was thus obtained in good

yield and relatively pure. Using this method a wide variety of

substituted U-2-nitrobenzylidene-2-nitroanilines were obtained. It was

also found that the method, with minor modifications, v/as useful for the

preparation of 2-nitroanils (1) in general, as well as anils from other

similarly weakly basic amines, e.g. 4-nitroanils (2), those derived from

methyl and ethyl ant lirani late (3), and ethyl 4-aminobenzoate (4) • How¬

ever the method failed for 2,4- dinitroaniline.

x~

V^C02R̂
Y

(3)

X—

ro2c

n=rhc f^n
Y

(4)

As can be seen by reference to Tables 1 - 4» the yields were, in general,

high and compared favourably with those previously observed, though it

would seem that in the case of some of the simple 2-nitroanils the method

7 8
of Marshall ' using benzoic acid as catalyst in an azeotrope-forming

solvent gave better yields.
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TABLE 1 2-Xitroanils (l)

1 X Y
Reaction
time

(hrs)
Yield (56)

(Lit.Yield %)
Vmax (cm 7)

(C=N)
(ilujol mull)

P.M.R.(S )
(ch=h)
(cdci3)

(a) H H 4 43 (667) 1630 8.25

(D) H 2-Br 3 84 1625 8.80

(c) H 2-CI 3 86 1630 8.83

(d) H 2-OCH^ 5 65 1620 8.83

(e) H 4-C1 3 58 1625 8.33

(f) H 4-CH 3 41 1625 8.33

(g) H 4-OCK3 3 48 (648) 1625 8.30

(h) H 2-N02 4 75 (367) 1640 8.90

(i) K O
ro 3 68 1630 8.88 *

(J) H 4-N02 3 85 (701°) 1630 8.49

(k) 4-CK^ 2-lT02 6 75 1630 8.88

(1) 6-CH^ 2-iTO2 6 85 1640 8.72

(m) 4-CH^O I\)l teiO 3 90 1620 8.90

(n) 4-CE3 5-Cl-2B02 3 73 1625 8.86

(o) 4-CH^O 5-Cl-2N02 4 75 1625 8.88

(p) 4-CH3 2,4-(N02)2 5 70 (4411) 1615 10.56 *

*

CP^C02H Solution
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TABL3 2 4-Uitroanils (2)

2 X Y
Reaction
time

(hrs)
Yield (f0)

(Lit.Yield %)

"Vmax (cm ^)
(c=fl)

(Pujol mull)

p.m.R.U )
(ch=n)
(cdci3)

(a) H 2-R02 3 94 1625 8.93

(b) h 4-X02 2 87 (7013) 1625 8.7934

TABLE 3 2-(Carboalkoxy)anils (3)

3 R X Y
Reaction
time

(hrs)
Yield (56)

(Lit.Yield $6)
Vmax (cm ^ )

(c=k)
(Pujol mull)

P.m.R. ( & )
(CH=1J)
(cdci3)

(a) ob, H 2-R02 4 68 1630 8.75

(b) CH^ H 4-N02 3 63 1635 8.37

(c) °2H5 H 2-lT02 3 66 163C 8.69

(d) C2H5 H 4-X02 4 a
- -

TABLE 4 4-(Carboethoxy)anils (4)

4 R X Y
Reaction
time

(hrs)
Yield («g)

(Lit.Yield 36)
Ymax (cm ^)

(C=P)
(Pujol mull)

P.M.R.( 6)
(CK=!T)
(CDC1 )

3

(a) c2"5 H 2-X02 4 29 - 8.91

(b) g2h5 H
CM

Ol 4 61 - 8.55

*

CF^CC^H Solution. a Sample supplied by G.W. Smart.
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As part of the spectroscopic characterisation of the anils

prepared, the position of the CAN stretching frequency in the infra¬

red spectrum was noted. All frequencies reported for the C=N

stretching vibration occur in the region 1674 - 1613 cm ^ "but this

broad region may be subdivided into three regions; 1674 - 1664 cm \
for saturated aliphatic aldimines"'^'1656 - 1631 cm \ for

aldimines in which the azomethine group is conjugated to an aromatic
«j ) -| c -j ^

ring , and 1637 - 1613 cm , for compounds of the type
1 I a y

ArCHANAr* ' . As may be readily seen, the effect of conjugation with

the azomethine group is that the CAN stretching vibration is shifted to

lower frequency.

As well as the anils already mentioned in Tables 1 - 4 a variety

of substituted N-2-nitrobenzylideneanilines (5) were also prepared and

the frequencies of their CAN stretching vibration in their infra-red

spectra observed, (see Table 5)* As can be seen by reference to Tables

1-5 "the region of absorption for these anils was 1615 - 1640 cm ^ and

this range agreed well with the previous reports.

X

(5)

The proton magnetic resonance (p.m.r.) spectra of these compounds

were also obtained and the chemical shifts of the benzylidene protons

(CE=N) were observed to lie in the region 6 8.25 - 9«12. The chemical

shifts of the benzylidene protons in 2-nitroanils (see Table 1) were

observed to lie in the region S 8.25 ~ 8.90; those derived from
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4-substituted benzaldehyd.es absorbing at S 8.25 ~ 8.49} and those

derived from 2-substituted benzaldehydes absorbing at S 8.72 - 8.90.

It appeared from these values that an ortho-substituent in the aldehyde,

irrespective of its electronic effect, led to deshielding of the

benzylidene proton. The substituted Kf-2-nitrobenzylideneanilines (see

Table 5} and 2(a), 3(a),(c), 4(a) ) had p.m.r. spectra in which the

benzylidene proton was observed to absorb in the region 6 8.75 _ 9*12.

TABLE 5 H-2-ITitrc'oenz.ylideneanilines (5)

5 X V
X

Vaax (cm 1)
(C=H)

(Eujol mull)

P.:i.E.( T )
(CE=li)
(CDClj)

(a) £ H 1630 1.12

(b) 2-Br H 1625 1.16

(c) 2-CH, XT
XX 1620 1.20

(a) 2-CH-.0 H 1630 1.04

(e) 2-XEg H
a

1.10

(f) 2-OH H
a

0.88

(g) 2-SH H
a

-

(b) 3-N02 TT 1630 1.10

(i) 4-Br H 1625 1.11

(i) 4-C1 H 1630 1.10

(k) 4-CH H 1630 1.06

(1) 4-CH^O
TT

XX 1630 1.12

(m) 4-OH E ' ci
1.10

(n) TT
XX CI 1630 1.18

(0) H 1635 1.13

2. "*1
only weak absorption in the range 1600 - 165O era
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This range was much narrower than that observed, for the

corresponding 2-nitroanils and, it was also noticeable, that an ortho

substituent did not result in any deshielding of the benzylidene proton.

The final group of anils observed was that of the substituted l[-4-

nitrobenzylideneanilines (3(b),(d) and 4(t) ) and the benzylidene

protons in these anils were found to absorb in the region 4 8.37 -

8.55-

Part of the work in this thesis involved the preparation of some

anils (6) derived from 1,2-diaminobenzene, 2-hydroxyaniline and

2-aminothiophenol, which were potentially tautomeric with the correspond¬

ing heterocyclic systems (7)> "the benzimidazoline, the benzoxazoline and

the benzothiazoline respectively.

HC

(6)

-h»

(a)

00

(c)

(a)

(e)

(f)

X

KH

ra

0

0

s

s

Y

2-H0r
c

4-NO.

2-NO.
c

4-hO.

H

2-110.

18
It had previously been observed by Seddy that the tautomerism

of N-benzyl-N'-benzylidene-1,2-diaminobenzenes (8) with the corresponding

substituted benzimidazoline (9) could be followed by obtaining the p.m.r.

spectrum in various solvents and looking for the signal of the benzylidene
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proton (ca. & 8) in the anil and the corresponding benzylic proton

(ca. S 5) in "the benzimidazoline respectively.

CH2C6H5 CH2C6H5
r<^VN

"N=HCAr

(8)

H

Ar
H

(9)

His results (Table 6) indicated quite clearly that the

equilibrium was solvent dependent and that the anil form was favoured

by non-polar solvents while the benzimidazoline was favoured by polar

solvents.

TABLE 6 Benzylidene and Benzylic proton absorption in the p.m.r. of

IT-benzyl-H1—benzyl idene—1 ,2-diaminobenzene.

Ar cc1.
4 cbcil (cd3)2co

c6h5 - ,5.35 - ,5.4 - ,5.8

a-CH3c6H5 8.33,5.58 - ,5.75 - ,5.55

4-CH,0c.Hc3 6 5 8.30, - 8.33,5.70 8.73,5.6

4-°2nc6h5 Insoluble 8.65, -
- ,5.75

The infra-red spectra of the anils (8) considered in this work

indicated that the anils considered, with the exception of those derived

from 2-aminothiophenol, existed as the anil in the solid state. In order

to investigate the position of the equilibrium in solution, the p.m.r.

spectra of the anils in different solvents were obtained, a signal in the

region & 8 - 9 indicating the presence of the anil and a signal in the
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region 8 5 - 7 indicating the presence of the heterocycle.

TABLE 7 Benzylidene and Benzylic proton absorption in the anil (6)

and heterocycle (j) tautomerism.

Compound CDC13 (cd3)2co

6 (a) 8.90, - 8.94, -

(*) 8.60, - 8.65, -

(c) 9.12, - 9.1, 7

(a) 8.77, -
' 8.75, -

(e) - ,6.27 - ,6.3

(f) "

) —

I

In fact, it was found, as may be seen from Table 7, that the

2-aminothiophenol derivative existed as the heterocycle in solution

while the derivatives of 1,2-diaminobenzene and 2-hydroxyaniline existed

as the anils. While no benzylidene proton was observed in the p.tn.r.

spectrum of 6(f) it was not possible to distinguish the benzylic proton

from the aromatic proton resonances.



Chapter 2

(a) The Mass Spectra of Some 2-Ilitroanils

7/hile not always considered as such, mass spectrometry is largely

concerned with chemical reactions. The initial chemical reaction is that

between an electron and a molecule in which a single electron is removed

by electron impact to produce a radical cation. For organic molecules

the electron beam energy required for this initial reaction is in the

range of 9 to 15 ev»- and by adjustment of the electron beam energy it

is possible that the only ion observed will be that of the ionised

molecule, the parent ion. However, mass spectra are normally obtained

at an electron beam energy of "JO ev, and, under these conditions, the

initially formed radical cation has a large excess of energy which is

usually dissipated by fragmentation and/or rearrangement.

Fragmentation is the chemical process which results in the

breaking of a bond and the usual energetic considerations which are applied

to classical chemical reactions are also applicable in these fragmentation

processes. Hence, the rate of production and thus intensity observed for

any fragment ion appears to correlate with the stability of that ion and

with the nature of the leaving group (a neutral molecule or a radical).

In the mass spectrum of many compounds there are fragments which

cannot be accounted for through any simple cleavage of bonds in the

parent compound. These fragments are the result of rearrangement process¬

es, and any such process may be expected to play a major role in fragment¬

ation when the process is energetically and sterically favoured; i.e.

when the process results in the formation of more stable entities and the

transition state required for the rearrangement is sterically accessible.

There are two major ways in which chemistry in the mass spectrometer
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differs from conventional ion chemistry. Firstly, it is concerned with

species in excited states and the energies involved are considerably

in excess of those in normal chemical reactions. Secondly, at the low

pressures, and hence low concentrations, used in the mass spectrometer,

one is dealing with essentially unimolecular reactions and thus energy

cannot be dissipated to any great extent by collisions with other molecules

of the compound or solvent, such as might occur in solution chemistry.

Similarly, stabilisation of the ions formed, by solvation, is not

possible. However, despite these differences, it has been observed that

many compounds undergo both thermolytic and photolytic reactions which
19

are closely analogous to their mass spectral reactions, and Dougherty ,

in a recent paper, has tried to lay down guidelines as to where one

would expect to observe a close correlation based on the known reactions.

The mass spectra of benzaidehyde anils (10; Ar = Ar' = substituted
20—22*.

phenyl) have been fairly extensively studied in recent years and,

unless there is interference from substituents, these spectra are relativ¬

ely simple, arising from a molecular ion with its charge localised on

the nitrogen of the azomethine grouping. The spectra show a prominent

molecular ion and ions (ll) and (12) (Scheme 1) due to loss as radicals

of the two groupings (E*, At* *) attached to the azomethine carbon. The

remaining high intensity ion (13) is due to the aromatic ring (Ar)

originally attached to the nitrogen atom.

+•

ArN = CHAr* ► Aril = CHAr»

(10)

Scheme 1
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While the breakdown pattern in Scheme 1 holds for anils with

meta- and para-substituted phenyl groups it may be very substantially

altered in the presence of ortho-substituents in either ring. When the

anil is ortho-substituted, the possibility of formation of a five

membered heterocycle during fragmentation is offered, and Elias and
20

Gillis have postulated the formation of a protonated indole (15) to

explain the exceptionally intense ion with tn/e 118 in the breakdown of

N-benzylidene-2-rnetbylaniline (14) •

(14)

\^H

(15)

Similarly they have proposed the protonated benzoxazole (17)

structure to account for the ion with m/e 120 in the spectrum of

lT-benzylidene-2-hydroxyaniline (16) r

-> etc.

(16) (17)

and the protonated benzisoxazole (19) structure for the ion with m/e 120

in the spectrum of salicylideneaniline (l9).

»etc.

(18) (19)
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pj
More recently Earnes- has investigated some pyridyl Schiff

bases and found a striking "ortho-effect" in the case where the

heterocyclic nitrogen atom was adjacent to the azornethine group and

another suhstituent adjacent to the azomethine group in the non-

heterocyclic ring, (see (20) in Scheme 2). In this situation the major

pathway seems to involve a displacement of the ortho-suhstituent by the

heterocyclic nitrogen with ring closure to give the azoniophenanthridine

ion (21) with m/e 181. While this is the. only mode of breakdoY/n when

X = OCH^ or CI, an alternative pathway when X = E leads to formation of
the asoniabiphenylene ion (21a) with m/e 154 as shown.

(21a) m/e 154

(21) m/e 181

Scheme 2



One point worthy of note is that the azoniophenanthridine icn

(21) does not decompose further by loss of ECU to give the

azoniahiphenylene ion (21a) since when X = CI cr OCE^ in Scheme 2 no ion
(21a) with m/e 154 is observed.

20 22 23
It has been reported ' ' that E-2-alkoxybenzy1ideneanilines

(22) break down with cleavage of the azomethine double bond and this is

accompanied with one and/or two hydrogen transfers to the nitrogen-

containing fragment, the process probably being similar to that reported
25

for 2-methoxyazobenzenes . The breakdown is thought to be as shown in

Scheme 3> "the single hydrogen transfer being Process A and the double

hydrogen transfer being Process B.

CH-NCH

^ 6 5
OCH-H

2

(22)

H
CH-NC H

6 5

B

Scheme 3

23It was noted that an electron-withdrawing group in the amine

derived ring favoured Process A, while an electron-donating group

favoured Process B.
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Of particular interest to us were anils with, a nitro-group

ortho to the azomethine bridge. In fact, "ortho-effects" are

particularly well documented for simple ortho-substituted
26 27

nitrobenzenes ' and several types of effect have been recognised:

(i) hydrogen transfer from the <*- position of the

ortho—substituent to a nitro-group oxygen; this may be

followed, as in the case of 2-nitrotoluene or 2-nitroaniline,

by the loss of a hydroxyl radical, or by further rearrangement

and subsequent loss of a small molecule (e.g. HO from
27

2-nitrcbenzaldehyde or CHgO from 2-nitroanisole) ' , e.g.

0CHONO.
~TlOI —o

NO r^Nc=0 +

(ii) oxygen transfer from the nitro-group to the J3- or Tf-

position of an or unsaturated o_-substituent, as

in 2,4-dinitrostilbenes or the 2,4—dinitrophenylhydrazon.es of
28

benzaldehyde derivatives .

o2N

CH-CH

^^N°2

-H

c=o
+
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o2N

NH—N=CH

+

c=o
+

(iii) migration of an atom or a group of atoms, at a later

stage in the fragmentation, from one o-substituent to the

(possibly charge carrying) site vacated by loss of the other

substituent; such migrations occur in the fragmentation of

compounds such as 2-nitrobenzaldehyde, 2-nitrobenzoic acid
29

and 2-nitrobenzamide , e.g.

21
Bowie and co-workers have analysed the mass spectrum of

H-(2-nitrobenzylidene)-aniline, (5(a)j ^ig»l)» in which an "ortho-

effect" of type (i) comes into play. The main fragmentation pathway

involves abstraction of the benzylidene hydrogen by a nitro-group oxygen

via a six-membered cyclic transition state followed by loss of a

hydroxyl radical. This is then followed either by loss of CH^O or
successive loss of HO and KCH. The (l£-17)+ ion has been formulated as

(25) in Scheme 4> and the (M-47)+ and (L£-74) + ions as (26) and (27)

respectively.
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CH-NCJ-I
6 5

(5(a) )

CH-NC Hr
+ —

N-O-

C—NC_H
6 5

N-OH

* n+

v 1' Scheme 4

The type of hydrogen abstraction suggested in Scheme 4

( (23)—* (24) )> has ample precedent too in the photochemical reactions

of many 2-nitro-compounds, and in particular the photochemical

conversion of H-2-nitrobenzylideneaniline to N-2—nitrosobenzoylaniline (29)

first reported by Sachs and Kempf"^3^ . The mechanism is thought"^^
to involve firstly an abstraction of the benzylidene hydrogen by a

nitro-group oxygen to give a keteneimine intermediate (28),
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NC H
6 5

CH=NC6H5 hv.

(5(a) )

NCH
6 5

(25) O-

I
-NC H

6 5 6 5

NCrH«6 5

+OH

'*S
o-

which then rearranges with the transfer of a hydroxyl radical from

nitrogen to the azornethine carbon to give the anilide (29) as shown.

This was the state of affairs when our investigation of the

mass spectrometric properties of anils was undertaken.

As had already been noted (see Page 17) the principal features

of the spectrum of H-2-nitrobenzylideneaniline (5(a) ) were the presence

of intense (M-17)+ and (Ll-47) + ions, and the work for this thesis began

with the examination of the mass spectra of a series of substituted

S-2-nitrobenzylideneanilines. The mass spectra of these compounds

revealed similar trends throughout the series (see Appendix 1 Table A).

Since the initial hydrogen abstraction step mirrors the photochemical V

behaviour of h-2-nitrobenzylideneaniline, one might have hoped to see some

transfer of hydroxyl radical back to the azomethine carbon giving an IT—

2-nitrosobenzoylaniline (29) (see Page 18). If this took place to any-

great extent one should observe an ion of m/e 154 corresponding to the

2-nitrosobenzoyl cation. This ion does in fact appear in the spectra,

though it is of low intensity and does not appear to be a major breakdown

product.
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In fact, this transfer of a hydroxy1 radical back to the site of

hydrogen abstraction appears to have been observed^ only for one case,

i.e. for a 1-substituted-5~nitroimidazole (30).

-N

0=N o=N'0> \\l''N' * "N'
H^l H
x^5crr'

7 32
As part of a study of 2-nitroaniline derivatives the mass

spectra of a series of 2-nitroanils (1 (a), (e) - (g) ) were examined in

order to investigate possible interactions between the azomethine group

and the 2-nitro-substituent in the amine-derived ring. Now, whereas

intramolecular hydrogen transfer in 2-nitrobenzylidene compounds

(23)—♦ (24) in Scheme 1+ involves a six-membered transition state, the

corresponding reaction in 2-nitroanils would involve a seven—membered

ring (31) as shown in Scheme 5«

r^N-CC H
+ ' 6 5
N—O
I
OH

O Scheme 3

"While such transfers have been proposed as steps in, for

instance, the thermal, photochemical and mass spectrometric

decomposition of various H,I[-dialkyl-2-nitroanilines^-;, in the photolysis
71 p^

of 2-nitrobenzanilides , and in the mass spectrum of 2-nitroanisole ,

an (M-17)+ ion has not been reported in the mass spectra of any of these

compounds. However, it should be noted that in none of these cases is
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the transferable hydrogen initially attached to an sp hybridised atom.

(Since the completion of this work a seven-membered transition state has

in fact been shown to be preferred to a six-membered transition state

where both states are possible^.)
The mass spectra of H—benzylidene—2-nitroaniline (l(a); Fig.2)

and its derivatives (l(e) - (g); see Appendix 1, Table B) were obviously

very much simpler than those of the isomeric compounds with the 2-nitro—

group in the other ring as may be seen by comparison of Figs. 1 and 2,

1 (a) Y = H

1 (e) Y = 4-C1

1 (f) Y = 4-CH

1 (g) Y = 4-OCH^

What is immediately obvious is that the (l£-17)+ ion is either completely

absent or of very low intensity, and this contrasts strongly with 5(a)»

where the (K-17)+ ion is generally of high intensity. Where the (M-17)+
ion is observed, one also observes peaks corresponding to loss of FO and

HOT indicating a pathway similar to that outlined in Scheme 4« In every

case examined, the spectrum is dominated by a fragment ion (YCgH^CO)+
(Y being the substituent in the benzylidene group), and only a few other

ions have intensity greater than 5% °Y this base peak.

At least in some cases metastable ion evidence suggested that this

acylium ion was formed directly from the molecular ion, and hence the

main decomposition pathway evidently involved oxygen transfer from the
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nitro-group to the azomethine carbon. This is most easily rationalised

mechanistically if one oxygen of the nitro-group interacts directly with

the azomethine carbon with formation of a six-membered heterocycle.

Then a 1,2-hydrogen shift of the azomethine hydrogen from carbon to

nitrogen followed by a nitrogen - oxygen bond cleavage gives the radical

cation of H-benzoyl-2-nitrosoaniline (33) s.nd this is Fathway (a) in

Scheme 6.

The alternative pathway (B in Scheme 6) is proposed to account for

the presence of the low intensity ions at m/e 209, 179 and 152 in the mass

spectrum of H-benzylidene-2-nitroaniline (l(a); Fig.2). This pathway of

course is analogous to that observed for lT-2-nitrobenzylideneaniline and

its derivatives (see Scheme 4) and involves abstraction of the azomethine

hydrogen as presented in Scheme 5« There are traces of such

fragmentation in the spectra of some of the compounds (see Appendix 1,

Table 3) although loss of the additional substituent (or some part thereof)

may be an additional complicating factor. It must be noted that if the

radical cation formed by abstraction of the azomethine hydrogen by the

nitro-group oxygen were to transfer a hydroxyl radical to the azomethine

carbon (Pathway B' in Scheme 6) then simple rearrangement would lead to

formation of•the H-benzoyl-2-nitrosoaniline formed in Pathway A. How¬

ever, by analogy with H-2-nitrobenzylideneaniline and its derivatives,

where no such transfer is observed, it would seem that this route is less

likely.

Next investigated were the mass spectra of H-2-nitrobenzylidene—

2-nitroaniline (l(h); Fig.3) and its analogues (l(k) - (p); see Appendix

1 Table C). In these compounds interaction of the azomethine with both

nitro-groups should be possible, and one -would expect a competition between

the two nitro-groups such that fragmentation patterns of the types shown
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Scheme 6
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(39) m/e 134

N-

^43
0 OH

I
c^o

H0„

(36)

4r\CE0+

O'
(37) m/e 104

i

m,i/e 76

(40)

4^,6-0

u+
IT

07/ X OH

m/e 151

1
<^\c=o+

k^JoH
(41) rn/e 121

+

OH

m/e 93

i
vp

m/e 63

Scheme 7
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in Schemes 4 and 6 should "be observable. Both types of breakdown were

indeed observed, although the interaction of the nitro-group in the

aldehyde-derived ring (the principal source of the (li—17)+ ion (34))

was evidently of little significance compared with oxygen transfer

involving the other nitro-group which leads to the 2-nitroaroyl ion

(36) (m/e 150 in 1 (b.) and (k) - (a), 184/186 in 1 (n) and (o) and 195

in 1(p)).

The base peak of each spectrum was usually the ion (37) with

46 mass units less than the 2-nitroaroyl ion (m/e 104, 138/140 and 149)

and was apparently' derived at least partly from this ion by loss of the

nitro-group. k third intense fragment ion appeared in each spectrum at

16 mass units below the 2-nitroaroyl ion (a/e 134> 168/170 and 179) and

this ion, which has been formulated as (39) in Scheme 7? also decomposed

by loss of 110, as evidenced by metastable ions (mS 80.8) to give the aroyl

ion. Since these ions are obviously closely related structurally it

appeared reasonable to consider whether the 2-nitroaroyl ions might

decompose by loss of an oxygen atom to give the ion with m/e 134*
35

Shapiro and Serum have studied the 3 and 4-nitrooenzoyl cations

generated by simple cleavage of the corresponding acid derivatives and

observed no ion of significance at m/e 134> the breakdown pattern followed

being outlined in Scheme 8.

NO,

CH O
7 4 2

W5
-1+

CH O
6 4

I"

6 4

Scheme 8



TABLE 8. Relative Abundances of Ions in the

Lass Spectra of IT-nitrobenzoylanilines.

. Y X ra/e 150 m/e 134 m/e 120 ra/e 104

2-UOg H 100 a - 4/3

2-R02 2-T02 100 a V 8/

2-IT02 4^02 100 a b 9fo

CM
O>r\CM 4-C1 100 - - %

3-N02 H 100 - % 60$

CM
OJ 2-R02 100 - 8i 74$

a
less than 2fo

y.
less than 1/
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Similarly, 2-nitrobenzoyl ions (e.g. in the mass spectrum of

29\2-nitrobenzarnides ) decompose by loss of NO or NO^ and no significant
loss of 16 mass units is observed, and we have observed similar results

with nitrobenzoyl cations generated from nitrobenzanilides (see Table 8),

though the loss of NO does not appear to be significant and also the ion

with m/e 104 formed by loss of NO from the 2-nitrobenzoyl cation is

generally not very intense. This may be due to interaction between a

nitro-oxygen and the carbonyl carbon as shown, which would prevent the
-7 "2 *7

nitro-nitrite rearrangement ' necessary for loss of NO, and also make

loss of the nitro group more difficult.

In fact, we were able to show that, although the ion with m/e 134

in the mass spectrum of N-2-nitrobenzylidene-2-nitroaniline was in all

probability correctly formulated as (39) in Scheme 7 (X = H), it is

apparently not derived from the 2-nitrobenzoyl cation by loss of oxygen.

Comparison of the mass spectra of the six isomeric Ar, Ar1-dinitroani1s

(Tigs. 3-8) showed variations in the relative abundances of the ions

with m/e 150, 134j 120 and 104 which suggested that whereas the ion with,

m/e 104 is common to those anils with a 2-nitro-substituent in either ring,

the ion with m/e 150 is associated only with those derived from 2-nitro-

aniline and the ion with m/e 134 is found only when the anil is derived

from 2-nitrobenzaldehyde.

It thus appears that the acyl oxygen atom in the ion with m/e 1p0

originates in the 2-niiro—group of the amine derived ring and that it is
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the other 2-nitro-group v/hich furnishes the acyl oxygen atom of the ion

of m/e 134. A possible mechanism for the formation of the latter ion

is given in Scheme 7 (Pathway 3). The radical ion (38) proposed as an
7O

intermediate is based on the cyclic structure (42) proposed to explain

the stability of H-2-nitrobenzylidene-2-nitroaniline (1 (h) ) as shown

below.

n N

While there is yet no other experimental evidence for the intermediacy of

2-nitrosobenzanilide in such a reaction sequence, there is ample precedent

in the literature for the conversion of 2-nitrobenzylideneanilines (5) into
30 3°

2-nitrosobenzanilides by photochemical means j (see Page 18).

Further analysis of the relationship of the ions m/e 150, 134 and

104 is possible on the basis of comparison of the behaviour of nitroaroyl

cations generated by bfeakdovm of the anilides (see Page 15) and the

cations generated from the corresponding anils. As can be seen by

reference to Table 8 breakdown of both the 3~ an4 4-aitroaroyl cations

by loss of is fairly ready and the ion with m/e 104 is intense. The

2-nitroaroyl cation on the other hand does not decompose nearly so readily

and the ion with m/e 104 is generally fairly weak. When one considers

the 3- and 4-nitrobenzylidene-2-nitroanils one sees that this type of

breakdown is apparently mirrored and the intensity of the ion with m/e

104 is quite high. On this basis it would seem reasonable to assume that

in the spectrum of F-2-nitrobenzylidene-2-nitroaniline (1 (h); Fig.3) the

major source of the ion with m/e 104 must be the ion with m/e 134 and not
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the ion with, tn/e 150 which, if it is comparable with the other 2-nitro-

benzoyl cations considered, would contribute less than 10$ to the

intensity measured.

Further confirmation of this is the fact that in the spectra of

F-2-nitrobenzylidene-3—nitroaniline (Fig.6) and F-2-nitrobenzylidene-4-

nitroaniline (Fig.7) where the formation of the nitrobenzoyl cation via

intramolecular oxygen transfer to the azomethine carbon is not possible,

the intensities of the ions with m/e 134 and 104 are very similar and

fairly intense. It must of course be noted that for these two

dinitroanils the (li-17)+ion is again significant and is in fact the

base peak for F-2-nitrobenzylidene-4-nitroaniline. One must therefore

assume that the extent of oxygen transfer within the 2-nitrobenzylidene

group (giving the nitrosobenzoyl group) depends on the electronic effect

of the substituents in the amine-derived ring rather than their position

in the ring.

The one major fragment ion in the mass spectrum of F-2-nitro-

benzylidene-2-nitroaniline (1(h); Fig.3) remaining to be considered was

the ion with m/e 121, and accurate mass measurements indicated the formula

C^Hj-O^. This together with the appearance of analogous ions in the
spectra of the compounds (l(k) - (p) ) with m/e 121 in 1 (k) - (m),

155/157 in l(n),(o), and 166 in 1(p) was clear evidence that this ion

like the other major fragments was derived from the benzylidene portion

of the molecule; in addition, the ion was absent from the spectra of

Figs. 4-8 and was thus apparently associated only with those anils

which contain a 2-nitro substituent in both rings. It has been

formulated (Scheme 7j Pathway D) as (41) by analogy with the ion observed
27

in the mass spectrum of 2-nitrobenzaldelyde and 2-nitrobenzoic acid

The formation of this ion requires firstly an oxygen transfer from the
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amine-derived nitro-group to the benzylidene carbon, as in B. However,

whereas the ion (35) rearranges by a 1,2-hydrogen shift from carbon to

nitrogen in B, in 3) the hydrogen is transferred to the aldehyde derived

2-nitro substituent to give the ion (i+0) which on simple cleavage gives

rise to the ion with m/e 151- This ion on rearrangement and loss of BO

yields the ion (41) with m/e 121. This ion and the analogous ions are

observed to lose CO twice, which is consistent with the proposed

structure. It must be noted that neither the 2-nitroanilino—fragment

formed in B or the 2-nitrosoanilino fragment formed in C or D appears

to carry any charge and are unobserved in the mass spectrum.

It was observed that in the case of N-2-nitrobenzylidene-4—

methyl-2-nitroaniline (l(k) ) that the ion with m/e 151 was anomalously

intense, and accurate mass determination indicated that this was due to

the presence of the ion C^HgB^O^. This presumably is formed as in
Pathway B in Scheme 7 and is most probably the 4-®ethyl-2-nitroanilino

cation (43) or some isomer thereof as shown below...

+

It would seem reasonable that the anilino fragment would be more likely

to carry charge when either the azomethine carbon is in an especially

electrophilic environment or when the charge 011 the nitrogen may be

especially stabilised by some substituent in the ring. This would

agree with the observed results for B-2,4-dinitrobenzylidene-4-metbyl—

2-nitroaniline (1 (p) ) where the ion with m/e 151 is very intense and

the azomethine carbon is in its most electrophilic environment.
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Similarly it was observed that the analogous ion with m/e 167 (44) in
the spectrum of lT-2-nitrobenzylidene-4-niethoxy-2-nitroaniline (l(m) )

was very prominent, and here the positive charge may he stabilised by

electron donation from the methoxy group as shown.

NH

NO.

OCH

(44)

H

NO,

+ OCH.
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(b) A Study of Some Competitive "ortho-effects"

in 2,2'-Disubstituted Anils.

Our investigation of the mass spectrum of H-2-nitrobenzylidene-

2-nitroaniline in which two possible "ortho-effects" might have been

expected to contribute to the breakdown had indicated that one "ortho-

effect" might dominate (in this case that due to the nitro-group in the

amine-derived ring) while the other "ortho-effect" might not be observed

at all. We had also observed a completely novel "ortho-effect", i.e.

oxygen transfer from the nitro-group in the aldehyde-derived ring to the

azomethine carbon and it seemed reasonable that this might be caused

both by electronic and steric factors. For these reasons, a wide variety

of anils were synthesised, the first group, Group A, being derived from

2-nitrobenzaldehyde and 2-substituted anilines, and the second group,

Group B, being derived from 2-subs±ituted benzaldehydes and 2-nitro-

aniline in which there might be either competition between "ortho-effects"

or else a steric feature ?»Thich might inhibit an "ortho-effect".

Group A Group B

(5)

X

CHJ
OH

SH

C02C2H5

Br

1TH,

co2CH3
4-CH.C.H, S-3 6 4

(1)

Y

Br

CI

OCH-
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Where relevant, some positional isomers were also synthesised and their

mass spectra investigated so that a comparison might he made.

The first 2,2'-disubstituted anil investigated was IT-2-nitro-

benzylidene-2—methylaniline and in this case the competition of the two

"ortho-effects" would lead to loss of hydroxy1 radical if the breakdown

of normal N-2-nitrobenzylideneanilines (see Scheme 4, Page 18) was

followed (Pathway A; Scheme 9) and to formation of a protonated indole

(see Page 13) if the breakdown pattern of N-benzylidene-2-methylaniline

was followed (Pathway B; Scheme 9)•

N O H C
2 3

Scheme 9

+«

B

For comparison, N-2-nitrobenzylidene-2-methylaniline and

lT-2-nitrobenzylidene-4-methylaniline were both synthesised and their

mass spectra compared with that of B-4-nitrobenzylidene-2-methylaniline

(Fig.9 (c) ), in which the nitro-group cannot interact with the

azomethine bond. This last compound mirrors the behaviour of

H-benzylidene-2-methylaniline, and has the ion with m/e 118 as the base

peak. As has already been noted (see Page 19) the mass spectrum of

H-2-nitrobenzylidene-4-methylaniline (Fig.9 (b) ) is what one would expect

for a normal 2-nitrobenzylideneaniline, the (l£-17) ion being intense

and the ion with m/e 118 comparatively weak. When one considers the mass

spectrum of N-2-nitrobenzylidene-2-methylaniline (Fig.9 (a) ), in which

both groups may interact with the azomethine grouping, it can be seen

immediately that the breakdown followed is very similar to that observed
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for P-2-nitrobenzylidene-4-mstbylaniline, i.e. the (i£-17) + ion is

intense and the ion with m/e 118 is comparatively weak. On the basis of

this comparison it seems reasonable to say that there is no significant

interaction of the methyl group in F-2—nitrobenzylidene—2—methylaniline

with the azomethine group.

Similarly when one compares the mass spectra of !T-2-nitro-

benzylidene-4—bromoaniline and F-2-nitrobenzylidene-2—bromoaniline

(see Appendix 1, Table A) there is no significant difference and it would

appear that the bulky 2-bromo-substituent does not affect the hydrogen

abstraction process.

Anils derived from 2-hydroxyaniline were the next group

considered. As has already been noted (see Page 13) the base peak in

the mass spectrum of K-benzylidene-2-hydroxyaniline is the ion with

m/e 120 and this ion has been assigned the protonated benzoxazole
20

structure (17) as shown .

(17)

One can see further evidence of this "ortho-effect" by comparing

the mass spectrum of N-4-nitrobenzylidene-2-hydroxyaniline (Pig.lO(a) ),

where the interaction of the hydroxyl group with the azomethine carbon is

possible, with the mass spectrum of F-4-nitrobenzylidene-4-hydroxyaniline

(Fig.10(b) ) where no such interaction is possible.

As can readily be seen the base peak of the mass spectrum of

K-4-nitroben3ylidene-2-hydroxyaniline was, as expected, the ion with

m/e 12C , rued by loss of the nitrcphenyl radical. The parent ion was
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relatively intense and the only other significant ion was that with

m/e 195 which corresponds to loss of ELTOg from the parent ion and was
presumably formed by loss of ITC^ from the (M-1)+ ion. The (X-2)+~ ion
was probably due tc formation of the 2-(4-nitrophenyl)benzoxazole (45)

by oxidation of the parent compound. These breakdown patterns are

illustrated in Scheme 10.

Scheme 10

In contrast to this the spectrum of the isomeric IT-4-nitro—

benzylidene-4-hydroxyaniline had the parent ion as the base peak, and

the ion with m/e 120 was comparatively weak. The only other intense ion

was that with m/e 196 and this corresponds to the loss of 110^ from the
parent ion. It must also be noted that the ion with m/e 93 was more

intense in this spectrum, and this is to be expected since this

corresponds to loss of HC1T from the ion with m/e 120 (Pathway A in Scheme

11) - in this case not a heterocyclic species.
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+•

CH=N

/e 1 96
OH

a/e 93

Scheme 11

The mass spectrum of B-2-nitrobenzyl ider±e-4-hydroxyaniline

(Pig.10(c) ) in which only interaction of the nitro-group with the

azomethine group is possible showed largely the expected characteristics

of a normal 2-nitrobenzylideneaniline. The parent ion with m/e 242 was

the base peak and the (LI—17)+ ion, and (l£-47) + ion were intense. How¬

ever, while this loss of 47 mass units is normally followed by the loss

of the substituent in the aniline-derived ring and then the -CH=2T- group

to give biphenylene (see Scheme 4? Page 18) in this case a ring carbon

was lost in conjunction with this hydroxyl oxygen as carbon monoxide and

CN to give the ion with m/e 141 as shown in Scheme 12, Pathway A. The

ion with m/e 120 was again comparatively weak (Scheme 12, Pathway B).

-h-

H=N

^^N02
B

A ~T +■

M- 17 M- 47]
+

OH m/e 141 <■
Scheme 12

nn/ei67
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In the mass spectrum of F-2-nitrobenzylidene-2-hydroxyaniline

(Fig.lC(d) ) one can see that both "ortho-effects" are present. The

normal breakdown for H-2-nitrobensylideneaniline (Scheme 13» Pathway A)

was observed, the loss of CO again being important. The loss of

nitrophenyl gave the ion with m/e 120 which presumably has the protonated

benzoxazole structure (Pathway B). The relative intensities of the

(Z-17)+ and (l£-47) + ions compared with the ion with m/e 120 would seem to

indicate that both pathways may be of similar importance. However, these

ions are comparatively weak and the base peak in this case is the ion with

m/e 135 which has a formula and is presumably the cation of

2-nitrosobenzaldehyde. This is presumably formed in a similar fashion

to the 2-nitrosobenzoyl cation in the mass spectra of the substituted

2-nitrobenzylidene-2-nitroanilines (Scheme 7> Pathwayc) and is outlined

in Scheme 13> Pathway D. The (M-18)+ ion (46) formed by loss of H^O
from the parent ion may be formed as indicated in Scheme 13» Pathway C.

[M-47]
CH

no2 HO
m,i/e 120

Scheme 13

r^NCHO

m/e 135
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The next series of anils considered was that derived from

1,2- and 1,4-diaminobenzene. The mass spectrum of lT-4-nitrobenzylidene-

1,4-diaminobenzene (Fig.11(a) ) was largely as expected for a simple anil.

The parent ion (m/e 241) was the "base peak, and the ions with m/e 21+0, 195»

194, 1^9 and 168 can he readily rationalised in terms of the loss of

substituents, i.e. Pathways A and 3 in Scheme 14. The ion with m/e 119

is formed by simple cleavage of the azomethine carbon-to-ring bond and

may decompose further by loss of two moles of ECU (Scheme 14, Pathway C)

giving the two intense ions with m/e 92 and 65.

m,

NH
i/e 11 9 2

/ NH^m/e 92 2

n/e 65

CH=N
+•

B

^/nh2 O2N

:./e 195

m,i/e 169

R n 1cheme j±

V^NH,
n/e 194

m/e 168

The mass spectrum of E-4-nitrobenzylidene-1,2-diaminobenzene

(Fig.11(b) ) exhibited several important differences from that of the

isomer just discussed. The parent ion with m/e 241 was comparatively

weak and both (lvl-l)+ and (M-2) + * ions were present, these presumably
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having the structures of the protonated benzimidazole (47) and the

benzimidazole (48) in Scheme 15. The ion with m/e 154 is formed by-

loss of 110 from ion (47) •

The base peak of the spectrum was the ion with m/e 119 in this case, and

this is almost certainly due to the cyclic structure (4°) indicated, since

the further decomposition of this ion by loss of two moles of ECU to give

the ions.with m/e 92 and 65 is evidently not important as indicated by the

low intensity of these ions. Similarly the fact that the ion with m/e
1 94 does not decompose further by loss of HC1T as in the case of the

analogous ion in the 1,4-diaminobenzene isomer is good evidence for the

'ortho-interaction' between and azomethine.-

In the mass spectrum of E-2-nitrobenzylidene—1,2—diaminohenzene

(Fig.11(c) ) the competition between the two "ortho-effects" is again

possible. In this case the parent ion was very weak as were the (M-17)+
and (M-47)+ ions and this would suggest that the normal breakdown of

2-nitrobenzylideneanilines was not followed to any great extent. The

ion with m/e 119 was the base peak and the protonated benzimidazole
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structure would again seem reasonable on the basis of the low intensity

of the ion with m/e 92 corresponding to loss of HC1T from the ion with

rn/e 119. On the basis of this the "ortho-interaction" involving the

amino-group dominates in this compound.

It must of course be noted that in the case of both the

2-hydroxyanils and the 2-aminoanils there is the possibility of

tautomerism to give the five-membered heterocycle as shown (see Page 8).

The simple spectroscopic properties (infra-red and p.m.r. spectra) of the

molecules indicated that in these cases the equilibrium lies well to the

left. In the case of the anils derived from 2-aminothicphenol, however,

the spectroscopic properties indicated that the equilibrium "lies to the

right. The mass spectrum of 2-(benzylideneamino)thiophenol (50),

(pig.12(a) ) nevertheless showed a similar breakdown to that observed for

the 2-hydroxy-analogue. The base peak of the spectrum was the ion with

m/e 136 which corresponded to the protonated benzothiazole (51) and the

(M—1) and (M-2)+* ions (Scheme 16) presumably correspond to the

protonated 2-phenylbenzothiazole (52) and 2-phenylbenzothiazole (53)

respectively.

(51) (52) Scheme 16 (53)
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Similarly the mass spectrum of 2- (p-4-nitrobenzylideneamino)-

thiophenol (Pig.12(h) ) showed the ion with m/e 136 as the base peak.

The parent ion (m/e 258) and the (li-l) + and (i£-2) + " ions can be assigned

similar structures to those assigned in the case of the unsubstituted

analogue. Again it must be noted that the ion with m/e 109 corresponding

to loss of 27 mass units (i.e. HCll) from the protonated benzothiazole was

not prominent. The appearance of (l£-46) + and (l£-47) + ions also paralleled

the observations for the 2-hydroxy-analogue.

The behaviour of 2-(2-nitrobenzylideneamino)thiophenol was also

what might be expected from the hydroxy and amino analogues (Pig.12(c) ).

The base peak was again the ion with m/e 136. The parent ion was not

particularly intense nor were the (M-17) and (M-47) ions and this

indicates that the "ortho-interaction" between the thiol grouping and the

azomethine group is again more significant than the interaction of the

nitro-group in the aldehyde derived ring.

One can thus see that when there is an hydroxyl, amino-, or thiol

function ortho to the azomethine linkage in the amine derived ring while

there is a nitro-group ortho to the azomethine link in the aldehyde

derived ring then the "ortho-effect" expected for the nitro-group is

substantially diminished. Another feature of note is that the hetero¬

cyclic ring formed is more stable to decomposition by loss of HCIl than

when no interaction is possible and this may be associated with the aromatic

stabilisation of the 10 tt electron system involved in the heterocyclic

system, i.e. a benzoxazole (54)> a benzimidazole (55) or a benzothiazole

(56) respectively.

H

(54) (55) (56)
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The next group of anils considered was that derived from

2-(4-tolylthio)aniline and in this group we are considering an ortho-

suhstituent, the 4-tolylthio-group, which is relatively bulky but still

has a high degree of nucleophilic character. In the mass spectrum of

h-bensylidene-2-(4-tolylthio)aniline (57)» (Fig.13(a) ) the base peak was

observed to be the ion with m/e 226 (38) corresponding to the loss of

phenyl from the parent ion (Scheme 17, Pathway A). Neither the parent

ion (m/e 303) nor the ion with m/e 212 was very intense; the only other

intense ion, that with m/e 109, may well be formed from the ion with

m/e 212 as shown (Scheme 17j Pathway B). The ion with m/e 104 is

presumably formed by cleavage of the azomethine nitrogen to ring bond

(Scheme 17» Pathway C) and the remaining ion of moderate intensity (m/e

184) is presumably formed by rearrangement of the ion with m/e 212 and

loss of HON and H (B')»

+-

N=CHC H
6 5

N-CHCH
6 5

n/e 212

C HC N
6 5'H
i/e 104m,

+"
NECC_H_

6 5

m,i/e 212

n/e 212

1
m,i/e 109

V/sH
Scheme 17
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YtTien the mass spectrum of N-2-nitrobenzylidene-2-(4-tolylthio)-
aniline was considered (Fig.13(b) ) it could readily "be seen that the

major pathway operating was that of a normal 2-nitrobenzylideneaniline.

The (M-17)+ ion was intense (51^) and the (M-47)+ ion was the base peak.

The ion with m/e 226 was again fairly intense and is probably formed by

loss of nitrophenyl from the parent ion. Apart from this ion very few

ions have an intensity greater than a few per cent. One feature of

interest is that the ion with m/e 91 was considerably more intense for

this compound than for the unsubstituted material and this may explain the

fact that no ion for (lo-9l)+ is observed.

The mass spectrum of methyl F-benzylideneanthranilate (59) had not

previously been reported and the principal features observed in the

spectrum (Fig.14(a) ) were that the base peak was the ion with m/e 77»

the parent ion (m/e 239) was relatively weak and there were intense ions

with m/e 224» 119» 105 and 92. The most interesting feature of the

spectrum was the intensity of the ion with m/e 224 which corresponded to

the loss of methyl from the parent ion. The normal breakdown of a methyl

ester is by loss of methoxy and/or CO^CH^ and the loss of methyl in
preference to methoxy is a comparatively rare occurrence. The loss of

methyl from methyl-2-(F,Fi-dimethylamino)benzoate (60) has been reported
41

to involve loss of methyl from both the nitrogen and the ester group ,

and the loss of the methyl from the ester group has been rationalised in

terms of an "ortho-effect" in which one of the hydrogens from an H-methyl-

group is transferred to the carbonyl oxygen while the ester methyl is lost,

and this is followed by loss of water to give an F-methyloxindole (6l).
This loss of methyl is presumably similar to the loss of methyl from the

I O

ester function of some substituted heterocyclic systems, e.g. furans ,

hydroxythiophenes^, thiazoles^4" and pyrroles^, which have a methyl ester

grouping ortho to a methyl-substituent, though other competitive "ortho-
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effects" are apparently more important.

The loss of methyl from an ester has also been observed for a

non-conjugated acid derivative^. liethyl 3~phenylpropanoate (62) loses

methyl from the ester function and this is followed by, an oxygen transfer

to the phenyl ring with loss of ketene as shown in Scheme 19.

+-»

Scheme 1 9

Thus we can see that the reported mechanisms for the loss of

methyl from a methyl ester involve either a hydrogen abstraction mechan¬

ism when the hydrogen is bonded to an sp"^ hybridised carbon or an oxygen

2
transfer mechanism when the hydrogen is bonded to an sp hybridised

carbon atom.

In the spectrum of methyl K_-benzylideneanthranilate (59)»
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(Fig. 14(a) ) it would seem reasonable that an oxygen transfer mechanism

is operating as shown in Scheme 20. However, whether the aroyl cation

observed is derived from the aldehyde or amine derived ring it is not

possible to say.

-h

m/e 224 0+-

Scheme 20

The mass spectrum of methyl N-4-nitrobenzylideneanthranilate

(3(b), Pig.14(b) ), had the ion with m/e 269 (*£-15)+ as the base peak

while the parent ion, m/e 284 and the ion with m/e 253 (if—31)+ were both

quite weak. In this case it was straightforward to identify the source

of the aroyl cation since if it was derived from the aldehyde portion of

the molecule then the ion -would have m/e 150 while if it was derived from

the amine portion of the molecule it would still have m/e 105. In fact,

the ion with m/e 105 (45/0 was considerably more intense than the ion with

m/e 150 (17^) and this suggested that the main source of the aroyl cation

was the amine derived ring.
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In the mass spectrum of methyl K-2-nitrobenzylideneanthranilate

(3(a), Pig.14(c) ) however, the main pathway followed was that of a

normal 2-nitrobenzylideneaniline. The (h£—15)+ ion was quite weak while

the (H-17)+ ion was fairly intense, and the "base peak of the spectrum was

the ion with m/e 208 which corresponded to the loss of the carbomethoxy

group from the (E-17)+ ion. This was followed by the loss of HO and Clf

or ECU to give the ions with m/e 151 and 152 (Scheme 21, Pathway A).

Although the (ll—13)+ i°n was not very intense, the ion with m/e 150,

corresponding to the transfer of oxygen to the azomethine carbon, was

quite intense. It was noticeable that the ions with m/e 134 f-nd 104 were

intense and these corresponded to the 2-nitrobenzoyl and benzoyl cations

respectively which presumably were formed via interaction of the nitro-

group with the azomethine carbon (Scheme 21, Pathway C) which was analogous

to the formation of these ions in the spectrum of |T-2-nitrobenzylidene-2-

nitroaniline (see Scheme 7)»

The mass spectrum of ethyl 4-(benzylideneamino)benzoate (63),

(Fig.15(a) ) exhibited the breakdown pattern expected for an ethyl ester,

the principal losses being ethylene (1l-28) + , ethoxy (X-45)+» an(i "the entire

COpCpH^ function (M-73)+ as shown in Scheme 22.

CH-N

(63) m/e 253
V^co2C2H5

CH— N

m,i/e 225

I

m/e 208 m/e 180
Scheme 22

/CO£\

r^\CH=Nr3^N
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The mass spectrum of ethyl 4~(4-n.itrobenzylideneamino)benzoate

(4(h), Fig.15(b) ), showed essentially the same features though the loss

of the nitro-group was a complicating factor. Thp mp.n s spectrum of

ethyl 4_(2-nitrobenzylideneanino)benzoate (4(a), Fig.15(c) ) showed

essentially the breakdown expected for a simple 2-nitrobenzylideneaniline

derivative, the (if—1T)+ ion being the base peak and the (if—47)+ i°n

being intense. Subsequent loss of the carboethoxy substituent and HCST

gave the ion with m/e 152. The spectrum was somev/hat complicated by

the fragmentation of the carboethoxy group as shown in Scheme 23*

CH—N

NC>

(4(a) ) m/e 298

1
[M-17] +

I
Cm—47]+~

"CpH a .—^ ► m/e 253

-C2H5°

m/e 206

I
m,i/e 178 m/e 152

Scheme 23
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The mass spectrum of ethyl 2— (4-nitrobenzylideneamino)benzoate

(Fig. 15 (^-) ) contrasted strongly with, that of ethyl 4-(4-nitrobenzylidene-

amino)benzoate (4(h), Fig.15(h) ). That there was a significant "ortho-

effect" was clearly indicated hy the fact that the ion with ra/e 269,

However, the mass spectrum of ethyl 2-(2-nitrohenzylideneamino)

henzoate (3(c), Fig.15(e) ) showed a very similar breakdown to that of

the methyl analogue (5(a), Fig.14(c) ) the hase peak in this case being

again the ion with m/e 2C8 corresponding to the loss of CO^C^Hj. from the
(M-17)+ ion, and it appeared that only the "ortho-effect" involving the

nitro-group was important.

The overall result of this study of competitive "ortho-effects"

seemed to he that the interaction of the nitro-group with the henzylidene

proton was almost always the preferred pathway. The only exception to

this general rule was when the ortho-substituent in the aniline derived

ring had a high degree of nucleophilic character.

When the second group of anils, those derived from 2-nitroaniline,

was considered (see Appendix 1, Table B), it was found that the base peak

of the spectrum corresponded to (YCgH^CO)+ and it appeared that there was
little difference between the spectra of the B-4-substituted—benzylidene-

2-nitroanilines and those of H-2-substituted-banzylidene-2-nitroanilines,

though in this group the effect of the 2-substituent in the aldehyde

derived ring could only be steric.
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Chapter 3

Cyanide-Induced Cyclisation of Anils - Introduction

The reactions of anils with hydrogen cyanide or alkali metal

cyanides may conveniently he classified into three groups: (i) those

leading to dimerisation of the anil, (ii) those leading to the formation

of the hydrogen cyanide adduct of the anil, and (iii) those leading to

formation of a heterocyclic product.

(i) Cyanide-Induced Simerisation of Anils

17

Seeker observed that treatment of the anils shown with a catalytic

amount of sodium cyanide in dry dimethyformamide under nitrogen gave the

corresponding oCjc*1- dianilinostilbenes (64). The mechanism for this

reaction is, presumably, directly analogous to that of the benaoin
1 O

condensation and is illustrated in Scheme 21+. Aerial oxidation of the

dianilinostilbenes (64) gives the bis(phenylimino) compounds (64a)> also

obtained direct from the cyanide treatment of the anils in the presence

of air^'^. More recently, the cyanide induced dimerisation of anils
50

of pyridine aldehydes has been investigated and similar results obtained

CN

ArCHalTAr' ArCH-NAr* ———>■ Ar-C-UH-Ar1

CT J r*
ArCH=Mr«

KBH

Ar-C=C=Ar Ar-C-C-Ar Ar-CH-C-Ar
/ v * / A\ < I \

HH NH N i*U Ar1 -II pj-Ar'
' \ \ yAr' Ar» (64) Ar' Ar' H

i
Ar-C^lAr'

I
Ar-C =HAr1 (64a)

Scheme 24
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(ii) Addition of Hydrogen Cyanide to henzylideneanilines

The addition of hydrogen cyanide to substituted benzylidene-

anilines tc give (o^-arylamino)benzyl cyanides may be achieved in

several ways. Hydrogen cyanide adds to substituted benzylideneanilines

in alcoholic solution to give the corresponding (c*-arylamino)benzyl
51

cyanides in general, but the reaction with 4-nitrobenzylideneanilines
52 51

(65), in the presence of air, has teen observed to give c*-cyano-4-

nitrobenzylideneaniline (67) instead of oC-cyano-4-nitrobenzylaniline (66),

°2N^^

When the reaction is carried out in degassed methanol under nitrogen a

mixture of the normal adduct (66) and the dehydrogenation product (67)
CO

are isolated , and the adduct (66) in methanolic solution is very rapidly

oxidised to (67) on exposure to air. It has been suggested that the

species which undergoes oxidation is the anion (68) and it is a thought

that the nitro-group is essential to the generation of this species in the

acidic reaction medium.

-NHAr

(68)

The hydrogen cyanide adducts of substituted benzylideneanilines

may also be prepared indirectly. Substituted benzylideneanilines on
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treatment with, an aqueous solution of sodium hydrogen sulphite form

"bisulphite addition compounds (69), which react with aqueous solutions

of alkali metal cyanides to give the corresponding IT-arylaminobenzyl

cyanide •

ArCH=ITAr1
NaKSO.

- +

SO^ITa
I 3

Ar-CH-IIHAr'

(69)

HaCN
OT

h20

The N-arylaminobenzyl cyanides may also be prepared indirectly

by reaction of anilines with the appropriate mandelonitrile (70) and it

is possible that the anil is formed as an intermediate in this reaction"^.

ArCH (OH) CIT + Ar •UHg —► [ArCH=IIAr' + Hi
(70)

ON
I

ArCH-HHAr'

(iii) Cyanide-Induced Cyclisation of Anils

Reactions involving chemical interaction between aromatic nitro-

groups and ortho side chains, which lead to the formation of heterocyclic

5b 56 57 58
products have been well documented and many of these are of

considerable synthetic utility. For example, the reaction of N-benzylidene-

2-nitroaniline (1(a) ) with potassium cyanide in methanol has been
.32(a) / \

ooserved to give a high yield of l-hydroxy-2-phenylbenzimidazole (71)•

CN

(1(a) )
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While the reaction requires one molar equivalent of potassium cyanide

in order to go to completion, this cyanide is not incorporated in the

product and is apparently consumed during the reaction. To explain

these observed facts, the mechanism in Scheme 25 has been proposed. A

feature of this reaction is that the anion (72) is identical to that in

the cyanide induced dimerisation of anils (see Page 47) however, in this

case the anion reacts intramolecularly to give the benzimidazole (71).

N-CHC H
6 5

HQ

N-CH

NCL

■C«H*6 5

*cn -

(1(a) )

N-Cx 6 5
.. Kl/^ CN

(72)

▼

(71)
Scheme 25

This cyclisation bears a strong similarity to the cyanide induced
59

cyclisation* ^ of oC-2-nitrophenylcinnamonitrile (73) to 3-cyano-1-

hydroxy-2-phenylindole (74) though an additional product, the quinoline

derivative (75) was also formed in this reaction.
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NC
CHC H

6 5

^^no2
(73)

A survey ^ of cyanide induced cyclisations of 2-nitrobenzylidene compounds

has shown that compounds of the type (76) where X and Y are carbon

centred electron withdrawing groups were cyclised by potassium cyanide in

aqueous ethanol to give either quinoline-X-oxides (77) and/or IT-hydroxy-

indoles (78), the nature of the products formed being dependent both on

the pH of the reaction medium and on the nature of the substituents X

and Y.

C H—C
/X

"^Y

^^N02
(76)

O-
(77) (78)

The reaction of 2-nitrobenzylideneanilines (5) with aqueous

potassium cyanide followed by acetic acid provides a route to 2-aryl-

3-cyanoindazole-1-oxides (79) 5 • It seems likely that these reactions

proceed via the corresponding HCIT adducts, since these adducts are

readily cyclised into the corresponding indazole-1-oxide in warm aqueous

sodium hydroxide or sodium carbonate, in cold concentrated sulphuric acid,

or in some cases when it was attempted to recrystallise the adducts from

alcohol^.
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CH-NAr KCN/HpO
AcOH

CN
I
CH-NHAr

NAr

It may well be that the corresponding hydrogen cyanide adduct

is also the intermediate in the formation of the 2-aryl-3~cyanoindazole-

1-oxides (79) when 2-nitromandelonitriles (80) are treated at room

temperature with arylamines in ethanol containing a catalytic amount of
61

sodium acetate . An interesting point here is that the reaction fails

when ortho-substituted anilines are used.

(80)

C H(OH)CN

NO,
+ Ar NH, NAr'

In a variety of modified procedures^ 'moderate to excellent

yields of the 2-aryl-3-cyanoindazole-1-oxides (79) may be obtained by

preparing the anils^"''0^ or their bisulphite adducts^ in situ from
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2-nitrobenzaldehydes and arylamines or arylamine hydrochlorides, followed

by cyclisation in the presence of sodium or potassium cyanide.

In reactions closely related to the indazole-1-oxide derivatives

synthesis described above, 1-hydroxyindazol-3-ones (82) (which are

tautomeric with 3~bydroxyindazole-1-oxides) are formed^ ^ in moderate

yield by heating 2,4-dinitro-(or 2,4>6-trinitro-)benzylideneanilines (81)

under reflux with ethanolic sodium carbonate.

OH

(82)
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Chspter 4

(a) Cyanide-Induced Cyclisation of 2—Pitroanils

As has already been noted (see Page 49 )» the reaction of

N-benzylidene-2-nitroaniline (1(a) ) with potassium cyanide in dry

methanol has been observed^^ to yield 1-hydroxy—2-phenyl-beri3imidazole

(71(a) ) in good yield. Part of the work carried out for this thesis

involved a study of the generality of this reaction, and for this reason

a series of 2-nitroanils (l(b)-(j) ) were prepared and their reaction

with potassium cyanide in dry methanol studied.

(a)

00

(c)

(d)

(e) X = 4-C1

The general procedure applied was to heat the 2-nitroanil with

an excess of potassium cyanide in dry methanol solution under reflux

for several hours, and, after cooling the solution, to dilute it with

water and carefully acidify with concentrated hydrochloric acid to give

the corresponding 2-aryl-1-hydroxybenzirnidazole (71 ) > or its hydrochloride,

in good yield (60-80$). In the case of U-4-nitrobenzylidene—2-nitro—
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aniline (l(j) ) a somewhat modified procedure was necessary to isolate

the product. When reaction had ceased, the reaction mixture was

concentrated and transferred to a silica column. Elution of the column

with "benzene gave lT-4-nitrobenzoyl-2-nitroaiiiline (83/ in moderate yield

(24$)» and elution with methanol gave the corresponding hydroxybenzimidazole

(72(j) ), also in moderate yield (40$)•

(83)

Formation of the anilide (83) in this case was not entirely

unexpected. As has already "been noted (see Page 48), substituted
—

Jk {TO

4-nitrobenzylideneanilines (65) have been observed to give the

corresponding cx -cyanoanils (67) on treatment with methanolic hydrogen
CO

cyanide, and these cx -cyanoanils (67) react readily with potassium

hydroxide in absolute methanol or aqueous methanol to give the correspond¬

ing o<-methoxyanil (imidate ester) (84) or the anilide (83) respectively.

OChU
I *5
C^NAr

O

C-NHAr

(84) (85)
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It would seem reasonable to assume that the anilids (83) isolated in

the reaction of P-2|-nitrobenzylid9ne-2-nitroaniline (l(j) ) with

potassium cyanide in dry methanol was formed via this route either

because the methanol was not completely dry or else because the primary

product the —cyancanil, or the iraidate, underwent hydrolysis during the

chromatographic work up.

6°
It is of course well known that the 2-aryl-1-hydrozy-

benzimidazoles (71) are tautomeric with the corresponding 2-aryl-

bensimidazole-1—oxides (86). Per the hydroxybenzimidazole derivatives

(71) prepared in this work both (k-l6)+ and (h-l7)+ ions were observed in

the mass spectra and this is probably indicative of such a tautomerism.

An interesting feature of the mass spectra of the benzimidazole derivatives

considered was the appearance of the aroyl cation which apparently

involves the 2-aryl substituent and this must presumably be formed by

rearrangement.
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(b) Cyanide-Induced Cyclisation of F-2-nitrobenzylidene-2-

nitroaniline and its Analogues.

The reaction of IT-2-nitrobenzylidene—2-nitroaniline (l(h) )

with methanolic potassium cyanide was one v.'hich was expected to be of

particular interest. In this case, cyclisation might well be expected

to take place on to either nitro-group, yielding 1-hydroxy-2-(2-nitro-

phenyl)benzimidazole (71(h) ) and/or 3-cW£no_2-(2-nitrophenyl)indasole-1-

oxide (87).

CH=:N

(1(H) )

OH O-

(71(h) ) (87)
In fact, however, this reaction gave neither indazole nor

benzimidazole derivatives. When F—2-nitrobenzylidene-2-nitroaniline

(1(h) ) in methanol solution containing an excess of potassium cyanide was

heated under reflux for several hours and allowed to cool to room

temperature an orange solid crystallised from solution. The mass spectrum

of the compound showed a parent ion with m/e 312, and accurate mass

determination and analysis confirmed the elemental formula to be

C-.-H.JT.O. . This formula was best explained in stoichiometric terms
13 1244

by the addition to the anil of one molecule of hydrogen cyanide and one
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molecule of methanol with the loss of one molecule of water.

The mass spectrum had a significant (m-16)+ ion, which is
70

generally indicative of the presence of an k-oxide group , and also

an intense ion with rn/e 191 which had the formula and thus

corresponded to a loss of CgE-TO^ from the parent ion. Additional
evidence for the presence of the IT-oxide group was later provided (see

Page68) "by deoxygenation of the compound using phosphorus trichloride.

The fact that an IT-oxide group appeared to he present suggested that some

sort of condensation involving a nitro-group had taken place. The infra¬

red spectrum had an absorption at 34^9 cm ^ which was assigned as an

IT-H stretching mode and no C-E vibration was observed. The p.m.r.

spectrum had an K-H absorption ( §9.44) and a methoxy group, at rather

low field (5 4.39); there were eight aromatic proton resonances which

were shown by scale expansion and spin decoupling to be associated with

two ortho-disubstituted rings, and of particular interest was one of these

at exceptionally low field (&8.4)» i.e. at lower field than the 3_Pro'ton

of a 2-nitro-compound.

This evidence led to the consideration of two possible structures

for this compound, the cinnoline-1-oxide derivative (88) and the

benzotriazepine-1-oxide derivative (89) neither of which was previously

known. Each of these could conceivably be formed by the addition of ECU

to the C=E bond, then addition of methanol to the cyano-group, and

cyclisation of the resulting C=ITH on to one or other of the nitro-groups,

as shown in Scheme 26, and it was difficult to choose between these

possibilities on the basis of the spectroscopic data.
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CH ■N

02N

CN

f<^NCH—NHr^i

^-^no2 O2N

k<^>^N02 NH NO N'
2 H

Scheme. 26



(1)
X Y

(k) 4-CH3 2-N02
(1) 6-CH^ 2-N02
(m) 4-CH^O 2-N02
(a) 4-CH3 5-C1-2-1T0,

(o) 4-CH30 5-C1-2-N0,
t

CH.

7.2 8.08

6.4k^>N°2
7-72 NH

OCH.

O-

Fig.16

(89(n) )



It was the low-field one-proton multiplet in the p.m.r. spectrum

which led eventually to a distinction "being made. Signals of this type

71
have "been observed in the p.m.r. spectra of cinnoline-1-oxides and

72
quinoline-1-oxides and have been assigned to the 8-proton, which is

peri to the P-oxide function. Such an assignment seemed reasonable in

this case, since the resonance was shifted to higher field (and somewhat

simplified) when the IJ-oxide group was removed. Clear indication that

this low field proton was originally the 3_Pro"t°rl in "the aldehyde-derived

ring and not the 3-Pr°ton in the arnine-derived ring was given by the p.m.r.

spectra of the analogous products formed by the reaction of a series of

substituted R-2-nitrobensylidene-2-nitroanilines (1(k) - (o) ) with

cyanide ion in methanol. In particular, the p.m.r. spectrum of the

compound formed from N-(5-chloro-2-nitrobenzylidene)-4-methyl-2-nitro-

aniline (l(n) ) was totally interpretable in terms of the cinnoline

structure (88(n) ): the low field proton in this case v/as a doublet

(j = 9 Hz) with no meta-splitting and this could only be so if cyclisation

had taken place on to the nitro-group on the aldehyde-derived ring. The

alternative formulation (89(h) ) would have contained a oeri-proton with

only meta-splitting (j = 2-3 Hz), (see Pig.16).

Since no analogous products had been isolated in the reaction of

the simple 2-nitroanils with cyanide ion in methanol solution, (see

Page 54) it seemed safe to say that the nitro-group on the aldehyde "

derived ring was the one essential to cyclisation, and this was later

confirmed (see Page 71 ) when a variety of substituted IT-2-nitrobenzylidene—

anilines lacking the 2-nitro-substituent in the anilino-group gave

analogous products with methanolic cyanide.

Prom the reaction mixture of IT-2-nitrobenzylidene-2-nitroaniline

(.1 (h) ) with methanolic cyanide a methanol-soluble product was also
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isolated. This compound, was obtained, by dilution of the reaction,

mixture with water, extraction of the aqueous solution with chloroform,

and chromatography of the residue left on evaporation of the chloroform

extract to dryness. The compound had a mass spectrum with a parent ion

of m/e 301 and analysis indicated an elemental formula C.,. E.. „17,0,_. The' 14 11 3 5
A

infra-red spectrum had absorption at 1675 cm (C=0 or C=ll) and 1520 and

1350 (NO ). The p.m.r. spectrum indicated a 3-pnoton singlet (possibly

a methoxy group) at 6 1+.06 and there were eight aromatic proton

resonances which were assigned to two ortho—disubstituted benzene rings.

The compound was not identical with N-methyl-^N-(2-nitrobenzoyl)-2—
nitroaniline (90) and so the only reasonable structure which could be

assigned from these facts was that of the c<-methoxyanil (imidate ester)

(91).

^^no2 O2N^^
(90)

N

no2 O2N
(91)

The mass spectrum of the imidate (91) was very similar to that of

N-2-nitrobenzylidene-2-nitrosniline (1(h) ) in that the ions with m/e 150,

134 and 104 were all intense (see Page 24). In order to clarify the
7-7

breakdown pattern the parent imidate (92) was synthesised and its mass

spectrum (Fig.18) considered. The most interesting feature was the

appearance of the ion with m/e 105 corresponding to the benzoyl cation.

A route to the formation of this cation is set out in Scheme 27.
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Hel.
Int.

(56)

^ig.18 Mass Spectrum of Methyl M-phenylbenzimidate (92)

75

50-

25"

105

L_ L T T

80

211

I r
100

m/e
150 200

OCH-
I -
C- =Nr^ -Chk

o
II
c Nr^

(92) '

r^^C =O

Scheme 27



OCH- n+«

n^/NO onV'

I

A

~T
CH =N

no2 O2N
| (1(H) )

rn/e 150, 134, 104

O
11 +

C N

k^JN02 CzNk^

1
CEO4"

^JN02
ra/e 150

1
c-o+

m.i/e 134

mi/e 104

Scheme 28
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A similar breakdown in the mass spectrum of the imidate (91»

Fig.17) would lead to the appearance of the ion with m/e 150> i«e. the

2-nitrobenzoyl cation, and this might be expected to fragment by loss

of the nitro-group to give the ion with m/e 104 (Scheme 28 , Pathway C).

The ion with m/e 134> the 2-nitrosobenzoyl cation, may be formed in

several ways and it is most likely that the carbonyl oxygen comes from

one of the nitro-groups. Should the irnidate lose CH^O from the parent
ion then the product would be the radical cation of H-2-nitrobenzylidene-

2-nitroaniline (1(h) ) and further breakdown would be expected to follow

that of this compound, i.e. leading to the presence of the ions with m/e

1p0, 134 and 104 (see Page 24) and this is Pathway A in Scheme 28.

However, the ion with m/e 254 has the formula from.accurate mass

determination and this corresponds to a loss of from the parent ion.

It has been assigned the structure (93) "by analogy with the loss of .OH

from H-2-nitrobenzylideneanilines (see Page 17)• Oxygen transfer from

the nitro-group in the amine-derived ring to the azomethine carbon,

followed by cleavage of the resulting amide link, would lead to the form¬

ation of the 2-nitrosobenzoyl cation, and this is Pathway B in Scheme 28.

One feature which must be guarded against, when considering mass

spectrometric reactions, is that the compound may undergo thermal re-
1)

arrangement before breakdown occurs. Benzimidates are in fact known

to rearrange thermally to H-alkyl benzanilides as shown in Scheme 29 and

a rearrangement of this type would lead to the observation of aroyl

cations in the mass spectrum.

A

o CH-

— N

Scheme 29



CH=

2 °2*
(1(h) )

CN
I
CK If

if0„ O H

(94)

^sP- H-

N

NO2 OpII

(95)

Oil
i

CH- •HH

if°2 o2n
(97)

OT

G= N

H°2 OplT
(96)

jOCH^
^/JlfOp m2 *

(99)

I
jchemo 30

(88) (100)
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In order to be completely sure that the breakdown observed was

genuinely that of the imidate (91) and not that of h-methyl-h-(2-nitro-

benzoyl)-2-nitroaniline (90) this compound was synthesised and its mass

spectrum obtained. (Fig.19). It was in fact, markedly different from

that of the isomeric imidate in several respects and it seemed reasonable

that the breakdown pattern observed for the imidate (91) was genuine.

Analogous imidates were also isolated from the reactions of the

substituted h-2-nitrobenzylidene~2-nitroanilines (1(k) - (o) ) with

methanolic cyanide (see Page 60) and the yields of cinnoline and immidate

from these reactions are quantified in Table 9«

It would seem reasonable that the imidates are formed by a route

similar to that outlined for 4-nitrobenzylideneanilines (see Page 55) and

a complete mechanism for the formation of the cinnoline derivative (88)

and the imidate (91) is given in Scheme 50.

The most obvious question to be asked was why no benzimidazole or

indazole derivatives viere formed. Hovrever, when one considered the

ani oris (94) and (95) it was apparent that the charge, whether on carbon

or nitrogen, would be delocalised on to the nitro-groups and the

nucleophilic character of these centres was probably so reduced as to

prevent cyclisation.

52

(94)

%yN02 02N
(95)
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<?î|CH=NkN̂02
Substituents
I

I

H

H

H

4*-Me

H

6'-Me

H

4'-0Me

5-C1

4'-Me

5-C1

4'OMe

X

OCH

NC>
2OCH.

TABLE
9Cinnoline-1-oxideYield

(&)

25322136
/

2331

-MethoxyanllYield
(j)

1430trace1210
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T'ne anion (95) was directly analogous to the ion (68) thought to "be the

5?
species oxidised in the formation of oC-cyancanils from 4-nitro-

benzylideneanilines (see Page 48 )> and the formation of the imidate (91)

was presumably the result of the reaction of methoxide ion with the

°< -cyanoanil (96) formed by oxidation of the anion (95) as shown in

Scheme 30•

Heaction of methoxide (in methanol) with the unoxidised adduct

(97), however, results in addition of methanol to the cyano-group giving

the imidate (98). However, whether the route taken by the imidate (98)

in the formation of the cinnoline-1-oxide (88) was via the enamine type

structure (99) via the aci-nitro structure (100) would be impossible

to tell. Cyclisation of such imidates has good analogy in the reaction

of the quinoline derivative (101) with cyanide ion in methanol solution ,

which involves an addition of methanol to the cyano-group followed by a

subsequent intramolecular recyclisation from isoxazole to pyrazole to give

the 3-rae"fchoxy-lH-pyrazrolo [ 4»3-b] quinoline-9-carboxamide (102).

H2"f<\
^CN

(101)

H Nr—O
2 fl \

(102)

The cyclisation itself has good analogy in the cyclisation in
7 77 7Q

dilute alkali of derivatives of 2-nitrophenylguanidine ' '

( (103); X=1TH), 2-nitrophenylurea, 2-nitrophenylthiourea and the H-phenyl

derivative of 2-nitrophenylguanidine ( (103); X=0, S or ITCgH<-) to the
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correspondingbenzotriazine-1-oxid.es ( (10i+); X=!IH, 0, S or

N02 NH2
—

VXH

(103) (104)

However, it is an interacting point that, of all the many cyclisations

of 2-nitro-compounds which are known, only two others give cinnoline-1-
QO

oxides. The cyclisation of -cyano-<^-(2-nitrophenyl)acetamide

(105) in aqueous sodium hydroxide solution gives 2+-cyano~3-hydroxy-

cinnoline-1-oxide (106), while the 2-amino-2'-nitrobiphenyl derivative

(107) is cyclised to the cinnoline derivative (108) on treatment with
81

base . Only one such cyclisation to our knowledge uses the cyano-

nitrogen as the nucleophilic atom in the condensation process (Scheme 31)
82

i.e. the reaction of benzyl cyanide with 2-nitrophenyl azide

no2 nh2
(105)

NaOH OH

(106) O-
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ch2cn
4-

Scheme 31 O *~

In the present case, however, further attempts to elucidate

the mechanism of cinnoline oxide (88) formation did not meet with any

great success. A variety of attempts to prepare the HCIT adduct of

N-2-nitrobenzylidene-2-nitroaniline (97) did not yield the adduct but

only unreacted starting materials.

no2 o2n
(97)

YnTaen the conditions of the reaction of !T-2-nitrobenzylidene-2-nitroaniline

with cyanide ion in methanol were varied, it was possible to draw several

conclusions: (a) only one mole of cyanide ion was required for reaction;

(b) variation of the concentration, with reaction time held constant,

gave no alteration in yields of products; (c) the yield of products formed

was unaffected when light was excluded from the system or when the reaction

was carried out under nitrogen; (d) when the reaction was carried out in

ethanol instead of methanol, the corresponding 3-ethoxycinnoline derivative

(109) and ^ -ethoxyanil (110) were formed, though the yields were markedly

lower.
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NH

OCHXH,

OCH CH
2 3

^^no2 O2N
(110)

Some simple reactions of the cinnoline oxide (88) were attempted.
70

'Mien it was heated under reflux with phosphorus trichloride in chloroform

it was deoxygenated to give (111). When it was heated under reflux in

methanolic hydrogen chloride or in concentrated hydrochloric acid no

reaction took place and the cinnoline oxide (88) was recovered quantitat¬

ively. When, however, it was heated under reflux in a mixture of glacial

acetic acid and klyc hydrohromic acid, on cooling the solution a yellow

compound (112) crystallised out. The mass spectrum of this compound

(M = 360/362: intensity ratio 1:1) indicated that the product contained

bromine, and peaks at tn/e 80 and 82 indicated the presence of KBr. It

was thought that this product was probably a hydrobromide salt, and :

analysis of the product gave results corresponding (approximately) to

C .. H. J7, 0 Br0. Neutralisation of the product gave an orange solid which
14 1 u /f d

had a mass spectrum almost identical to that of the salt, with the

exception of the peaks at m/e 80 and 82. The free base (113) had infra¬

red absorption at 3300 cm ^ (NH), the analysis was consistent with the

formula C^H^N^O^Br and the p.m.r. spectrum showed no raethoxy group.
The most likely structure for the product was thus the 3-hromo-4-(2-nitro-

anilino)cinnoline-1-oxide (113)•

The cinnoline-1-oxide (88) did not yield either N-methyl or

0-methyl derivatives (111+) or (115) respectively when treated with methyl
iodide but only unreacted starting material was recovered.
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Acetylation and benzoylation of the cinnoline-1-oxide (89) gave

mono-acylated derivatives on the "basis of the formulae C._H.-.IT, 0C (116)1 / HO .

and ^22^16^4^5 C11T) obtained by analysis. The mass spectrum again
showed no parent ion and the loss of acetoxy and benxoyloxy appeared to

be the first fragment lost in each case. The compounds have been

assigned as the ^-acetyl (116) and ^-benzoyl (117) compounds respectively.

These reactions are outlined in Scheme 32.



(111)

OCH
3

(115) OCH,

L0^jNO.
oca

OCH,

(116) R=CH

(117) R=C6H5
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Chapter 5

Cyanide-Induced Cyclisation of Substituted P-2-nitrobenzylideneaniIines

As has already been noted (see Page 52 ) the reaction of substituted

IJ-2-nitrobenzylideneanilines (5) with potassium cyanide in glacial acetic

acid ' ~ or under aqueous conditions ' leads to formation of 2-aryl-

3-cyanoindazole-1-oxides (79). The reaction of these anils with

methanolic cyanide, however, had not previously been reported and it was

felt that this might be a reasonable line to pursue.

CH=N

^2no2
(5)

When II-2-nitrobenzylideneaniline was treated with methanolic

cyanide under conditions identical to those used for lT-2-nitrobenzylidene-

2-nitroaniline (l(h) ) no product crystallised from solution and

chromatography was used to isolate the products. The major product

obtained had a mass spectrum with a parent ion of m/e 219 and accurate

mass determination and analysis indicated a formula which was

best explained in stoichiometric terms by the addition of one molecule of

hydrogen cyanide and the loss of one molecule of both hydrogen and oxygen.

— -j
The infra-red spectrum had a strong absorption at 2220 cm (C=U) and

the p.rn.r. spectrum showed only aromatic proton resonances ( 6 7.2-8), the

spectrum being very complex. On the basis of these data and the melting

point (105-106°C) the most likely structure for the compound was that of
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62
3-cyano-2-phenylindazole ~ (118(a) ), and it was possible to confirm

this structure by synthesis as shown (Scheme 33 )•

Scheme 33

The second product, an orange crystalline solid, had a mass

spectrum with a parent ion of m/e 267, accurate mass determination

and analysis indicated the formula C.-H. which was best explained
15 13 3 2

in stoichiometric terms by the addition of one molecule of hydrogen

cyanide and one molecule of methanol followed by loss of a mole of water.

The mass spectrum had an (i£-l6)+ ion which was indicative of the presence

70
of an P-oxide group . The infra-red spectrum had an absorption at

3260 cm (iT-H) and there was n£ absorption in the region c. 2200 cm

(C3H). The p.m.r. spectrum had proton resonances corresponding to an

IT-H group ( S 6.28), and a methoxy group ( £> 4*06) and to nine aromatic

protons, one of which was at very low field ( 6 8.53)• The most reason¬

able formulation for this compound was thus that of h-anilino-3-methoxy-

cinnoline-1-oxide (119(a) ). The isolation of this product, which was

analogous to the product isolated in the reaction of H-2-nitrobenzylidene-

2-nitroaniline with methanolic cyanide (see Page 60) was of great

significance since it confirmed that it was the nitro-group on the

aldehyde-derived ring which was essential to cyclisation.
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(119(a) )
OCH

o-

When a variety of substituted lT-2-nitrobenzylideneani1ines were

reacted with raethanolic cyanide under identical conditions, the cinnoline-

1-oxide derivatives were isolated in all cases, but the indazoles were

isolated only when the aniline was not 2-substituted. Small quantities

(1-2fo) of indazole-1 -oxide were also found in some cases. These results

are quantified in Table 10,

It seemed reasonable that the mechanism of the reaction might be

that outlined in Scheme 34, the hydrogen cyanide adduct of the anil being

an intermediate in the formation both of the cinnoline-1-oxide and the

indazole.

Scheme 34



CH=Nr̂N
VN02

-X

OCH
4-

SubstltuentXH2-Br2-C02CH,2-(4-CHĈ
gHŜ)

4-Br4-C14-CH34-OCH,

TABLE
10Cinnoline-1-oxideYield

($)
1145151215

/

16914

Indazoleêld
(g)

1800044302715
*

The

indazole
oxide
was
also

isolated
(25$)
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This aid not seem unreasonable since the hydrogen cyanide adducts of
62 n)i

the 17-2-nitrobenzylideneanilines had previously been shown ' to be

intermediates in the formation of indazole-1-oxides (see Page 51 ) •

The deoxygenation of the indazole-1-oxide to indazole in the reaction

was not altogether surprising since there is good precedent in the

literature for the deoxygenation of heterocyclic-]?- oxides in basic
. 67,68,82media The lack of formation of indazole when anils derived

from 2-substituted anilines were used was probably due to steric factors,
61

since it had previously been noted that while the reaction of

4-substituted anilines with 2-nitroaraandelonitrile (80) gives indazole-

1-oxides in fair to good yields no reaction occurs when 2-substituted

anilines are used, irrespective of the electronic nature of the

substituent (see Page 52)•

9H
(^NCHCN

(80)

NO,

NH,

o~

In order to investigate the mechanism of the cyclisation further,

the hydrogen cyanide adducts of iT-2-nitrobenzylideneaniline and
62

h-2-nitrobenzylidene-4-methylaniline were prepared as shown (Scheme 35)•

CN

(1)NaHSOc

(2)NaCN

Scheme 35

N

X
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However, when attempts were made to recrystallise these adducts from

ethanol, they cyclised readily to give the corresponding 2-aryl-3-

cyanoindazole-1-oxide. Similarly, when either adduct was heated under

reflux for a short time in a small quantity of methanol containing

cyanide ion or methoxide ion, the indazole-1-oxide derivative was again

obtained. This ready cyclisation of the adduct led us first to doubt

whether it could in fact be an intermediate in cinnoline-1-oxide formation,

but then to wonder whether, in fact, the indazole-1-oxide itself might be

an intermediate.

4-methylphenyl) were treated with a methanolic solution of potassium

hydroxide and potassium cyanide under conditions identical to those in

which the N-2-nitrobenzylideneanilines were cyclised to give cinnoline

oxides. When the solution was cooled no product crystallised out and

chromatography was used to isolate the products. In both cases, the

products obtained were the indazole and the cinnoline-1-oxide in very

similar yield to those obtained by direct cyanide-induced cyclisation of

the anils, and it would seem reasonable that in these cases, the indazole-

1-oxides were intermediates in the formation of the cinnoline-1-oxides,

(Scheme 36).

Two 2-aryl-3-cyanoindazole-1-oxides (aryl = 4-bromophenyl and

o-
KOH,
KCN
CH OH

X

Scheme 36 o-
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This result however, left us with a very distinct problem,

because while the indazole-1-oxide might have been an intermediate when

4-substituted-N-(2-nitrobenzylidene)anilines were reacted with methanolic

cyanide, when 2-substituted-H-(2-nitrobenzylidene)anilines were

considered, as has already been noted, no indasole-1-oxide was apparently

formed (see Page 52). However, the indazole-1-oxide' is potentially

tautomeric with the open chain c*-cyano-2-nitrosobenzylideneaniline (120)

and this may be formed without any need for indazole-1-oxide formation

via an intramolecular oxidation-reduction involving the nitro-group as

shown (Scheme 37). Whether the indazole-1-oxide and the -cyano-2-

nitrosobenzylideneaniline (1'20) actually exist in equilibrium has not been

established.

This possibility however, led to the formulation of the mechanism

(Scheme 38) cinnoline-1-oxide formation. Route A, the addition of

methanol to the cyano-group of the hydrogen cyanide adduct followed by

cyclisation, is essentially the route proposed for H-2-nitrobenzylidene-

2-nitroanilines in Scheme 38> an(i may in fact be quite correct for such

compounds. Route J3 takes account of the fact that the indazole-1-oxides

have been observed to act as intermediates in cinnoline oxide formation
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when Ar = 4-substituted phenyl. Whether in fact it is the indazole-

1-oxide only which is the intermediate or whether its c<-cyano-2-

nitrosobenzylideneaniline tautomer (120) is involved as well is a matter

for conjecture. Route C allows for the fact that the <=<-cyano-2-

nitrosohenzylideneaniline (120) may well he the intermediate in all cases,

whether or not the indazole oxide is formed since the c*-cyano-2-nitroso-

henzylideneaniline (120) may he formed direct from the hydrogen cyanide

adduct of the anil hy an intramolecular redox process.

ON
t
CH-NHAr

NO NH
2

C

OCH
3

(B?)
N Ar

B-H

t^NAr NAr

OCH
3
<-

oca

o- o-

Scheme 38



coch3 NH,

NaNO? HCi

Scheme"59

(121)



As a final proof of the cinnoline-1-oxide structures, it was

decided that an independent synthesis of one of them was desirable.

At least two routes were available, the first (Scheme 39 ) involving the
07 £> i

synthesis of 3-^~0c°_4-chlorocinnoline (121) , and then successive

replacement of the 4-chloro-substituent by an arylamine and the

3-bromo-substituent by methoxide. All attempts to displace the 4-chloro

substituent using 2-nitroaniline failed. It was thought that the

final step in this sequence might prove difficult since only two cases

were known of a 3-^al° substituent in a cinnoline ring system being

replaced by methoxide, i.e. the reaction of a 3-^rot20cinn°lin,3 (122)

with sodium methoxide in methanol in a sealed tube at 117°C to give
Or

3-methoxycinnoline (123) »

(122) (123)

and the reaction of 3-chloro-5,6,7,8-tetrahydrocinnoline-1-oxide (124)

with methoxide to give 3~methoxy-5,6,7»8-tetrahydrocinnoline-1-oxide

(125).



i.Br?
—j>

2.-HBr
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For this reason, it was felt that it might he advantageous to employ

a synthesis in which the 3-®ethojcy substituent was incorporated at an

early stage. The second possible route to the cinnolir.e-1-oxide which

was based on ethyl cyclohexanone-2-acetate (l2o) made this possible

(see Scheme 40).

The procedure used to prepare the 4-chloro-3-methoxy cinnoline-
71

1-oxide (127) was essentially that of Ogata . Modifications of the

conditions used were necessary since several of the steps when carried

out on a larger scale proved impractical. The 4-chloro-substituent in

fact was not displaced by aniline or 4-methylaniline under a variety of

conditions investigated, but when sodium jo-toluidide was used the

displacement of the halogen took place readily and the product was found

to be identical in all respects to that obtained by the reaction of

iT-2-nitrobenzylidene-4-methylaniline with methanolic cyanide.

The final group of substituted F-2-nitrobenzylideneanilines

considered was that derived from 2-aminothiophenol and 1,2-diaminobenzene.

These anils, when treated with cyanide ion in methanol might be expected

to cyclise to give completely condensed systems as shown (Scheme 41).

CH=N

Scheme 4-1
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Compounds of this general type, though not the F-oxides, have

been prepared, previously by Kaushal and Farang^, as shown in Scheme 42.

When F-2-nitrobenzylidene-1,2-diaminobenzene was reacted with

methanolic cyanide the pale orange product which crystallised from

solution in high yield had a mass spectrum with parent ion at m/e 232

and analysis indicated a formula C Hdl, . The mass spectrum had very14 o 4

few ions greater than a few per cent of the base peak. The p.m.r.

spectrum contained only aromatic proton resonances, all at low field,

and the splitting pattern was complex. The formula C^HgN^ was best
explained in stoichiometric terms by the addition of one molecule of

hydrogen cyaiiide to the starting material followed by loss of two molecules

of water. The infra-red spectrum was quite simple and revealed no

functional groups. On the basis of these data it seemed reasonable that

the product was the quinoxalinoJj2,3-oJcinnoline (129) and that this was

probably formed by dehydration of the initially formed product (128)

as shown.
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Yilien 2-(U-2-nitrobenzylideneamino)thiophenol (5(g) ) was treated

in a similar manner a purple solid crystallised from solution in moderate

yield. This crude material had a mass spectrum with a parent ion at

a/e 267 and an intense ion at m/e 2p1 (M-16)+ which suggested the presence

of an U-oxide group. The only other ion of importance had m/e 125-5 an(i

was presumably a doubly charged species (l£-l6)~ . The infra-red spectrum

showed an IT—H absorption 5400 cm ^, and the spectrum was again quite

simple. Unfortunately, the compound was only sparingly soluble in the

common solvents and this meant that no p.m.r. spectrum was obtained and

also that further purification of the material was difficult. The

compound was soluble in alkali and although satisfactory analysis has not

been achieved, it seems reasonable that the most likely structure for this

material is the benzothiazino[3>2-c] cinnoline-1-oxide (130).

I

o-
In conclusion it can be seen that the reaction of 2~nitrosubstituted anils

with cyanide ion in methanol gives rise to the formation of a wide variety

of heteroaromatic products, i.e. indazols, benzimidazole and cinnoline

derivatives. However, possibly the most important result obtained was

that of the formation of the completely condensed ring system since this

offers a new route to these compounds and this problem should provide a

source of research for some time to come.



SECTION III
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(a) Materials and Apparatus

Light petroleum had boiling range 40 - 60°C.

Melting points were determined in open capillaries, and

are uncorrected.

Unless otherwise stated, ultraviolet spectra are quoted for

chloroform solutions; analytical samples were used.

Infra-red spectra were recorded for nujol mulls.

U.m.r. spectra were recorded at 100 MHz for 10$ solutions,

with tetramethylsilane as internal reference.

The mass spectra were obtained on an ABI MS-902 spectrometer,

operating at 70 eV with a source temperature of c. 200°C. Samples

were introduced by means of a direct insertion probe.

Abbreviations

s: singlet

d: doublet

t: triplet

q: quartet

m: rnultiplet

br: broad

(d): (after melting point): with decomposition.

DMS0: dimethylsulphoxide

TFA: trifluoroacetic acid



(B) Preparation of Anils

The F-benzylidene derivatives of aniline, 4-methoxyaniline and

2-aminothiophenol were prepared "by heating briefly, under reflux,

equimolar quantities of the amine and benzaldehyde in ethanolic solution:

The anils had respectively, m.p. 49 - 50°C, 70 - 71°C and 109 - 111°C
(Lit. 48 - 49°c87, 72°C88, 108 - 109°C89).

F-benzylidene-2-(4-tolylthio)aniline, similarly prepared, had

m.p. 60 - 61°C (From ethanol) (Found: C, 78.8; H, 5*6; F, 4«4; S, 10.6.

C2QH17NS requires C, 79.1? E, 5.6; F, 4.6; S, 10.6$.
The following anils were also prepared by this method: The

F-2-nitrobenzylidene derivatives of aniline, 2-bromoaniline, 2-methylaniline

2-methoxyaniline, 1,2-diaminobenzene, 2-hydroxyaniline, 2-aminothiophenol,

4-bromoaniline, 4-chloroaniline, 4-methylaniline, 4-methoxyaniline and

4-hydroxyaniline had m.p.'s 68 - 69°C, 115 - 117°C, 79 - 81°C, 63 - 64°C,
79 - 80°C, 101 - 102°C, 130 - 132°C, 98 - 100°C, 71 - 72°C, 81 - 82°C, and

151 - 152°C respectively. (Lit. 69.5°09°, 118.5 - 119°C91, 81 - 81.5°C91,
64.5 - 65°C91 , 79 - 80°C92, 104°C93, 129 - 131°C94, 99°C91, 73°C91,
80 - 81°C91, 156°093).

F-(2-nitrobenzylidene)-2-(4-tolylthio)aniline (5(°) ) m.p.

133 ~ 135°C (From ethanol) (Found: C, 68.7; K, 4.8; F, 8.0. OgQ^gUgOgS
requires C, 68.9? H, 4.6; F, 8.0$.

F-(5-chloro-2-nitrobenzylidene)aniline (5($ ) had m.p. 59 - 60°C
(From propan-2-ol) (Found: C, 59.8; H, 3«4; F, 10.9. C^H^ClF^g requires
c, 59.9; H, 3.L5; F, 10.75$.

The F-4-nitrobenzylidene derivatives of 2-methylaniline,

2-aminothiophenol, 2-hydroxyaniline, 1,2-diaminobenzene, 4-hydroxyaniline,

and 1 ,4-diaminobenzene35 had m.p. 85 - 86°C, 118 - 120°C, 154 - 155°C»
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129 - 130°C, 163 - 1o4°C and 162 — 163°C respectively. (Lit. 89°C9"^,
116 - 120°C9\ 158°C96, 134°C97, 168°C98).

Sample supplied by G.W. Smart.

The anils (1(a) - (g) ) were prepared as follows: A solution of

the aldehyde (20 mmol), 2-nitroaniline (10 mmol) and toluene-4-

sulphonic acid (5 nig) in benzene (150 ml) was heated under reflux, in

an apparatus connected to a Dean and Stark trap, until no more water

distilled over. In general, the anil.was isolated by concentration of

the solution in vacuo, extraction of the residue with warm, dry light

petroleum (3 x 100 ml) containing a few drops of triethylamine and cooling

the petroleum extracts to -30°C. A further crop was obtained by

concentration of the petroleum mother liquor. The anil was recryotallised

from carbon tetrachloride - light petroleum. (in the case of the anils

(l (b) and (c) ) the product crystallised on addition of the light petrol¬

eum and no extraction was necessary).

N-3enzylidene-2-nitroaniline (l(a) ), thus obtained (yield 43$)

had m.p. 77 - 78°C (Lit.7 78 - 79°C).

K-2-Bromobenzylidene-2-nitroaniline (1(b) ) (yield 84$) had m.p.

110 - 112°C (Pound: C, 5°»7; H, 2.9? N, 9.0. C^H^BrilpO^ requires C, 51 • 15
H, 2.95; sr, 9.1$).

B-2-Chlorobenzylidene-2-nitroaniline (1 (c) ) (yield 86$) had rn.p.

113 - 114»5°C (Pound: C, 59.6; H, 3*6; IT, 10.6. C^H^ClNgOg requires
C, 59.9; H, 3.45; H", 10.75$).

IT-2-Methoxybenzylidene-2-nitroaniline (1(d) ) (yield 65$) had m.p.

79 - 80°C (Pound: C, 65.4; H, 4.9; N, 10.9. C^H^T^ requires C, 65.6;
H, 4.7; IT, 10.9$).

N-4-Chlorobenzylidene-2-nitroaniline (1(e) ) (yield 58$) had m.p.

79 - 80°C (Pound: C, 59.9; H, 3*6; IT, 10.8. C^H^CIN^ requires C, 59.9;
H, 3.45; IT, 10.75$).
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N-4-4ethylbenzylidene-2-nitroaniline (l(f) ) (yield 41$) had m.p.

72 - 74°C (Found: C, 69.6; H, 5.1; N, 11.55* C,.H,oUo0o requires C, 70.0;14 I c <L <L

H, 5-0; N, 11.7$).

H-4-3Eethoxybenzylidene-2-nitroaniline (l(g) ) (yield 48$) had m.p.

81 - 83°C (Ldt.8 81 - 83°C). (Found: C, 65.7; H, 4.6; IT, 10.85. C^^O
requires C, 65.6; H, 4.75 N» 10.9$).

The anils (1(h) - (n), 2(a) - (b), 3(a) - (d), 4(a) - (b) and

5(h) were prepared as follows: A solution of the aldehyde (13•3 mmol),

amine (10 mmol) and toluene-4-sulphonic acid (5 mg) in benzene (100 ml)

was heated under reflux as described above. When no more water distilled

over, the solution was cooled and diluted with dry light petroleum contain¬

ing a few drops of triethylamine. (in the case of the anils derived from

methyl and ethyl anthranilate and ethyl 4-aminobenzoate, the benzene

solution was concentrated before dilution with light petroleum). The

precipitated anil was collected and recrystallised from benzene-light

petroleum.

h-2-nitrobenzylidene-3~nitroaniline (5(h) )(yield 94$) had m.p.

166 - 167°C (Lit.12 167°C). h-2-nitrobenzylidene-4-nitroaniline (2(a) )

(yield 94$) had m.p. 149 - 150°C (Lit.12 149°C). IT-4-nitrobanzylidene-

2-nitroaniline (l(j) ) had m.p. 118°C (From benzene) (Lit. 118°C^, 169°C1^)
(Found: C, 59-7; K, 3.4; N, 14.1. Calc. for C^H^O^: C, 57.6; H, 3-3;

15*5$)* The p.m.r. spectrum of this material indicated it was mainly

the required anil but a sharp singlet at o 7.2 indicated the presence of

benzene (c. 0.25 molar equivalents) (Calc. for + 0.25

C, 59.9; H, 3.6 ; U, 14.4$). When the product was recrystallised from carbon

tetrachloride - light petroleum it had m.p. 132 - 134°C (88$ yield)

(Found: C, 57•3> H> 3*2; IT, 15*3) • h-3-hitrobenzylidene-2-nitroaniline

(l(i))(yield 64$) had m.p. 152 - 154°C (Lit.6 143 - 145°C) (Found: 0,57-45;
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H, 3.15; IT, 15-2); and F-2-nitroben3ylidene-2-nitroaniline (1 (h) )

(yield 75$) had m.p. 181 - 1S2°C (Lit.6 180°C).
IT-(2-nitrobenzylidene)-4-methyl-2-nitroaniline (l (k) )

(yield 75%) m.p. 133 - 1S5°C (Found: C, 53.8; H, 3-7; IT, 14-5*

requires C, 58.9; H, 3.85; N, 14-7$).

N-(2-nitrohenzylidene)-6-methyl-2-nitroaniline (l(l) )

(yield 85$) had m.p. 145 ~ 147°C (Found: C, 58.7; H, 4.1; IT, 14• 5•

requires C, 58.9, H, 3-85; H, 14.7$).

F-2-nitrobenzylidene-4-methoxy-2-nitroaniline (1(m) ) (yield 90$)

had m.p. 165 - 167°C (Found: C, 55.9; H, 3.8; IT, 13.8. C^H^N^O
requires C, 55-8; K, 3.65; IT, 13-95^)-

F-(5-chloro-2-nitrobenzylidene)-4-methyl-2-nitroaniline (1(n) )

(yield 73$) had m.p. 182 - 1S4°C (Found: G, 52.4; H, 3.2; IT, 13.0.

C K.ACliJ-.0 reouires C, 52.6; H, 3-1 5 IT, 13.15$).14 1U 54

F-(5-chloro-2-nitrobenzylidens)-4-methoxy-2-nitroaniline (1(o) )

(yield 75/0 had m.p. 164 - 166°C (Found: C, 50.1; H, 2.9; F, 12.65.

, H^qCIxT^O^ requires C, 50.1; H, 3-0; IT, 12.5$) •
lT-(2,4-dinitrobenzylidene)-4-methyl-2-nitroaniline (1(p) )

(yield 70$) had m.p. 202 - 204°C (Lit. 195°C) (Found: C, 50.9; H, 3.1;

IT, 16.95. Calc. for C H^F 0^ C, 50.9; H, 3.0; IT, 16.95^) -

F_-4-nitrobenzylidene-4~nitroaniline (2(b) ) (yield 87%) had

m.p. 202 - 203°C (Lit.13 202 - 203°C) (Found: C, 57.3; E, 3-15; IT, 15.2.

Calc. for C^H^O^ C, 57-6; H, 3-3; E, 15-5^) -

Methyl H-2—nitrobenzylideneanthranilats (3(a) ) (yield 68%) had

m.p. 80 - 81 °C (Found: C, 63.2; H, 4.1; IT, 9*8. C^H^FpO^ requires
C, 63.4; H, 4.25; IT, 9.8556).

Methyl F-4-nitrobenzylideneanthranilate (3(6) ) (yield 63$) had

a.p. 58 - 100°C (Found: C, 63.2; H, 4-45 IT, 9-9. ^15^12^2^4 re1uires
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C, 63.4; H, 4.25; H, 9.8556).

Ethyl N-2-nitrobenzylideneanthranilate (3(c) ) (yield 66f0) had

m.p. 69 - ?1°C (Found: C, 64.5; E, 4«7; IT, 9.6. G^^,N^0, requires
c, 64.4; E, 4.7; Ej 9«4/o)»

Ethyl IT-4-nitrobenzylideneanthranilate (3(a) ) m.p. 87 - 88°C
was supplied hy G.S. Smart.

Ethyl-4-(2-nitrobenzylidensamino)benzoate (4(a) ) (yield 29$)

had m.p. 72 - 73°C (Found: C, 64.2; H, 4.3; IT, 9-4. C IJ 0 requiresID 14 d q.

c, 64.4; H, 4.7; E, 9.4$.

Sth.yl-4-(4-nitrobenzylideneamino)benzoate (4(b) ) (yield 61$)

had m.p. 177 - 178°C (Lit.99 180.5°C)..
The E-benzylidene derivatives of methyl anthranilate and ethyl

4-aminobenzoate were prepared essentially by the method of Grammatikacis"'
This involved heating a mixture of benzaldehyde diethyl acetal (5 mmol)

and the amine (5 mmol) on a steam bath for one hour, after which time the

ethanol formed was removed under reduced pressure to give the crude anil.

A sample of methyl IT-benzylideneanthranilate thus obtained was

supplied by Dr. D.M. Smith.

Ethyl 4~ (iT-benzyli deneamino) benzoate thus obtained (yield 61$)

(b.p. 195 - 200°C / 0.6 mm Hg) had m.p. 45 - 46°C (Lit.101 52°C).
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(C) Preparation of Starting Materials and. Authentic Compounds

F-lEethyl-2-nitroaniline1°2
H-(4_toluenesulphonyl)-2-nitroaniline (8 g) was suspended in 2i£

sodium hydroxide solution (50 ml) and dimethyl sulphate (30 ml) added'in

portions of 3 ml with continual shaking, further quantities of sodium

hydroxide solution being added as necessary to keep the solution alkaline.

The precipitate which formed was collected by filtration and recrystallised

from ethanol to give colourless needles of.F-methyl-F-(4-toluenesulphonyl)-

2-nitroaniline (8 g) m.p. 133 - 134.5°C. This product (6.3 g) was

hydrolysed by heating it in a solution of glacial acetic acid (3.2 ml) and

concentrated sulphuric acid (7 ml) on a steambath for one hour. On

pouring the solution into water an oil separated which rapidly solidified

to give red crystals of F-methyl-2-nitroaniline (2 g) m.p. 32 - 34°C
(Lit.102 34 - 35°c).

F-Methy1-F-(2-nitrobenzoyl)-2-nitroaniline (91 )10^
A solution of F-methyl-2-nitroaniline (1.52 g, 10 mmol) in dry

benzene (10 ml) and pyridine (2 ml) was added to a solution34 of

2-nitrobenzoyl chloride in benzene (2M approx; 5 ml) and the resulting

mixture heated under reflux for two hours. The solution was cooled and

washed with 2M hydrochloric acid, 211 sodium hydroxide solution and water

before being dried over anhydrous sodium sulphate. Evaporation to dryness

gave the crude product -which was recrystallised from ethanol to give

F-methyl-F-(2-nitrobenzoyl)-2-nitroaniline m.p. 126 - 128°C (Lit.10^
124 - 125°C).

*
2-Fitrobenzoyl chloride was prepared by the method of Vogel10^ and used

in benzene solution without purification due to the instability of the acid

chloride on distillation.
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Methyl H-phenylbenzimidate (92)

Aniline (9«3 gj 0.1 mol) was added drop',vise to "benzoyl chloride

(7 g> 0.05 mol) with stirring. The mixture was allowed to cool, and

the solid material which formed extracted with hot water containing dilute

hydrochloric acid. The crude product was then dried before "being

recrystallised from ethanol to give colourless crystals of "benzanilide

(6.2 g, 64^) m.p. 164 - 165°C (Lit."'^ 163°C). Benzanilide (1.97 gj

10 minol) and phosphorus pentachloride (2.2 g, 10 mmol) were taken up in

dry "benzene (15 ml) and the mixture heated under reflux until hydrogen

chloride ceased to "be evolved. The mixture was then evaporated to dryness

in vacuo to give crude fl^-chloro-N-henzylideneaniline m.p. 36 - 39°C
(Lit.^ 39 - 40°C). Without further purifications -chloro-H-

"benzylideneaniline was taken up in dry light petroleum, the solution was

mixed with a solution of sodium methoxide (0.4 g sodium in methanol

(20 ml) ) and the resulting mixture shaken for 1.5 minutes. The solution

was filtered to remove the sodium chloride which had "been precipitated

during the reaction and the solution evaporated to dryness. The residue

was distilled (b.p. 162 — 164°C / 13 ma Hg) to give methyl K-phenyl-

"benzimidate (0.89 g> 42$; Lit. h.p.'^ 170 - 175°^ / 9mm Hg).
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Synthesis of 4-0hloro-3-methoxycinnoline-1-oxide

(i) 4»4a,5 > 6 > 7 >8-Hexahydro-2H-cinnol-3-one.

Ethyl cyclohexanone-2-acetate (19«5 g» 0.1 mol) in ethanol

(300 ml) was mixed with hydrazine hydrate (6.20 g, 0.12 mol) and acetic

acid (12 ml) in ethanol (300 ml) and the resulting solution was heated

under reflux for 4 hr. The solvent was removed under reduced pressure

and the crude product recrystallised from a benzene - light petroleum

mixture to give 4>4a,5}6,7>8-hexahydro-2E-cinnol-3-one (11.0 g, 0.07 rnol,

68£) m.p. 108 - 110°C (Lit.106 114°C).
(ii) 3,6,7,8-Tetrahydro-2H-cinnol-3-one.

Bromine (6.0 ml) was added slowly to a solution of

4,4aj556,758-hexahydro-2H-cinnol-3~one (17«0 g, 0.12 mol) in warm acetic

acid (40 ml). The reaction mixture was allowed to cool and then care¬

fully neutralised with concentrated sodium hydroxide solution. The crude

product crystallised from solution, was collected by filtration and

recrystallised from water to give 5j6j7>8-tetrahydro-2H.-cinnol-3-one

(12.5 g, 0.083 mol, 70$) m.p. 194 - 198°C (Lit.106 193 - 199°C).
(iii) 3-Chloro~3,6,7,8-tetrahydrocinnoline.

5,6,7,8-Tetrahydro-2H-cinnol-3-one (12.0 g, 0.08 mol) was treated

with phosphorus oxychloride (150 ml) at 80°C for 30 rain. The reaction

mixture was concentrated under reduced pressure and then poured on to ice

and neutralised with concentrated sodium hydroxide solution (with cooling).

The aqueous solution was extracted with ether and the ether extract dried

over anhydrous sodium sulphate and evaporated, to give a pale yellow oil,

3-chloro~5,6,7,8-tetrahydrocinnoline (12.0 g, 0.073 mol, 91/0 which was

used without further purification.
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(iv) 3-Chl oro-5,6,718-tetrahydrocinnoline-1 -oxide.

A mixture of 3-chloro-5,6,7,8-tetrahydrocinnoline (17•5 St

0.106 mol), acetic acid (120 ml) and hydrogen peroxide (30$, 52 ml)

was added, and the mixture again heated at the same temperature for a

further 3 hr. To this solution water (10 ml) was added and the glacial

acetic acid was evaporated under reduced pressure. This procedure was

repeated twice. After neutralisation with sodium carbonate, the solution

was extracted with chloroform and the chloroform extract was dried over

anhydrous sodium sulphate before being evaporated to dryness.

Hecrystallisation of the residue from benzene-cyclohexane gave colourless

needles of 3-chloro-5,6,7,8-tetrahydrocinnoline-1-oxide (13•7 g, O.O76 mol,

72$) m.p. 128 - 129°C (Lit.71 125 - 126°C).
(v) 5,6,7,8-tetrahydro-3-methoxycinnoline-1-oxide.

To a solution of sodium methoxide, prepared from sodium (900 mg)

and methanol (90 ml), was added 3-chloro-5,6,7»8-tetrahydrocinnoline-1-

oxide (4.5 g, 0.025 mol). The mixture was heated under reflux for 1 hr.

and then evaporated to dryness. The residue was dissolved in water and

extracted with chloroform. The chloroform extract was dried over

anhydrous sodium sulphate and then evaporated, the residue being re-

crystallised from benzene - cyclohexane to give colourless needles of

5,6,7,8-tetrahydro-3~methoxycinnoline-1 -oxide (3*0 g, 0.017 mol, 68$)

m.p. 99 - 100°C (Lit.71 101 - 102°C).
(vi) Dibromo-5,6,7? 8-tetrahydro-3-methoxycinnoline-1-oxide.

A mixture of 5»6,7,8-tetrahydro-3-methoxycinnoline-'1-oxide (3.0 g,

0.017 mol), H-bromosuccinimide (lO.O g, O.O58 mol) and benzoyl peroxide

(400 oig) in carbon tetrachloride (80 ml) was heated under reflux for 15

min. The carbon tetrachloride was removed under reduced pressure and

the residue taken up in chloroform and washed with sodium hydroxide solution
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(10fo). The chloroform extract was dried, over anhydrous sodium sulphate,

the chloroform was removed under reduced pressure, and the residue was

taken up in the minimum amount of "benzene and chromatographed on alumina

column using "benzene as eluent. The eluate was recrystallised from

ethanol to give colourless needles of dihromo-5,6,7,8-tetrahydro-3~raethoxy-

cinnoline-1-oxide (1.5 g, 5«7 mmol, 26^) m.p. 149 - 151°" (Lit. 1
146 - 147°C).

(vii) 5~Methoxycinn01ine-1-oxide.

Dibromo-5,6,7,8-tetrahydro-3-methoxycinnoline-1-oxide (1.5 g>

5.7 mmol) was added to a solution of sodium methoxide prepared from

sodium (500 mg) and methanol (20 ml) and the mixture heated under reflux

for 10 min. The methanol was evaporated off and the residue taken up in

water and extracted with chloroform. The chloroform extract was dried

over anhydrous sodium sulphate and then evaporated. The residue was

recrystallised from benzene - light petroleum to give yellow needles of

3-methoxycinnoline-1-oxide (550 mg, 3«2 mmol, 56/0 m.p. 89 - 91°C (Lit.

94 - 95°C).
(viii) 3-l-ethox.y-4-nitrocinnoline-1 -oxide.

To a solution of 3-methoxycinnoline-1-oxide (200 mg, 1.1 mmol) in

acetic acid (10 ml) was added fuming nitric acid (2 ml) at room temperature

with stirring. The solution was poured into ice-water, extracted with

chloroform and the extract dried over anhydrous magnesium sulphate before

being evaporated to dryness. The residue was recrystallised from ethanol

to give yellow needles of 3-niethoxy-4-nitrocinnofine-1 -oxide (180 mg,

0.79 mmol, 72^) m.p. 152 - 154°C (Lit.71 154 - 155°C).
(ix) 4-uhloro-3-methox,ycinnoline-1 -oxide (12*7)

3-kethoxy-4-nitrocinnoline-1-oxide (180 mg, 0.79 mmol) was heated

with concentrated hydrochloric acid (3 ml) on a steam bath for 1.5 hr.
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The reaction mixture was poured on to ice and extracted with chloroform.

The extract was dried over anhydrous sodium sulphate and then evaporated

to dryness. The residue was recrystallised from ethanol to give 4-chloro-

3-methoxycinnoline-1-oxide (130 rag, 0.62 mmol, 78$) m.p. 165 — 167°C
(Lit.71 169 - 170°C).

Attempted Replacement of the 4-chloro substituent in 4~chloro-

3-methox.ycinnoline-1 -oxide by arylamines.

(a) A solution of 4-chloro-3-methoxycinnoline-1-oxide (100 mg)

and aniline (50 mg) with 2M hydrochloric acid (2 drops) in 50/o aqueous

acetone was heated under reflux for 43 ®in. The solution was hasified

with ammonia and the yellow7 precipitate which formed was collected by

filtration and dried. The product proved to be starting material (90 mg,

90$ by i.r., m.p. and mixed m.p.

(b) A solution of 4-chloro~3-methoxycinnoline-1-oxide (50 mg) and

aniline hydrochloride (30 mg) in dry dimethylformamide ("I.5 ml) was heated

on a steam bath for 2.5hr. Sasification of the solution gave a yellow

precipitate which was identified as starting material (40 mg, 80^) by i.r.

and m.p.

(c) A solution of 4~chloro-3-methoxycinnoline-1-oxide (100 mg) and

4-methylaniline (40 mg) in ethanol (10 ml) was heated under reflux for 6 hr.

A t.l.c. of the reaction mixture indicated only starting materials.

(d) Sodium hydride (40 mg: QOfo suspension) was added to a solution

of 4-methylaniline (200 mg) in dry benzene at room temperature. When

the initial effervesence in the reaction vessel had dissipated the reaction

mixture was warmed gently for 2 hr on the steam bath. To this mixture,

4-chloro-3-methoxycinnoline (40 mg) was added and the resulting mixture was

heated under reflux for 6 hr. The reaction mixture was poured into water

(50 ml) containing concentrated hydrochloric acid (2 drops) and extracted
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with chloroform. The chloroform extract was dried over anhydrous

magnesium sulphate and treated with charcoal before "being evaporated to

dryness. The residue was transferred to a proparative-scale t.l.c.

plate and eluted with chloroform to give as the final fraction 3-methoxy-

4-(4-methylanilino)cinnoline-1-oxide (20 mg), 38^), m.p. 186 - 188°C.
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Preparation of 3-hromo-4-chlorocinnoline.

Q-7

2-lTitroacetophenone

To fuming nitric acid (600 ml) cooled to -20°C was added aceto-

phenone (150 g» 1.25 mol) dropwise over 30 min, the temperature "being

maintained at -15 to -8°C during the addition. The solution was stirred

for 1 hr at -15 to -10°C and then poured on to crushed ice (2.0 litres).

The crude 3-nidroacetophenone which separated was filtered off and the

filtrate was made alkaline with sodium carbonate. The oil which separated

was extracted with ether. After drying the ether extract over anhydrous

sodium sulphate, it was evaporated and the residue distilled to give

2-nitroacetophenone (h.p. l60°C/20 mm; Lit.83 133 ~ 135°0/4 mm), yield

33 g, (18?,).
O -T

2-Aninoacetophenone

A solution of 2-nitroacetophenone (33 g> 0.2 mol) in ethanol

(150 ml) in presence of platinum dioxide (0.2 g) was shaken with hydrogen

till no more hydrogen was absorbed (uptake 13*4 l)• The ethanol solution

was filtered and then evaporated. The residue was distilled to give

2-aminoacetophenone (b.p. 94 - 96°C/0.4 mm; Lit.83 1l3°C/6 mm), yield 17.0 g,

(63/0.

4-IIydroxyc innol ine83
A solution of 2-arninoacetophenone (6.75 g> 0.05 mol) in concentrated

hydrochloric acid (500 ml) was cooled to 0°C and diazotised at that

temperature with sodium nitrite solution (570 ml). The solution was

allowed to come to room temperature and was then heated on a steam bath

for 4 hr. The solution was concentrated and the hydrochloride salt which

separated was neutralised to give 4-hydroxycinnoline (3«5 gj 0.024 mol,

48?) m.p. 232°C (Lit.83 236°C).



-95-

3-Bromo-4-h.ydroxvcinnol ineL, _ -L.

Bromine (5 ml> 0.1 mol) was added dropwise to a solution of

4-hydroxycinnoline (3.0 g, 0.02 mol) in 511 so&ium hydroxide (100 ml).
This was left at room temperature for 1,5 hr and then poured into water

containing an excess of acetic acid. The solid which precipitated was

collected "by filtration, taken up in 2K sodium hydroxide solution and

reprecipitated with aoetic acid to give 3-kromo-L-hydroxycinnoline

(3-3 St 0.016 mol, 73/o) m.p. 252°C.
■z-o 1 1 ~ . 84y-Br om0-4-chioroc1nnol1ne

A mixture of 3-"bromo-4-hydroxycinnoline (3 g, 0.013 mol) and

phosphorus oxychloride (20 ml) was heated under reflux for 3 min. The

reaction mixture was poured on to crushed ice and neutralised with sodium

bicarbonate solution to give 3-bromo-4-chlorocinnoline (2.5 g» 0.0103 mol,

79f0, a.p. 150 - 152°C (Lit.84 153 - 154°C).

Attempted Replacement of the 4-chlcro substituent in 3-bromo-

4-chlorocinnoline by 2-nitroaniline.

(a) A solution of 3-"Dr°i110-4-chlorocinnoline (100 mg) and

2-nitroaniline (50 mg) in ethanol (10 ml) was heated under reflux for 6 hr.

A t.l.c. of the reaction mixture indicated only starting materials.

(b) A solution of 3-^rotn°-3-chlcrocinnoline (100 mg) and -

2-nitroaniline (50 mg) in dirnethylformamide (10 ml) was heated under

reflux for 6 hr. A t.l.c. of the reaction mixture indicated only starting

materials.
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Preparation of 2-Ar.yl-3-c.yanoindazole-1-oxid.es

A solution of 2-nitromandelonitrile (0.9 g, 5«0 mmol) and the

substituted aniline (5 mmol) in ethanol (10 ml) with a catalytic amount

of sodium acetate (0.05 g) was allowed to stand at room temperature for

72 - 100 hr. The yellow compound which crystallised from solution was

collected by filtration and recrystallised from ethanol to give the

2-aryl-3-cyanoindazole-1-oxide.

Aniline treated in this way gave 5-<dyg-no-2~phenylindazole-1-oxide

(yield 53$) m.p. 189 - 190°C (Lit.61 190°C).
4-Chloroaniline likewise gave 2-(A-chlorophenyl)~3-cyanoindazole-

1-oxide (yield 60$) m.p. 198 - 199°C (Lit.61 201°C).
4-Bromoaniline similarly treated gave 2-(4-brornophenyl)-3-c.yano-

indazole-1-oxide (yield 90$) m.p. 208 - 209°C (Lit.6^ 210 - 211°C).

Vftien the procedure was applied to 2-bromoaniline, 2-methoxyaniline,

2-methylaniline, 2-nitroaniline and methyl anthranilate no product had

crystallised from solution after 5 days and T.L.C. of the reaction mixture

indicated that only starting materials were present.

Preparation of the Hydrogen Cyanide Adducts of Anils6^,6\

The anil (10 mmol) was treated with a 40$ aqueous solution of

sodium bisulphite (5 ml) and left to stand at room temperature for

24 hr. After this time, the solution was diluted with water (10 ml) and

any undissolved matter was collected by filtration. The solution was

then added to a solution of potassium cyanide (10 mmol) in water (10 ml)

and the resulting mixture left to stand at room temperature for a further

24 hr. The pale yellow solid which crystallised from solution was

collected by filtration.
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JT-2-nitrobenzylideneaniline (5(a) ) treated in this way gave

lT-(o<-cyano-2-nitrobenzyl)aniline (Yield 24$) m.p. 139 - 141 °C
(Lit.62 140°C).

lT-2-nitrobenzylidene-4-methylaniline (5(k) ) similarly treated

gave ¥-(<»4-cyano-2-nitrobenzyl)-4-iiiethylaniline (yield 62$) m.p.

13-5-137°C (Lit.64 139°C).
P-2-nitrobenzylidene-2-nitroaniline (1(h) ) when treated in this

manner would not go into solution when treated with aqueous sodium

bisulphite and the reaction was abandoned.

Attempts to recrystallise these HCLT adducts from ethanol resulted
64

in formation of the 2-aryl-3-cyanoindazole-1-oxide •

Deoxygenation of 2-Aryl-3-cyanoindazol.e-1-oxides

Phosphorus trichloride (0.3 ml) was added to a suspension of the

2-aryl-3~cyanoindazole-1-oxide (15O mg) in chloroform and the mixture was

heated under reflux for 1 hr. The mixture was cooled, diluted with

water and made alkaline with 2K llaOH, and then extracted with chloroform.

The chloroform extract was dried over anhydrous sodium sulphate and then

evaporated to dryness. The residue 7/as recrystallised from ethanol to

give the 2-aryl~3-cyanoindazole.

3-Cyano-2-phenylindazole-1-oxide treated in this was gave

3-cyano-2-pheriylindazole (yield 82$) m.p. 105 - 106°C (Lit.62 106 - 107°C).
2-(4~Lromophenyl)-3-cyanoindazole-1-oxide similarly treated gave

2-(4-bromophenyl)-5-cyanoindazole (yield 85$) m.p. 162 - 164°C. (Pound:

C, 56.1; H, 2.6; N, 14«0. C^HgN^Br requires C, 56.4; H, 2.7; N» 14^1$) •
2-(4-Chlorophenyl)-3-cyanoindazole-1-oxide similarly gave

2-(4-chlorophenyl)-3-c,yanoindazole (yield 80$) m.p. 154 - 156°C

(Lit.64 159°C).
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(D) Cyanide-Induced Cyclisation of Anils

(i) Cyanide-Induced Cyclisation of 2-ITitroanils

General Procedure;- Potassium cyanide (10 mmol) was added to

a solution of the substituted 2-nitroanil (5 mmol) in dry methanol (10 ml)

and the mixture was heated under reflux for 5 hr. The reaction mixture

was cooled, diluted with water, and carefully acidified with concentrated

hydrochloric acid. The precipitated solid was collected.

IT-(2-3rornohenzy1idene)—2-ndtroaniline (l(h) ) treated in this way

gave 2- (2-hrcmophenyl )-1-h,ydroxy"benzimidazole (71 (To) ) (Yield 64$) m.p.

251 - 252°C (d) (From ethanol) (Found: C, 53.8; K, 3.2; IT, 9-4.

C^H^BrlTgO requires C, 54.0; H, 3.1; IT, 9.7$).
IT-(2-Chlorobenzylidene)-2-nitroaniline (l(c) ) similarly treated

gave 2-(2-chlorophenyl)-1-hydroxy"benzimidazole (71(c) ) (Yield 58$) m.p.

232 - 234°C (d) (From ethanol) (Found: C, 63.6; H, 3.7; IT, 11.5.

C^E^CHTgO requires C, 63.8; H, 3.7; IT, 11.45$).
F-(2-methoxyhenzylidene)-2-nitroaniline (1(d) ) treated thus gave

1 -hydroxy-2-(2-methoxyphenyl)henzimidazole (71 (d) ) (Yield 72$) m.p,

220 - 222°C (d) (From ethanol) (Found: C, 69.7; H, 5.1; IT, 11.5.

C^H^ll^ requires C, 70.0; E, 5.0; IT, 11.7$).
F-(4-chlorohenzylidene)-2-nitroaniline (l(e) ) treated thus gave

the hydrochloride of 2-(4-chlorophenyl)-1 -hydroxybenzimidazo1 e (71 (e) )

(Yield 72$) m.p. 211 - 213°C (d) (From aqueous methanol) (Found: C, 55*15

E, 3-9; IT, 9.85. C H^GlgUgO requires C, 55.5; H, 3-8; IT, 10.0$).
F-(4-IIethyTbenzylidene)-2-nitroaniline (1(f) ) similarly treated

gave 1 -hydroxy-?-(4-methy1phenyl)benzimidazole (71 (f) ) (Yield 61$) m.p.

224 - 226°C (d) (From ethanol) (Found: C, 74.6; H, 5*5; IT, 12.5.

C14E121T20 requires C, 75-0; H, 5-35; IT, 12.5$).
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]J-(4-Yethoxybenzylidene)-2-nitroaniline (l(g) ) similarly treated

gave 1-hydroxy-2-(i-nethoxyphenylybenzimidagole (71 (g) ) (as an approximate

monohydrate) (Yield 7Op) tn.p. 205°C (d) (From aqueous methanol) (Found:

C, 64.6; K, 5.65; IT, 10.8. C^H^lTgO requires C, 65.1; H, 5.4; 11, I0.85jg).
F-(4-Hitrobenzylidene)-2-nitroaniline (l(j) ) similarly treated

gave a tarry product which was apparently a mixture and in this case

procedure B was applied. Y/hen the reaction had gone to completion, the

reaction mixture was evaporated to dryness and the residue transferred to

a silica column. Elution with benzene gave h-(4-nitrobenzoyl)-2—

nitroaniline (1.5 mrnol, 3C/0 m.p. 219 - 221°C (Lit.10^ 223°C) and elution

with methanol gave 1-hydroxy-2-(4-nitrophenyl)benzimidazole (1.6 rnmol, 32%)

ei.p. 239- 243°Q (Lit.-^ 243 - 246°C (d).
j
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(ii) Cyanide-Induced Cyclisation of Substituted

lT-2-lTitrobenzylidene-2-nitroanilines.

General Frocedure:- The anil (5 mmol) and potassium cyanide

(l0 mmol) in methanol solution (100 ml) were heated under reflux for .

3hr. The solution was cooled and the orange crystalline product, the

cinnoline oxide derivative (88) was collected "by filtration. The

solution was diluted with water and extracted with chloroform. The

extract was dried over anhydrous sodium sulphate and then evaporated to

dryness. The residue was transferred to a silica column and eluted with

benzene to give the imidate (91).

IT-2-nitrobenzylidene-2-nitroaniline (1 (la) ) treated in this way

gave 3-raethoxy-4-(2-nltroanilino)cinnoline-1 -oxide (88(h) ) (1.25 mmol,

25/') m.p. 249 - 250°C (prom methanol) (pound: C, 57-6; H, 3• 95 ", 18.2/j

M, 312.035814. C requires C, 57-7; H. 3-9; N, 17-9/j

M, 312.085848). X 424 nra (£ 13,900), y (iT-H) 3400 cm"1, (NO )
uldJL c.

1520 and 1340 cm"1, £> (CDCl ): 4*34 (3H, s) (OCH ), 6.61 (1H, dd, J = 8
J ^

and 2Hz), 6.95 (1H, m), 7-2 - 7-8 (4H, ra), 8.26 (1H, dd, J = 8 and 2Kz),

8.40 (1H, ra), 9-44 br (1H, s) (lT-H), m/e 312(100/, K+), 296(29/),

220(11/), 192(23/J), 191 (95/), 179(13/), 178(18/), 177(15/), etc.

Accurate mass 191.19129, Crequires 191.19098 ; and also methyl

IT-(2-n11ropheny1)-2-nitrobenziraidate (91) (0.7 mmol, 14/) m.p. 114 — 116°C
(From aqueous ethanol) (Pound: C, 55«9j H, 3.8; H, 13«9/j &, 301,069863.

C^H^NjO requires C, 55-8; H, 3-7; N, 13-95/; I, 301.070495).
Y (C =11) 1675 cm"1, (ll0 ) 1520 and 1350 cm-1, S (CDC1 ) 3.97 (3H, s)cicix d. j)

(OCH^), 6.81 (1H, dd, J = 7 and 2Hz), 7.0 (1H, dt, J = 8 and 2Hz), 7-27
(1H, dt, J = 8 and 2Hz), 7-4 - 7-54 (3H, ra), 7.86 (ill, dd, J_ = 8 and 2Hz),

8.04 (1K, ra). (For mass spectrum see Fig.17.) Accurate mass 254*056605,
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C1 H^O, requires 254.056561.
P-(2-nitrobenzylidene)-4-methyl-2-nitroaniline (1 (k) ) similarly

treated gave 3-msthoxy-4- (4-meth,vl-2-nitroanilino)cinnoline-1-oxide

(O.oO rnmol, 32$ m.p. 246 - 248°C (From "benzene - light petroleum) (Pound:

C, 58.9; H, 4-4; P. 17.0. Cl6H12hy)^ requires C, 58.9; H, 4.3; P, 17.2$.
\mDY 438 nai (£ 17,200) Y (P-H) 3380 cm-1, (NO ) 1510 and 1340 cm"1dcLX. iIlcLX- c.

S (TFA) 2.57 (33, s) (CH ), 4-34 (3H, s) (OCH ), 7-34 (1H, d, J = 8Hz),
J J

7.62 (3H, tn), 8.01 (1H, m), 8.2 (1H, s), 8.38 (1H, d, J = 8Hz), 9«5 8r

(1H, s) (131). mJe 326(40$ M+), 203(18$, 191 (14^), 128(30$$), 127(25$,

etc., and also methyl P-(4-methy]-2-nitrophenyl)-2-nitrobenzimidate

(O.15 enrol, 5$ m.p. 104 - 105°C (Prom ethanol) (Found: C, 57*1; H, 4• 35

P, 13.2. C1^HyT^O^ requires C, 57.1; H, 4.2; P, 13-3^)• V max (C=P)
1675 cm"1 (POp) 1520 and 1350 cm"1. S (CDClJ 2.24 (3K, s) (CHj),
3.98 (3E, s) (0CH$, 6.68 (1H, d, J = 8Hz), 7-06 (1H, dd, J = 8 and 2Hz),

7.40 - 7.54 (2H, m), 7.66 (1H, d, J = 2Hz), 7.94 (1H, m). m/e 315(37$$, P+),
180(101$), 151(50$, 150(98$, 135(30$, 134(100$, 105(31$, 104(78), etc.

P- (2-Pitro"benzylidene-4-methoxy-2-nitroaniline (l(l) ) similarly

treated gave 5-msthox.y-4-(4-methoxy--2-nitroanilino)cinnoline-1 -oxide

(1.8 mmol, 36/0) m.p. 198 - 200°C (From methanol) (pound: 0, 55*9; H, 4«3;

P, 16.0. C^H^P^O^ requires C, 56.1; H, 4.1; P» 16.4$• A [nax 445 nrn
(g 11,200) Y (N-H) 3290 cm"1, (PO.) 1520 and 1350 cm"1, % (CDC1,)QlctX cL j

3.83 (3E, s) (4-OCHj), 4.08 (33, s) (OCH^), 6.49 (1K, dd, J = 9 and 2Hz),
7.O6 (1H, dd, J = 9 and 3Ha), 7-54 - 7.8 (4H, m), 8.58 (1H, m), 9.04 hr

(1H, s) (PH). m/e 342 (100$$, P+), 326(5/), 191 (50$, etc., and also a trace

quantity of methyl H-(4-methoxy-2-nitrophenyl)-2-nitrobenzimidate,

identified "by accurate mass; P, 331*28656 C ,P-.0^- requires H, 331 *28738.
' J I > J ^

P-(5-chloro-2-nitrobenzylidene)-4-!methyl-2-nitroaniline gave

6-chloro-3—msthox,-.--4-('i-meth.yl-2-nitroanilino) cinnoline-1-oxide (1 .15 mmol,

23$ m.p. 240 - 241°C (From benzene - light petroleum) (pound: C, 53*5;
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H, 3.7; U, 18.6. C16H13C1I^04 requires C, 53-3; H, 3-6; N, 15-5"). ^ max

440 nm (fc 10,800), V ^ (lT-H) 3310 cm-1, (HO ) 153° and 1350 cm-1,iIICLA.

£ (CDClj) 2.33 (3H, s) (CHj), 4.08 (3H, s) (OCH^), 6.4 (1H, d, J = 8Ez),
7.21 (1H, dd, J = 8 and 2Hz), 7.50 (1H, dd, J = 8 and 2Hz), 7.72 (1E, d,

J = 2Hz), 8.08 (1H, d, J = 2Hz), 8.55 (1H, d, J = 9Hz), 9.03 br (1H, s)

(EH), m/e 362(22/, M+), 36l(9/), 360(67/), 344(8/), 227(33/), 226(30/),

225(100/), etc., and also Met lay1 H-(4-methyl-2-nitrophenyl)-5-chloro-

2-nitrobenzimidate (0.6 mmol, 12/) m.p. 107 - 109°C (Prom ethanol) (Pound:

C, 51.3; H, 3.4, N, 11.9. C15H12C13T30 requires C, 51-5; H, 3-4; E, 12.0/)
Vmax ^C=I^ 1680 C:n~1 1620 ^ (CIX;13) 2.18 (3H, s) (CK.), 3.98
(3H, s) (OCR ), 6.65 (1H, d, J = 8Hz), 7.10 (1H, dd, J = 8 and 2Ez), 7.36 -

7-5 (2H, m), 7.70 (1H, d, J = 2Hz), 8.02 (1H, d, J = 8llz). m/e 347 (13'/, >-+),
346(10/), 345(40/, M+), 186(25/), 184(75/), 170(25/), 168(75/), 151(100/),

140(25/), 138(75/), etc.

H-(5-chloro-2-nitrobenzylidene)-4-inethoxy-2-nitroaniline (1 (o) )

similarly treated gave 6-ch.loro-3-methox.7-4- (4-methox.y-2-nitroanilino)-

cinnoline-1-oxide (1.55 mmol, 31/) m.p. 220°C (d) (Prom benzene - light

petroleum) (Pound: C, 51 • 1 j H, 3*7; E» 14.8. C^gH^ClH^O^ requires
c, 51.0; H, 3.45; E, 14.8/). ^ mas 444 nm (8 9,200), Y ^ (P-E)
3320 cm-1 (lT0?) 1530 and 1350 cm"1, 6 (CDCl^) 3.85 (3H, s) (4-OCH^),
4.08 (3E, s) (3-OCHj), 6.45 (1H, d, J = 8Hz), 7.05 (1H, dd, J = 8 and 2Ez),
7.48 (1H, dd, J = 8 and 2Hz), 7.72 (2H, d, J = 3Hz), 8.52 (1H, d, J = 8Hz),

8.96 br (1H, s) (E-H). m/e 378(33/, 0i+) 377 (19/), 376(100/, :.:+), 362(4/),

360(12/), 225(4C/), etc., and also methyl IT-(4-methoxy-2-nitrophenyl)~5~
chloro-2-nitro-benzimidate (C.5 mmol, 10/) m.p. 122 - 124°0 (Protn ethanol)

(Pound: C, 49.0; H, 3.3; IT, 11.4. C^^ClH^Og requires C, 49.2; E, 3-3;
IT, 11.5/). V (C=1T) 1675 cm"1 (ITC ) 1520 and 135° cm"1 6 (CECl ), 6.68[ficL3C c. j

(1H, d, J_ = 8Hz), 6.88 (1H, dd, J_ = 8 and 2Hzj, 7*36 - 7.48 (2H, m),
8.02 (1E, d, J = 8Hz). m/e 367(33/), 365(100/), 167(50/), etc.
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The corresponding reaction of N-(2—ITitrobenzylidene)-6-methy1-

2-nitroaniline (1 (]l) ) gave no precipitate on cooling the solution. Slution

from the column using benzene gave no imidate and elution with a benzene -

chloroform mixture (2 : 1) gave 3-tnethox.y-4-(6-methyi-2-nitroanilino-}»

cinnoline-1-oxide (1.05 mmol, 21^) m.p. 195 - 197°0 (d) (From benzene-- light

petroleum) Found: C, 58.6: K, If.55 16*9; '■'•j 6^14*^4^4 requires C, 58.9}
H, 4.5; IT, 17.2^). Vmaz (h-K) 3500 cm"1, (ITOp) 1520 and 1350 cm"1.
Xmax 448 nm (e 8,500), i (CBC13) 1.82 (3H, s) (CH^), 3-93 (3H, s) (OCH^),
7.CO - 7.90 (6H, rn) 8.02 (1H, d, J = 8Hz), 8.55 (1H, m). m/e 326(841, M+),
310(12^), 191(100^), etc.
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Variation of resection conditions for Cyanid3-Induced

Cyclisation of Substituted lT-2-nitrobenzyli&ene-2-nitroanilines.

(i) Variation of concentration of reaction of P-2~nitrobenzylidene-

2-nitroaniline with methanolic cyanide.

The general procedure (see Page 100) for the reaction of lT-2-nitro-

benzylidene-2-nitroaniline was used, the volume of methanol used being

50, 100 and 200 mis. These gave yields of the cinnoline-1-oxide of 25.6,

24.4 and 25.6 respectively and of methyl N-('2-nitrophenyl)-2-nitro-
benzimidate'.of 13.5$, "14$ and 11$ respectively.

(ii) Use of 1 molar equivalent of cyanide ion.

When the general procedure was used with the exception that only

1 molar equivalent of potassium cyanide was used instead of an excess the

yields of cinnoline-1-oxide (88) and imidate were 27$ and 13»5$

respectively.

(iii) Change of Solvent

When the reaction was carried out according to the general procedure

(see Page 100) but in ethanol instead of methanol, no product crystallised

from solution. The solution was diluted with water and extracted with

chloroform. The chloroform extract was dried over anhydrous sodium sulphate

before being evaporated to dryness. The residue was transferred to an

alumina column and eluted with benzene to give ethyl P-(2-nitrophenyl)-

2-nitrobenzimidate (16$) m.p. 110 - 112°C (prom ethanol) (pound: C, 56.9;

H, 4.1 ; N, 13.0. C^H^IT^O^ requires C, 57• 15 4.2; IT, 13»3$) •
Vmax 1680 Crn"1, 6 (CDC13) 1.76 (3H, t), 4-45 (2H, q, J = 7Hz),
6.74 - 7.33 (3H, m), 7-35 " 7-54 (3H, m), 7-76 - 8.16 (?H, m), m/e

315( 1$, K+), 254(6$), 150(100$), 134(70$), 121(20$), 104(50$), etc.,
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ar.d 3-e"thoxy-4-(2-nitroanilino)cinnoline-1-oxide (11/) ta.p. 176 - 178°C

(From ethanol) (Found: C, 58.5; H, 4«3; H, 17.1. ^-j6H-]2f^4°4 requires
C, 58.9; H, 4.3; H. 17.2g). V max 3300 cm'1. (iT-H) A^ 440 nm,

(£ 10,200) S (CDC13) 1.33 (3H, t, J = 7Hz), 4.52 (2H, q, J = 7Hz), 6.53
(1H, dd, J = 8 and 2Kz), 6.86 (1H, dt, J = 8 and 2Hz), 7.2 - 7.4 (2H,. m),

7.5 - 7.8 (2H, m), 8.25 (1H, dd, J = 9 and 2Hz), 8.55 (1H, m), 9-22 br

(1H, s). m/e 326(100/,, Z+), 310(4$, 178(60/), etc.
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(iii) Eeaction of Substituted H-2-ITitrobenzylideneaniline with

Potassium Cyanide in methanol.

General Procedure:- A solution of anil (5 mmol) and potassium

cyanide (10 mmol) in methanol (100 ml) was heated under reflux for 3 br.

The solution was cooled, diluted with water and extracted with chloroform.

The chloroform extract was dried over anhydrous sodium sulphate and then

evaporated to dryness. The residue was transferred to a silica column

and eluted with benzene to give the products.

H-2-UitroLenzylideneariiline treated in this way gave 3--cyano-
61

2-phenylindazo1e (O.S mmol, 18/) m.p. 106 - 106°C (Lit. 105°C) (From

ethanol) V (c=l\T) 22Zf0 cm"1, S (CDC1,) 7-30 - 7-64 (m) and 7.72 -max j

7.95 (m), m/e 220(l6/), 219(100/, T£+), 218(11JS), 192(15/), etc.,
Accurate I£ass 219.079563, ^14^9^3 reGu-r3S 219.079643* end 4-anilino-
3-methoxyclnnoline-1-oxide (0.5 mmol, 11/) m.p. 193 - 195°0 (d) (From

benzene - light petroleum) (Found: C, 67.45 H, 4.9; IT» 15«7/j 257.101092.

C H^T 0g requires C, 67-3; H, 5.0; IT, 15-4^5 K, 267.100770). V max (N-H)
3250 cm"1 X inax 438 nm (£ 12,500), S (CDCl^ 4.06 (3H, s) (0CH ),
6.28 br (1H, s) (HE), 6.78 (2H, dd, J = 8 and 2IIz), 6.97 (iH, d, J = 7Hz),

7.17 (2H, dd, J = 8 and 2Hz), 7.26 - 7.68 (3H, m), 8.53 (1H, m), m/e

267(58/,, M+), 251 (12/), 224(11/), 179(11/), 152(13/), etc.

IT-2-ITitrobenzylidene-2-bromoaniline gave 4-(2-bromoanilino)-

3~methoxyc inno 1 ine-1 -oxi de (2.25 mniol, 45/) m.p. 227 - 230°C (d) (From

methanol) (Found: C, 52.0; H, 3*5; IT, 12.1. C^H^Br^O^ requires
c, 51.7; h, 3.5; it, 12.1/). v (it-h) 3300 cm"1,, \ 442 nm (£ 11,400)

nicix r max.

S (CDC13) 4.12 (3H, s) (OCEj), 6.07 br (1H, s) (iT-H), 6.4 (iH, dd, J = 8
and 2Hz), 6.78 (iH, dt, J = 8 and 2Hz), 7.07 (1H, dt, J = 8 and 2Hz),

7.48 - 7.96 (3H, m), 8.52 (1H, m), 9-44 br (1H, s) (NH). m/e 347(64'/, M+),
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346(81), 345(671, H+), 331 (555), 329(41), 250(20$, 235(1056), 179(20$,

178(2156), 157(25$, 155(26$, etc.

H-2-ITitrobenzylidene-2-(4-tolyltbio).aniline gave 3-raethoxy-

4-(2-(4-tolylthio)anilir.o)cinnoline-1 -oxide (0.6 rnmol, 12$ m.p.

198 - 200°C (From benzene - light petroleum) (Found: C, 68.2; H, 5»1»

*m 1C.6. ^22^1 9^3^2^ requires 0, 67.9; H, 4.9; ij, 10.8/i). Vma.y
(H-H) 3300 cm-1. X „ 442 nm (g 11,100). £ (CDCl,) 2.36 (3H, s)max j

(CH^), 4.03 (3H, s) (OCH^), 6.43 (1H, dd, J = 8 and 2Hz), 6.69 br
(1E, s) (lb—H), 6.87 (1H, dd, J = 8 and 2Hz), 7.0 - 7.66 (9H, m), 8.57

(1E, m). m/e 389(25,1, E+), 373(25(1), 250(20$, etc.

Kethyl E-2-nitrobenzylideneanthranilate gave 4-(2-carbomethoxy-

anilino)-3-methox.ycinnoline-1-oxide (0.75 tamol, 15(1) a.p. 190 - 191°C
(From benzene - light petroleum) (Found: C, 62.55", H, 4«75 H» 13*2.

^17^15^3^4 recluires c> 62.8; E, 4*6; IT, 12.9^). Ymax C^H) 3290 cm 1,
(C=0) 1675 cm-1. X 44O nm (g 10,800). 8 (CDC1,) 3*94 (3H, s) (0CH,)fmax j j

4.07 (3H, s) (OCEj), 6.38 (1K, dd, J = 8 and 2Kz), 6.90 (1E, t, J = 8Hz),
7.25 (1H, t, J = 8Hz), 7.48 - 7.96 (4H, m), 8.52 (1H, m), 9-44 4r (1H, s)

(iTH). ci/e 325(1001, M+), 293(641), 220(21$, 179(22$, etc.

E-2-lTitrobenzylidene-4-bromoaniline similarly treated gave

2-(4-bromophen.yl)-3-cyanoindazole (2.2 mrnol, 941) m.p. 163 _ 165°C (From,

ethanol) (Found: C, 56.3; H, 2.5, TT, 14.0. C^SgBrH^ requires C, 56.4;
E, 2.7; N, 14.156). (C5E) 2240 cm-1 8 (ODClJ 7-34 - 7-5 (m), 7-70 -

didJL

7.96 (m) integral ratio 1 : 3; and also 4~(4-bromoanilino)-3-

methoxycinnoline-1-oxjde (0.75 mmol, 151) ^.p. 209 - 211°C (From benzene -

light petroleum) (Found: C, 51.9; H, 3• 55 H> 12.1. C^ gBrlT^Og requires
C, 52.0; H, 3-5; F, 12.156). (ITH) 3260 cm-1 X 437 nm (g 12,500)

LLlcUt. liicL-A.

S (CDC1,) 4.09 (3E, s) (0CH$, 6.1 br (in, s) (iffl), 6.64 (2E, d, J = 9Hz),
'j j

7.30 (2H, d, J = 9Hz), 7.42 - 7.6 (3H, m), 8.54 (1H, m). m/e 348(51),
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347(50$ lr+), 346(20$, 345(50;', E+), 331 (25/1), 330(20,1), 329(25$,

303(25$, 301 (25$, etc.

E-2-iTitrobenzylidene-4-chloroaniline gave 2-(4-c41o- oPhenyl)-
61 o

3-cye.aoiiidazole (1 .5 mmol, 30$ m.p. 160 - 161CC (Lit. ' 159°$
V (CHI) 2220 cm"1, 6 (CSCl-i) 7-35 - 7-46 (m), 7.6 - 7.88 (ra)

IH3JC J

integral ratio 1 : 3? an-d 4-(4-chloroanilino)-3-methoxycinnoline-1-oxide

(0.8 mmol, 16$ m.p. 219 - 220°C (From benzene - light petroleum) (Found:

C, 60.1; K, 3.9; IT, 13.7. C E12CIi:302 requires C, 59.7; H, 4.0; IT, 13.9$.
V (H-H) 3250 cm"1. X. 440 nm (£ 13,000) & (CDClJ 4.10 (3H, s)
max max j

(OCH-j), 6.14 br (1H, s) (EH), 6.80 (2H, d, J = 8Hz), 7.20 (2H, d, J = 8Hz),
7.40 - 7.62 (3H, m), 8.52 (1H, tn). m/e 303(13$ I2+), 302(10$, 301 (40,1, M+),
113(20$, 112(10$, 111(52$, etc.

E-2-lTitrobenzylidene-4-methylaniline gave 3-e.ye.no-2-(4~^ethy1phenyl) -

indazole (1.35 mmol, 27$ m.p. 134 - 136°C (Lit. 135°0) (0=11)' max

2220 cm"1. 6 (CDClj) 2.46 (3H, s) (CH-j), 7.25 - 7-9 (8H, m); and
3-methoxy-4-(4-methylanilino)cinnoline-1 -oxide (0.45 mmol, 9,1) m.p. 186 -

188°C (d) (from benzene - light petroleum) (Found: C, 68.0; H, 5*2; H, 14•7•

C^E^E^Og requires C, 68.3; K, 5-3; IT, 14.9,1). Yrnax 3260 cm 1 (EH),
^
maz 444 nm (€ 9,500), & (CDC13), 2.3 (3E, s) (CH3), 4.12 (3H, s) (OC^),

6.14 br (1H, s) (EH), 6.74 (2H, d, J = 9Hz), 7.05 (2H, d, J = 9Kz),

7-39 - 7-41 (3H, m), 8.56 (1H, ra). m/e 281(67$ M+), 256(5$, 255(5$,

254(5$, 238(20/), 143(20$, etc.

E-2-Eitrobenzylidene-4-methoxyaniline gave 5-eyano-2-(4-

methozyphenyl)indazole (0.75 mmol, 15/) m.p. 153 ~ 154°0 (From ethanol)

(Found: C, 72.5; H, 4.3} IT, 16.8. C^H^l^O requires C, 72.3; H, 4-4;
E, 16.9$. V (C5E) 2240 cm"1 S (CDClJ 3-9 (3H, s) (OCH,), 7.1 -max j j

7.8 (8H, m); and 3-methoxy-4-(4-methoxyphenyl)cinnoline-1-oxide (0•7 mmol,

14/) m.p. 193 - 195°C (From benzene - light petroleum) (Found: C, 64.8;

H, 5.25; E, 14.05. C16H15E30 requires C, 64.6; K, 5*05; IT, 14.1$
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Vmax ^ 3260 CQ~1 * max 442 nm (S-1°>000) $ (CDCl^) 3-91 (3H, s)
(OCH-j), 4.08 (3H, s) (XH^), 6.20 br (1H, s) (HH), 6.63 (2H, d, J = 8Hz),
7.15 (2H, d, J = 8Hz), 7.4 - 7.7 (3H, us) * m/e 297(100$), 281(1656),

267(8$), 251(10$), etc. * (8.50 (1H, m) )
When U^r-nitrobenzylidene-l,2-diaminohenzene was similarly treated

an orange compound crystallised from solution and this was recrystallised

from methanol to give ouinoxalino l"2,3-c.l cinnoline (4 mmol, 80$)

m.p. 229 - 230°C (Found: C, 72.35; 21, 3.25s U, 24.3« C., H.oInT. requires
14 104

C, 72.4; H, 3.5; N, 24.1$). X 380 nn (€.13,200), 395 nm (shoulder)max

(£ 12,200), 4C5 ma (shoulder) 6 (CDC1 ) 7.9 - 8.07 (m), 8.20 - 8.66

(m), 8.83 (m), 9.'17 (ni) • Integral ratio 4 : 1 : 1 ! 1. 232(100$, M+).
Under the same conditions 2-(lT-2-nitrohenzylideneamino)thiophenol

gave a violet coloured compound on cooling the solution. (This material

1.7 mmol, 34$) had m.p. 234 ~ 237 °C (d), V (U-H) 3400 cm"1, m/e

267(40$, M+), 25l(lOO$), etc. Material was insoluble in the common solvents

and further purification has not yet been achieved but data -was consistent

with the benzothiazino^3>2-£l cir.noline-1-oxide.
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f-i Possible Intermediates in Cinnoline-1-oxide formation.

(a) The HC1T adduets of F-2-nitrobenzylideneaniline and

I7-2-nitrobenzylidene-4-inethylaniline were prepared (see Page 96).

When either adduct (l mraol) in methanol (lO ral), containing either

sodium cyanide or sodium methoxide (2 mmol), was heated under reflux

for 15 rain., on cooling the solution a yellow compound crystallised out

and was collected "by filtration.

The ECU adduct of IT-2-nitrooenaylidensaniline treated thus

gave 5-cyano--2-phenyiindasols-1 -oxide (0.63 mmol, 63^) m.p. 186 - 188°C
(lit.0^ 190°G) V CrlT (2240 cm 1). Identical with an authentic sample'

max

(i.r., m.p. and mixed m.p.) (see Page 96).

Similarly the IlCli adduct of S[-2-nitrobenzylidene-4-methylaniline

gave 5-cyano-2-(4-methylphenyl)indaz01e-1-oxide (0.70 mmol, 70$) m.p.

195°C (Lit.61 198 - 199°C).

0°) Indazole-1 -oxides

The indazole-1-oxide (5 mmol), potassium hydroxide (5 mmol) and

potassium cyanide were dissolved in methanol and the mixture heated under

reflux for 3 hr. The work up procedure used was the same as that used

in the cyanide induced cyclisation of E-2-nitrobenzylideneanilines.

2£-2-nitro"benzylidene-4-hromoaniline treated thus gave

2-(4-bromophen.yl)-3-c.yano-indazole (2.5 mmol, 59$) m.p. 162 — 164°C (From

ethanol) identical (i.r., m.p. and mixed m.p.) with the product from

the reaction of IT-2-nitrobenzylidene-4-bromoaniline with cyanide (see

Page 107) and 4-(4-bromoani1 ino)-3-methoxycinnoline-1 -?oxide (0,75 mmol,

15v) m.p. 208 - 210°C.

Similarly lT-2-nitrobenzylidene-4-methylaniline gave 3-c.yano-

2-(li-methylphenyl)indazole (1.25 mmol, 25$) m.p. 133 - 135°C (Lit.61 135°^)
and also 3-me thoxy-4.- (4-raethy1anil ino) cinnolins-1 -oxide (0.4 mmol, 8$)

m.p. 185 - 187°0 (From benzene - light petroleum).
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(D) Reactions of 5~"'sthoxy-,';-(2-nitroaiiilino)cinnolins-1 -oxide

(i) With Phosphorus Trichloride

Phosphorus trichloride (0.3 ml) was added to a suspension of

3-methoxy-4-(2-nitroanilino)cinnoline-1-oxide (150 nig) in chlorofox-m

and the mixture was heated under reflux for 1 hr. The mixture was cooled,

diluted with water, made alkaline with 2M NaOH and then extracted with

chloroform. The chloroform extract was dried over anhydrous sodium

sulphate and then evaporated to dryness. The residue was recrystailised

from ethanol to give 3-methoxy-4~(2-nitroanilino)cinnoline (130 mg, 90$)

m.p. 198 - 200°C, (from ethanol), (pound: C, 60.6; H, 4.2; h, 18.7•

C.rH.I.O. reoyiires C, 60.8: H, 4.1? 4, 18.9^) _ 409 nm (E 10,800)I j 1 4 /-}- — max

Vmax (P-H) 3340 cm"1 (NOg) 1320 and 1350 cm"1, i (CDCl ) 4.27 (3H, s)
(OCR,), 6.78 (1H, dd, J = 8 and 2Hz), 7-02 (1E, t, J = 8Hz), 7.26 - 7.88

J

(4H, m), 8.24 (1H, dd, J = 8 and 2Hz), 8.4O (1H, dd, J = 8 and 2Hz), 8.86 br

(1H, s) (P-II), m/e 296 (32", 1£+), 176 (125S), 138 (15$), 136 (40$), 127 (19$),
111 (47")» etc.

(ii) V/ith Methanol and Concentrated Hydrochloric Acid

A solution of 3-niethoxy-4-(2-nitroanilino)cinnoline-1 -oxide (625 mg,

2 mmol) in methanol (20 ml) with concentrated hydrochloric acid (3 ml) was

heated under reflux for 1 hr. On cooling the solution an orange material

crystallised. This was collected and found (i.r. m.p. and mixed m.p.) to

he the starting material (recovered 600 mg, 96$).

(iii) With Concentrated Hydrochloric Acid Alone

A solution of 3~methoxy-4-(2-nitroanilino)cinnoline-1-oxide

(625 mg) in concentrated hydrochloric acid was heated on a steam hath
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for 1 hr. The solution was cooled, diluted with water and extracted

with chloroform. The chloroform extract was dried over anhydrous

magnesium sulphate and then evaporated to dryness to give 3~methoxy—4—

(2-nitroanilino)cinnoline-1-oxide (620 mg, 99/).

(iv) With 47/ Hydrchromic Acid in Glacial Acetic Acid

A solution of 3-methoxy-4~(2-nitroanilino)cinnoline-1 -oxide

(800 mg, 25 mmol) in 47/ hydrohromic acid (l5 ml) and acetic acid (15 ml)

was heated under reflux for 6 hr. On cooling the solution a yellow

material crystallised out. This was collected and when attempts were

made to crystallise the material from methanol the yellow colour disappear¬

ed and orange - red material was left. Both the yellow product and the

red product had almost identical mass spectra except for ions with m/e 80

and 82 in that of the former. The yellow compound was washed with ether

and dried m.p. 296 - 299°C (d). Although the yellow compound was

obviously impure (Found: C, 39• 85 H, 2.6; IT, 13• 15 C^^H^TT^O^Br•HBr .

requires C, 38.0; H, 2.3; IT, 12.7/), the analysis could not he improved

and the material was neutralised without further investigation to give

the free base which was recrystallised from benzene - light petroleum

to give an orange solid m.p. 240 - 242°G. (Found: C, 46.2; K, 2.7;

F, 15.2. C^H^O^r requires 0, 46.5; H, 2.5; IT, 15-5/)- Yfflax fa-H)
3300 cm"1. & ( d6 MS0) 7.16 - 7.91(m), 8.03 - 8.36 (m), integral ratio,
1 : 6, m/e 360/362 (21/21/, M+) 317(1S/), 316(94/), 315(36/0, 314(100/),

313(15/), 281(8/), 236(22/), 180(8/), 179(16/), 178(11/), 177(14/),

152(12/), 151(16/), 105(66/), etc.

(v) With Sodium 1'ethoxide in Methanol

A solution of 3~®e^hoxy-4-(2—nitroanilino)cinnoline-1-oxide

(625 mg, 2 rnrnol) in methanolic sodium methoxide (Sodium (lOOrng) in
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rnetiianol (20 ml) ) was heated under reflux for 1 hr. The methanol was

removed under reduced pressure and the residue made aqueous and

extracted with chloroform. The chloroform extract was dried over anhydrous

sodium sulphate and then evaporated to dryness to give 3~methoxy-4-

(2-nitroanilino)cinnoline-1~oxide (610 mg, 98/).

(vi) Acetylation with Acetic Anhydride

A solution of the cinnoline-1-oxide (312 mg, 1 mmol) in acetic

anhydride (10 ml) with concentrated sulphuric acid (1 drop) was allowed

to stand at room temperature for 20 rain. The solution was then poured

into water and the resulting mixture was extracted with methylene chloride.

The extract was dried over anhydrous sodium sulphate and then evaporated

to dryness. The residue was recrystallised from methanol to give a mono-

acetyl derivative of 3-methoxy~4-(2-nitroanilino)cinnoline-1-oxide.

(280 mg, 0.78 mnol, 78/), m.p. 139 - 140°C (d) (Pound: C, 57-3; E, 4.0;

11, 15.9. C17H12hT405 requires C, 57-6; II, 3-95; E, 15-8/). V max (C=0)
1750 cm"1 and (C=1T or 0=0) 165O cm"1 S (CDCl^) 1.96 (3H, s) (CH^CO), 3.69
(3H, 3) (CH^O), 5-79 (1H, d, J = 8Hz), 7-10 - 7.32 (1H, m), 7.52 (2H, t,
J - 8Hz), 8.10 (1H, dd, J = 8 and 2Hs), 8.15 (1H, dd, J = 8 and 2Hz),

m/e 296(25/o), 225(11/), 179(42/), 178(53/), 147(100/), etc.

(vii) With Benzoyl Chloride

A suspension of 3-methoxy-4-(2-nitroanilino)cinnoline-1-oxide (156 mg,

0.5 mmol) with "benzoyl chloride (0.25 ml) in pyridine (5 ml) was heated

under reflux for 1 hr. The reaction mixture was then poured on to ice

and the solid which separated was collected "by filtration and washed with

water. The solid was dried and then recrystallised from methanol to give

a mono-henzoyl derivative of 3~met.hoxy-4-(2-nitroanilino)cinnoline-1 -

oxide. (Yield 100 rng, 0.24 mmol, 48/) m.p. 139 ~ 140°C (Pound: C, 63.2;
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K, 3-9; 1ST, 13.3. C22W5 requires C, 63.5i.H, 3-8; IT, 13-51).
V (C=0) 1720 cm"1 and (C=1T or C=0) 1650 cm"1 S (CDCl,) 3.82 (3H, s)max j

(OCH ), 6.7O (1H, dd, J = 8 and 2Hz), 7.13 (1H, t, J = 8Hz), 7-24 - 8.4

(9H, m), m/e 327(6,1), 296(8^), 209(71), 179(71), 178(8$), 122(17$)j

106(81), 105(1001), 104(51), etc.

(viii) Attempted liethylation

A mixture of 3-fnethoxy-4-(2-nitroanilino)cinnoline-1-oxide

(0.5 g) and methyl iodide (0.5 g) was dissolved in the minimum amount

of "benzene and heated under reflux for 3.0 min. IIo precipitate had formed

after this time and the reaction mixture was evaporated to dryness to

give 3-iriethoxy-4-(2-nitroanilino)cinnoline-1-oxide (quantitative recovery).



TABL5
A.

Mass

Spectra
of

N-2-ITitro"benzylideneanilines
(Relative

Intensities
in

Parentheses)

Compound
Y

X

M

+

Principal
fragment
ions

("510$
of

base
peak)

■

Metastable
ions

\

5

(k)

4-CH3

240(37)

224(10),
223(51),
195(11),
194(26),

193(65),
192(38),
191(13),
167(15),

166(24),
165(51),
153(10),
152(43),

119(35),
107(10),
106(31),
105(11),

207.1
1240-
223],

142.5(193-166],

141.5

[i92-165],
138.5(167-152],

124.8

[223-167"],
58.

9[240
-119],

46.5
[91

—

65].

ir\i

104(18),
92(14),
91(100),
90(22),

89(29),
79(15),
78(11),
77(29),

76(22),
75(11),
65(76),

etc.

5

(j)

4-C1

260/262(30/10)

245(21),
244(10),
243(75),
215(19),

214(10),
213(50),
179(10),
178(39),

177(16),
153(16),
152(100),
151(27),

139(16),
134(15),
127(12),
126(21),

113(20),
111(61),
104(16),
92(10),

77(21),
76(41),
75(62),

etc.

227.2[260-
243],
50.7
[111-

75].



TABLE
A

(cont'd)

Compound
Y

X

¥

+

xmL

Principal
fragment
ions

(210$
of

Base
peak)

Metastable
ions

5

(1)

4-OCH^

256(100)
239(18),
209(29),
196(10),
168(49),

167(24),
166(28),
152(10),
140(23),

139(20),
137(10),
135(49),
134(14),

122(71),
107(26),
106(41),
105(12),

104(21),
92(39),
79(10),
78(17),

77(55),
76(20),
75(10),
65(13),

223.1
[256-

239].

1vo

64(46),
63(39),

etc.

T—

5

(h)

-

>NO2

271

See
Fig.
6.

2

(a)

-

4-1T0
2

271

See
Fig.
7

5

(i)

4-Br

304/306(31/31)

290(12),
189(60),
288(15),
287(60),

259(35),
257(26),
195(10),
185(15),

183(15),
181(14),
180(61),
179(17),

178(42),
177(17),
172(17),
170(17),

167(10),
159(48),
156(13),
155(48),

154(12),
153(13),
152(76),
151(33),

273

[306-
289]
,

271

[304-
287]

.



TABL3
A

(cont'd).

Compound
Y

X

a.

M

Principal
fragment
ions

(s
10$
of

Base
peak)

Metastatic
ions

5(i)

4-Br

304/30631/31

(Cont'd)
139(12),
137(12),
134(14),

105(12),
104(28),
102(10),
92(12),

91(12),
90(14),
89(12),
77(38),

76(100),
75(40),
65(11),

etc.

5

(b)

2-Br

304/30631/31

289(56),
287(56),
259(28),
257(28),

208(10),
195(13),
181(12),
180(72),

273

[)o6-
289],
271

[304-
287].

1c—

179(14),
178(44),
177(16),
172(12),

T

170(10),
157(40),
155(40),
153(10),

152(56),
151(26),
134(16),
104(23),

102(10),
91(12),
90(10),
89(10),

77(40),
76(100),
75(60),

etc.

•

5

(n)

5-ci

260/262(13/4)

245(9),
243(27),
215(6),
213(17),

178(14),
152(32),
105(15),
93(21),

92(24),
78(10),
77(100),
76(15),

75(13),
65(10),

etc.

227.2[260-243],
148.5[213

—

178]
.



TABLB_B.
Mass

Spectra
of

F-Benzylidene-2-nitroanilines
(Relative

Intensities
in

Parentheses)

Compound.
Y

M

+

Principal
fragment
ions

(s
5/
of

base
peak)

Metastable
ions

1

(a)

II

226

See
Fig.
2

1

(f)

4-CH^

240(9)

120(11),
119(100),
92(9),
91(31),
90(5),
77(12),
69.5
[119-
91]
,

59.0

[240-119].

76(5),
65(17),
63(7),

etc.

1

(e)

4-C1

260/262
152(6),
141(33),
140(11),
139(100),
111(12),
128.0

[i78a-
1513"?],

(8/3)

89(10),
77(11),
76(11),
75(7),
63(9),

etc.

88.5

[139-11]
.

1

(g)

4-CCH

256(9)

136(11),
135(100),
92(6),
77(15),
65(6),

85.0
(l35-

107s},

71.3[256-
135],

63(5),
etc.

55.5
0°7-

77].

1

(o)

4-R02
271

See
Fig.
5

1

(i)

30̂2
271

See
Fig.
4

Relative
intensity
yjo



TABLE
B.

(Cont'
d).

Compound
Y

M

+

Principal
fragment
ions

('2
5/o
of

base
peak)

Metastable
ions

1

(c)

2-C1

260/262(3/1)

141(33),
140(8),
139(100),
158(5),
111(9),
89(6),

77(12),
76(12),
etc.

88.5

[139-111).

1

(b)

2-Br

304/306(5/5)

186(7),
185(100),
184(12),
183(100),
182(5),

15.7(10),
155(10),
102(11),
90(5),
89(12),

77(27),
76(28),
75(12),
65(7),

etc.

1

(d)

2-OCII,
256(0)

138(8),
135(50),
119(25),
105(15),
92(15),
91(90),

90(25),
78(25),
77(100),
76(33),
65(41),

etc.



TABLE
C.

l£ass

Spectra
of

N-2-ITitrobenzylidene-2-nitroanilines
(Relative

Intensities
in

Parentheses)

Compound.
Y

X

M

+

Principal
fragment
ions

(f»
%
of

base
peak)

Metastable
ions

1

(h)

H

K

271

See
Fig.
3

1

(k)

-

4-CH3

285(8)

268(7),
208(5),
181(5),
180(8),
252.1
[285

-

268]
,

228.5
[285-

255^],

167(5),
165(7),
153(6),
152(10),
97.0
[151

-

121][,

80.8[134
-

104J,

151(31),
150(39),
135(11),
134(98),
71.5B
21

-93].

127(5),
121(21),
106(9),
105(16),

104(100),
93(11),
92(12),
91

(12),

90(10),
89(21),
79(11),
78(32),

77(49),
76(30),
75(8),
66(6),

'

65(28),
64(14),
63(26),
62(9),

etc.

3»

Relative
intensity
3$

Relative
intensity
2^

Relative
intensity
1$



TABLE
C.

(cont'd).

Compound
Y

X

M

+

Principal
fragment
ions

("S
%
of

"base
peak)

———

e

Metastable
ions

1

(l)

6-CH^

285(6)

153(8),
152(50),
151(30),
150(57),

136(5),
135(17),
134(83),
122(6),

121(41),
106(28),
105(31),
104(100),

103(6),
94(6),
93(22),
92(12),
91(17),

90(11),
89(19),
85(8),
79(39),
78(42),

77(78),
76(45),
75(12),
74(8),
66(10),

65(48),
64(20),
63(29),
62(10),

etc.

252.C285-
268*3
,

228.5£285-
255bJ
,

80.8

[134-104],
71.5
021—
93],

55.5
[104-

76].

1n—

1

(m)

-

4-OCH,

301(11)

182(5),
169(11),
168(10),
167(7),

2684301-284],
80.8
[134

-

104],

OJT~1

154(5),
153(8),
152(5),
151(27),

150(24),
140(6),
139(7),
137(28),

135(6),
134(58),
127(3),
122(5),

121(20),
109(10),
107(10),
106(28),

105(19),
104(100),
93(11),
92(13),

91(3),
90(7),
89(7),
80(10),
79(30),

78(70),
77(41),
76(38),
75(13),

74(12),
68(11),
66(7),
65(28),

etc.

55.5

[104-76].



TABLE
C.

(cont'd).

Compound
Y

X

J-

K

Principal
fragment
ions

(•>
5i°

6ase
peak)

lietastable
ions

1

(n)

5-C1

4-CH3

319/321(12/4)

304(2),
302(7),
190(5),
137(6),

186(10),
185(16),
184(25),
170(27),

169(9),
168(79),
167(6),
165(6),

165(8),
163(5),
157(6),
155(18),

153(5),
152(14),
151(57),
141(6),

140(33),
139(13),
133(100),
135(6),

128(7),
127(9),
126(9),
125(7),

124(7),
123(5),
121(10),
114(5),

113(15),
112(19),
111(21),
110(24),

105(10),
104(16),
102(5),
99(10),

98(5),
93(19),
92(6),
91

(18),

90(17),

89(28),
87(6),
86(7),
85(5),
79(6),

78(49),
77(40),
76(27),
75(37),

74(7),
73(12),
66(13),
65(30),
64(15),

63(36),
62(12),

etc.

286.0

[319-3O5>

262.0(319-289^,
113.3
[168-
138]
,

88.8(319
-

168?].

,



TABLE
C.

(cont'd)

Compound
Y

X

M

+

Principal
fragment
ions

(5
5%

of

base
peak)

Yetastable
ions

1

(p)

4-N
02

4-CH3

330(20)

254(6),
208(12),
196(18),
195(30),

193(6),
192(5),
191
(9),

190(12),

180(13),
179(71),
178(11),
177(7),

166(11),
165(13),
164(17),
163(12),

153(11),
152(23),
151(87),
150(18),

149(100),
140(8),
139(9),
135(30),

134(16),
128(9),
127(12),
122(5),

121(21),
120(27),
119(10),
118(6),

117(9),
115(7),
108(11),
106(10),

105(33),
104(39),
102(10),
93(38),

92(18),
91(38),
90(29),
89(33),

88(10),
79(33),
76(38),
75(81),

74(9),
66(26),
65(69),
64(23),
63(45),

62(15),
etc.

297.o[_330-3l3a]
,

271.5L330-
300b],

124.0[179-149],
97.0

[330-179],
71.2(149-103],
69.1

D30-151],

54.6

[03-75].
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