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(1)

~ SUMMARY

Benzo[g]cinnoline and the chlorobenzoEQ]cinnolines
have been found to react with lithium dimethylamide in
dimethylamine to give, as initial products, compounds
which were formed by an unexpected displacement of hydride
ion from the 4- and 7- positions‘of the benzo[gﬂcinnoline
nucleus. The reaction of 2-chlor0benzoE§]cinnoline was
exceptional and hydride ion was displaced only from the
4~ position,

The reactions of the iodobenzo[ﬁ]cinnolines and
2-, 3= and 4—chlorobenzo[53cinnoline with potassium amide
in ammonia have been studied. l1-Chloro, 2-chloro and
2-iod0benzo[2]cinnoline underwent substitution with this
base to give 2-aminobenzo££]cinnoline exclusively. KES
and 4-Chloro and 3~ and 4«iodobenzo[EJcinnoline reacted
with potassium amide in ammonia to form mixtures of 3-
and 4—amin0benzo[23cinnoline. Under certain conditions
benzoEg]cinnoline was a product of these resactions.

Substitution reactions of some chlorobenzoEE]cin—
nolines with piperidine and dimethylamine are described.
These reactions proceed by the addition-elimination

mechanism,



(ii)

The reactions of 6-chlorophthalazine with lithium
dimetbylamide and 4-chlorocinnoline with lithium piper-
idide are described.

The use of nuclear magnetic resonance spectra in

identification of some benzo[&]cinnolines is discussed.
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INTRODUCTION




Aromatic nucleophilic substitution reactions and
their mechanisms have been studied extensively in the
last two decades and the field has been well reva’.eued.']_'|7
Most of these reactions follow a unimolecular or one of
two bimolecular mechanisms. The bimolecular processecs
occur most frequently and may be classified into (1) the
addition-elimination (AE) and (2) the elimination-addition
(EA) mechanisms; a brief discussion of the principal
features of each is pertinent.

Electronic repulsion between the unshared pair of
electrons of a nucleophile and the 71T -electron system of
an aromatic compound generally disfavours aromatic nuc-
leophilic substitution.

10-17 however, reactivity may be

In AE reaﬁtions,
enhanced by suitable leaving groups, and substituents which
stabilize transition states and cause one or more ring
carbon atoms to become electron deficient. The reaction-
coardinate of this mechanism involves an intermediate
flanked by two transition states, and reaction is initiated
when a nucleophile approaches the aromatic ring from above
the plane. As the new bond forms, hybridization of the
3

ring carbon at the point of attack changes from sp2 to sp

in the intermediate. Loss of the leaving group and ring



rearomatization complete the reaction (Scheme 1).
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Scheme 1
Many workers have found euidencez’48 that the
species (1) is a true intermediate and not a transition
state. Compelling evidence for this is the isolation of

18

Meisenheimer complexes, compounds with structures similar

to (1). For example, methoxide ion reacts with 2,4,6-

trinitrophenetole to give the complex (2).19
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Although there are strong indications that some
reactions proceed by a two-~step mechanism involving an
intermediate, it is generally accepted that for different
reactions the transition states may occur at different
positions along the reaction coordinate, depending on the
leaving group, the type of nucleophile and the number and
types of activating substituents.

Aromatic compounds are activated towards nucleo-
philic substitution by electron-withdrawing substituents;
such groups may activate the ring by both inductive and
mesomeric effects. Activation by the mesomeric effect

alone is generally Considered6a

to be slightly greater at
a position para to a substituent thanmggibg to it, and
Ingold?Y has attributed this to the greater stability of
the para-activated transition state. In support of this

he quotes the greater stability of p-quinones over o-

quinones.



Activation by the inductive effect decreases with
distance from the electron-withdrawing group along a car-
bon chain and so is greatest in the ortho-position.

A ring hetero-atom such as nitrogen has a similar
effect to an electron-uithdrawing substituent and may
also activate a ring inductively and by the mesomeric
effect. The same principles hold here as for actiQation
by substituents in carbocyclic compounds. Aromatic
heterocyclic compounds, however, are generally considered
to be more highly activated by the mesomeric effect in a
position p to the hetero-atom and more highly activated
by the inductive effect in a position 0 to the hetero-
atom. As well as these tuo general activating effects
there are several influences which may operate to increase
reactivity at a position ortho to a substituent or hetero=-
atom. These are knouwn as "ortho effects" or "proximity
effects” and include interaction of an ortho-substituent

21=24

with nucleophile by means of hydrogen=bonding, elec~

trostatic effectssb and formation of cyclic transition
states.4b
Nucleophiles with a hydrogen atom attached to the

nucleophilic centre, such as amines and alcohols, are

capable of forming hydrogen-bonds with some substituents.



Ross and Finkelstein23 found that substitution with
piperidine was faster in 2-nitrochlorobenzene than in
4-nitrochlorobenzene and accounted for this by postulating
hydrogen-bonding in the transition state of the 2-nitro
compound (3). In species (3) the lone pair of the
piperidine nitrogen is favourably oriented for attack on
the carbon ortho to the nitro group. Hydrogen-bonding
such as this may also cause a levelling in the differen-

tial effect which solvents have on reaction rates. Sbar-

3+".‘\H—-'C|>’

|

Ot e
(3)

bati g&_glza shoued that there was little difference in
the rates of reaction of piperidine with 2-nitrochloro-
benzene in benzene and in ethanol, while the 4-nitro
analogue reacted faster in ethanol. This rate increase
could be attributed to the greater solvation of the tran-

sition state when ethanol was solvent. The internal



hydrogen-bonding that occurs between piperidine and the
2-nitro compound would, however, mask the effect of any
hydrogen-bonding between substrate and solvent.GC

Formation of cyclic transition states has been

4 to account for high reactivity at positions

postulated
ortho to a ring nitrogen in the reactions of pyridines
with lithium alkyls, amines and metal amides. For.
example, the transition state for the reaction of pyridine
with sodium amide to give 2-aminopyridine has been en-
visaged4b as (4); in such a species electrostatic repul-

sion between the amide ion and the lone pair of the ring

nitrogen would be substantially overcome.

]
NHD Sy
W, N
L, ;
NEi\ ’Nai-
NH;

(4)
Cationization of a ring hetero-atom has an overall
activating effect on nucleophilic substitution in hetero-
cyclic compounds and has been discussed by Shepherd and

Fedrickac with regard to azines. Metal complexing is



one form of cationization and in some C888825’26’27’28

this seems to promote reaction exclusively in the position
ortho to the hefero—atom.

Leaviﬁg groups also affect the rate of reaction
by the AE mechanism, In the present series of reactions
the leaving groups are halogens. It has been shoun6d
that when the nucleophilic atom of a nucleophile is in
the first Period of the Periodic Table the normal order
of halogen mobility is F>CI>Br>I.

In aromatic nucleophilic substitution reaétions
the most suitable leaving groups are species which exist
as neutral molecules or stable anions when displaced.

The hydride ion does nﬁt fit either of these categories,
but there are a few examples of reactions in which hyd-
ride ion is displaced.

One of these is the Tschitschibabin reaction,?® a
well-knouwn method for the preparation of 2-aminopyridines.
The reaction is usually carried out by heating a metal
amide with the pyridine at about 100-140°C; hydrogen is
evolved from the mixture and the metal salt of the 2-
aminopyridine is produced. The mechanism postulated30
for this reaction (Scheme 2) involves displacement of

hydride which combines with a proton from the entering

amino group to give hydrogen.
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Scheme 2
A similar mechanism was proposedzo for the reac-
tions of aryl- and alkyllithium compounds with pyridine,

30,31

which give 2-substituted pyridines. The intermediate

(5) postulated for these reactions is converted into the

D N

| H | H
N N
| ® | R
Li H

(5) . (6)
aryl- or alkyl-pyridine by direct oxidation or by heating
to eliminate lithium hydride. Evidence for the existence
‘of intermediate (5) was obtained>' when hydrolysis of the
reaction mixtures gave the dihydropyridines (6). Fraen-
kel and Cooper32 found further evidence for such an inter-
mediate when they observed that the n.m.r. spectrum of the
reaction mixture of n-butyllithium with pyridine was con-

sistent with structure (5).

+H2



Removal of hydride ion, due to intermolecular
oxidation by the substrate, is reported33 to occur in the
reaction of 4~nitroquinoline-l-oxide with diethylsodio~
malonate. A mechanism put Foruard33’6d for this reaction
(Scheme 3) invokes removal of hydride ion from the inter-
mediate (7) by another molecule of substrate to give the
substitution product, diethylsodio(4-nitro-3-quinoloyl)-
malonate~l-oxide (8), and the reaction product, 4-amino-

quinoline-l-oxide (9).

0]
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Ny<=—[CHICO,C,Hs), ]
CH(CO,CH,)

,r - ¥ 22752
I

o

0
(7)
. NO,y
reduction CH(C02C2HS)2
of 5 S +
additional o
substrate T
o-
(8) (9)

Scheme 3
In another reaction in which nucleophilic attack

occurs at an unsubstituted position ortho to a nitro group,
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3-nitrobenzylidenedichloride compounds react with meth-
oxide and ethoxide ions to give 4-substituted products.34
In the mechanism suggested for this reaction by Loudon

and Smith34

(Scheme 4), internal electron redistribution

accompanied by loss of halide ion allows the hydrogen at

the point of attachment of the nucleophile to be lost as

a protonj; this is usually a more favourable process than

loss of hydride ion. Other nucleophilic substitution
NP2 ng;ﬁ

R (} R

O, - (
%N [ QNI//
It v- H Y
0 y T
X
NeH  pf¥R CH,
R Z [ R
—_— — + OR™
0
S
Y i NO3
i H Y
0 Y
Scheme 4

reactions in which internal rearrangements allow substituted

35,36
hydrogen to be lost as a proton have been reported

and include the von Richter reaction.z7
This review of hydrogen replacement during nucleo-

philic substitution has particular relevance to the dis-

cussion of work described later in this thesis.
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The second major pathway for aromatic nucleophilic

-17 involves the formation

substitution, the EA mechanism,6
of an aryne intermediate (10). This is produced when re-
moval of a proton ortho to a leaving group and elimination
of the leaving group lead to formation of a new bond,
known as én aryne boand. The process may be concerted or
occur in two steps depending on the mobility of the
leaving group. Attack by a nucleophile at one carbon of

the aryne bond and proton-capture at the other complete

the reaction (Scheme 5).

X X
S
i © K
—_— —
—
K-
R R '(lU)
Y
Y
YH
+
R
(ll) (12)

Scheme 5



-1 2=

One of the products (l11) from this reaction is the
same as would be expected had substitution occurred by
the AE mechanism. In the other product (12), however,
the nucleophile has entered the ring in a position ortho
to that originally occupied by the leaving group. Sub-
stitution with rearrangement to the ortho-position such
as this is known as "cine-substitution".

The generally accepted structure of an aryne inter-
mediate is that of an aromatic ring with an almost unper-
turbed Ti-system in which there are two orbitals (contain-
ing an electron each) on adjacent carbon atoms and in the
plane of the ring. A small amount of lateral overlap
between these orbitals forms the aryne bond (see struc-

ture 13).

There are three main factors necessary for the EA
mechanism to operate in monosubstituted aromatic compounds.
These are: (1) there must be a hydrogen atom ortho to the
leaving group; (2) the base used must be strong enough to
remove the hydrogen as a proton; and (3) the leaving group

must not be so strongly activated towards reaction by the
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AE mechanism that this operates to the exclusion of the
EA mechanism.

In an EA‘reaction involving a substrate which con-
tains one or more substituents in addition to the leaving
group, certain effects may be observed. When the sub-
stituent is ortho or para to the leaving qroup then only
one aryne intermediate may be formed in each case (14 and
15 respectively); but when the substituent is meta to the
leaving group both of these intermediates may form. The
formation of a particular aryne is determined by‘uhich
anion is praoduced initially, and this is influenced by both

R

X Y

R
— & —

7 _\_R
g

(14)

g S
<l
N

\_ 7
/
7 N\ _x
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the leaving group and the substituent. An anionic centre
R R R
©
X X
X ©
(16) (17) (18)

will generally be formed at the carbon with the most acidic
hydrogen. In compound (16) if R is electron~withdrawing
then removal of the most acidic proton will generally give
the anion (17); if R is electron-donating (18) will be
formed.

The orientation of nucleophilic addition to an aryne
is also affected by substituents. Because the orbitals
making up the aryne bond are orthogonal to the 7 -cloud of
the aromatic ring, mesomeric effects of substituents are
considered to be less important than inductive effects in
influencing the position of attack by a nucleophile.
Robert538 postulated that in nucleophilic attack‘on the
aryne (14), if the substituent R is electron-withdrawing,
then transition state (19) would be more stable than (20)

because the inductive effect of R should have a greater

. ' 3o

(19) , | (20)
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stabilizing effect on the partially formed anionic centre
in species (19). Conversely, when the substituent R is
electron-donating, formation of transition state (20) will
be favoured over (19). These directing effects also
operate, but to a lesser extent, vhen the aryne bond is
situated 5,4— to a substituent.

Results17 of EA substitution reactions of halogen-
substituted heterocyclic compounds indicate that a ring
nitrogen has a similar directing effect as an electron-
vithdrawing substituent.

The EA mechaniém can be synchronous or proceed in
two steps, and this is determined by the mobility of the
lsaving group. In the reaction shown in Scheme 5, if X
is a good leaving group and K2:> K-l’ then the reaction
will be concerted. In the halogen series the expected14
mobility in the second step is I >Br >Cl>F. Aryl brom-
ides generally react to form an aryne bond in a concerted
process, but aryl chlorides react via a two=-step mechanism?4

Another factor which will affect the rate of an EA
substitution reaction is the nature of the base, which has
two roles in this type of reaction. Firstly it must remove
a hydrogen from the substrate, and, since this hydrogen is
usually weakly acidic, strong bases must be used. Commonly
used bases include organometallic reagents such as butyl-

and phenyllithium and metal amides such as potassium amide
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and the lithium dialkylamides.

Secondly, the base may act as a nucleophile and
attack the aryné baond. When metal amides are used in the
presence of free base, attack on the aryne by amide ion
and by free amine may occur at a competitive rate.

The aryne intermediates discussed so far have been
the 1,2-dehydroarenes. Reports of the 1,3- and 1,4-
isomers are rare but 1,3~ and l,4-dehydrobenzenes have been

39,40

observed as products in the flash photolysis reactions

of the corresponding benzenediazoniumcarboxylate compounds.

It has heen calculated4l

that the order of stability of the
isomeric deﬁydrobenzenes is l,2->>l,3—:>l,4—.

Several substitution reactions have been observed in
which the nucleophile enters the ring at a position meta to
the leaving group. These are known as 'tele-substitution’
reactions.

42,43

For example, den Hertog et al found that one of

the products formed in the reactions of some 2-bromo-6-
alkoxypyridines (21) with potassium amide in liquid ammonia
was the corresponding 4-amino-6=-alkoxypyridine (23). The
1,3-dehydropyridine (22) wuwas suggested43 as a possible

intermediate in this reaction. Boer and den Hertogl“J also

found that 2-bromo-6-ethoxypyridine reacted with a mixture
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(21) (22) O\ |

(24)
Scheme 7
of potassium amide and the potassium salt of pentan-3-one
to give 2~ 2'-(6'-ethoxypyridyl) -pentan~3-aone (25) and
2- 4t'=(6'~ethoxypyridinyl) -pentan~3-one (26) together with

the amines (23) and (24). Reaction of the bromide (21)

CH, O
Rl
Z He~ C —C~—CH
N l\cleacl)I — °e
Hsc 2O N C wC ----~C2H5 l
| c 0N
H H5 2 N
(25) (26)

with the potassium salt of pentan-3-one, however, only



~18~

gave a small amount of compound (25) and none of (26).
This adds support to the proposal of the aryne (22) as
an intermediate.

Tele-substitution was also observed44 when lepidine
(27) reacted with phenyllithium to form 2-phenylguinoline
(29) as one of the products. An addition-rearrangement-
elimination mechanism uwas proposed44 for this reaction and

is shown in Scheme 8.

CH, CHy GeHe cH,
N CgHgLi ‘ rearr. X
) —
SN T N H
Li | G
(27) (28) L

(29)
Scheme 8
Various reactions are known which involve cine-

substitution but which do not proceed by the EA mechanism.
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Some of these have already been dealt with during the
discussion of hydride replacements. Others include the
reaction of 2-bromothiophene with base to give 3-amino-
thiophehe45 and the base-catalyséd isomerization of
trihalogenobenzenes.

The present work deals with nucleophilic substitution

reactions in benzo[c]cinnoline (30) and its derivatives.

NZ
6
(30)
Until recently the only reactions of benzo[glcinnoline that
had been studied in any depth were the electrophilic sub-
stitution reactions. Calculations for the expected ordef
of electrophilic attack at different ring positions of
benzoLE]cinnoline have been made, based on electron density
studies. The results vary, and Pullman47 gave the order aé
1>3>2>4; Longuet-Higgins and Coulson?® as 1>3 >4 >2;

Dewar and Nait11549 as l:>3:>4:>2 and Corbett et al50 as

1>4>3>2.

Experimental results are not wholly consistent with
the theoretical predictions. Nitration of benzo[g]cin—
noline gave l—nitrobenzotg]cinnoline as the major product,

yith the 4-nitro isomer as the minor produa::t.Sl"53
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Bromination gave 4-bromobenzo[ﬁlcinnoline as the only mono-
bromo compound.54 Both of these reactions, however, were
carried out in strong acid and so the reacting species
would be protonated benzo[sjcinnoline, in which electron
distribution would be different from that in unprotonated
benzoEg]cinnoline.

It might normally be predicted that the order of sus-
ceptibility of the benzotg]cinnoline ring to nucleophilic
attack would be opposite to that for electrophilic attack.
Since neither theoretical calculations nor experimental
results give a consistent picture for electrophilic sub-
stitution, however, no reliable prediction can be made.

In some preliminary work on the nucleophilic sub-
stitution reactions of benzo[EJcinnolines, Lewis and Reiss55
investigated the action of dimethylamine on the chloro-
benzotg]cinnolines. They found that all four monochloro-
benzotsjcinnolines vere converted into the corresponding
dimethylamino compounds and that the conditions required
were most vigorous for the reaction of the l-chloro isomer
and least vigorous for that of the 4-chloro isomer. Lill56
found that in the reactions of the chlorobenzotg]cinnolines
with sodium methoxide more vigorous conditions were required
for the reactions of the 1~ and 3~chloro compounds than with

the 2- and 4~chloro analogues. These results suggested
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that the positional order of nucleophilic attack on
benzoﬁg]cinnoline is probably 4 and 2 >3 and 1.

Thers is.no report in the literature of benzoEg]—
cinnolines undergoing reaction via an EA mechanism.
Lewis and Reiss,57 however, observed that in the reaction
of 2—ChlorobenzoE2]cinnoline with lithium dimethylamide
in dimethylamine, 4-dimethylaminobenzoE£]cinnoline (32)
was the major product. Reinvestigation of this inter-
esting reaction led, in the present work, to further study
of nucleophilic substitution reactions of benzo[é]cinnolines

and of other aromatic compounds containing a diaza linkage.



RESULTS AND DISCUSSION




-~20~

PART I
REACTIONS OF BENZD[&JCINNOLINE AND
THE - CHLUROBENZD[EJCINNDLINES WITH
LITHIUM DIALKYLAMIDES

In 1968 Lewis and Reiss®  reported that 2-chloro-
benzoEE]cinnoline (31) reacted with lithium dimethylamide
in dimethylamine to give two unexpected products, 4-
dimethylaminobenzo[g]cinnoline (32) and 2,4,7-~tris-

(dimethylamino)benzo[c]cinnolins (33) (scheme 9).

0 N(CH,),
4 4
‘ LiN(CH3)2» NeH, \i)\N(CH:S)z
NN HNCH), N7 N
N(CH3)2

(31) (32) (33)
h Scheme 9
The occurrence of substitution at the 4-position of
2—chlor0banzo[£Jcinnoline was remarkable because this
position is meta to that held by the displaced chlaro
group. This could not be explained in terms of either
of the two common aromatic nucleophilic substitution mech-

anisms. Further investigations were obviously necessary
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to shed more light on the mechanism of this reaction.

The reactions of all four chlorobenzoﬂg]cinnolines
with lithium diﬁethylamide in dimethylamine have now been
carried out, using shorter reaction times than those used
by Lewis and Reiss. This was done because it seemed pos-
sible that the relatively long reaction times used by
these workers could have had a significant bearing on the
formation of the anomalous products (32 and 33). The
product mixtures obtained from these reactions are complex
but may be rationalized in terms of further reacfion of
the initial products (35) and (36) (Schems 10). Full
details of these reactions are given in Tables 7 -11,

pp. 109 - 111.

cl
O Li NICH)y
WP HNCH),
N(CH3)
(34) ] (35) (36)

Scheme 10
Lewis and ReissS7 found that lithium dimethylamide
in dimethylamine also reacted with benzoEE]cinnoline to
give compounds (32) and (33) as products, although in dif-

ferent proportions to those obtained in the reaction of
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2—chlor0benzo[£Jcinnoline. This reaction has also been
reinvestigated employing shorter reaction times. Again,
4—dimethylaminobenzo[gjcinnoline (32) was isolated.

The reactions, summarized in Scheme 10, reveal two
important new points.. Firstly, a hydride ion has been dis-
placed from an aromatic nucleus in preference to a chloro
substituent. Formation of product (35) indicates that
hydride ion is displaced even from the aromatic ring con-
taining the chloro group. Although not unprecedented,58
this is surprising because chloride ion is normally a much
better leaving group than a hydride ion in a nucleophilic
substitution reaction. Moreover, there is ample evidence

59-61,17 +, show that halide ion is

in the literature
usually displaced in the reactions of heterocyclic aryl
halides with lithium dialkylamides. 3=~ and 4-Halogeno-
pyridines, for example, react with lithium piperidide in
piperidine, via the EA and AL mechanisms to give 3~ and

4~ substituted products.59 Furthermore, the chlorobenzo-
[chinnolines react with sodium methoxide in dimethyl

sulphoxide ar toluene;56

dimethylamine;55 piperidine and
potassium amide in ammonia (discussed later) giving products
which appear to have been formed by the normal routes of

nucleophilic substitution.



-25-

The second point to note about the short-term reac-
tions of the chlorobenzo[gjcinnolines with lithium dimethyl-
amide in dimethylamine is that a dimethylamino group has
entered the benzoEE]cinnoline ring exclusively at the 4-
or 7- positions, both of which are peri to the diaza lin-
kage.

A mechanism is now proposed for these reactions
(Scheme 11) which envisages displacement of hydride ion yvia
an AE mechanism, Intermediates (38) and (40) are analogous
to that proposed by Lewis and Reiss57 for the reaction of
benzoEE]cinnuline with lithium dimethylamide.

The features of this mechanism are:

1) Formation of a Tr-complex between lithium dimethyl-
amide molecules and the nitrogen atoms of the
benzo[EJcinnoline diaza linkags.

2) Formation of the & —complexes (38) and (40) by
internal rearrangement of the dimethylamide groups.

3) Loss of lithium hydride or its mechanistic equivalent.

The svidence for these steps will be discussed presently.
This mechanism is different from each of those dis-

cussed in the Introduction for the replacement of aromatic

hydrogen. It is different from the mechanism proposed for

the reactions of alkyl-= and aryllithium compounds uith
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4 (34) o
cl

| H™  NCHy, L

(38) (40)

Cl

+ LiH

' 36
(35) NCHy,  (36)
Scheme 11
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pyridines, because in the latter reactions the initial

step is addition of the nucleophile to the C-N double bond

of the pyridine molecule. In the reaction under discussion,

the initial step is addition of a nucleophile to a carbo-
cyclic ring. In this respect the mechanism shown in
Scheme 11 is more like the reaction that occurs betueen
benzyllithium and pyridine to give 4—benzylpyridine,62’63
in which addition of a nucleophile to a C-N double bond is
not possible.

Intermolecular oxidation by a nitro group‘assists
hydride removal from 4-nitroquinoline-l-oxide in its reac-
tion with diethyl sodiomalonate (Scheme 3). The chloro-
benzo[ﬁ]cinnoliﬁes are not oxidizing agents and so a com-
parable mechanism is untenable for their reactions with
lithium dimethylamide. In support of this, no reduction
products were observed in the reaction mixtures.

A mechanism comparable to the one shown in Scheme 4
has been proposed (Scheme 13) to explain the formation of
4-dimethylaminobenzo££]pinnoline in the reaction of 2=
chlorcbenzo[g]cinnoline with lithium dimethylamide in
dimethylamine (discussed later). This mechanism cannot
explain, however, the formation of compounds (35) and (36)

because these retain chloro substituents.
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Clearly there must be strong influences operating
in the reactions of the chlorobenzoEE]cinnolines with
lithium dimethylamide in dimethylamine which make nucleo-
philic attack, with hydride displacement, highly favourable
in the 4- and 7~ positions.

Two factors are likely to be important here. Firstly,
it is probable that a complex is formed between the benzo-
E£]¢innolines and lithium dimethylamide; and secondly,
lithium dimethylamide is probably associated under the reac-
tion conditions,

Aromatic nucleophilic substitution reactions using
strong bases frequently involve highly coloured solutions.
Ainscough and Caldin64 found that ethoxide ion reacts with
2,4,6-trinitroanisole giving a yellou-coloured solution,
and they attributed this to the formation of both 71 - and

6-complexes. When solutions of the chlorobenzo[g]cin-
nolines in benzene were added to solutions of lithium di-
methylamide in dimethylamine a déep red-purple colouration
cccurred immediately, apd this was then quickly replaced

by an intense dark green colour which persisted until the
reaction was terminated. During several preliminary reac-
tions in uwhich very small quantities of lithium dimethyl-

amide were used, only the red-purple colouration was observed.

In these instances starting material was recovered unchanged.
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These colour formations were taken as evidence for the
existence of complexes.

An indication that lithium dimethylamide in di-
methylamine is associated under the reaction conditions is
found in the investigation of lithium cyclohexylamide
solutions in cyclohexylamine. Streituyieser gg_gi65—67
found that in this system lithium cyclohexylamide existed
as aggregated ion-pairs. At the concentration of base
used in the present reactions (ca., 0.2M) the degree of agg-
regation of lithium cyclohexylamide was ca. 3.66. In the
reactions of the chlorobenzotg]cinnolines with lithium
dimethylamide in dimethylamine benzene and ether were also
used as solvents., These are less polar than dimethylamine
énd so the degree of aggregation of lithium dimethylamide
in these solvents should be at least as great as for lithium
cyclohexylamide in cyclohexylamine at the same concentrations.

If lithium dimethylamide is associated and does form
a complex with benzo[ﬁJcinnoline, then two methods of activ-
ation and attack by this base appear possible. Firstly,
coordination between a lithium dimethylamide molecule and a
benzo[ﬁ]cinnoline molecule may activate the ring positions
to attack by a second molecule of lithium dimethylamide.

Because of the possible electron shifts shown in species

(37) and (39), activation will be greatest at the 2-, 4=y
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7- and 9~ positions, and some substitution in each of
these positions could be expected. Alternatively, the
coordinated lithium dimethylamide molecule may attack the
aromatic ring. . This would be most likely to occur at the
4~ and 7- positions if lithium dimethylamide is associated.
Attack by the coordinated base would be favoured by the
electroﬁ shift towards nitrogen in the lithium-nitrogen
bond that would occur on coordination. This shift would
make the dimethylamide moiety more nucleophilic. The
experimeﬁtal results indicate that the initial products in
these reactions are formed by this second mode of attack.
It is possible to explain the observed colourations
in the reaction solutions in terms of the second reaction
mechanism, The red-purple colouration is probably due to
the formation of a r1t-complex involving an aggregate of
lithium dimethylamide molecules and the 17T ~electrons of the
N-N double bond. Subsequent nucleophilic attack of the
dimethylamide group at positions peri to the diaza linkage
would form intermediates (38) and (40) and thess may be
responsible for the dark green colouration observed.
Conversion of the intermediates to products (35) and
(36) may occur by elimination of lithium hydride during the

reactian or in the vorking-up procedure when water is added.
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In the latter case hydrogen and lithium hydroxide would
be the other products formed. There is evidencse that
reaction proceeds by both pathways.

Maintenance of the green colour throughout the
reaction indicated that some material was present as
species (58) and (40).

At longer reaction times the formation of bis-
(dimethylamino) compounds (e.g. 4,7-bis(dimethylamino)-
benzo[¢]cinnoline (66)) was ohbserved. It is unlikely that
these were formed by attack of a dimethylamide group at the
4- or 7- position of an intermediate because the transition
state (41) for such a reaction cannot be stabilized by
localization of partial negative charge on a ring nitrogsen
atom. It is more feasible that these compounds were for-
med by a second substitution on a monodimethylaminobenio-
Eg]cinnoline. For this to happen some conversion of inter-

mediates during the reaction must have occurred.

-
~ | ™ N(CHS),
A 2N
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Tr-Complex formation may also help to clarify
another aspect of these reactions. Initially, reaction
rates were fast; and aliquots taken O.lmin after addition
of reagents showed that in each case* the same amount of
starting material (ca. 70%) had been consumed (Tables 1-4).
Further reaction, houwever, was relatively slow, even with
a 10:1 excess of base.

If Tm-complexes do form in these reactions, then be-
cause of the aggregation of lithium dimethylamide, all of the
base could be bound up by a smaller proportion of benzocg]m
cinnoline molecules, thus allowing only those molecules
which form complexes to react. Furthermore, the initial
product might be expected to compete favourably for base in

N-complex formation, or even 6 -complex formation (42).

? N(CH3)2
v N
N @ N’)N\a- Lii\'((.‘,Hg)2
P i
( R
CHB%N
(39) (42)

The reaction of 2—chloroben20[c]01nnollne was anomn=-

alous in that all starting material had been consumed after
0.1lmin. Reasons for this are discussed later.

In the reaction of 4-chlorobenzotg]cinnoline, gstar-
ting material and 4mdimethylaminobenzotg]cinnoline could not

be separated by g.l.c. and so an estimate of percentage reac-
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This could explain the presence of starting material in
the reaction mixture.

It is peftinent to mention here that hydride ion is
displaced by lithium aluminium hydride most readily from the

l-, 4- and 7- positions of the benzo[EJcinnoline molecule.68

Corbett and Holt®®

also propose formation of a complex bet-
ween the diazo linkage and the lithium compound to explain
the preferential displacement at the 4~ and 7- positions.
These authors suggest, however, that it is the lone-pair
electrons of the nitrogen atoms which coordinate'uith
lithium aluminium hydride.

Hydride ion displacement from a position ortho to
an azo linkage also occurs in the reactions of some azo-
benzenes with Grignard reagents. In a series of papers

Risalti et 3169’70

reported that aryl magnesium bromides
react with 2-methyl and 2-methoxy azobenzenes to give pro-
ducts from ortho substitution. The mechanism proposed69
for the reaction of 2-methylazobeﬁzene (43) with phenyl
magnesium bromide is shqun in Scheme 12. The authors do
not comment on the nature of the complex (44) but it is
likely to be a TT-complex, in which the Grignard reagent is
held above the plane of the ring. This would have a more

favourable entropy of activation towards nucleophilic

attack than a complex involving the lone-pair electrons on
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O\ CHS Q\ CH3
N/N\© CBHSMgBr N QI N

N
== ; —2m
Mg L N
/ —
Br Céﬁs
{43) (44)
H
S\ N ¢ NS¢
N/N\ N/N
7 -
/MS'] H
o CH C H
6 95 6 5
(45)
+MqgBrH
Scheme 12 Y

nitrogen, which would hold the Grignard reagent in the
plane of the ring.

There are many similarities between this mechanism
and the one proposed for the reactions of the chlorobenzo-
Eg]cinnolines with lithium dimethylamide. For exampls,
it is likely that coordination of the azo linkage with mag-
nesium to give species (44) would result in activation of
the azobenzene molecule towards nucleophilic attack, es-

pecially at the positions ortho and para to the azo linkage.
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The results of some investigations carried out on proton-
ated azobenzene indicate that this activation could be

71 observed that protonation

quite large. Bunnett st al
of the azo linkage strongly activated the aromatic rings
towards nucleophilic attack. These workers found that it
was even ﬁossible to hydrolyze the ether group of 4-phenyl-
azo=l-naphthylmethylether with water uvhen the azo group was
protonated. It seems likely that the partly cationized
diazo linkage of a benzoLz]cinnoline molecule (e.g. species
37 and 39) would have a similar activating effect to that
of a protonated azo group. ' This may be another factor
which helps to make the benzo[g]cinnolines so reactive to-
wards lithium dimethylamide.

The hydride ion eliminated from the 2-position of
species (45) in Scheme 12 yas removed as a metal hydride
(magnesium bromohydride) as may also occur for the elimin-
ation of an hydride ion from species (38) and (40). Evid-

ence for the former elimination was shoun69 by adding

l-mesitoyl=2-phenylnaphthalens (46) to the reaction mixture.

M
% / CeHs
& X I

(46) (47)
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The corresponding carbinol (47) was obtained as the reduc-
tion product.

The reactions of the monochlorobenzo[&lcinnolines
will nowy be discussed separately.

The products formed initially in the reaction bet-
ween l-chlorobenzotg]cinnoline and lithium dimethylamide in
dimethylamine wvere l-chl0ro-4-dimethylaminobenzoEg]cinnoline
(48) and l-~chloro-7-dimethylaminobenzo(c]cinnoline (49)
(Table 1). These isomers could not be separated by the

TABLE™ 1
Products formed initially in the reaction of

l-chlorobenzofc]cinnoline with lithium dimethyl-
amide in dimethylamine

vields (%)**
Molar Reaction % 1-Cl-4-NMe, and
Ratio Time Reaction
LiNMe,, (min) 1-C1-7-NMe,
10 0.1 73 72

method of analysis used (g.l.c.), but an estimate of their
combined yields was made using a g.l.c. column uvhich had

been calibrated with a mixture of the compounds. This may

g Results of the reactions of the chlorobenzo[gjcin-

nolines with lithium dimethylamide are collected in full
detail in Tables 7 -11;, pp.109 -111.

%K ) )
Based on unrecovered starting material.
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explain why the overall yields measured for this reaction
are lower than yields for the reactions of the other chloro-
benzo[gjcinnolihes. In earlier preparative scale reactions
an n.m.r., spectrum of a mixture of the isomers indicated
that l-chlor0-4—dimethylaminobenzoﬂg]cinnoline was the

major product,

N(CHg)y

N N
NZ N #

After longer reaction times a third product, 1l-
chloro-4,7mbis(dimethylamino)benzotgﬂcinnoline (50) appeared,
which most likely arose from the further reaction of products
(48) and (49) with lithium dimethylamide. This reaction,
too, requires displacement of a hydride ion in prefsesrencs to
a chloride ion and the mechanism involved would be analogous
to that shouwn in Scheme 9.

Trace amounts of several other compounds were also
observed at longer reaction times. One of these was 2,4-
bis(dimethylamino)benzotg]cinnoline (51) which was probably
formed from compound (48) by an EA reaction with lithium

dimethylamide. Support for an EA mechanism may be found
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in the reaction of l-chlorobenzo[&lcinnoline with potassium
N(CH3)9

N(CH-)
32(50) (51)

amide in ammonia (discussed in Part II) which gives a
quantitative yield of 2—aminoben20t§]cinnoline. Another
of the products present in trace amounts was probably 2,7~
bis(dimethylamino)benzo[gacinnoline, which was considered
to have arisen'through an analogous route to that of the
2,4~ isomer.,

The reaction between 2~cnlorobenzotg]ginnoline and
lithium dimethylamide in dimethylamine was rapid; and an
aliquot taken from the reaction mixture O0.lmin after reac-
tion commenced shouwed that all starting material had been
consumed. This aliquot containéd two products, 4-dimethyl-

aminobenzo[chinnoline (32) and 2-chloro-4-dimethylamino-

benzo[ﬁﬂcinnoline (52). A surprising result was that no
cl Cl
- I N(CH3)2 " I ‘ ! N(CH3)2
N .
NP \I a NZ
, (CHy)s
(52) ¥2(53) (32)
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2-chloro-?-dimethylaminobenzoEE]cinnoline (53) was detected.
This is the other product which could have been produced
through attack of dimethylamide ion at a position peri to
the diazo linkage.

In their study of this reaction, Lewis and Re15857
did not observe 2—chloro-4—dimethylaminobenzoEz]cinnoline.
This is probably becauss after 2hr, the reaction time used
by these workers, all of this compound would have been con-
verted to other products (see Fig.l).

The conversion of 2—chlorobenzo[£]cinnoline into
4-dimethylaminobenzo£€]cinnoline is a tele-substitution
reaction, and its mechanism can be discussed in the light
of other substitutions of this kind which have been reviewed
in the Introduction. Three mechanisms could be considered.

Firstly, the absence of 2»dimethylaminobenzo£§]cin-
noline in the product mixture of this reaction indicates

that an EA mechanism involving intermediate (54) is unlikely.

The formation of 4-dimethylaminobenzo£§]cinnoline by

a reaction analogous te that shown in Scheme 7 requires the

A\
=z
\

N

(54) (55)
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formation of intermediate (55). Rearrangement of this to
species (56) which could be converted to compound (32) is

2 Eip-

allouwed according to the Woodward-Hoffmann rules.
ination of chloride ion from intermediate (55) éhould,
however, compete favourably with rearrangement, and for-
mation oF.some 2-dimethylaminobenzo[§]cinnoline would be
expected. Again, absence of 2-dimethylaminobenzo[£]cin-
noline makes the occurrence of this mechanism unlikely.

Lewis and Reisssz suggested the mechanism shown in

Scheme 13 and this seems to explain best the observed results.
Cl

Cl

N/jN N(CH), |
Li N(CH3)2
Cl¢ |
(P Li
|j (57)
N
N/
| S~
Li
N(CH3)2
+LiCl
N“’N |
(58) (32)

Scheme 13
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This mechanism is comparable with that for reactions

34,35,36 (scheme 4) in that loss of

mentioned earlier
chloride ion from species (58) allows hydrogen to be lost

as a proton.

60-

SO-QEh\MMEﬁffFA-N(CH35
% 0}

40‘\. \_\ O
\&]

YIELD

—4~Bi C :
301\ 2-CloaNicHy,  24bisNiCHy, t
M AV A
/J—" 2-4-7-tris. N’(CHS) o 4-7-bisN(CH 3)?
. -

o & ———
oo

60 120

REACTION TIME (min)

10 4

Fig.l VYields of products from the reaction of
2-chlorobenzof[c]cinnoline with lithium
dimethylamide "in dimethylamine

Aliquots taken later during the reaction of 2-

chlorobenzo[i]cinnoline with lithium dimethylamide con-

tained 2,4-bis(dimethylamino)benzofc]cinnoline (51) and

2,4,7—tris(dimethylamino)benzo[&]cinnoline (59) (Fig.l).
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Since the first aliquot removed from the reaction mixture
contained only 4-dimethylaminobenzoE£]cinnoline (32) and
2-chloro-4-dimethylaminobenzotg]cinnoline (52) the bis-
and tris(dimethylamino) compounds must have been formed

from one or both of these.

N(CH3)2 N(CH3)2
|
X
O N(CHg), N(CHy,
neh N
N(CH2),
(51) ' (59)

From Fig.l it can be seen that the proportion of
4—dimethylaminobanzoEg]cinnoline in the reaction mixture
decreases only slightly as the reaction proceeds. Com=
pounds (51) and (59) must therefore mainly derive, directly
or indirectly, from 2—chlor0—4-dimethylaminobenzoEE]cin-
noline (52).

2?4-Bis(dimethylamino)benzoEg]cinnoline most likely

arose through replacement of chloride ion from the 2-

pasition of compound (52). This could occur via an EA or
an AE mechanism, The likelihood of either mechanism open-

ating is dealt with during the discussion of the reaction
of 2-chlorobenzo££]Cinnoline with potassium amide in am-

monia in Part II.
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The reaction of 2-chloro-4-dimethylaminobenzo{g]-
cinnoline with lithium dimethylamide to give substitution
of halide ion rather than substitution of hydride ion peri
to the diazo linkage, is in contrast to the reactions of
l-chlor0—4-dimethylamin0benzoLg]cinnoline and l-chloro-7-
dimethylaminobenzotg]cinnoline with the same base. In the
latter case substitution of hydride ion occurred to a
greater extent than substitution of chloride ion and 1l-
chlor0-4,7_bis(dimethylamino)benéoEg}cinnoline (50) was
obtained, No 2-chlor0—4,7—bis(dimethylamino)benzotglcinm
noline was observed, houever, in the reaction of the 2-
chloro compound, and this is most likely due to the ease
of displacement of a 2-chloro group.55’56

2,4,7-Tris(dimethylamino)benzoug]cinnoline (59) was
probably formed by reaction of the 2,4-bis(dimethylamino)
compound (51) with lithium dimethylamide, involving a second
displacement of hydride ion peri to the diazo linkage. Ari
analogous reaction with 4~dimethylaminobenzo£§]cinnoline
could conceivably occur and it is surprising that no 4,7-

bis(dimethylamino)benzoE&]cinnoline (66) was obtained.

N(CH3),
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Lewis and R8i8857 observed the tris(dimethylamino)
but not the bis{dimethylamino) compound in their study of
the reaction of 2~chlorobenzo[EJcinnoline with lithium
dimethylamide. They used column chromatography to sep-
arate the products of the reaction. In the present work
the bis- and tris(dimethylamino) compounds (51 and 59)
were separated using the technique of counter-~current dis-
tribution, Attempts to separatg them by thin-layer chrom-
atography, using a variety of solvents, failed. It seems
likely then that the bis(dimethylamino) compound was formed
in the reaction carried out by Leuis and Reiss but was not
isolated. It was probably removed in the successive re-
crystallizations they used to purify the tris(dimethylamino)
compound.

These authors proposed$7 that compound (59) was for-
med by further reaction of 4wdimethylaminobenzoE£]cinnoline
with lithium dimethylamide. If this were so it could
explain the slight decrease in the yield of 4~dimethylamino-
benzoLE]cinnoline. Benzotg]cinnoling reacts with lithium
dimethyiamide in dimethylamine, houever, to give 4=dimethyl-
aminobenzoEz]cinnoline and 4,7—bis~dimethylaminobenzoEg]-
cinnoline (66) (discussed later). The absence of compound

(66) in the reaction mixture suggests, therefore, that little,



if any, of the tris(dimethylamino) compound arises from
4-dimethylaminobenzo[£3cinnoline.

The products formed initially in the reaction of
3—chlor0benzo[£3cinnoline with lithium dimethylamide in
dimethylamine were 3—chloro-d-dimethylaminobenzo[ﬁ]cinm
noline (60), 3-chloro~7—dimethylaminobenzoLgJcinnoline

(61), and 4-dimethylaminobenzo[c]cinnoline (32) (Table 2).

¢
V
‘ T N(CH,), | I
N \l N
N(CH,),
(60) (61)

Isomers (60) and (61) vere present in the ratio

Ct

ca. 5:3. The inductive effect of the 3-chloro group may
have caused the higher substitution rate at the 4~ than at

the 7~ position,

e e

Products formed initially in the reaction of

S-Chlorobenzogﬁﬂcinnoline with lithium dimethyl-
amide in dimethylamine

Molar Reaction Yield (%)

Ratio Time % 3-C1 3=Cl
LiNme,, (min) Reaction  4-NMe,  4-NMe, 7-NMe,,

10 0.1 69 7 51 30
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3—Chlor0benzo[£Jcinnoline may have been converted
into 4-dimethylaminobenzo[§]cinnoline by several pathways;
one possibility is outlined in Scheme l4. This mechanism
is analogous to the one suggested for the formation of the
4~dimethylamino compound from 2-chlorobenzoE§]cinnoline
(schems 13). Here, though, the species are eliminated as
the elements of lithium dimsthylamide and hydrogen chloride

rather than lithium chloride and hydrogen.

H=N(CH.,)
L Ao 32
@c H
S ﬁ‘N‘CHa)z
32 ] N(CH,),
o/ M
G Ny

Schems 14
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A second possibility is that the aryne (62) is an
intermediate in this reaction. Compound (32) is one of
the products that could be obtained by attack of lithium

dimethylamide or dimethylamine on intermediate (62); the

(62)
other is 3-dimethylamin0benzo[23cinnoline, which was not
observed in the reaction mixture. 4—Iod0benzoE§]cinnoline,
however, reacts with potassium amide in ammonia to give
3-aminoben20Eg]cinnoline as the major product. The ab-
sence of 3-dimethylaminobenzoﬂg]cinnoline in the products
from the reaction of 3-chlor0benzo[2]cinnoline with Xithium
dimethylamide therefore seems to rule out the intermediacy
of the aryne (62), unless an ortho effect is operating.
Such effects have been postulated in other EA reactions.
Gream 2&_5i73 suggest that hydrogen-bénding is responsible
for the observed preferential attack of ammonia at the 1-
position of 1,2~dehydro-l0-methylacridone (63). Coordin-
ation between lithium dimethylamide and the diazo linkage

of the aryne (62) may, in a similar fashion, favourably
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(63) (64)
situaté the base for attack at the 4- position (64).
This is more likely to occur with lithium dimethylamide as
base than with the more dissociated74 potassium amide.

The reaction of 4—chlorobenzoug]Cinnoline with lith-
ium dimethylamide gave, initially, 4-chloro=7-dimethyl-
aminobenzoEg]cinnoline (65), 4-dimethylaminobenzo£§]cinn
noline (32) and starting material (Table 3). 4=Chloro-

benzoEs]cinnoline and 4-dimethylaminobanzo£2]cinnoline

7 ol
X N4N
N(CH,), N(CH,),
(65) - (66)

could not be separated by g.l.c. and so their yields were

not calculated. An attempt to separate these compounds
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by thin-layer chromatography was only partly successful
but did serve to indicate that starting material was
present in thelreaction mixture up to 25min after addition
of reagents.
TABLE 3
Products formed initially in the reaction of

4-chlor0benzoﬂg]cinnoline with lithium di-
methylamide in dimethylamine.

"
Molar Reaction Yields (%)
Ratio Time % ‘ 4-C1
LiNMe, (min) Reaction 4-NMe,, 7-NMe,,
10 0.1 not knoun not known 19

4-Dimethylaminobenzo[g]cinnoline is formed presumably
by direct replacement of the é4~chloro group via an AE mech=
anism analogous to the one shown in Scheme 11,

The formation of 4-chlor0-?-dimethylaminobenzoEE]—
cinnoline in this reaction is quite remarkable since dis-
placement of hydride and chloride ions from equivalent
positions must have occurred to a similar extent. Obviously
attack by the dimethylamide group has been non-selective and
this suggests that the rate—determining step for the reac-
tion is addition to the aromatic system. This could lead
to the formation of a stable addition compound or immediate

loss of the leaving group after the rate-determining step.

Based on total starting material
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At longer reaction times 4,7-bis(dimethylamino)-
benzo[g cinnoline (66) appeared in the reaction mixture.
This could have been formed from either of the dimethyl-
amino compounds (32) or (65). The simultaneous decrease
in yield of compound (65) and increase in yield of 4,7-
bis(dimethylamino)benzolﬁﬂcinnoline indicates, houwever,
that the latter compound is formed in large part from the
chlorodimethylaminobenzotg]cinnoline. This seccend sub-
stitution is slouer, and therefore probably more selective
than the initial fast substitution. Under these conditions
it seems reasonable that displacement of chloride should
occur, to some extent, in preference to hydride.

At longer reaction times also, traces of 2,4-bis-
(dimethylamino)ﬁenzo[ﬁ]cinnoline (51) and 2,4,7-tris-~
(dimethylamino)benzotg]cinnoline (59) were also detected.
These were probably formed from compounds (32) and (66)
respectively, uhich indicates that after the 4- and 7-
_pogitions of benzo[i]cinnolines, the 2- position is most

susceptible to nucleophilic attack.
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When benzoEQ]cinnoline vas treated with a 10:1
excess of lithium dimethylamide in dimethylamine it gave,
after 0.lmin, starting material and one product, 4-dimethyl-
aminobenzo[c]cinnoline (32) (Table 4). An aliquot taken
from the reaction mixture lhr later showed little change;
no other products were present,

TABLE 4

e

Products formed initially in the reaction of
benzo[c]cinnoline with lithium dimethylamide
in dimethylamine

Molar , Yields (%)

Ratio Reaction

LinMe,, Time (min) Reaction 4=NMe,,
10 0.1 69 97

when benzo[ﬁ]cinnoline was treated with a 7:1 excess
of lithium dimethylamide in dimethylamine for 1l5hr 4-
dimethylaminobenzo[ﬁlcinnoline and 4,7-bis(dimethylamino)-
henzotg]cinnoline (66) were obtained. The latter compound
most likely formed by further reaction of initially formed
4~dimethylaminobenzo[gjcinnoline.uith lithium dimethylamide.

No 2,4,7—tris(dimethylamino)benzo[EJcinnoline was
isolated from either of these reactions although traces of
what may have been this compound were observed during
chromatographic separations of the above compounds. Lewis
and R8i8857 reported that benzoEE]cinnoline reacted with a
greater excess of lithium dimethylamide in dimethylamine

for 3hr to give 4~dimethylaminobenzu[ﬁjCinnoline (79%) and
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2,4,7~tris(dimethylamino)benzoEE]cinnoline (12%). They
also reporteds7 the formation of a small amount of the
tris= compound in the reaction of 4—dimethylamin0benzo£ﬁ]~
cinnoline with lithium dimethylamide in dimethylamine, but
they did not observe 4,7-bis(dimethylamino)benzoﬂg]cin-
noline in-either of these two reactions. In the present
work the latter compound and 4—dimethylaminobenzo[g]cin-
noline were found to be very difficult to separate by
chromatography, even on a thin-layer plate; the techniqgue
of counter~current distribution was used to isolate these
compounds. ARy 4,7-bis(dimethylamina) compound produced
in Lewis and Reiss's reactions would probably have been
separated from 4—dimethylaminobenzo£§]Cinnoline only during
recrystallization and therefore would not have been observed.
From the present work it seems likely that the 2,4,7-tris-
(dimethylamino)benzougjcinnoline formed in the reaction
carried out by Lewis and Reiss, arose from further reaction
of the 4,7-bis(dimethylamino) campound with lithium di-
methylamide.

The reactions of the Chlorobenzo[g]cinnolines and
benzotg]cinnoline with lithium dimethylamide in dimethyl-
amine were unusual and it was decided to study the scope of
the reactions by treating the benzoEg]cinnolines gith other

metal amides.
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As a first step the reaction of'benzo[gacinnoline
with lithium piperidide in piperidine was investigated.
This seemed to follow a similar course to that with lithium
dimethylamide. At room temperature and for a reaction
time of 15min the products obtained from this reaction wuwere
4-piparidinobenzo£§]cinnoline (67) (79%) and 4,7-bis(pip-
eridino)benzo[gﬂcinnoline (68) (7%). The conversion of

starting material was 40%.

oo oo
&

(67) (68)
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PART II
REACTIONS OF CHLORO- AND IUDUBENZO[EJCINNDLINES
WITH POTASSIUM AMIDE 1IN AMMONIA

The reactions of the chloro- and iodo- benzoEE]—
cinnolines with potassium amide in ammonia followed a com-~
pletely different course to the analogous reactions with
lithium dimethylamide in dimethylamine. No starting
material was returned in any of the reactions with potassium
amide and there were no products obtained which still con-
tained a halogeno group. With one exception, the reactions
seemed to follow the general principles of aromatic nucleo-
philic substitution. The differences in the two groups of
reactions are probably due to differences in basic strengths
of the amide reagents and in their varying ability to coor-
dinate with the diazo linkage of the benzoEg]cinnoline
molecules.

The iodobenzoEg]cinnolines reacted with potassium
amide in ammonia to give brightly coloured solutions and
high yields of products. 1In contrast; the chloro compounds
gave darker coloured solutions and considerable amounts of
tarry materials in the product mixtures. An exception to
this was l~chlor0benzoE§]cinnoline, which gave a quantit-
ative yield of a product which wvas identified as 2-amino=-

benzoEE]cinnoline (70). Formation of this rearrangement
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TABLE §

Yields (%) of products from the reactions of
halogenobenzoﬂg]cinnolines with potassium amide
in ammonia

Halogeno
compd. l—NH2 2=NH, 3—NH2 4-NH2 Total

1-Cl 0 100 0 0 100
2-C1 0 85 0 0 85
3=-Cl 0 0 40 15 55
4-Cl 0 5 20 3 30
2=-1 0 85 0 0 95
3-1 0] 0 90 1-2 90
4=1 0 0 80 5 85

product clearly indicates that substitution arose through
the EA mechanism with the aryne (69) as an intermediate

(scheme 15).

: NH2
Cl & //’/ /
N
F KNH,, X
[ T = —
P NH, . N4N WA

(69) (70)
Schehe 15

Results are collected in full detail in Tables 12-
13 pp. 122-123.
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Attack of ammonia or amide ion at the 1= position
of l,2-dehydrobenzoEE]cinnoline (69) did not ocecur and
possible reasons for this will now be discussed.

In the aryne (69) the diazo linkage may be con-
sidered as an electron-withdrawing substituent of the ring
containing the aryne bond. According to Roberts38 this
substituent would favour reaction at the 2- position, which
was in fact observed. . These substituent effects, houever,

are usually not strong enough to cause exclusive para-

substitution. For example, 3,4-dehydroanisole (71) reacts
OCH3
f"/
(71)
with potassium amide in ammonia to give a para/meta sub-
38

stitution ratio of 1.05.
The non-aryne ring of intermediate (69) may also be
regarded‘as a phenyl substituent to the aryne ring. Again,
according to Roberts, sﬁbstitution would be directed to
the 2- position, Roberts' rule, however, only takes into
account directing influences due to inductive effects and
these would be small in both of the cases just mentioned.
It is likely that steric effects are more important in in=

fluencing the site of attack in these reactions.
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Huisgen and Sauer12 found that when 3-phenyl-l, 2~
dehydrobenzene (72) reacted with lithium piperidide the
ratio of meta-substituted to ortho-substituted product was

32:1. In a reaction carried out by wittig and Merkle75

# H
‘ H,C—C—CHy

(72) (73)

11a as being the reaction bet-

and interpreted by Hoffmann
ween (72) and phenyllithium only the meta isomer was ob-
tained. The most rational explanation of these results
seems to be that steric hindrance to nucleophilic attack
at the 2- position of intermediate (72) prevents any subs-
tantial formation of 2- substituted product.  Steric
effects in addition reactions to arynes are discussed by

Hoffmann.llb He interprets the greater meta addition of

lithium piperidide to 2,3-dehydrocumene (73) (meta/ortho

ratio 24:1) as compared to 2,3-dehydrotoluene (meta/ortho

ratio 1.95:1) as being due to increase in size of the al-
kyl group. The results involving the phenyl substituted
benzyne seem to be particularly relevant if we can compare
attack of a nucleophile on intermediate (72) with a similar
attack on the aryne (69). Nucleophilic attack on an aryne

bond occurs in the plane of the ring.38 Steric hindrance
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would be greater, therefore, during attack on species

(69) because in this situation the rings of the molecule
are coplanar,76 whereas in species (72) they would be
tuisted out-of-plane.77 Steric effects, then; must strongly
favour reaction at the 2- position of l,2—dehydroben20£§]-
cinnoline.

No l—aminobenzo[gjcinnoline was formed in the reac-
tion of l—chlorobenzo[}]cinnoline with potassium amide in
ammonia and so no reaction via an AE mechanism could have
occurred. AE substitution reactions at the 1=~ position
of benzo[ﬁ]cinnolines are subject to steric hindran0955’56
as has already been mentioned. Release of steric strain
in forming aryne (69) from l—chlorobenzocg]cinnoline may
have been a factor which caused reaction via the EA mech-
anism to occur to the exclusion of AE substitution.

2-Chlorobenzo[§3cinnoline reacted vwith potassium
amide in ammonia to give 2-amin0benzoE§]cinnoline (70) as
the only product. The amine (70) could have been formed
from 2-Chloroben20Eg]cinnoline in an EA reaction (Scheme
16, X=Cl), or via an AE intermediate (74); from the results

it is not possible to say whether one or both of these

X NH,
=
Z N
E:\l N ~nzN
(69) (70)

Scheme 16
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mechanisms is operating. 1t has already been demonstrated
in the reaction of l—chlorobenzoEE]cinnoline with potassium
amide in ammonia that attack of this base on the inter-
mediate (69) gives a quantitative yield of the 2-amino com-
pound, and so the intermediacy of this aryne is a possib-
ility. |

The other aryne from which 2—aminobenzoﬂg]cinnoline
might arise is 2,3—dehydrobenzo[&3cinnoline (75). Reaction
at the 3- position of this intermediate is not subject to
the severe steric effects which operate at the l- position
of intermediate (69). If reaction via aryne (75) had

occurred, then, formation of some 3-aminobenzo£§]cinnoline

Cl NH2
N/N
©
(74) (75)
might be expected. The absence of the 3=amino compound

therefore places the intermediacy of 2,3-dehydrobenzo[C]-
cinnoline in doubt.
1f the reaction of 2-Chlorobenzoﬂg]cinnoline did

proceed by way of an EA mechanism there should be reasons



-60=

why l,2-dehydrobenzo£§]cinnoline (69) was formed in favour
of intermediate (75). The precursors of arynes (69) and
(75) are the anions (76) and (77) respectively. If the
rate-determining step in this reaction is generation of the

Cl Ccl
© @
g (]
X N : N

(76) (77)
o=-halogenoaryl anion then exclusive formation of inter-
mediate (69) would imply that formation of anion (76) is
favoured over (77). This cannot be explained on steric
grounds; in fact the reverse situation should hold. Elec~

tron density studiea—:lﬂ"s{J

of benzotg]cinnoline indicate
that the acidities of the l- and 3~ hydrogens should be
nearly identical, so explanation on these grounds is not
tenable either.

Aryl halides, however, usually react via the EA
mechanism in a tuo-step process14 and so loss of halide ion,
and not anion formation may be the rate-determining step in
this reaction. If a halide ion was lost mors readily from
anion (76) than from anion (77), then this might explain

the observed product ratic. There is evidence that such a

preferential loss may occur.
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. \

N

N Eii:J\~N’N
(69) (75)

It has been calculated © that the dehydro bond in
l,2-dehydrobenzene is considerably shorter than a normal
benzene bond, and it seems safe to assume that formation
of an aryne bond will generally shorten the distance bet-
ween the bonded atoms. Bond fixation in naphthalene
causes the 1,2-bond to be shorter than the l,S—bond.79
This effect would operate in benzo[gjcinnoline to make the
l,2-bond shorter than the 2,3-bond. These factors con-
sidered together suggest that, because of the shorter
1,2-bond, aryne (69) would form from anion (76) more readily
than (75) would from (77). A similar explanation could
apply to the high 1:3 product ratio in the reaction of
2-chloronaphthalene with lithium piperidide in piperidine12
and the high 5:7 product ratio in the reaction of 6-~chloro-

quinoline with the same base.sl Thése results have also

12,61

been explained in terms of relative acidities of ring

hydrogen atoms.



-62=

2—Aminobenzo[£Jcinnoline may also have formed from
2-chlorobenzo[c]cinnoline in an AE reaction. This could
occur if the 2- .position was well-activated towards AE
substitution, Even 4~chloropyridine, however, uwhich is
activated towards AE substitution, reacts with potassium
amide in ammonia to some extent via the EA mechanism.42
It is probable, then, that 2—chlorobenzoE£]cinnoline reacts
with potassium amide in ammonia at least in part via the EA
mechanism,

2—Iodobenzo[£]cinnoline also reacted with potassium
amide in ammonia, giving 2-aminobenzo[£ﬂcinnoline as the
only product. As in the case of the analogous reaction of
2—chlorobenzotg]cinnoline, it is not possible to tell from
the results whether reaction is occurring by way of the EA
or AE mechanism.

4-Iodobenzo[§]cinnoline reacted with potassium amide
in ammania to give two products, 3—amin0benzo[£ﬂcinnoline
(81) and 4-aminobenzo[¢]cinnoline (82). The high yield of
the 3- isomer clearly indicated that reaction occurred mainly
by way of the EA mechanism (Scheme 17).

Roberts' rule predicts that nucleophilic attack on
aryne (62) will occur more readily at the 3- position; this

is alsao the site of attack Favouredion steric grounds.
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(62) (82)

Scheme 17

It might have been expected that a higher proportiocn
of 4—iodobenzo[£Joinnoline would have reacted by way of an
AE mechanism bscause the 4- substituted benzo[ﬁﬂcinnolines
are the most susceptible to nucleophilic attack via this
mechanism.55’56

3—IodobenzoEEJcinnoline also reacted with patassiun
amide in ammonia to give 3-amin0benzo[§]cinnoline (81) and
4—aminobenzoE§]cinnoline (82) as products. The formation

of the 4~amino compound indicates that some reaction via

the EA mechanism (Scheme 18, X=I) is occurring but it is not
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pZ
N
NAN
(82)
Scheme 18
possible to guage its extent. The product ratio is

similar to that obtained in the analogous reaction of
4-iodobenzoE§]cinnoline, so it is possible that this mech-
anism accounts for nearly all of the products in both reac-

tions.

It is very unlikely that aryne (75) was formed in

AN AR ~X
X te iill“
NfN O NﬁN

(83) (84)
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these reactions. ﬁoberts' rule predicts that raactioa

of this intermediate with potassium amide in ammonia would
give 2—amin0benzo££]cinnoline as the major product. The
absence of this amine in the product mixture therefore rules
out the formation of aryne (75). Formation of aryne (62)
would be favoured over (75) for at least two reasons.

Firstly, generation of anion (83), the precursor of
aryne (62), would be favoured over anion (84). This fol-
lows from the fact that the acidities of benzenoid hydrogens
are determined mainly by the inductive effects of substit-
uents;BU therefore an aryl halide with an electron-uith-
draying meta-substituent should form an anion at the 2-
position since the 2~ hydrogen will be the most acidic.38

Secondly, bond fixation would favour formation of
aryne (62) for the same reasons that aryne (69) would be
favoured over (75).

Both 3- and 4—chlorobenzo[£Jcinnoline reacted with
potassium amide in ammonia to give large quantities of
intractable tars. Product stability studies showed that
the tars were not produced by further reaction of the
aminobenzo[g]cinnolines with potassium amide.

It has already been mentioned that the EA reactions
of the chlorobenzo[g]cinnolines‘uith potassium amide in

ammonia are probably tuo-step reactions; the analogous
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reactions of the iodo compounds are likely to be syn-
chronous. in the former reactions, then, the anions

(83), (84) and (85) may be expected to have a longer exis-
tence than in the reactions of the iodobenzoﬂg]cinnolines.
This may result in an increased tendency for side reactions
to occur and could explain the formation of polymerization
products. in contrast to this, l-chlorobenzo[gjCinnoline
produced no tars when treated with potassium amide in
ammonia, It seems possible, houwever, that this reaction

would be a concerted process due to the release of steric

X
iilu s | X ©
\\ X
NéN ' I4N :: SN

(83) A (84) (85)

strain when chloride ion is eliminated to form 1l,2-dehydro-
benzo[EJCinnoline. The anion formed in this reaction, then,
‘would be short-lived.

The products obtained in the reaction of 3=-chloro-
benzoEg]cinnoline with potassium amide in ammonia were 3-
and 4~aminobenzo[2]cinnoline, indicating that some reaction
via the EA mechanism (Scheme 18, X=Cl) had occurred. The

relative yield of 4- isomer in this reaction was higher
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than in the analogoﬁs reaction of the 3~-iodo compound,
indicating that the latter proceeded more via the AE
mechanism, This is surprising because the normal order
of mobility of halogens in these reactionsﬁd predicts that
the chloro compound would react more readily in an AE
reaction,

When 4—chlorobenzoEE]cinnoline was treated with
potassium amide in ammonia 2-, 3- and 4-aminobenzoﬂg]cin-
noline were obtained as products. The 3-:4- isomer ratio
vas louwer than in the reaction of 4—iodobenzoE§]cinnoline
with the same base, suggesting that a greater proportion
of AE substitution is occurring in the reaction of the
chloro compound. This is expected according to the normal
order of halogen mobility.6d

The formation of 2-amin0benzoE§]cinnoline yas unex-
pected. This is another example of a tele-substitution
reaction, and could occur in two ways.

One possibility is that 2,4-dehydrobenzo[§]cinnoline

(54) is an intermediate in a reaction similar to the one

shown in Scheme 7, p.l7. Under the conditions used this
/ ]
\ N’;N
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could react to produce 2- and 4-aminobenzo[£Dcinnoline.
Secondly, 4-amin0benzoE§]cinnoline could arise from
2—chlorobenzoLE]cinnoline by way of the mechanism shouwn

in Scheme 19. This mechanism is comparable to the one

2
=
e + KCL
—_— -
NN
(70)
Scheme 19

shown in Scheme 13, p.40, for the formation of 4-dimethyl-

aminobenzo[EJcinnolines from 2—chlor0benzo[£]cinnoline.
In some preliminary reactions of the chlorobenzoEE]«

cinnolines with potassium amide in ammonia quite high yields
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of benzoﬂg]cinnoline were obtained (e.g. Table 6). Sev=-
eral mechanisms for these reduction reactions can be con-
sidered.

It is unlikely that benzoES]cinnoline was formed by
the intermolecular rearrangement of the chloro group as

46,81 in the reactions of bromo- and iodo-

has been 6bserved
benzenes with alkali metal amides in ammonia. If this type
of reaction had occurred, then a dichlorobenzoES]cinnoline
or its amino derivatives should have been formed in the
reaction mixture. These uwere not observed.

Gream et 3173

reported that l-, 2= and 4-bromo-10-
methylacridone reacted with potassium amide in ammonia to
give l0-methylacridone as one of the products. They pro=-
posed73 that the reaction proceeded by direct attack of
amide ion on a bromine atom. Benzotg]cinnoline may have
Table 6
Yields (%) from preliminary reaction of

S-Chlorobenzo[p]cinnoline with potassium
. . . 2%
amide in ammonia.

Chloro Benzo[c] Yields (%)
compd. cinn. 3—NH2 4—NH2

3-Cl 28 31 28
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been produced by a similar route in the preliminary reac-
tions of the chlorobenzo[&lcinnolines with potassium amide
in ammonia.

In many of these reactions, ethanol was used to ren-
der the reaction mixture inactive. In these cases the

halide reductions may have involved potassium ethoxide as

base. There have been numerous reportsll of the reduction
of aryl halides by substituted lithium amides. Benkeser
and de Boer82 proposed that these reductions require the

loss of hydride from an alkyl group via the six-membered

transition state (87). A transition state (88), analogous

H
—R WQ}U 4+ LiBr + RN=CHR

to (87), may be envisaged for these reactions in which a

hydride from the ethyl group of an ethoxide ion displaces
a chloro group from the benzoﬂg]oinnoline ring. This mech~

anism is comparable to the one proposed for the reduction of

Ho kel
—_—
+ CH.CH=0
‘ ..N.;N 3
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4-chlorob9nzoEE]cinnoline with ethanol and copper sulphate
(discussed in Part III).

it is also possible that reduction involving ethanol
in a radical mechanism may be involved. Hodgeman and
Prager83 found that when the bromo-l0-methylacridones are
treated with sodium methoxide in methanol they are reduced
to 10-methylacridons via a radical reaction.

The reactions of potassium amide in ammonia with
halogenobenzotzlcinnolines proceed via the EA or AE mech-
anisms, whereas lithium dimethylamide in dimethylamine
reacts to give an unusual elimination of hydride ion. The
main factor responsible for the changeover in mechanism is
probably the degree of dissociation of these bases under the
reaction conditions. 1t has already been mentioned that
lithium dimethylamide in dimethylamine probably exists as
aggregated ion-pairs, Caruso g£m2i74 state that potassium
amide in ammonia forms electrostatically associated ion-
_pairs whereas lithium amide in the same solvent is more
associated and may even contain a covalent bond. The reac-
tions with lithium dimethylamide in dimethylamine were car-
ried out using benzene and ether as solvents; the more
polar dimethoxyethane was the co-solvent in the reactions
with potassium amide in ammonia. These factors all indic-
ate that, under the reaction conditions, lithium dimethyl-

amide was less dissociated than potassium amide. This,
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coupled with the ability of lithium dimethylamide to co-
ordinate with the diazo linkage of the benzo[EJcinnoline
nucleus, is probably the major reason for the different

mechanisms observed in these two groups of reactions.
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PART TII

FURTHER ARCOMATIC NUCLEOPHILIC
SUBSTITUTION REACTIONS

Reaction of 4-chlorobenzo[€]cinnoline with ammonia

4-AminobenzoEE]cinnoline was required for product
studies in the reaction of 4—0hlorobenzo£§]cinnoline with
potassium amide in ammonia. As reasonable quantities of
4-0hlorobenzo[§3cinnoline were available, it was decided
to attempt a preparation of the é4-amino compound_by direct
substitution with ammonia rather than by a lenger route.52
This method seemed feasible as Lewis and Reiss55 had pre-
pared 4-dimethylamin0benzoE§]cinnoline from 4-chlorobenzo-
Eg]cinnoline and dimethylamine in good yield, and 4-piper-
idinoEenzoEg]cinnoline has been prepared by a similar method
(discussed later). Copper sulphate was added to the reac-
tion mixture because catalysis by copper and copper salts
is common in such reactions. The Ullmann reaction,84 for
example, is a well-knouwn method of preparation of carboxy-
diarylamines in which the halide ion of an p-halocarboxylic
acid is substituted by an aniline; the reaction is catal-

ysed by small amounts of copper or copper salts, More

relevant, perhaps, are the reactions of bromopyridines85
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He with ammonia and copper sulphate

and halogenocinnolines
to give the corresponding amino compounds.

When 4—chlorobenzo[£3cinnoline was heated with
ammonia, ethanol and copper sulphate in a sealed tube at
190° 4-aminobenzoL£]cinnoline (32%) and benzoEE]cinnoline
(54%) were obtained. The formation of benzo[g]cinnoline
was unexpected and probably occurred through a reduction
of the halide involving ethanol.

Substitutive reductions of this kind are common in
copper catalysed reactions87 and are discussed in a revieu

o5 Common hydride donors in such reac-

by Bacon and Hill.
tions are alcohols, amines, alkoxides and aromatic compounds.
A mechanism has been proposed88 for the substitutive reduc-

tion of aryl halides by alkoxides uith copper salts as

catalyst (Scheme 20), and a similar mechanism could be

A(r_—{)%—>0u+ Ar + X—Cu
) R — =

HZc H R
(‘! \R + O=C< !
Hon R

Scheme 20
envisaged for the reaction of 4-chlor0benzoE£]cinnoline
with ethanol, ammonia and copper sulphate. Bacon and

Rennison89 noted, however, that the alcohols uere less active
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than their corresponding alkoxides in these reductive pro-
cesses and the yield of reduction product obtained in the
present reaction must be regarded as high. Substitutive
reductions in which hydrogen transfer from the nucleus of
an aromatic compound occurs have also been observed,90
but seem less likely here as none of the other products
which might have been expected from such a reaction, (e.g.
coupling products), were obtained.

The high yield of benzo[gjcinnoline produced in
this reaction is probably better explained by a radical
mechanism (Scheme 21). Although this requires CuI compound
and only copper sulphate was used, it is likely that some

of the former would be present at the high temperature

(190°) of this reaction.

ArCl + cu” ar® + (cucl)?

Ar® + RCH,OH ATH + RCHOH

ATCL + RCHOH Ar' + RCHO + C1™ + H¥

cutt + RCHOH cut + RCHO + H¥
Scheme 21

Reaction of the chlorobenzo[c]cinnolines with piperiding
The reactions of the chlorobenzaEﬁ]cinnolines with

refluxing piperidine indicated that these compounds have
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the relative reactivity towards nucleophiles which is

predicted by electron density studies®’ ™29 and as shoun

in experiments carried out by Leuwis and Reiss55 and Lill.56

1- and 3-ChlorobenzoEg]cinnoline were completely
unreactive in a 1000:1 excess of refluxing piperidine.
2—Chlor0benzo[£]cinnoline reacted with refluxing piperidine
to give 2-piperidinobenzo[5]cinnoline in 10% yield. The
rest of the material was unchanged 2—chlorobenzoEg]cinnoline.
Under the same conditions 4~chlor0benzoE2]cinnoline gave
4-piperidin0benzo[gjcinnoline in 54% yield, the rest of the
material being unchanged 4-chlor0benzo£€]cinnoline.

These results demonstrate once again that the 2-
and 4- positions of the benzoﬂg]cinnoline ring are the most
reactive in AE substitution reactions. The reactivity of
the 4-chloro compound is likely to be enhanced by hydrogen-
bonding in the transition state (89) betueen the N-hydrogen
of piperidine and the lone pair of a diazo linkage nitrogen

atom. Hydrogenwbonding involving a cyclic transition
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state such as (B89) has been proposed by Shepherd and Fed-

rick.4b

The reactions of 2,4~ and 3,4-dichlorobenzo[c]cinnoline

with dimethylamine

Thé results obtained from the reactions of 2,4-
dichlorobenze[c]cinnoline (90) and 3,4-dichlorobenzo[c]-
cinnoline (91) with dimethylamine affirm the order of
reactivities at different ring positions which was mentioned
above. When 2,4-dichlor0benzb£2]cinnoline is heated with
dimethylamine in a sealed tube 2,4-bis(dimethylamino)benzo-
Eg]cinnoline (51) is obtained as the major product. Under
similar conditions 3,4~dichlorobenzo[g]cinnoline gives
mainly 3-chloro—a-dimethylaminobenzoEE]cinnoline (60).

This demonstrates once more that nucleophilic substitution
proceeding by the AE mechanism occurs more readily at the
2- and 4- positions in benzotg]cinnoline than at the 3-

position.

R
= ' R
N
™ Qg
N N A
(90) Ry = R, = cl (91) Ry = R, = Cl
(51) Ry = R, = N(CH3)2 (60) Ry = Cl; R, = N(CH)
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Reactions of 6-chlorophthalazine and 4-chlorocinnoline

with lithium dialkylamides

In Part I it was postulated that coordination bet-
ween lithium dimethylamide and the diazo linkage of
benzoEE]cinnoline was one of the factors which caused
selective ‘entry of tHe dimethylamide group into the 4~ and
7~ positions of that moleculs. To find if this effect
operated with other compounds containing the diazo linkage,

the reactions of lithium dialkylamides with 6-chloroph-

thalazine (92) and 4-chlorocinnoline (93) were investigated.

Cl

ct N N
)
Z Néﬂq
(92) (93)
In phthalazine, the l1- position is the most sus-

ceptible to nucleophilic attack and l-chlorophthalazines

react with a number of nucleophiles to give 1= substituted

91-93

products. Phthalazine also reacts with organolithium

compounds94 and Grignard reagents95 to give 1l- substituted
phthalazines, and the mechanism proposed94’95 for these
reactions is similar to that for addition of these reagents

to the carbon-nitrogen double bond in pyridine.SD’31



~79-

R H R
Li
[ij RLi E —_— l;l
/N 4 ~
=] .
Scheme 22

scheme 22 shous the mechanism propbsed94 for the reaction
of phthalazine with organolithium reagents.
6-Chlorophthalazine was cﬁosen for the attempted
reaction with lithium dimethylamide in the present work
because this compound has a chloro group in the carbocyclic
ring. If substitution occurred at the l- position of this
compound and the chloro group was unaffected, then this
would perhaps be an indication that coordination was occur-
ring betueen the diaza linkage and the base. Although
this reaction was attempted several times, however, only
starting material was obtained in each case. This was sur-
prising because phthalazine undergoes reaction with the
Grignard reagent phenylmagnesiumbromide.g5 The conditions
used in the latter reaction are, however, more vigorous than
those used in the present reaction.
The other compound chosen for this study, 4-chloro-
cinnoline, reacts with a variety of nucleophiles to give

4~ substituted products.g3 By considering transition
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states (94) and (95) for reactions of nucleophiles with
7_ and 4- substituted cinnolines as Miller did for 2-
and 4-quinazoline,®’ it seems likely that substitution

at the 4- position of a cinnoline compound is the more

X
Z Y- -y
Qqqu@
(94) (95)
favourable. This is because in species (94) one aromatic

ring remains fully benzenoid while in (95) neither ring
is benzenoid. Experimental results96 seem to support this
view. 1f, therefore, 4=-chlorocinnoline reacted with a
lithium dialkylamide to give a 3~ substituted cinnoline,
this would be good evidence of coordination between the
cinnoline and the lithium compound.
4-Chlorocinnoline reacted with piperidine to give
a compound which, although not fully characterized, is
probably 4-piperidinocinnoline. This was expected since
4-chlorocinnoline reacts with other amines directly to give
the corresponding 4-amino compounds.97’98
In the reaction of 4-chlorocinnoline with lithium
piperidide, two major products were obtained. Thin layer

chromatography indicated that one of them was the compound

thought to be 4-piperidin0benzo£&]cinnoline but the other,
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which was obtained as an o0il, could not be identified.
Obviously further investigations are necessary to

clarify the resglts of these reactions.
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PART IV

PREPARATION AND IDENTIFICATION OF
SOME BENZU[EJCINNDLINES

At one stage in this project an investigation wuas
made into the feasibility of independently synthesising
the products from the reactions of the chlorobenzoEE]cin~
nolines with lithium dimethylamide in dimethylamine. The
best method for preparing these compounds seemed to be via
the dihalogenobenzoEg]cinnolines.

The most widely used method for the preparation of
the hénzo[EJcinnolines has been the reduction of 2,2'—
dinitrobiphenyls; a variety of reduction methods has been

used.99 The 2,2'-~dinitrobiphenyls are usually prepared by

the Ullmann synthesisgCl02101

and this can limit the useful=-
ness of the route in the preparation of benzoEg]cinnolines
because Yields from this reaction are often lou, especially
for the preparation of ﬁnsymmetrical 2,2'=dinitrobiphenyl
compounds. The use of this route in the preparation of
halogenobenzoﬂg]cinnolines is also restricted because of the

possibility of participation of the halogeno group during

the step involving the Ullmann . reaction.
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Benzotg]cinnolines have also been prepared by
oxidation of 2,2'-diaminobiphenyls,102 although the yields
are generally lower than in the preparations from the 2,2'-
dinitrobiphenyls; furthermore these compounds are generally
prepared from the 2,2'~dinitrobiphenyls and so their use is
subject to the same limitations as those which apply to
dinitro compounds.

A method of preparation of the benzoEE]cinnolines
which has proved to be satisfactory in the preparation of
both symmetrically and asymmetrically substituted products
is the cyclization of azobenzenes. UolFram103 prepared
benzoEg]cinnoline by carrying out the cyclization of azo-
benzene in an aluminium chloride eutectic melt; and a
variety of benzo[sacinnolines, including halogenobenzoﬂg]—
cinnolines, have been prepared in good yield by the photo-
chemical cyclization of azobenzenes in sulphuric acid.104

An attempt was made to prepare 4-bromo-S9-chloro-
benzoEE]qinnoline (97) by photochémical cyclization of

2-bromo=-4'~-chloroazobenzene (9G) in sulphuric acid. It vas

hoped that reaction of the halogeno compound (97) with

09 oo

Br (96) Br  (97) N(CHy), (53)
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dimethylamine under selected conditions might give 2-
chloro-7-dimethylaminobenzo[cjcinnoline (53). The small
amount of product obtained from this reaction, however,
could not be purified because of its insolubility in sev-
eral different solvents. Attempts to prepare several

other bromochlorobenzo[c]cinnolines also met with solubility
problems and this method was abandoned.

The products obtained in the reactions of the chloro-
benzoLE]cinnolines with lithiuﬁ dimethylamide proved too
difficult to synthesize independently and so some other
method of identification had to be found.

1- and 3-Chlorobenzo[c]cinnoline each reacted with
lithium dimethylamide in dimethylamine, giving two isomeric
chlorodimethylaminobenzotg]cinnolines. Mass spectral data
could not be used to differentiate between the members of
each pair of isomers because the mass spectra of the six
isomeric chlorodimethylaminobenzo[ﬁ]cinnolines prepared in
the reactions with lithium dimethylamide are almost identical.
Ultravioclet spectrometry could not be used either because
the spectra of each of the isomers in three different sol-
vents were very similar, each being almost identical to
those of 4—dimethylaminobenzo[;g]cinnoline55 in the same sol-
vents. Structures were eventually assigned to the isomers

using their n.m.r. spectra.
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There were three main factors that led to differen-
tiation between the isomers using their n.m.r. spectra.
Firstly, it has been shounlDS that a dimethylamino group
in an aromatic ring causes a considerable upfield shift in

the signal of a proton ortho or para to it. This shift

is ca. 3.5ppm. A chloro group,on the other hand, has a
very much smaller ef’f‘ect.lD5 It was found that in the n.m.Z2
spectra of the isomers under discussion the signal of the
proton ortho to the dimethylamino group was shifted upfield
sufficiently to be separated from the other aromatic protons.
It vas possible to tell from the splitting pattern of this
proton wvhether there was a chloro group in the same ring,
and if so, in which position.

Secondly, the n.m.r. spectrum of unsubstituted
benzoEg]cinnoline shows two multiplets, each containing
four protons. The lower—field multiplet has been assigne&ma
to protons 1, 4, 7 and 10 and the higher-field multiplet
‘to protons 2, 3, 8 and 9. In the chlorodimethylaminoc com-
pounds studied, the chemical shifts of these protons remained
approximately the same as in unsubstituted benzo[g]cinnoline
unless influenced by a dimethylamino group ortho or para to
them.

The only exception to this was the signal for the

10-proton, which underwent a large downfield shift when
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there was a chloro group in the 1= position. In the n.m.r.
spectrum of l-chloro-4—dimethylaminobenzoEE]cinnoline (48),
for example, the signal for the proton at the 10- position

was at 9.6ppm. The signal for the 10~ proton in l-chloro-

cl
H Z |
7 | A
S
N(CH.)
(48) 32 (49)

7-dimethylaminobenzo£€]cinnoline (49) occurred at 9.0ppm.

In l—chlorobenzo[ﬂ]cinnoline itself the signal for the 10~
proton appears at 9.7ppm. These signals are well doun-
field from the region where most aromatic protons appear
and this can be attributed to a considerable through-space
interaction between the 10-hydrogen and the l=-chloro groups.
nperi-effects" such as this are well known in aromatic

ot In the isomeric chlorodimethyl-

polycyclic compounds.,
aminobenzo[é]cinnolines which do not contain a chloro group
in the l- position and hence have reduced interactions bet-

ween the l- and 10- positions, the louest proton signals

are at 8.3-8.7ppm.
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General

Melting points were determined on a Reichert hot
stage microscope and are uncorrected.

Ultraviolet-visible spectra were determined with
a Unicam éP.BUU or an Optica CF-4 recording spectro-
photometer.

Infrared spectra were determined with a Unicam
SP.200 recording spectrophotometer.

Nuclear magnetic resonance spectra were determined
with a Varian DP-60 or a T-60 spectrometer at 60MHz.
The spectra were measured in deuterochloroform solution
and chemical shifts were measured relative to tetra-
methylsilane as an internal standard. Each signal is
described in terms of chemical shift in ppm from tetra-
methylsilane, multiplicity, intensity and assignment in
that order, with use of the following abbreviations:

s, singlet; d, doublet; t, triplet; m, multiplet;
and dd, doublet of doublets.

Mass spectra were determined with an Hitachi Perkin-
Elmer RMU 6D mass spectrometer at 70eV.

Microanalyses were carried out by the Australian

Microanalytical Service, Melbourne.
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Quantitative gas-liquid chromatographic analyses uwere
carried out using a Perkin-Elmer 881 gas chromatograph
fitted with a Perkin-Elmer 194B printing integrator,
Nitrogen was used as the carrier gas at a flow rate of
30ml/min. - Calibration graphs were made by analysing
accurately made mixtures of an internal standard and
independently synthesised products. The columns used
were:= A and B: 5% Silicon GE XE~60 (82-001565) on
100-120 mesh Varaport=30 in silanized glass tubing (5ft x
0.125in); C: 3% Silicon GE XE-60 (82-~001565) on 100-120
mesh Varaport-30 in silanized glass tubing (5ft x 0.125in).
Where counter-current distribution was used to separate
mixtures, a Quickfit automatic 50-tube apparatus with
stationary and moving phases of 25ml1 each was employed.

Spence alumina was used for column chromatography.
Thin layer chromatography was carried out on 0.25mm
layers of Merck silica gel G. Preparative plate chrom=-
atography was carried out using 2mm layers of silica gel
G on glass plates (20 x 20 x O.4cm).

Light petroleum used had a boiling range of 40-60°

unless otherwise stated.

Reactions with potassium amide in ammonia were carried

out in liquid ammonia.
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PART I
REACTIONS OF BENZDEQ]CINNOLINE AND
THE CHLDROBENZD[E]CINNULINES WITH

LITHIUM DIALKYLAMIDES

1. Starting materials

1.1 Nitrosobenzene

This was prepared from nitrobenzene by the
108a

method of Vogel. It was recrystallized from ethanol
and obtained as white crystals, m.p. 64-66° (Liti o2 68°),
1.2 o-Bromonitrosobenzene

This was prepared in 61% yield from o-bromo-
nitrobenzene by the method of Lutz and Lytton.lUg
portion of the product was recrystallized from ethanol
to give g-bromonitrosobenzene as white needles, m.p. 97°

109
(lit. 979).

1.3 Chloroazobenzenes

2-, 3=, and 4-Chloroazobenzene vere prepared
from nitrosobenzene and the appropriate chloroaniline

by the method of Badger et al,tl0

g s

Yields and melting

points were consistent with literature values.
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1.4 2,4=Dichloroazobenzene

This was prepared in 30% yield from 2,4-
dichloroaniline and nitrosobenzene by the method of
Stieglitz gg_gi.lll It was recrystallized from light
petroleum‘and obtained as orange plates, m.p. 105°

11
(1it. 1 1059,

1.5 Benzo[@]cinnoline

This was prepared from azobenzene by the

112

method of Leuis, It was recrystallized from ethanol

and obtained as yellow needles, m.p. 157-158° (lit.112

1567),

1.6.1 Chlorobenzo[c]cinnolines

l1-, 2=, 3= and 4—Chlorobenzo££]cinnolines
were prepared by the photochemical cyclizétion of the
appropriate chloroazobenzene in 11M sulphuric acid using

the method of Badger et al.llU

et A et

Yields and melting points

were consistent with literature values.

1.6.2 l-Chlorobenzo[d]cinnoline

This was also prepared from l-aminobenzo[i]-

108b

cinnoline according to the method in Vogel for the
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preparation of E—toluidine. A solution of cuprous
chloride in concentrated hydrochloric acid uas prepared
from copper sulphate (627mg), sodium chloride (175mg),
sodium metabisulphite (139mg), sodium hydroxide (96mg)
and concentrated hydrochloric acid (1ml). p solution
of sodium nitrite (300mg) in water (5mlj vas added
slouwly and with stirring to a solution of l-=aminobenzo-
[Eﬂcinnoline (7DDmg) in concentrated hydrochloric acid
(0,9ml) and water (lDﬁl). The temperature was kept
between -5 and 0°. This solution was then added
sloyly to the solution of cuprous chloride and the mix-
ture allowed to warm to room temperature. The mixture
was heated on a water bath for 10min, shaken with
chloroform and filtered. The chloroform filtrate was
washed, dried, and chromatographed on a column of
alumina. l-Chlorobenzo[Q]cinnoline (480mg, 61%) was
obtained as pale yellowu needles from the first yellow-
green band. This was used uithout further purification
(thin layer chromatographic analysis showed one spot) in
the preparation of l-chloro~4,7—bis(dimethylamino)benzo—

Eg]cinnoline.
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1.7 2,4-Dichlorobenzo[c]cinnoline

This was prepared in 8% yield from 2,4-

dichloroazobenzene by the method of Leuis.l12

‘Recrystallization from ethanol gave 2,4-dichloro-

benzo[@]cinnoline as yellow needles, m.p. 236-237"

(Found: C, 58.0; H, 2.5; N, 11.1. [y HcCIoN,
requires C, 57.8; H, 2.4; N, 11.3%). Mass spec=
trum: m/e 250, 248 (N+). (C12H16C12N2 requires m*

250, 248).

1.8 Attempted preparation of 4-Bromo-9-chloro-

benzo[i]cinnoline

a) A solution of o-bromonitrosobenzene
(1.59) and p-chloroaniline (lg) in glacial acetic acid
(2ml) was warmed on a water bath; the mixture became
solid after 30sec. The solid was added to a solution
of dilute sodium hydroxide and the mixture extracted with
chloroform. The solvent was removed and the residue was
chromatographed on a column of alumina, using light pet-
roleum as the eluant. The first (main) band was collec-
ted and the solvent evaporated to give an ocrange-red
solid, (l.2g), thought to be 2-bromo-4-chloroazobenzene.

Analysis of this by thin layer chromatography showed that
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the material contained only one compound, and it was
used without purification for the next step.

b) The product obtained in part a), (1l.2g),
was dissolved in sulphuric acid (130ml, 11M) and ir=-
radiated with a Philips HP 125-U high.pressure MEerCUTy=-
quartz lamp for 72hr. The mixture was made basic with
dilute sodium hydroxide and éxtracted with chloroform,
and the chloroform extract was subjected to chromato-
graphy on a column of alumina. Attempts to purify the
small amount of product obtained were made difficult by
its insolubility in a range of solvents, and the method

was abandoned.

1.9 n=-Butyllithium in hexane

In the reactions described in sections 2.6-
3.1 a stock solution of n~butyllithium in hexane was used
which was prepared according to the method of Gilman and
l"lorton.113 The solution was stored under an atmosphere
of nitrogen and analysea by the double-titration tech-

; 114 . .
nique prior to reactiaon.
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2. Products

The preparations described in sections 2.1-
2.4 were carried out in an atmosphere of dry nitrogen.
A similar procedure was followed in each reaction. All
ether and benzene used was dried over sodium wire,

Yields are based on unrecovered starting material.

2.1  1-Chloro-4-dimethylamino- and l-chloro-7-dimethyl-

aminobenzol c] cinnoline

A solution of n=-propyllithium was made by
adding n-propylbromide (5.92g) in ether (30ml) to lithium
(1.29) in ether (15ml) at -10° over 30Omin. The mixture
was stirred for a further lhr at room temperature. The
n~propyllithium solution (35ml, 0.85M) was added to an-
hydrous dimethylamine (ca. 25ml) in ether (10ml) at -10°
over 5min. The mixture was stirred for a further 30min
at room temperature. 1-Chlorobenzo[c] cinnoline (469mg)
in benzene (30ml) was added at -10° over 5min. The ratio
of lithium dimethylamide to l—chlorobeﬁzo[ﬁ]cinnoline was
13:1. On addition of the chlorobenzo[E]cinnoline sol-
ution the reaction mixture turned an intense red-purple
colour which gave way within O.5min to a dark green colour,.

The mixture was stirred for a further 5min at room tem-

perature and then water was added. The mixture was
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extracted with chloroform and the chlaroform layer washed
with water and dried over magnesium sulphate. The sol-
vent vas removed and the residue chromatographed on a
plate of silica developing with ether/light petroleum/
benzene, (3:3:1). The material in the upper fraction

vas isolated and subjected to counter-current distribution
between 0.05M hydrochloric acid and benzene/light pet-
roleum (3:17). The material in the tubes nearest the
solvent front was l-chlorobenzoEg]cinnoline (69mg, 15%
recaovery). The material (369mg, 77%) in the tubes closer
to the starting tube was a mixture of l-chloro-4~dimethyl-
amino- and l-chloro-7-dimethylaminobenzo[E]cinnoline.
These two compounds could not be completely separated from
each other but were contained in a band which was separated
from starting material and other products. By isolating
the contents of several tubes at either end of the band,
pure samples of the two compounds were obtained. An
n.m.t. spectrum of the material in the remainder of.the
tubes was identical to a spectrum of l-chloro-4-dimethyl=~
aminobenzo[ﬁlcinnoline.' In this band the tubes nearest

the solvent front contained l-chloro-7-dimethylaminobenzo-

[{]cinnoline. This compound was the minor product,. It
was recrystallized from chloroform/hexane and cobtained as

orange~red needles, me.p. 122-123.5° (Found: C, 65.4;
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H, 5.0; N, 16.5. C ClN3 requires: C, 65.3; H,

14712
4,73 N, 16.3%). Nem.Tr. spectrum: g 3.3 (s, 6H,

N-CHS); 6.9 (d, lH, aromatic H); 7.5-8.0 (m, 3H, aro-
matic H); 8.3~8.7 (m, 1lH, aromatic H); 9.5-9.7 (m, 1lH,
aromatic H). The ultraviolet-visible spectra of the
compound in neutral, moderately acidic and strongly

acidic ethanolic solutions showed absorption maxima as
follows: EtOH: 240, 295, 350, 460nm; 20% EtOH/0.2M
sulphuric acid: 245, 275, 320nm; 20% EtOH/ 98% sulphuric
acid: 255, 380nm, Mass spectrum: m/e 259, 257 (M7).

CIN, requires m* 259, 257). In the same band,

(CqgHqoC
the tubes nearest the starting tube contained l-chloro-

4-dimethylaminoben20[§]Cinnoline. This was recrystallized

from chloroform/hexane and obtained as dark red needles,
m.p. 100-101,5° (Found: C, 65.4; H, 4.8; N, 16.1.

C, H..ClN, requires C, 65.3; H, 4.7; N, 16.3%). N.m.r.

141273
spectrum: 8 3.3 (s, 6H, N-CH;); 7.2 (d, 1lH, aromatic H) 3
7.4-7.8 (m, 3H, aromatic H); 8.6 (dd, 1H, aromatic H);
9.0 (dd, 1H, aromatic H). Ultraviolet-visible spectra
X max EtOH: 245, 280, 315, 350, 460nm; 20% EtOH/0,2f
sulphuric acid: 250, 325, 620nm; 20% EtOH/98% sulphuric
acid: 260, 390nm. Mass spectrum: m/e 259, 257 (M').
(C14H12C1N requires Mm% 259, 257).  Other products from

this reaction were not present in sufficient quantities to

warrant further investigation.
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2.2 2—Chloro—4-dimethylaminobenzo[@]cinnoline and

4—dimethylaminobenzo[§]cinnoline

A solution of n-propyllithium in ether (35ml,
0.61M) was prepared by the procedure described in 2.1.
This was added to a solution of dimethylamine (ca. 25ml)
in ether. 2-ChlorobenzoEE]cinnoline (389mg) in benzene
(50m1) was added at ~30° over 2.S5min. The ratio of
lithium dimethylamide to 2—0hlorobenzo[§]cinnoline was
10:1. The mixture developed a dark green colouration
wvhich persisted until work-up. The cooling-bath wuwas
removed and the mixture stirred for 2min. The mixture
vas rendered inactive by the addition of water; and after
the usual wvorking-up procedure it was chromatographed or
a plate of silica, developing with ether/light petroleum/
benzene (3:3:1). The material in the two fractions with
highest Rf values was isolated and subjected to counter-
current distribution between 0.1M sulphuric acid and ben~-
iene/light petroleum {1:4). The material in the tubes
nearest the solvent front uas 2—chlor0benzo[§]cinnoline
(37mg. 9% recovery). The material in tubes nearer the

starting tube was Z—Chloro—dudimethylaminobenzo[q]cinnoline

(234mg, 56%). This was recrystallized from chloroform/
hexane and obtained as orange~yellow needles, m.p. 146.5-

148,5%° (Found: C, 65.3; H, 4.7; N, 16.2. C ClN

14112

requires C, 65.3; H, 4.7; N, 16.3%). N.m.r. spectrum: g
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- 3.3 (s, 6H, N-CHz); 6.9 (d, 1lH, aromatic H); 7.6-

7.8 (m, 3H, aromatic H); 8.2-8.6 {m, 2H, aromatic H).
Ultraviolet-visible spectra: AXmax EtOH: 245, 310, 345,
445nm; 20% EtOH/0.2M sulphuric acid: 245, 320, 580nm;
20% Et0OH/98% sulphuric acid: 255, 380nm. Mass spectrum:

m/e 259, 257 (n%). CIN, requires m* 259, 257).

(Cq4Mq2
The material in the tubes nearest the starting tube was
4-dimethylaminobenzoL€]cinnoline (175mg, 48%). This was
recrystallized from chloroform/hexane and obtained as

5 g97,5-98°).

orange-yellow plates, m.p. 93-96° (1it.
When a sample of this compound was mixed with a sample of
authentic 4—dimethylaminobenzo£§]Cinnoline, obtained from

o done in this Department, the mixture also

earlier work
melted at 93-96°. No other compounds were isolated from

the reaction mixture.

9.3  3-Chloro-4-dimethylamino- and 3-chloro=7-dimethyl-

aminobenzo[@]cinnoline

A solution of n-propyllithium (35ml, 0.65M) was
prepared by the procedure described in 2.1. This was
added to a solution of dimethylamine (ca. 25ml) in ether.
3-Chlorobenzo[c]cinnoline (936mg) in benzene (85ml) was
added at -10° over 5min. The ratio of lithium dimethyl-
amide to 3-chlorobenzo[£]cinnoline was 5:1. The mixture

developed a dark green colouration which persisted until
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work-up. The cooling-bath was removed and the mixture
was stirred for a further 10Omin. Water was added and
after the usual working=-up procedure the mixture was
chromatographed on a plate of silica, developing with
ether/light petroleum/benzene (3:3:1). Three fractions
wvere obtained. The material from the fraction of highest
Rf value was subjected to counter-current distribution
between 0.5M hydrochloric acid and hexane. Only one com=-

pound was present, This was 3=chloro-4-dimethylamino-

benzo[c]cinnoline (212mg, 23%) . It was recrystallized

fram chloroform/hexane and obtained as lemon-yellow needles,
m.p. 130.5-131.5° (Found: C, 65.4; H, 4.5; N, 16.2.

CqgHqoCiNg
spectrum: 3 3.3 (s, 6H, N~CH;); 7.6-8.1 (m, 3H, aromatic

requires C, 65.3; H, 4.7; N, 16.3%). N.m.T.

H); 8.3-8.7 (m, 3H, aromatic H). Ultraviolet=-visible
spectra: X\ max EtOH: 250, 305, 340, 440nm; 20% Et0OH/0.2M
sulphuric acid: 260, 320, 370, 615nm; 20% EtOH/98% sul-
phuric acid: 260, 375nm. Mass spectrum: m/e 259, 257
(m*).  (C,4H,,ClNg Tequires m* 259, 257). The material in
the middle fraction from the chromatography plate was sub=-
jected to counter-current distribution between 1M hydro-
chloric acid and benzene/light petroleum (1:1). The ben-

zene/light petroleum ratio was progressively increased to

g:1. The material in the tubes nearest the solvent
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front was S—Chlorobenzo[£]cinnoline (168mg, 18% recovery).
The material in the tubes closer to the starting tube was

7_chloro-7~dimethylaminobenzo[c]cinnoline (274mg, 30%).

This was recrystallized from chloroform/hexane and obtained
as mustard yellow needles, m.p. 136.5-137.5° (Found: C,
65.1; H, 4.6; N, 16.1. C14H12C1N3 requires C, 65.3;

H, 4.7; N, 16.3%). N.m.r. spectrum: 8 3.3 (s, 6H, N—CH3);
7.1 (dd, 1lH, aromatic H); 7.5-7.8 (m, 3H, aromatic H);

8.3 (d, 1H, aromatic H); 8.5 (d, lH, aromatic H). Ultra-
violet-visible spectra: XA max EtOH: 250, 295, 315, 465nm;
20% Et0H/0.2M sulphuric acid: 255, 315, 365, 615nm; 20%
Et0OH/98% sulphuric acid: 260, 375nm. Mass spectrum:

n/e 259, 257 (M*). (L 4Hq,CLN Tequires m* 259, 257).

The material in the tubes nearest the starting tube uas
4—dimethylaminobenzo[£]cinnoline (179mg, 22%). This was
recrystallized from chlorofaorm/hexane and obtained as
orange plates, m.p. and mixed m.p. 94,5=97° (lit.s5 97,5=
98°). The material (74mg) in the fraction of lowest RF

value obtained from the chromatogram was a mixture of

several compounds and was not investigated further.

2.4 4-CQloro—7—dimethylaminobenzo[é]cinnoline

A solution of n-propyllithium (35ml, 0.27M) was

prepared by the procedure described in 2.1. This was
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added to a solution of dimethylamine (25ml) in ether.
4-Chlorobenzotgjcinnoline (463mg) in benzene (40ml) was
adfed =8 =20 euet Enftn. <IhE i @ 0k CAGwn dimethyl=
amide to 4-chlor0benzoE£]Cinnoline was 4:1. The solution
developed a dark green colouration which persisted until
work=up. The cooling-bath was removed and the mixture
stirred for another 5min. Water was added and after the
usual working-up procedure the mixture was chromatographed
on & column of alumina, The first fraction eluﬁed with

light petroleum/ether (19:1) was 4=chloro-7-dimethylamino-

benzo[c]cinnoline (344mg, 62%). This was recrystallized

from chloroform/hexane and obtained as dark orange-red
needles, m.p. 152.5-154° (Found: C, 65.1; H, 4.6 ;
H

N, 16.1. C IN; requires C, 65.3; H, 4.7; N, 16.3%) .

14119 2C
N.m.r. spectrums g 3.4(s, 6H, N-CH;); 7.0 (dd, 1lH, aromatic
H); 7.4=7.9 (m, 4H, aromatic H); 8.3 (dd, lH, aromatic H).
Ultraviolet-visible spectra: A max EtOH: 245, 320, 345,
465nm; 20% EtOH/0.2M sulphuric acid: 245, 325, 370, 630nm;
20% EtOH/98% sulphuric acid: 255, 265, 385nm. Mass spec-
trum: m/e 259, 257 (n"). (Cq4Hq,ClN, Tequires m* 259,
257). The second fraction eluted from the column was &4~

dimethylaminobenzo[c]cinnoline (125mg, 26%). There uvere

no other compounds identified in the reaction mixture.
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The reactions described in 2.5 and 2.6.1 uere

carried out in the apparatus shown in Fig.2. A similar
procedure was followed in each case. The reactions were
carried out under an atmosphere of dry nitrogen. Ether

and benzene used were sodium-dried and distilled from

lithium aluminium hydride immediately before use.

2.5 4,7-Bis(dimethylamino)benzofc]cinnoline

Dimethylamine (ca. 15ml) was distilled from
calcium hydride into flask B which contained ether (30ml).
A portion of this solution (30ml) was transferred to flask
D and to it was added a solution of n-butyllithium in
hexane (10ml, 1.0M). When the formation of lithium di-
methylamide was complete a solution of benzoEg]cinnoline
(307mg) in benzene (40ml) wvwas added over 2min. The sol-
ution developed a dark green colouration uwhich persisted
until work-up. The reaction mixture was stirred for 1l5hr.
Water was added and after the usual working-up procedure
the mixture was subjected to counter-current distribution
between 0.5M hydrochloric acid and benzene. The material
in the tubes nearest the solvent front was 4-dimethylamino-
benzoﬂg]cinnoline. The material in the tubes nearest the
starting tube was isolated and chromatographed on a column

of alumina using benzene as eluant. The material in the
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[- nitrogen

Fig. 2
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first (orange) fraction was 4,7-bis(dimethylamino)benza~

[clcinnoline (52mg, 12%). This was recrystallized from
light petroleum, b.p. 60—800, and obtained as yellow

prisms, m.p. 94-95° (Found: C, 72.0; H, 6.7. C,H

16M18N4
requires C, 72.2; H, 6.8%). Nem.r. spectrum: 3 3.4
(s, 12H, N~CH.); 7.2 (dd, 24, aromatic H); 7.5-7.8

(t, 2H, aromatic H); 7.9-8.5 (dd, 2H, aromatic H). Mass

spectrum: m/e 266 (M+). (C16H18N4 requires m* 266).

2.6.1 2,4-Bis(dimethylamino)benzo[c]cinnoline and

2,4,7=-tris(dimethylamino)benzo[c]cinnoline

A solution of lithium dimethylamide in di-
methylamine was made by adding a solution of n-butyl-
lithium in hexane (37.5ml, 1M} to dimethylamine (15ml) in
ether (22.5ml). A portion of this solution (50ml) was
transferred to flask F. 2—Chlor0benzoE§]cinnoline (503mg)
in benzene (60ml) was added at -10° over 15min.  The reac-
tion mixture was stirred at -10° for 1.5hr and then at
room temperature for 0.5hr. Water was added and the mix-
ture subjected to the usual working-up procedure. Chrom=-
atography of the mixture on a column of alumina was used
to effect primary separation of 4~dimethylamino- and
2—chloro—4-dimethylaminobenzo[ﬁJcinnoline from the more

strongly adsorbed compounds. The remaining material was
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subjected to counter-current distribution between 0.01M
hydrochloric acid and benzene. The material in the tubes
nearest the solvent front was 4-dimethylaminobenzo[§]-
cinnoline, The material in the tubes nearest the star-
ting tube-uwas isclated and subjected to counter-current
distribution between 0.001lM hydrochloric acid and benzene.
Two overlapping bands were obtained. The material in
the tubes nearest the solvent front was 2,4,7-tris(di-~
methylamino)benzoEE]cinnoline. This was recrystallized
from light petroleum, b.p. 60—800, and obtained as dark

57  148-150°), =&

orange needles, m.p. 151.5-152.5° (1lit.
sample of 2,4,7-tris(dimethylamino)benzoEQ]cinnoline from
other uorker857 which had been purified by counter-
current distribution between 0.001lM hydrochloric acid and
benzene showed m.p. and mixed m.p. 145-148° with this
sample. Both samples showed the same retention time uwhen
analysed by gas-liquid chromatography using column C. The

material in the tubes nearest the starting tube was 2,4-

bis(dimethylamino)benzo[c]cinnoline., This was recrys-

tallized from light petroleum, b.p. GDnBDO, and obtained
as orange needles, m.p. 163-165% (Found: C, 72.2; H,
6.9. CigHqgNy requires C, 72.2; H, 6.8%). N.m.T. spec-
trum: 8 3.2 (s, GH, N-CHB); 3.4 (s, 6H, N=CHz); 6.6 (s,

1H, aromatic H); 7.0 (s, lH, aromatic H); 7.7=7.9 (m,
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2H, aromatic H); 8.4-8.7 (m, 2H, aromatic H). Mass

spectrum: m/e 266 (MT). N, requires M* 266).

(Ci6Hqg
The material in the tubes between the two isolated frac-

tions was a mixture of the two compounds.

2.6.2 2,4-Bis(dimethylamino)benzo[c]cinnoline from

2,4-dichlorobenzofc]cinnoline

2,4-Dichlorobenzo[c]cinnoline (66mg) in
dimethylamine (ca. 1lml) was heated in a sealed tube at
165° for 3hr. The reaction mixture was chromatographed
on a plate of silica developing with ether/light petroleum/
dimethoxyethane (3:3:1). The material in the major frac-
tion was recrystallized from light petroleum, b.p. 60-800,
to give 2,4-bis(dimethylamino)benzotg]cinnoline as orange

needles, m.p. 156-162°.

2.7 1-Chloro-4,7-bis(dimethylamino)benzo[c]cinnoline

" A solution of lithium dimethylamide in dimethyl-
amine was made by addiné a solution of n~butyllithium in
hexane (20ml, 1M) to dimethylamine (10ml) in ether (40ml).
When the formation of lithium dimethylamide was complete
a portion of this solution (40ml) was removed for another
reaction. To the remaining solution was added l~chloro-

benzo[g]cinnoline (480mg) in benzene (40ml). The mixture
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was stirred for 2hr and then water was added. Analysis
of the mixture by thin layer chromatography shoued that
the major product uas a mixture of l-chloro-4-dimethyl-
amino- and l—chl0ro—7—dimethylaminobenzo[EJcinnolines.
The mixture was redissolved in benzene (40ml) and added
to a fresh solution of 1ithium dimethylamide in dimethyl-
amine. This was prepared by adding a solution of n=-
butyllithium in hexane (10ml, 1M) to dimethylamine (10ml)
in ether (20ml). A portion of this solution (20ml) was
used in the above reaction. The mixture was stirred for
5hr and then water was added. After the usual working-
up procedure the mixture was subgected to counter-current
distribution between 0.05M hydBAChloric acid and benzene.
The material in the tubes nearest the solvent front wvas a
mixture af l-chloro-4-dimethylamino=- and l=chloro-7-
dimethylaminobenzo[&]cinnolines. The material in the

tubes nearest the starting tube was j-chlorao-4,7~bis(di-

methylamino)benzo[p]oinnoliﬂg (25mg, 4%). This was rTe-
crystallized from light petroleum, b.p. 60-80°, and
obtained as blood-red needles, m.p. 91.5-93.5° (Found:

C, 64.1; H, 5.75 N, 18.7. C14H17C1N4 requires C, 63.9;
H, 5.7; N, 18,6%). N.m.r. spectrum: 3 3.4 (s, 12H,
N-CHS); 7.%3=7.4 (m, 2H, aromatic H); 7.7-7.9 (m, 2H,

aromatic H); 9.0~9.2 (m, 1H, aromatic H). Mass spectrum:
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m/e 302, 300 (7). (C, Hq;CLN, requires m* 302, 300).

Sh Monitored reactions of the Chlorobenzo[é]cinnolines

and Benzo[@]cinnoline with Lithium dimethylamide in

dimethylamine

All reactions were carried out in the apparatus
shown in Fig. 2. All reactions were carried out in an
atmosphere of dry nitrogen. Ether and benzene were sodium-

dried and distilled from lithium aluminium hydride immed-

iately before use. Quantitative analyses by gas-liquid
chromatography were carried out using column C. Yields
are based on unrecovered starting material. The same

procedure was followed in all reactions and the reaction

of l~chlorobenzoE§]cinnoline is typical.

3.1 Reaction of l—chlorobenzo[d]cinnoline with

lithium dimethylamide igmﬁimethylamine

A solution of lithium dimethylamide in dimethyl-
amine was made by adding a solution of Q—butyllithium in
hexane (30ml, 1M) to a solution of dimethylamine (10ml) in
ether (20ml). A portion of this solution (20ml) was trans-
ferred to flask F. l—Chlorobenzo[EJCinnoline (193mg) in
benzene (30ml) was added at reflux temperature over 2min.

An aliquot (5ml) was taken from the reaction mixture im=-
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mediately after the addition of l—chlorébenzotg]cinnoline
was complete. Further aligquots (each 5ml) were taken at
reaction times of 5, 20, 65 and 120min. The reaction mix-
ture was stirred %Dr 7.6hr and then water was added. As
each aliquot was taken it was quenched with water. Each
aliquot and the final reaction mixture were subjected to
the usual working-up procedure. 2,3,6,~Trimethylnaph-
thalene was added as internal standard and the mixtures
were analysed by gas-liquid chromatography (column c). The
results of the reactions are given in Tables 7 to 1ll.
TABLE 7 |

Reaction of l—chlorobenzoggjCinnoline with
lithium dimethylamide in dimethylamine

Yields (%)
Molar Reactn % Mixture of v
Ratio time Reactn 1-Ck4-NMe, 1-Cl4,7  2,4(bis) 2,4,7(tris)
LinMe,, (min) 1- C1~7- Mg, blS(NNez) NMe,, Nie,,
10 0.1 73 12 0 - -
20_ 88 60 0 - -
120 95 40 3 trace trace

450 100 25 15 trace trace




Reaction of 2-chlorobenzogc cinnoline with
lithium dimethylamide in dimethylamine

“ Yields (%)
Molar Reactn % 2-Cl 4,7(bis) 2,4(his) 2,4, 7(tris)
Ratio time Reactn 4-NNe2 4-NM§ NMe2 NM92 NI"le.2
LiNM92 (min) '
10 0.1 100 53 40 = = .
100 47 29 - 4 -
10 100 43 21 - 11
45 100 .35 15 - 21
120 100 42 2 7 31 12
TABLE 9

Reactions of 3=chlorobenzofc]lcinnoline with
lithium dimethylamide in dimethylamine

Yields (%)
Molar Reactn % 3-C1l- 3-Cl-
Ratio time Reactn :4-NMe 4~NMe 7-NMe
i i 2 2 2
LiNme, ‘(mln)
10 0.1 69 7 51 30
60 7 6 44 28
120 78 7 48 33
20 0.1 66 12 52 30

20 94 15 30 21
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TABLE 10

Reaction of 4-chlorobenzo££]cinnoline with
lithium dimethylamide in dimethylamine

Yiselds (%)*

Molar Reactn % 4-Cl 4,7 2,4 24,7
Ratio time Reactn 4-NMe, T7-NMe, (bis) (bis) (tris)
LiNMe,, (min) NMe, NMe, NMe.,
10 0.1 19 - - -
25 not not 24 - - -
60 knouwn known 8 9 trace trace
120 2 14 trace trace
JABLE 11

Reaction of benzo[Q]cinnoline with

ow
3

lithium dimethylamide in dimethylamine

Molar Reactn Yields (%)
Ratio time %
LiNMe,, (min) Reactn 4=NMe,
10 0.1 69 97
60 68 : 85
%

Based on total starting material.
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Reaction of Benzo[p]cinnoline with Lithium Piperidide

in Piperidine

This reaction was carried out using part of the
apparatus shown in Fig. 2. Dimethoxyethéne was sodium
dried and distilled from lithium aluminium hydride immed-
iately before use.

A solution of n-butyllithium in hexane (15ml, 2M)
was added to ether (10ml). This was added to a solution
of piperidine (10ml) in ether (ldml) contained in flask D.
When the formation of lithium piperidide was complete 20ml
of this solution wuas transferrea to flask F. A solution
of benzotg]cinnoline (498mg) in dimethoxyethane (15ml) was
added over 5min at room temperature. The mixture was
stirred for a further 1l0min then water was added. After
the usual working-up procedure the mixture was subjected to
counter-current distribution between 0.5M hydrochloric acid
and benzene/hexane (1l:1). The material in the tubes
closest to the solvent front was banzoﬁg]cinnoline (298mg,
60% recovery). The organic solvent was changed to benzene/
chloroform (9:1) and the counter-curfént distribution con-
tinued.

The material in the tubes nearest the solvent froqp

was 4-piperidinobenzofc]ecinnoline (230mg, 79% based on

unrecovered starting material ). This was recrystallized



-113-

from light petroleum, b.p. 60—800, and obtained as orange
needles, m.p. 142.5-144° (Found: C, 77.8; H; 6.5.

N, requires C, 77.5; H, 6.5%) . N.m.r. spectrum:

CaztaNa
5 1.5-2.2 (m, 6H, aliphatic-CHy=); 3.5-3.7 (m, 4H,

aliphatic N—CHZ-); 7.3 (dd, lH, aromatic H); 7.3=8.1

(m, 4H, aromatic H); 8.5-8.6 (m, 2H, aromatic H). Ultra-
violet-visible spectra: X\ max EtOH: 240, 290, 340, 430nm;
20% EtOH/0.2M sulphuric acid: 250, 315, 360nm; 20% EtOH/
98% sulphuric acid: 250, 370nm. Mass spectrum: m/e

263 (M*). (CqqH,qN5 Tequires m* 263). The material in

the tubes nearest the starting tube was 4,7-bis(piperidino)-

benzo[@]cinnoline (28mg, 7%). This was recrystallized from

light petroleum, b.p. 60-800, and obtained as orange needles,
MePoe 110—112.50. The compound could not be obtained suf-
ficiently pure for accurate analysis. NemeT. spectrum:

81.5-2,2 (m, 12H, aliphatic ~CH2—); 3.3=3.7 (m, BH,
aliphatic N-CH2—); 7.2-7.6 (dd, 2H, aromatic H); 7.5~7.7
(t, 24, aromatic H); 7.8-8.1 (dd, 2H, aromatic H). Mass

spectrums m/e 346 (n*y. (CooHpgN, Tequires m* z46).
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PART 11

REACTIONS OF THE
HALDGENDBENZDLQ]CINNOLINES WITH

POTASSIUM AMIDE IN AMMONIA

l. Starting materials

1.1 Iodoazobenzenes

2-, 3= and 4-Iodoazobenzene were prepared from
nitrosobenzene and the appropriate iodoaniline by the
method of Badger, Drewer and Leuis.lln Yields and melting

points were consistent with literature values.

1.2 Halogenobenzo[c]cinnolines

2=, 3= and 4—Iodobenzotg]cinnolines were
prepared by the photochemical cyclization of the approp-
riate iodoazobenzene in 11M sulphuric acid using the method

of Badger, Drewer and LeUis.llD Yields and melting points

wvere consistent with literature values. l-, 2=, 3= and
4—chlorobenzoEE]cinnolines were available from earlier

work.,



=115~

2. Products

2.1,1 1l-Aminobenzo[c]cinnoline

This was prepared by the method of Barton and

Cockett.52

a) 1-Nitrobenzo[c]cinnoline

This was prepared from benzoEg]cinnoline in
48% yield.

b) l-Aminobenzo[c]cinnoline

This was prepared from l—nitrobenzo[EJcinnoline

in 96% yield and was obtained as orange-red plates, m.p.

52

167.5-170° (1lit. 167-168°).

2.1.2 Unsuccessful attempt to prepare l-aminobenzo[c]-

cinnoline from l-chlorobenzo[é]cinnoline

A mixture of l—chlorobenzoEg]cinnoline (SDmg),
anhydrous ammonia (2ml), 95% ethanol (2ml) and copper sul=-
phate (alfeu crystals) was heated in a stainless steel
bomb at 270° for 2hr. 'Thin layer chromatographic analysis
of the reaction mixture showed that mainly starting mat-
erial along with small amounts of other products were
present, This method was abandoned in favour of the one

mentioned abaove.
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2.2 2-Aminobenzo[§]cinnoline

a) Benzo[c]cinnoline-N-oxide
This was prepared in 74% yield from 2,2'-
dinitrobiphenyl by the method of King and King.115

b) 2-Nitrobenzoe[c]cinnoline-N-oxide

This was prepared in 37% yield from benzo[gjm
cinnoline~-N~oxide by the method of King and King115 and
was obtained as a lemon-coloured powder, m.p. 274-279°

115

(lit, 274-276°),

c) 2-Aminobenzo[c]cinnoline

This was prepared in 69% yield from 2-nitro-
benzoEg]cinnoline-ﬂ-oxide by the method of Barton and
Cockett52 and was obtained as olive-green needles, m.p.
52

243,5-244,5° (lit. 244-245"),

2.3.1 3=Aminobenzo[c]cinnoline

This was prepared by the method of Badger,

116
Joshua and Lewis.

a) 3-Nitroazobenzene

This was prepared in 72% yield from 3-nitro-

aniline and nitrosobenzene and was obtained as orange

116

needles, m.p. 94-97° (lit. 967).
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b) 3-Aminoazobenzene

This was prepared in 38% yield from 3-nitro-
azobenzene and yas obtained as orange-red needles, m.p.
66.5-68° (1it11® 68°).

c) 3-Aminobenzo[c]cinnoline

This was prepared in 6% yield from 3-amino=-

azobenzene and was obtained as red-brown needles, m.p.

116

161-163° (1lit. 163°).

2.3, 2 Unsuccessful attempts to prepare 3—aminobenzb[c]-

cinnoline

2.3,2.1 From 2,4,2'=trinitrobiphenyl

a) 2,4,2'-Trinitrobiphenyl was prepared in 33%
yield from 2,2'-dinitrobiphenyl by the method of Gull and
Turner117 and was obtained as cream needles, m.p. 145-151°
(11t} 1s50-1519).

b) Attempts to reduce 2,4,2'-trinitrobiphenyl to
S—aminobénzoﬂg]cinnoline vith W=7 Raney nickel118 and hyd-
razine hydrate by the méthod of Moore and Furstllg failed.
Hydrazine hydrate was used in molar ratios of 4:1, 6:1 and
much higher ratios, but in each case investigation of the

products by thin layer chromatography indicated that no

3-amin0benzo[£]cinnoline had been formed.
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2.3.22 From 2,2'-diamino-4-nitrobiphenyl

a) 2,2'=Diaminobiphenyl was prepared in 74%
yield from 2,2'-dinitrobiphenyl by the method of Lloyd
and McDougall.120

b) 2,2'=-Diamino~4-nitrobiphenyl was prepared
- from 2,2'-diaminobiphenyl by the method of Barton and
Cockett52 and distilled as an orange-red oil, b.p. 190~

°Z  190-200°/0.35mm).

200°/0.35mm (1lit.

c)i) Attempts to convert 2,2'-diamino-4-nitrobi-
phenyl into 3-nitr0benzo[g]cinnolineeﬂ-oxide with 80% w/v
hydrégen peroxide by the method of Corbett and Holt102
gave a complex mixture of products, and the method was
abandoned.

ii) Attempts to convert 2,2'-diamino-4-nitrobi-
phenyl into 3—nitrobenzotg]cinnoline with phenyliodosodi-
acetate by the method of Barton and Cockett52 also gave

a complex mixture of products, and the method was aban-

doned.

2.3.23 From 3-chlorobenzo[c]einnoline

Several attempts were made to prepare 3-amino-
benzoEg]cinnoline by heating S—ChlorobenzoEg]cinnoline and
ammonia with and without traces of copper sulphate in a
sealed tube. Only small amounts of the desired product

as vell as starting material and tars were observed in each

case, and the method was abandoned. In a typical reaction
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3-chlorobenzorcycinnoline (198mg), anhydrous ammonia (3ml),
95% ethanol (1lml) and copper sulphate (a few crystals) were
heated in a sealed tube at 160° for 6hr. Analysis of the
reaction mixture by thin layer chromatography showed the
presence of a trace of 3-aminobenzoE§]cinnoline, some star-

-ting material and a large amount of tarry material.

2.4 4-Aminobenzo[c]cinnoline

A—Chlorobenzoug]cinnoline (258mg), anhydrous
ammonia (4ml), 95% ethanol (4ml) and copper sulphate (a feu
crystals) were heated in a sealed tube at 190° for 20hr.
The reaction mixture was chromatographed on a plate of silica
to give tyo main bands. The band with highest Rf value con-
tained starting material (lé4mg). The material in the other
band was subjected to counter-current distribution betueen
1M hydrochloric acid and light petroleum. Three fractions
were cbtained. The fastest fraction contained starting
material (63mg) which, combined with that obtained from
chromatography, gave a 30% recovery. The second fastest
fraction contained benzoEE]cinnoline (8lmg, 54%, based on
unrecovered starting material). The slowest fraction con-
tained 4-aminobenzo[c]cinnoline (52mg, 32%). On recrystal-
lization from ethanol/uwater this was obtained as golden

s

52 :
plates, m.p. 204.5-205.5° (1lit. 206-207°).
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Sa AEEaratus

The reactions of the chloro- and iodobenzoEE]-
cinnolines with potassium amide in ammonia were carried out
in the apparatus shown in Fig. 2. Before use the apparatus
was flame-dried while being flushed with dry nitrogen.
Commercial anhydrous ammonia was distilled from the cylinder
into flask A. The ammonia was dried by the addition of
sodium metal and distilled into flask B. A known volume
was transferred by nitrogen pressure via the graduated drop~
ping funnel C into flask D, which contained dimethoxyethane.
A knouwn weight of potassium metal and a few crystals of
ferric nitrate were added and the mixture was stirred until
formation of potassium amide was complete. A known volume
of the potassium amide solution was transferred by nitrogen
pressure into flask F through the graduated dropping funnel
E. A solution of the halogenobenzo[EJCinnoline in dimeth=-

oxyethane was then added from dropping funnel G.

4. Reactions of Halogenobenzo[c]cinnolines with

Potassium amide in ammonia

All reactions were carried out in an atmosphere
of dry nitrogen. Benzene and ether were sodium-dried.
Dimethoxyethane was sodium=-dried and distilled from lithium

aluminium hydride immediately before use. Quantitative
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analyses by gas-liquid chromatography were carried out

using column A ar B. A 20:1 excess of potassium amide to
halogenobenzo[gjcinnoline was used in each reaction. No
starting material was recovered in these reactions. There-
fore yields are absolute. A similar procedure was followed
in each reaction and the reaction of 3-iod0benzoL§]cinnoline

with potassium amide in ammonia is typical.

4.1 Reaction of 3-Iodobenzo[c]cinnoline with

Potassium amide in ammonia

A solution of potassium amide in ammonia was
made by adding ammonia (180ml) to potassium (1.05g) and
dimethoxyethane (15ml) in flask D of the apparatus shoun
in Fig. 2. A portion (38ml) of this solution was trans-
ferred to flask F and to it was added, over 7min, a solution
of 3-iodobenzofc]cinnoline (50mg) in dimethoxyethane (15ml).
An aqua colour developed immediately and decpened as the
reaction proceeded. The reaction mixture was stirred for
a total of 15min and was then rendered inactive by the
addition of water. The mixture was extracted with chloro-
formy; and the chloroform layer was then washed, dried over
anhydrous magnesium sulphate, and evaporated to dryness.

The residue was run through a column of alumina to remove

grease residues and tars. 2,2'~Dinitrobiphenyl (7.04mg)
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was added as standard; and the mixture was dissolved in
methanol (5ml) and subjected to analysis by gas-liquid
chromatography. The results of the reactions are given

in Tables 12 and 13 belou. In these tables '"addition

time" refers to the length of time during which the solution
of halogenobenzo[gﬂcinnoline in dimethoxyethane was added to

the solution of potassium amide in ammonia.

TABLE 12

Reactions of chlorobenzolc]cinnolines with
potassium amide in ammonla

Yields (%)
Total Colour
Chloro- Addition Reactn of 1- 2= 3= 4
compd. time (min) time Reactn NH, NH, NH, NH, Total
(min)  Mixture -

1-Cl1 10 25 Orange 0 100 0 0 100
2-C1 10 25 Orange 0 85 0 0 85
3-Cl a) 10 25 Green 0 0 40 15 55
3-Cl b) 10 25 Green 0 0 35 15 50

4-Cl 10 25 Green 0 5 20 3 30
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IABLE 13

Reactions of iodobenzo[EJCinnolines with
potassium amide in ammonla

Percentage yields
Total Colour
Iodo- Addition Reactn of 1- 2- 3= 4~

compd. time (min) time Reactn NH, NH, NH, NH, Total
(min) Mixture

2=1 5 15 Orange 0 05 0 0 95

3=~1 7 14 Aqua 0 0 90 1-2 80

41 5 15  Aqua 0 0 80 5 85

5. Product stability studies

The behaviour of the four isomeric aminobenzo-
[E]cinnolines with potassium amide in ammonia was studied
under the same conditions as those used for the reactions
vith the halogenobenzotg]cinnolines. Analysis of the
reaction mixtures by thin layer chromatography and by gas-
liquid chromatography shouwed that in each case no reaction

had taken place.

6. Reaction of 3—Chlorobenzo[§]cinnoline with

potassium amide in ammonia (in which apparatus

shoun in Fig.2 was not used)’

pAmmonia (80ml) was introduced into a 250ml
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2-necked flask and dried with sodium metal. The ammonia
was distilled via a glass U-tube into another 250ml, 2-
necked flask containing dimethoxyethane (20ml). The

flask was fitted with a soda-lime drying tube, ammonia con-
denser and a magnetic stirrer. Potassium metal (220mg)
and ferric nitrate (a few crystals) were added, and the
mixture was stirred. Wwhen the formation of potassium
amide was complete, a solution of 3-ChlorobenzoEg]cinnoline
(55mg) in dimethoxyethane (ZUml)‘uas added over 30min. A
dark green coloration developed. The mixture was stirred
for another 15min and then water (40ml) was added and the
mixture subjected to the usual working-up procedure. Azo-
benzene (4.3mg) was added as an internal standard and the
mixture was analysed by gas-liquid chromatography. The

results of the reaction are given in Table 14 belou.

TABLE 14

Reaction of 3- chlorobenzo[0301nnollne with
potassium amide in ammoniga

Molar Total
Ratio Addition Reaction % Bgnzo c - 3- 4—
KNH,  time{(min) time (min) ReaCtn cinn. NH2 NH2 Total

20 30 45 100 28 31 28 87
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PART III

FURTHER AROMATIC NUCLEOPHILIC

SUBSTITUTION REACTIONS

Some of the work dealt with in Part III of Results
and Discussion has already been described in earlier

Experimental sections.

1. Starting materials

1.1 2,3~Dichloroazobenzene

This vas prepared in 19% yield from 2,3-
dichloroaniline and nitrosobenzene by the method of Stieg-
litz.lll It was recrystallized from benzene and obtained
as orange needles, m.p. 73.5-74.5° (Found: C, 57.7;

Hy, 3.2; N, 11.0, C12H18C12N2 requires C, 57.4; H, 3.2;
N, 11.2%). Mass spectrum: m/e 252, 250 (M) (€ H gCL N,
requires m* 252, 250). |

1.2 3,4=-Dichlorobenzo[c]cinnaoline

This was prepared in 14% yield from 2,3-dichloro-~
azobenzene by the method of Leuisj12 It was recrystallized

from benzene and ethanol to give olive-green needles, m.p.
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s}

requires C, 57.8; H, 2.4; N, 11.3%). Mass spectrum:

m/e 250, 248 (M'). CqH,gCl N, requires m* 250, 248.

272

1.3 6-Chlorophthalazine
This was prepared by the method of Favini and

Simonetta.121

1,3.1 3,4~Dimethylchlorobenzene

This was prepared in 60% yield from 3,4~

dimethylaniline by the method of Lyon and Mann.122

1.3.2 oepoeeed yed-Tetrabromo-3,4~dimethylchlorobenzene

This was prepared in 50% yield from 3,4-
dimethylchlorobenzene by the method of Bill and Tarbell.lz3
N.m.r. spectrum: 3 6.8 (s, 1lH, aliphatic CHBrz); 6.9
(s, 1H, aliphatic CHBr,); 7.1-7.3 (dd, 1H, aromatic H);

1.3.3 4-Chloro=-o-phthalaldehyde

This was prepared in 55% yield from , , ', '-

tetrabromo~3,4-dimethylchlorobenzene by the method of Bill

and Tarbell.123

N.m.r., spectrum: 8 7.6-8.0 (m, 3H, arom=-
atic H); 10.3 (s, 1H, aliphatic CH=0); 10.4 (s, 1H,

aliphatic CH=0).
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1.3.4 6-Chlorophthalazine

This was prepared in 40% yield from 4~chloro-
o-phthalaldehyde and was obtained as a brown powder, m.p.
134-135,5° (lit:l21 132°). Ne.m.T. spectrum: 8 7.9-8.1

(m, 3H, aromatic H); 9.5 (s, 2H, aromatic H [heterocyclic

ring]).
1.4 4-Chlorocinnoline

This was prepared by the method of Leonard and
Boyd.124

1.4.1 4~Hydroxycinnoline

This was prepared in 20% yield from g-amino-
acetophenone. It was sublimed at 170° and recrystallized
from ethanol to give white crystals of 4-hydroxycinnoline,

4
mop. 231-233° (1it. 2% 232-233°).

l1.4.2 4-~Chlorocinnoline

This was prepared in B80% yield from 4-hydroxy-
cinnoline and was recrystallized from light petroleum, b.p.
124
60-80° to give yellou-brown needles, m.p. 74.5~76° (1it.

75-76°).
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2. Reaction of 3,4-dichlorobenzo[c]cinnoline with

dimethylamine

A mixture of 3,4-dichlorobenzo[£Jcinnoline
(29mg) and dimethylamine (3ml) was heated in a sealed Pyrex
tube at 150° for 2hr. The mixture was chromatographed on
a plate of silica to give 3-chloro-A-dimethylaminobenzoES]-

cinnoline (20mg, 67%) as yellow needles, M.p., mixed m.p.

130-131°.

8. Reactions of the Chlorobenzo[c]cinnolines'uith
piperidine

3.1 1- and 3—Chlorobenzo[p]cinnolines

The procedure follcwed was the same for each
chlorobenzoEg]cinnoline.

A mixture of the Chlorobenzotgjcinnoline (3mg)
and piperidine (1lml) was heated under reflux for Shr. Anal-
ysis of the reaction mixture by thin layer chromatography

showed that only starting material was present.

3.2 Z-ChlorobenZOEQ]cinnoline

A mixture of 2-chlorobenzo[£]Cinnoline (51mg)
and piperidine (6ml) was heated under reflux for 5hr. At
the end of this time piperidine was removed and the residue

was chromatographed on a plate of silica, developing with
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ether/benzene (3:1). Isolation of the two major bands
on the plate gave 2—chlorobenzoL2]cinnoline (42mg, 82%) and

2-piperidinobenzo[c]cinnoline (6.5mg, 10%). The latter

compound was recrystallized from ethanol and obtained as
orange-yellouw needles, which showed two melting points,

one at 126-128° and one at 134.5-135,5°,  (Found: C,
77.95 H, 6.5. C,oH N4 requires C, 77.6; H, 6.5%).
N.m.r. spectrum: 3 1.5-2.6 (m, 6H, aliphatic CH2); 3.3-
4,3 (m, 4H, aliphatic N-CH2); 7.3-7.9 (m, 4H, aromatic H);
8,3-8,7 (m, 3H, aromatic H). Ultraviolet-visible spectra:
Amax EtOH: 250, 265, 315, 400nm; 20% EtOH/0.2M sulphuric
acid: 240, 275, 325, 340, 480nm; 20% EtOH/98% sulphuric

acid: 245, 355, 400nm. Mass spectrum: m/e 263 (m™).

. +
(C17H17N3 requires M~ 263).
3.3 4-Chlorobenzofc]cinnoline
A mixture of 4-chlorobenzo[c]cinnoline (27mg)
and piperidine (3ml) was heated under reflux for 5hr. At

the end of this time piperidine was removed and the residue
was chromatographed on a plate of silica, developing with

benzene. Isolation of the first major band gave 4-chloro-
benzotg]cinnoline (10mg, 42%) which was recrystallized from
ethanol to give yellou needles, m.p., mixed m.p., 192—1930

110

(1it. 191-192°).  The second major band from the plate
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contained 4-piperidincbenzo[c]cinnoline (17mg, 54%) which
was recrystallized from ethanol to give orange prisms,

mePe.y, Mixed m.p. 138-1410.

4, Attempted reaction of 6-Chlorophthalazine with

lithium dimethylamide in dimethylamine

This reaction was attempted several times but
in each case only starting material was obtained. A
typical procedure was as follous.

A solution of lithium dimethylamide was made
by adding a mixture of lithium (210mg) and p-butylbromide
(2.01g) in ether to dimethylamine (15ml). A solution of
6-chlorophthalazine (55mg) in dimethoxyethane (20ml) was
added over 15min and the mixture was stirred for a further
15min., No immediate colouration was observed but the
reaction mixture had turned a dark brown after 1lOmin. After
a reaction time of 30min, water was added and the mixture
was extracted with chloroform. The solvent was removed
and the residue purified by chromatography on a short column
of alumina. Investigation of the eluted substance by thin
layer chromatography indicated that only starting material
was present, Nem.r. spectrum: 8 7.9-8.1 (m, 3H, aromatic

H); 9.5 (s, 2H, aromatic H [heterocyclic ring] ).
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S Reaction of 4-~Chlorocinnoline with piperidine

A solution of 4~chlorocinnoline (40mg) in
piperidine (0.2ml) was warmed on a water bath for 1lmin.
Piperidine was removed to give a cream solid, believed to
be 4-piperidinocinnoline, which recrystallized from chloro-

form/benzene/light petroleum as white needles (2lmg, 36%

after recrystallization), m.p. 245-247°, Mass spectrum:
+ e +

m/e 213 (M7). (C13H15N3 requires M 213).

6. Reaction of 4~Chlorocinnoline with lithium

piperidide in piperidine

This reaction was carried out several times and
a typical procedure was as follows.

A solution of lithium piperidide in piperidine
was prepared from a solution of p-butyllithium in hexane
(8ml, 0.8M) and piperidine (5ml). 4=Chlorocinnoline
(105mg) in dimethoxyethane (10ml) was added over 1lmin at

20°

DS The mixture turqed a dark mauve-blue colour on
addition of the cinnoline. After 10min, water (5ml) was
added and the mixture extracted with chloroform and the
solvent removed to give a dark brown residue. Investigation
of this by thin layer chromatography showed that the mixture

consisted of two major componerits, neither of which was

starting material. One of these components shouwed the same

Rf value as that of the compound obtained in the reaction of



-132=-

4~-chlorocinnoline vwith piperidine, thought to be 4-piper-
idinocinnoline.  The residue was chromatographed on a

plate of silica developing with ether/X4/benzene (1l:l:1).

The two major bands were removed and chromatographed on
plates of silica developing with ether/light petroleum (1:1).
Only small amounts of oils were obtained from each plate and

these could not be identified.
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