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SULMARY

Application of existing methods of phthalazine synthesis to
the preparation of derivatives substituted in the homocyclic ring was
only successful for the synthesis of 6~bromophthalazine, In attempts
to devise a new synthetic route, desulphurisation of phthalaz-1,i~
dithione was found to give a low yield of phthalazine, A more efficient
synthesis was achieved by hydrogernation of 1 ,4-dichlorophthalazine over
palladium~on-carbon at 1 atmosphere. A new heterocyclic system,
benzoLnghthalazine, and a number of 1-substituted phthalazines wexre
prepared by this method. 1,2,3,4~Tetrahydro derivatives were obtained
when the hydrogenation was carried out at 100 atmospheres,

Dehydrazination of mono— and dihydrazinophthalazines with
mercuric oxide has provided another synthetic route to phthalazine
derivatives, Oxidation of {-hydrazino- and 1,)~dihydrazinophthalazine
with quinones and with bromine resulted in cleavage of the azine ring
to form phthalonitrile; the use of other oxidants gave halogeno- and
hydroxyphthalazines.

The oxidation of phenylhydrazine with N-bromosuccinimide
has been reinvestigated but, contrary to a previous report, no hydrazo-
benzene was detected, Evidence was obtained for the initial formation
of benzenediazonium bromide which gave rise to the observed products,
bromobenzene, phenyl azide and aniline,

"Phthalazine formed stable 1:1 and 1:2 addition compounds with
halogens. The infrared and nuclear magnetic resonance spectra of the

adducts indicated that one of the nitrogen atoms was bound, presumably



through its lone pair, to the halogen molecule, The unusually high
stability of the adducts was attributed to resonance~-stabilised backe
coordination of the halogen to the phthalazine ring,

Phthalazine was found to react rapidly with chlorine in
aqueous solution to form nitrogen and a mixture of phthelaldehyde,
O-dichloromethylbenzaldehyde and N-chlorophthalazone, the ratio of
products depending on the rate of addition of chlorine, the concentra-
tion of chloride ion and the gl of the medium; the same products were
obtained using hypochlorous acid. The reaction of chlorine with sub-
stituted phthalazines and some related azines also resulted in oxida-~
tion and ring-fission. Mechanisms have been propcsed to account for
the formation of these products,

The nitration and bromination of phthalazine in 984 sulphuric
acid gave S-substituted derivatives; this orientation was predicted
by reactivity indices calculated using the H¥ckel molecular orbital
5

method, The rate of nitration was found to be 5.6 x 10 1, mole-1
sec:n-1 at 61090. Amination and hydroxylation occurred at the 1-=position,
as predicted,

Phthelazine reacted with keten and with maleic anhydride,
forming adducts of unknown structure,

Treatment of phthalazine-2-oxide with alkaline potassium
ferricyanide resulted in the formation of nitrogen and phthaleldehyde,
Conversion of the 2-oxide to 2-acetylphthalazone was effected by heating

with acetic anhydride, Chlorination and nitration of phthalazine~2-

oxide was accomplished by the use of chlorine water and potassium



nitrate in 934 sulphuric acid respectively.
N-Substituted phthalazinium salts were found to undergo
nucleophilic attack at the 1-position by hydroxide, alkoxide and

cyanide ions; the products, however, resisted further degradation.
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Introduction

Advances in methods of synthesis and in physico-chemical
techniques during recent years have led to a vast expansion in the
field of heterocyclic chemistry., In particular, those ring systems
occurring in natural products and in biologically active materials
have been extensively investigated. Nitrogen heterocycles are widely
distributed in Nature and are commonly derived from five or six-
membered aromatic rings. The latter class is structurally based on
pyridine (1), which shows a degree of aromaticity comparable with
benzene, Howe?er, the pyridine molecule is wnsymmetrical with respect
to bond lengths and charge distribution because nitrogen is more
electronegative than carbon, The chemical reactivity of pyridine
therefore differs from benzene; electrophilic attack, for example, is
much less favourable because of the electron withdrawing effect of the
nitrogen atom, while nucleophilic attack is facilitated.1

The presence of two nitrogen atoms in a six-membered aromatic
nucleus would be expected to result in even greater differences and this
has been found for the three isomeric diazines (2, 3 and 4). Pyridazine
(2) does not undergo electrophilic substitution® whereas nucleophilic

PPL

displacement of substituents occurs readily. & further consequence
of localisation of electrons on nitrogen is a reduction in the aromatic
character of the diazine ring, This effect seems from valence bond

calculations to be negligible in pyrimidine (3) and pyrazine (4)6 but

of appreciable magnitude in pyridazine (2) where the hetero atoms are
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adjacent°7 The Kekule structure (2a) having a single bond between

~ | Y ~
N N
N\N = N
(1 (2a) (2b)
5 4
Z N t”} 6 \PIU :
S ﬂ ~ 7 — NZ
N N 5 1
(3) (4) (5)

the nitrogen atoms was consid.ered7 to make a greater contribution to
the resonance hybrid than the form (2b). The C=N bonds in pyridazine
would therefore have increased double bond character and would be more
susceptible to addition, This prediction was fulfilled by a recent
report8 that pyridazine undergoes addition across the C=N bond with
two molecules of maleic anhydride,

Phthalazine (5), which is the diazine studied in the present
work, is formally derived by fusion of a benzene ring to the d bond of
pyridazine and would be expected to parallel pyridazine in chemical
behaviour, The benzo ring, however, offers more favourable sites for
electrophilic substitution and may modiflyy the properties of the hetero-
cyclic nucleus, Since the 1,2 bond in naphthalene has the greatest
bond order, the double bond character of the C=N bonds in phthalazine

should be enhanced compared with pyridazine,
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The phthalazine ring system has not been found in Nature and
has accordingly received relatively little attention; most of the recent
investigations have been concerned with the preparation and properties

9,10,11

of biologically active derivatives, Reviews of phthalazine

chemistry reveal considerable interest in the derivatives of phthala-

12,13, Investigation of the deoxy-

zones and phthalaz-1,4-diones.
genated phthalazine ring, on the other hand, has been hampered by the ’
lack of suitable methods for its synthesis, |

Gabriel and Pinkusﬂ15 first prepared phthalazine in 1893 by
condensing hydrazine (scheme 1.) with phthalaldehyde (8), the latter

being obtained in situ from o-xylene (6). The tetrabromo derivative

X2 H,0
CH3 CHX5
CH3 CHX5
(6) (7)
N,H
CHO 2% IN
—_— 1
CHO N
(8) (5)

Scheme 1.

(7; X=Br) proved to be a more suitable intermediate than the chloro
compound (7; X=Cl) and modification of the bromination procedure16

has made the method one of the most satisfactory syntheses of phthalazine



on a large scale, Although phthalazine has recently been produced
almost quantitatively by carrying out the condensation step at 0° in

1
7 the tedious procedure required to isolate the aldehyde18

ethanol,
is not warranted by the small increase in yield. The preparation of
substituted phthalazines by this method is severely limited by the
difficulty in obtaining substituted o~dialdehydes and o-diketones;
some 1,4~disubstituted phthalazines have been synthesised from o-

19,20,21 and 4~chlorophthalaldehyde has given 6-chloro—

diketones
phthalazine.22

Condensation of hydrazine with phthalaldehydic acid (9)
provides phthalazone (10) from which 1-chlorophthalazine (11) may be

obtained by treatment with phosphorus oxychloridez3 (Scheme 2),

I
CO,H Nz"'z. W POCl3 XN
— I

CHO = g~

(9) (10) / an

Zz—2Z

NoHy NHNHp 2+
NN NN
—— | — l
N N
(12) (5)

Scheme 2,

Removal of the chlorine atom by the use of red phosphorus

and hydriodic acid?4 or by catalytic hydrogenation25 has provided
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phthalazine in moderate yield but the preparation of phthalazine
derivatives is again restricted by the lack of suitably substituted
starting materials, Nevertheless, this method remains virtually the
only route to phthalazines substituted in the 1-position26_30 and in
the carbocyclic ring°22’24 1-Chlorophthalazine has proved a useful
synthetic intermediate; the chlorine atom undergoes nucleophilic
displacement with the formation of amino,” *2 hydrazine, > alkoxy "
and phenoxy28 derivatives, Displacement by active methylene compounds

35

1-Hydrazinophthalazine (12) has been oxidized %o

36

can also occur,
phthalazine by copper sulphate” but the overall yield of phthalazine

was less than direct dechlerination. Conversion of the chloro com—
pound to 1=tosylhydrazinophthalazine, followed by alkaline decomposition,
also gave a low yield of phthalazine.37
Phthalaz=1,4~diones (14), the most numerous cless of phthala-
38 39

zine derivatives, are readily prepared from the anhydrides,” esters

or imidesko of the corresponding phthalic acids (13) and several have
been converted to 1,4~dichlorcphthalazines (15) by the action of

phosphorus pentachloride.41’42 (Scheme 3,) The methods available for

0
cl
CooH NaHg nH  PClg NN
_ | — |
CO%H NH =N
R R 5 R Cl

(13) (14 (15)
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dehalogenation of nitrogen heterocycles are limited in this case by the
rapid solvolysis of 1,4-dichlorophthalazines in aqueous and @lcoholic

35 g, 3753 e

solutions, 239 Several unsuccessful attempts have been reporte
althongh a 35% yield of phthalazine was finally achieved® | by the action
of red phosphorus and hydriodic acid on 1,4~dichlorophthalazire (15;
R=H). 1,4-Dichlorophthalazine undergoes nucleophilic displacement
31,45

reactions in a similar manner to the 1-chloro derivative, more
vigorous conditions being required to replace the second chlorirne atom,

The 1,2,3,4~tetrahydrophthalazine system (17) may be formed
from w,w'-dibromo-c-xylene (16) by reaction with hydrezines carrying
suitable substituents. The method of Hatt and Stephenson46 gave a
poor yield of phthalazine (Scheme 4.) and is unlikely to provide sub-
stituted phthalazines because of the severe conditions required.

Carpino47 used potassium t-butylhydrazoformate (18) and
obtained a 60% overall yield of 1,2,3,4~tetrahydrophthalazine (17)
from which phthalazine can be prepared by oxidation with mercuric
oxide°15 (Scheme 5.)

Another method for the formation of the phthalazine ring has
been used in one instance; phthalonitrile (19) was found to condense
with hydrazine to form 1,4-dihydrazinophthalazine (20) in excellent
yield,hs The same product was obtained from 1-amino-3~iminoiso-
indolenine and hydrazineok9 The procedure has been extended to include
cyclisation of o~cyandbenzaldehyde (21; R=H) but phthalazone (22; R=H)
was the major producto5g o-Cyanoacetophenone (21; R:GHB) gave only the

1
phthale zone’ (22; R=CH 3) :
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(16) (16;R=H)
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i 0 :
N “OEt N KMnO,,
l — I —_—
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I CO,H
CO,H HN XN
2 + | —_— |

(17) (5)
Scheme .):I:s
CH,Br KTC°2‘15U NCO t Bu
+ —_—
CH,Br KNCO,~t Bu NC02 ~tBu
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(17) (5)

Scheme 5,



NHNH
CN NZHL \.[]J
CN N
NHNH
(19) (20)
0]
NHNH
cn  N2H, N NH
COR N =
R R
(21) (22)

Gabriel studied a few reactions of phthalazine at the end
of the nineteenth century but little further work on the unsubstituted
system has been reported, Phthalazine is a weak, monoacidic base,
pKa 3047,32’52 and forms well defined salts with strong acids.15’27
The increase in basicity from pyridazine (pKa 2.3) to phthalazine is
abnormally large compared with the difference between pyridine (pKa
5.2) and isoquinoline (pKa 5.4)?3 The possibility of resonance
stabilisation of a protonated dimeric species (23), similar to that
proposed for pyridazine,32 is precluded by the fact that cinnoline,

which would be capable of similar stabilisation, has the same basic

strength as pyridazine.

+ _H..
INT NF ‘\N\__E
L 22
AN AN Z

(23) (24)



In a recent chromatographic study of nitrogen heterocycles, phthalazine
was found to have the highest adsorption energy of the mono and bicyclic

Db This was atbributed to the ability of both nitrogen

diazines examined.
atoms to share one adsorption site (24). Complexes are formed by
phthalazine with ammonium thiocyanate and a number of transition ele-
n@nts°55
The electronic absorption spectrum of phthalazine has been

56-61 An n—"

recorded and is simdilar to that of naphthalene,
transition was observed as weak, long wavelength absorption in cyclo-
hexane solution and lacked the sharp cut-off usuzlly exhibited by
azines, This has been explained by the fact that the lowest ensrygy
n—1T ‘ transition in phthalazine has forbidden symmetry but is weakly
allowed by non-symmetric vibrationso62 At shorter wavelengths an
allowed n=1l * transition of higher energy is observed. Calculations
of the electronic absorption spectrum, particularly n=1T ¥ transitions,
have been carried out using molecular orbital methods and some correla-

63-66

tion with the observed spectrum has been obtained,
67,68

The phos-

60 . .
phorescence, nuclear magnetic resonance and electron spin

69,70 of phthalazine have been recorded., The dipole

69,72

resonance spectra
moment71 and ionisation potential 213 have also been measured and
compared with theoretical values, The calculation of reactivity
parameters has been limited to charge densities and will be discussed
in a later chapter.

Alkyl phthalazinium iodides (25; R:GHB, GHZGH3) were reported

by Gabrael’™ to give a mixture of 2~alkyl-1,2-dihydrophthalazines (27)



and 2-alkylphthalazones (28) on treatment with one equivalent of agueous
potassium hydroxide, It was later suggested12 that the reaction (Scheme

6,) proceeds by disproportionation of the pseudo base (26). More

S OH o
I > |
NR1 NR
HO H
(25) (26)
N ASY
| R |
NR NR
H H 0
(27) (28)

Scheme 6.

recently, Smith and Otremba © cbtained the dihydro base (27) in high
yield from the phthalazinium salt (25) by reduction with sodium boro-
hydride., The second C=N linkage remained intact even in the presence
of a large excess of reagent. Quaternisation of the dihydro base,
followed by alkaline degradation, gave oX=N ,N-dimethylamino=-o—
tolunitrile (29), the proposed mechanism (Scheme 7.) being similar to
the base-catalysed conversion of aromatic chlorimines to nitriles°75
The oxidation of phthalazine with potassium permanganate
resulted in degradation of the carbocyclic ring and the formation of

pyridazine-4 ,5-dicarboxylic acid°24 Reduction with sodium ameaigam

gave 1,2,3,4-tetrahydrophthalazine (17)46 while tin and hydrcchloric
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NMe CH.NMe
(27) ——> gt —s 2 rRe

N

24
HO™ VH
(29)

Scheme {o

acid produced o-di(aminomethyl)benzene (31)015 The instability of the
diazine ring toward reducing agents was also observed by Stephenson,3o
who found that hydrogenation over platinum oxide released ammonia; no

other products were identified.

NH SN CH,NH,
| | —
NH _N CHoNH,

a7 (5) (31

Phthalazine has been found to undergo addition across the

C=N bond with phenyl magnesium bromidee76

It was assumed that 1-phenyl-
1,2-dihydrophthalazine (33), formed by hydrolysis of the complex (32),
underwent autoxidation to the end-product, 1-phenylphthalazine (34),
which was obtained in L5% yield (Scheme 8.)s A similar reaction of
alkyl and aryl lithiums with phthalazine has recently been reported;77
some evidence was presented for the formation of a peroxide intermediate
in the autoxidation step,

Few substitution reactions of phthalazine have been described,

Phenylation with N-nitrosoacetanilide, presumably by a free radical



Ph H
PhMqB
SN 9=r NMgBr Hp0
| E— |
~N =N
(32)
Ph
H Ph
NH SN
I _— |
~N ~N
(33) (34)
Scheme 8,
37

mechanism, gave an extremely low yield of S5-phenylphthalazine, The

nitration of phthalazine provided the S-nitro derivative (35) as the

78

main product,’' together with a small amount of S5-nitrophthalazone

(36) The nitration products of 1-methyl-and 1-methoxyphthalazine

had similar orientations of the nitro group.78
NO, 0
NN KNO3 N NH
| — | + |
N Hys0, N =N
NO2
(5) (35) (36)

79

Phthalazine-2-oxide has been prepared’'” by the action of
monoperphthalic acid on phthalazine at Oo. 1=-Alkoxyphthal azine~3-
oxides were obtained under similar conditions and also by the use of

peracetic acid at higher temperatures.so The only reaction of
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phthalazine-2-oxide reported was its reduction to phthalazine by

9

phosphorus pentachloride. The action of acetic anhydride on phthala-

zone=3-oxide (37) afforded phthalaz-1 ,A—dioneao in accord with the usual

rearrangement of N-oxides in this medium;81
0 0
s O
,/'N~\\0__ : H
(37 (14)

Deficiencies in the present knowledge of phthalazine chemistry
have already been pointed out byVaughan13 and by Al'bert.82 Common
substitution reactions, such as bromination, amination and hydroxylation,
have not been attempted in the phthalazine and phthalazine-2-oxide sys-
tems., Few of the various addition reactions undergone by nitrogen
heterocycles have been applied to phthalazine, The aims of the present
work, therefore, were to devise an efficient synthetic route to
phthalazine derivatives, to investigate more fully the chemical pro-
perties of the ring system, and to rationslise its reactivity, where

possible, in terms of molecular orbital theory.
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CHAPTER 1.

The Synthesis of Phthalagzines.

101 Svnthesis from phthalaldehydes,

In the preparation of phthalazine for the present work
according to scheme 1, overall yields of up to 8% were obtained by
using the modified bromination procedure16 and by adding the required
amount of hydrazine hydrate to the hot solution of phthalaldehyde
generated in situ from w,w,w' ,w'-tetrabromo-c-xylene. The synthesis
of nitro- and bromophthalazines by the same method, however, proved
less successfule

Bremination and nitration of w,w,w',w'-tetrabromo-o-xylene

83

were reported ~ to give L-substituted derivatives which yielded
phthalaldehydes on hydrolysis. The aldehydes were not characterised
and the experimental details available were not sufficient to allow
repefition of the work. An unambiguous and more convenient route to

the L~-substituted tetrabromo derivatives was achieved by the bromination
of L=bromo~ and L-nitro-o-xylene with elemental bromine at 180° ard with
N-bromosuccinimide in carbon tetrachloride respectively. Both products
were unaffected by prolonged refluxing in water; in contrast to the
L=chloro derivativer”22 and hydrolysis was finally effected by heating
with sodium acetate and agqueous ethanol at 1500° The crude products
were dissolved in ethanol and treated with hydrazine, 4-Bromo-

phthalaldehyde gave a low yield of 6-bromophthalazine but only tar was

recovered after the reaction of hydrazine with L-nitrophthalaldehyde
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at temperatures ranging from -50 to 1000.

The bromination of 3-nitro-, 3-bromo- and 4 ,5-dibromo-o-
xylene yielded only di-and tribrominated procducts, Chromic acid
oxidation of o~xylene has given phthalaldehyde in poor yield;84
application of the method to 4-nitro- and 4-bromo-o-xylene gave no
usef'ul products, Phthalaldehyde has also been prepared by the
reduction of N,N-dimethylphthalamide with lithium aluminium hydride85
but the procedure, being unsuitable for large scale syntheses and for

derivatives containing reducible groups, was not further considered

in the present work.

1.2 Synthesis from phthalic acids.

A more convenient starting point for phthalazine synthesis
was considered to be the phthalaz-1,i-dione system (14) which is readily
obtainable from phthalic acid and may be converted to phthalaz-1,i-dithione

(38) 86 and 1,4~dichlorophthalazine (15).1"1 Removal of the thio or

NH NH N
| — I —_— |
NH N
0
(14) \ (38) /
Cl
SN
| —_— I
~N NH

Cl

(15) {18)
Scheme 9.
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chlorine groups would then provide synthetic routes to phthalazine
derivatives with substituents in the benzo ring. (Scheme 9).

The removsl of mercapto groups from aromatic nuclei by reduc—
tive desulphurisation has provided on efficient synthetic route to many
heterocyclic derivatives, including diazine and triazine systems°87’88
The dithione (38), however, was found to undergo ring fission with
evolution of ammonia in the presence of various grades of Raney nickel,
Nitrogen-nitrogen single bonds are known to suffer catalytic cleavggé9o’91
and the bond in this case appeared ‘o be particularly labile, as ammonia
was formed by the action of alkali alone. Phthalazine was eventually
obtained in 1% yield using W7 Raney nickel in pyridine at 100°,
Attempted thiations of the mononitro- and monocaminophthalaz-1,4-

diones (14; R = NO NH2) were unsuccessful,

2’
Atkinson and Sharpe37 treated 1,4~dichlorophthalazine (15)

with p-toluenesulphonhydrazine by the method of Albert92 but alkaline
decomposition of the resulting hydrazide produced no phthalazine,

Reduction of the dichloro compound with phosphorus and hydriodic acid

37

gave phthalazine in 35% yield. Similar results were obtained on

repetition of this work and, in addition, the use of zinc dust proved
unsuccessful in removing the chlorine groups, The major product was

L~chlorophthalazone, confirming the ease of hydrolysis of the chlorine

57,41

group reported by previous workers. A ditosylhydrazide adduct

could not be obtained by treating 14-dihydrezinophthelazine with tosyl
chloride, Catalytic hydrogenation of 1,4-dichlorophthalazine under the

93

same conditions as were used for 3,6-dichloropyridazines”” gave ammonia
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and intractable material,

Efficient removal of the chlorc groups was finally achieved
in the present work by hydrogenation at atmospheric pressure over
palladiur—~on-carpbon in a mixture of dioxan and ammonia, No reaction
occurred in the absence of ammonia, and the use of an inert solvent was
necessary since in methanol L-chlorod-methoxyphthalazine was formed as
well as phthalazine, When the hydrogenation was carried out at 100
atmospheres, rapid conversion to 1,2,3,h=tetrahydrophthalazine (17)
was observed; the same product was obtained by hydrogenation of phthala-
zins under identical conditions,

To extend the scope of this method, 2 number of substituted
1,4k-dichloropnthalazines were requirsd, A general method was used,
involving heating the corresponding phthalaz-1,4-dione with two equiva-
lents of phosphorus pentachloride in phosphorus oxychloride until a
solution was obtained. Prolonged heating gave dark solutions from which
very little product could be isolated, Excess phosphorus oxychloride
was removed in vacuo and the anhydrous product purified by recrystallisa-
tion or sublimation, 6,7aDimethyl-1,4~dichlorophthalazine could be
obtained by refluxing the dione in phosphorus oxychloride alone and
proved remarkably resistant to hydrolysis and hydrogenclysis. Duriag
attempts to chlorinate the amino- and acetamidophthalaz-1,i~-diones
evolution of hydrogen chloride occurred but only dark gums were isolated,
When hydrogenated undex the same conditions as 1,j-dichlorophthalazine,
S=nitroj 6-nitro-and 6-chloro-1,4~dichlorophthalazine each absorbed

hydrogen but no products could be obtained other than the starting
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materials and hydrolysed derivatives, In the first two instances, water
formed by reduction of the nitro group may pemmit hydrolysis of the
chlerine groups before hydrogenolysis can occur,

Several monochlorophthalazines (39; R = H’GH3) have been

dechlorinated by S‘t‘.ephensonz‘5 »30

using palladium and sodium hydroxide
in ethanol, Ammonia was found to be a more suitable base for these
reductions and the method was also used for the preparation of 1=~

phenylphthalazine (40; R = Ph) and phthalazone (40; R = CH).

Cl
NN NN NH
l > | > |
R R R
(39) (40) (41)

Dehalogenation of 4-chlorophthalazone (39; R = OH) required hydrogena=
tion at 100 atmospheres and 100°, and was more readily effected by
refluxing the compound with palladium end hydrazine in ethanol after
the method of Mosby.,y+ 1=Chloro-and 1-chloro-4-methylphthalazine
formed 1,2,3,4-tetrahydro derivatives (41; R = H’CH3) when hydrogenated
at 100 atmospheres,

A new diaza-anthracene, benzo[g]phthalazine (44) was prepared
from 1 ,h;-dichlorobenzo[g]phthalazine by the same method as phthalazine

(Scheme 10), If the volume of hydrogen absorbed was allowed to reach
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0 Cl
NH NN NN
| — | — |
NH =N ~N
Ci
0
(42) (43) (44)

Scheme 10,

three moles, a white precipitate was obtained which, being insoluble in
all solvents tried, could not be freed from the catalyst, When the
mixture was sublimed or boiled in acetic acid benzo[g]phthalazine was
recovered as the sole product, indicating that the substance may be a
readily dehydrogenated dihydro derivative, Benzo[g]phthalazine was found
to be a relatively strong base (pKa3.5) forming salts which exhibited a
green fluorescence in solution, The base itself did not fluoresce under
ultraviolet light and its electronic absorption spectrum was more similar
to that of naphthalene-2,3-dialdehyde than anthracene, Pyrolysis of
benzo[g]phthalazine in air at temperatures over 300° gave a decomposi-
tion product which showed a nitrile absorption peak in the infra-red
spectrum, It would seeﬁ, therefore, that T-electron localisation at
the C=N bonds in benzé[g]phthalazine is sufficient to cause the N-N
bond to become susceptible to pyrolytic fission,

Although the dechlorination procedure described above has
not yet provided substituted phthalazines, it has subsequently been

successfully applied to the synthesis of azaphthalazines.95
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1.3 Synthesis from phthalonitriles,

Earlier it was stated that 1,4-dihydrazinophthalazine (20)
is produced by the action of hydrazine on phthalonitrile in the presence
of acetic axcid..z"8 The mechanism proposed for this reaction (scheme 11)
requires cyclisation with one mole of hydrazine to form 1,4~diamino-
phthalazine (45), followed by nucleophilic displacement of the amino
groups with hydrazine, To verify this route, 1,4—~diaminophthalazine was
synthesised by cleavage of the N-N bonds in 1,4~dihydrazinophthalazine
with Raney nickel, This appears to be the first example of degradation
of a dihydrazino derivative, although several monohydrazides and hydra-

91

zines yielded amides and amines” when treated with Raney nickel. The

heterocyclic N-N bond in 1,4-diaminophthalazine was unaffected by the

NH
N H
CN 24 NH
— l —
CN NH
NH
(19) (45a)
NH- NH=NH2
N Y 2ha g A
| - | + 2NHj3
NH» NH-NH2
(45b) (20)

Scheme 11,
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catalyst, in contrast to benzo[c]einnoline ” and phthalazine, which in
the present work was found to evolve ammonia under these conditions,

When 1,4-diaminophthalazine was allowed to react with hydrazine
under the same conditions as phthalonitrile, a high yield of 1,4~
dihydrazinophthalazine was rapidly obtained, .Moreover, the ultraviolet
spectrum of a reaction mixture using phthalonitrile showed, after seven
minutes reaction time, a maximum at 335 mp identical with that of the
diamino derivative ; a small amount of the latter could be isolated from
the mixture at this stage. The use of one mole of hydrazine gave a
mixture of the starting material and 1,k~dihydrazinophthalazine, sugges-
ting that the diamino derivative, once formed, is rapidly converted to
the dihydrazino compound. Phenylhydrazine failed to react with phthalo-
nitrile and with 1,4-diaminophthalazine, In attempts to prepare 1,4~
dihydrazinophthalazines with substituents in the homocyclic ring, 3-
nitro- and 4-nitrophthalonitrile were treated with hydrazine but mixtures
of the starting material and nitro- and aminophthalimides were obtained,
4~Chlorophthalonitrile formed a considerable quantity of polymeric
material as well as the dihydrazino derivative, The reaction of
hydrazine with 3-methylphthalonitrile only proceeded when trifluoro-
acetic acid was used as the catalyst. The product showed complex N-f
bands in the infra-red spectrum but, being inert toward mercuric oxide,
contained no primary hydrazine groups.

Generally, the course of oxidation of primary aromatic hydra-
zines is dependent upon the nature of the oxidising agent, the solvent,

and the pi of the medium. Two equivalents of oxidant produce the
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diazonium ion (46) which may undergo decomposition to hydroxy and halogeno
derivatives (47; X = OH, halogen).

+ X
2{o] RN, — R
(46) (47)
R NH NH2 H20 RH
(49)
\\\\\\\\& R=Nz=N~H /////’/j?

fo] (16) \

R~R + RH
(50) (49)

Scheme 12,

Soﬁe oxidants, however, are only capable of forming the diimine (48)
which decomposes in water to the hydrocarbon (AS). Homolytic decompo-
sition of the diimine species may occur in aprotic solvents with the
formation of dimers (50). Oxidation via a diimine intermediate is
pertinent to the present investigation because a method was required
for replacing the hydrazino groups in 1,4-dihydrazinophthalazine with
hydrogen.,

Chattaway96’97

studied the reaction of metallic oxides,
permanganates and chromates with several primary aromatic hydrazines
and reported the formation of hydrocarbons together with small quan-
tities of phenols, diphenyls, azo compounds and tar, Of these oxidants,

mercuric oxide was found to be the most satisfactory for the conversion

of 1,4-dihydrazinophthalazine to phthalazine (reaction 1, Table 1.)
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When the reaction was conducted in water at room temperature rapid
oxidation and evolution of nitrogen was observed; the yield being un-
affected by increases in reaction time (reaction 2) or temperature
(reactions 3 and 4). The crude product was relatively pure and free
from hydroxyphthalazines, No azo dye was produced when the reaction
was carried out in alkaline 2-naphthol, indicating the absence of a
diazonium ion intermediate., Since the existence of diimines is well

established,98 the following mechanism is proposed. (Scheme 13,)

¢\ >
N=N—HFOH
NHNH» 2
SN HgO SN
| —y | —_
_N _N
: NHNH2 NHNH,
(20)
SN HT XN HgO ASY
| — | — |
/N /N /N
NHNH?2 NHNH2

(5)

Scheme 12,

The hydrazine groups may be oxidised consecutively as shown
or concurrently; in either case, base-catalysed decomposition of the
diimino group followed by protonation of the resulting carbanion would
lead to the formation of phthalazine. Tnis mechanism is analogous to
the latter stages of the Wolff-Kishner reduction99 and to the McFadyen-

Stevens synthesis of aldehydes1oo where loss of nitrogen is thought to



TABLE 1,

Oxidation products of 1,.-Dihydrazinophthalazine,

Reaction Oxidant Solvent time temp, Product
' (hr) Yield
1 HgO H,0 3 20° phthalazine 73
> " " 24 20 "o &
3 " " 3 100 " I
L . = 3 0 " 72
5 " benzene 24 20 " L9
6 Hg(ckc) H 20 3 25 N L0
7 Heoftigl1, 3 20 " 23
8 Ag,0 " 2, 20 " 21
9 " ether 24 20 " 20
10 " HOAc/cyclohexane 24 20 " 2
11 NaOH/02 H,0 12 100 phthalaz-1,4~dione 81
12 01504/02 1N HC1 84 100 phthalazine 7
13 chloranil H 20 14 40 N L5
phthalonitrile 52

-d'(z—



TABIE 1 (Contd.)

Oxidation products of 1.4~Dilydrazinorhthalazine.

Reaction

Oxidant Solvent time  temp, Product %
(hr) Yield

14 benzoquinone H,0 1 20°  phthalonitrile 39

15 bromine L 3 20 " - 23

16 nitrobenzene nitrobenzene 0,2 180 phthalazine ° 63

17 azobenzene azobenzene 0.5 165 " 19 :
18 sodium hypochlorite AN HC1 2 20 L-chlorophthalazone 89 ?‘
19 N 1.!;1_5 HCL 0.2 =15 " 76

20 sodium periodate 2N H 230 ), 0.2 70 phthalaz~1,4-dione 95

21 o 4N HC1 0.3 70 L-chlorophthalazone 62

22 N-bromosuccinimide CHC l..5 0.5 60 L4=-bromophthalazone L2
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give an intermediary carbanion, Additional evidence for the ionic

R1R2 CH-N = NH — R1R2 tH — R1R20H2

RCON=N -— RCO — RCHO

mechanism is the partial retention of configuration observedw1 during

the base-catalysed decbmposition of alkyl diimines, The complete

% %
R--I\JI'I—I\IH2 —_> R—N = 1H —_—
* %

R 90600 HB. — RH + B

racemisation which occurred in the absence of base was explained on the
basis of homolytic decomposition. The lower yields of phthalazine ob-
tained in non-polar solvents can thus be attributed to slow, homolytic
degradation of the diimino groups (reactions 5, 8, and 9).

Infra-red spectra and ignition tests of residues from the
oxidation of 1,4-dihyirazinophthalazine revealed the presence of organic
material but none could be extracted using a variety of solvents. ZZarlier
workers reported the formation of mercury compounds from the oxidation
of primary hydrazines with mercuric oxide.102 Presumably nucleophilic
displacement of nitrogen by the metal occurred, as in the replacement
of sulphinyl and labile carboxyl functions by mercury and mercuric
103-105

ions. A similar trEngformation in the phthalazine system would

conceivably give rise to a mercury polymer (51). The formation of such
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a derivative would be favoured by a high concentration of mercuric ion,
and is consistent with the 40% yield of phthalazine obtained from an.
oxidation using excess mercuric acetate (reaction 6); the starting
material was completely consumed. The use of a mixture of mercuric
oxide and mercuric chloride gave phthalazine in even lower yield (re-
action 7).

Mercury aryls generally react with sodium at room temperature
with displacement of mercuny106 but the above residue was unaffected
even after reflux in toluene, A small quantity of terry material was
liberated by treating the residue with bromine but attempts at further
purification were unsuccessful.

The synthesis of substituted phthalazines by the mercuric
oxide method appears to be limited by the difficulty in preparing the
appropriate dihydrazino derivatives; 6~chlorophthalazine was prepared,

however, and a nurber of azaphthalazines have been subsequently dbtaine85

by this route,
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Oxidation of 1,4~dihydrezinophthalazine with silver oxide was
attempted in several solvents (reactions 8, 9, and 10) but the yields
of phthalazine were inferior to those obtained using mercuric oxide,
Alkaline decamposition of primary hydrazines offers en altexnative

route to diimines.98 It was hoped that 1,4=dihydrazinophthalazine

“OH

MENHT, ——> NH = N+ p-CH,C.H, SOH

2%

would decompose to phthalazine in a similar fashion but nucleophilic
displacement of the hydrazino groups by hydroxide ion gave phthalaz-
1,4~dione as the only product (reaction 11), The methods employed by
Corey,98 involving oxidation in the presence of cupric ion, were also
ineffective, 1,4~Dihydrazinophthalazine formed a copper complex which
provided a very low yield of phthalazine on prolonged reflux in aqueous
acid (reaction 12),

Another approach to the diimine system was made using quinones.
These have proved useful for dehydrogenation between carbon atoms and

0 but 1ittle synthetic use has

between a carbon and a nitrogen atom.
been made of the ability of quinones to oxidise hydrazine groups.
Benzene is obtained from phenylhydrazine,108 whereas 2-nitro and 2,4—
dinitrophenylhydrazines give condensation products identical with those
obtained by coupling 2-nitro-and 2,4~dinitrobenzenediazonium salts with
phenol.1o9 Dehydrogenétion of the hydrazine groups in 1,4~dihydrazino-
phthalazine to the diimine functions would lead to the formation of

phthalazine by the same route as oxidation with mercuric oxide, The
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possibility of a side reaction was evident from blank experiments which
showed that although phthalazine was unaffected by chloranil, it formed
a complex quantitatively with the reduction product, tetrachloroquinol;
the phthalazine could be recovered by alkaline decamposition of the
complex.

Brisk evolution of nitrogen occurred when 1 ,4=-dihydrazino-
rhthalazine was warmed with an aqueous suspension of chloranil and the
reaction was complete after the addition of 2,5 moles of oxidant, The
dark brown solid was filtered, washed with hot water and digested in
alkali, The filtrate and washings yielded phthalonitrile and phthalazine
was obtained by extraction of the alkaline solution (reaction 13, Table 1),
This result is consistent with the formation of 1,4~bis-diiminophthalazine
(52) which may decompose directly to phthalazine or undergo further
oxidation and subsequent decomposition to phthalonitrile (19) (Scheme

14). Although a concerted electron movement is illustrated for the

NHNH> 7
XN Y cl cl
r—
! Sl
NHNH2 J 5
N
(20) / (52)

N CN

(%) (19)

Scheme 1k
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latter step a stepwise process involving the 4~diiminophthalazine-1i-
diazonium salt is equally possible, The isolation of equal quantities
of phthalazine and phthalonitrile accounts for the consumption of 2§
moles of oxidant, Reactions carried out in organic solvents gave low
yields of the same ratioc of products due to the low solubility of 1,4=
dihydrazinophthalazine: The ability of benzoquinone to react at rcom
temperature is attributed to its greater solubility in water than
chloranil., (reaction 14); only phthalonitrile was obtained,

The controlling factors in the oxidation of hydrazine groups
with quinones are not clear, Attempts in the present work to change the
product ratios by varying the temperature and by the addition of bases
were unsuccessful, Bromine water was also found to effect ring cleavage
in 1,4-dihydrazinophthalazine, forming phthalonitrile and a large amount
of intractable material (reaction 15). The reaction of two moles of
chloranil with 1-hydrazinophthalazine (12) yielded phthalonitrile;
hydride ion abstraction from the diimine nitrogen (53) is considered

-thore: likely than from the electron-deficient L-position (Scheme 15),

N=N—H A0
NHNH / SN,
N N C cl
A — N
J
H 0
(12) (53)
CN
—_—
CN

(19)

Scheme 15,
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Azobenzene and nitrobenzene reacted with 1,4-dihydrazino-
rhthalazine at high temperstures to give variable yields of phthalazine
(reactions 16 and 17), formed presumably via the diimine intermediate.
A nunber of red, high melting point solids were obtained which have not
been identified.

Recent investigations11o into the oxidation of monohydrazino-
pyridazines with hypohalous acids have established the existence of
short-lived diazonium salts which rapidly decamposed under the reaction
conditions to hydroxy and halogeno derivatives., On treating an acidic
solution of 1,4—éihydrazinophthalazine with sodium hypochlorite (reac-
tion 18), nitrogen was vigorously evolved and a high yield of lj=-chloro-
phthalazone was obtained. Evidently this reaction also proceeds viz a
diazonium salt intermediate, which may form the product directly by
attack of chloride ion and water, Alternatively, replacement of both
diszo groups by chloride ion would give 1,4-dichlorophthalazine which
undergoes rapid hydrolysis to 4~chlorophthalazone in acid solution.41
- An attempt to isolate 1,4~-dichlorophthalazine from the reaction mixture
: by reducing the time, temperature and acid concentration was unsuccessful
‘ (reaction 19). Oxidation of 1,4-dihydrazinophthalazine with sodium
periodate yielded phthalaz-1,4-dione in sulphuric acid solution (reac-
tion 20) and 4-chlorophthalazone in the presence of chloride ion
(reaction 21). To confirm the presence of a diazonium salt intermediate,
1,4~diaminophthalazine was diazotised in both hydrochloric and sulphuric
acid solutions and the same products were obtained as from the oxidation

of 1,4~dihydrazinophthalazine in these media,
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The mechanism of the oxidation of 1,4~dihydrazinophthalazine

" with N-bromosuccinimide (reaction 22) is not clear; decomposition of a
diazonium salt or homolytic displacement of diimine groups by bromine
atoms would both lead to the formation of 1,4-dibromophthalazine and
finally its hydrolysis product, 4-bromophthalazone., The oxidation of
thenylhydrazine with one mole of N-bromosuccinimide in carbon tetra-
chloride was reported by Barakat and coworkers111 to give hydrazobenzene
in 874 yield. On repetition of this experiment during the present work,
no hydragzobenzene could be isolated but instead a mixture of bromo-
benzene, phenylazide and aniline was obtained., The first step in the
reaction is considered to be oxidation of phenylhydrazine (54) to benzene-
diazonium bromide (55) which may decompose to bromobenzene (56) and
nitrogen or combine with excess phenylhydrazine to form the tetrazine
(57) (Scheme 16). Disproportionation of the latter to phenyl azide (58)

and aniline (59) is e well-known process.

N=N-N-N
NHNH; N, Br NN
_— —_—
(54) (55) l (57)
+ -
Br N=N=N NH3
(56) (58) (59)

Scheme 16,
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When anhydrous benzenediazonium bromide was prepared by the
- method of Chattaway,113 involving the reaction of bromine with phenyl-
: hydrazine in ethanol, & similar transient purple colouration was ob-
served as in the above reaction. IFurthermore, the salt yielded bromo-
benzene when refluxed in carbon tetrachloride. Since the formation of
benzenediazonium bromide from phenylhydrazine requires two moles of Ne-
bromosuccinimide, half the sﬁarting material was recovered, However,
when the reaction was carried out using two moles of oxident some
phenylhydrazine still failed to react because of the formation of the
insoluble hydrogen bromide salt. In cold, agueous solution, phenyl-
hydrazine and N-bromosuccinimide produced phenyl azide and aniline but
no bromobenzene; formation of the diazonium salt was demonstrated by
coupling with 2-~naphthol. By working up under aqueous conditions a
reaction carried out in carbon tetrachloride, a small quantity of 2,4,6-
tribromophenol was isolated. The same product was obtained by Chatta-
way113 on treating benzenediazonium bromide with water, It appears,
therefore, that the oxidation of phenylhydrazine with N-bromosuccinimide
proceeds via the diazonium salt under both anhydrous and aqueous condi-
tions. At no stage was hydrazoberzene detected, contrary to the report
of Barakat and coworkers who based their structure assignment on the
melting point alone.

Several monohydrazinophthalazines (60; R = H, OH, CH, Ph)
were successfully oxidised to 1-substituted derivatives (61) by mercuric
oxide, the method having synthetic value where the chloro compounds

from which the hydrazines are prepared cannot be reduced directly.

’



NHNH 5
| R l
N N
R
(60) (61)

Attempts to obtain satisfactory yields of hydrazines from the o~keto-
nitriles (21; R = H, CHB) mentioned earlier (p.6) were unsuccessful,
Pyridazine was obtained from 3,6-dihydrazinopyridazine in 57%
yield on treatment with mercuric oxide, while 3-chloro-6-hydrazino-
pyridazine provided 3-chloropyridazine which had previously been pre-

pared22 by a more tedious procedure,



CHAPTER 2,

Reactions of phthalazine with Halogens.

2,1 Addition compounds.

In 1858 the action of bromine on pyridine in water was

reported by Anderson1 15

to give an adduct. & considerable numbexr of
complexes between halogens and nitrogen heterocycles are now known but
in meny cases the structures have not been established. Even the
constitution of some of these substances has been a subject of dis—
agreement in the literature. The terms "complex", "adduct", and "per-
halid¢" are commonly used in the nomenclature of these systems; in the
present work, individual complexes will be named as perhalides or
halogen halides,

Anderson obtained from pyridine a red crystalline substance to
which he assigned the formula 05H5N.Br2. The same formula was suggested
by Hofmann“z" for an orange adduct prepared from bromine and pyridine
hydrochloride and which was found to decompose at 200° to a bromo-
pyridine, (.?rr:i.ma.ux115 recrystallised a similar adduct from chloroform,
obtaining red plates fram which pyridine was recovered by elkaline
decomposition. Analysis indicated the formula (C5H5Br2)2HBr. In a de-
tailed study of the reaction of halogens with pyridine, Trowbridge and

Diehl116 prepared a substance by the action of bromine on pyridine

hydi'obromide in water and assigned to it the formula (C5H5N.HBr) zBr3.
A lower molecular weight derivative, CBH5N.HBr.Br, was also isolated.
The addition of excess bromine to pyridine in chloroform gave a dark
red 1:2 adduct, 051-15N.Br , which lost bromine on standing and formed a
yellow 41:1 complex, In carrying out halogen analyses of the above
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117,118

compounds, Trowbridge and Prescott differentiated between "active"

or reducible halogen and halogen present as halide ion.

The usefulness of carbon tetrachloride as the solvent in the
preparation of halogen complexes was noted by Williams119 in 1931,
Equimolar quantities of bromine and pyridine in this medium gave a red
1:1 adduct of lower melting point than those previously described,
Addition of bromine to pyridine hydrobromide in acetic acid120 gave a
substance which had an active bromine content corresponding to the

formula C 5H5N oIB ::‘.B::‘2 .

Most of the complexes described above appear from their melting
points to be different even where the analyses are similar, Such in-
consistencies in the literature may be accounted for by the formation
of non-integral ratios of heterocycle to halogen according to the
concentrations of the reactants, Furthermore, mixtures of adducts may
be isolated which would confuse the analysis results. Similar dis-

crepancies have been observed in the reaction of pyridine with chlorine

113,116,121

and iodinej two molecules of iodine were detected in the

adduct with pyridine118 but only one molecule of chlorine, 21122

123

Pyridine also forms adducts with fluorine and a variety of mixed

1
halogens. 165 124, 125, 126

Conflicting reports concerning quinoline perbromides127’128’129

130,131 1ho concluded that the methods

were critically examined by Eisch
of preparation may have resulted in decamposition of the initial product.
Eisch obtained a 41:1 adduct by mixing equimoleculer quantities of bramine

and quinoline in carbon tetrachloride at room temperature in the absence
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of light, Acridine has been found to add chlorine, bromine and iodine,
ratios of approximately 1:1 and 1:2 being dbservedo132’133’134
Halogen adducts with nitrogen heterocycles generally lose the
halogen slocwly on stending and are readily decomposed to the parent
bases by alkali or sodium thiosulphate. Decomposition by iodide ion,
followed by tittation of the liberated iodine with sodium thiosulphate
has proved a useful method for the determination of active halogen in
these adducts.130 Pyridine perbromide has been used as a brominating

135 135 1,

agent and is thought to act as a source of bromine cations.
fact, pyridine perbromide undergoes rearrangement on heating to form
3=bromopyridine and nuclear-brominated products are also obtained by
heating the quinoline and acridine perbromides.130’134

No halogen complexes of ring systems with more than one
nitrogen appear to have been reported. The aim of the present investi=
gation, therefore, was to prepare a series of complexes between halogens
and phthalazine for comparison with those from the monoaza-aromatic
series,

Phthalazine was treated with excess liquid chlorine at ~60°
and the yellow slurry then allowed to reach room temperature. A yellow,
free-flowing powder was obtained which evolved chlorine too rapidly for
satisfactory anslyses or physical data to be obtained. The increase in
weight, however, based on the phthalazine used, corresponded to a 1:2
complex with the formula 08H6N2'01 « Decomposition of the adduct in

air and water will be discussed in section 2 of this chapter.

The addition of bromine to a solution of phthalazine in either
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water or carbon tetrachloride gave an immediate yellow, microcrystalline
precipitate which was recrystallised from chloroform without decomposition.
Todometric and microanalyses indicated the formula 08H6N2.Br2° The
substance was stable to light, air and moisture, although prolonged
exposure to the atmosphere resulted in some loss of bromine and the sample
assumed a reddish tinge. Phthalazine was recovered after iodometric analy=-
sis of the complex and after alkaline decomposition. Nearly quantita-
tive yields of the perbromide were achieved by adding a large excess of
bromine to phthalazine in carbon tetrachloride and the product af'ter
drying in vacuo gave the same bromine analysis.

| A number of halogen complexes were similarly prepared by mixing
solutions of phthalazine and the halogen in carbon tetrachloride. Some
physical properties and the analytical figures of these complexes are
shown in Table 2. The halogen analyses were performed iodometrically on
freshly-prepared samples and, with the exception of the iodine trichloride
complex, were in good agreement with the calculated values, &nalysis
for carbon, hydrogen and nitrogen could only be carried out several days
after preparation but excellent agreement was again obtained, Iodine
monochloride and iodine bromide formed 1:1 and 1:2 adducts with phthalazine, .
depending on the amount of halogen used; only 1:1 ratios were detected
using excess bromine, iodine or iodine trichloride., Nearly quantitative
yields could be obtained in each case if the solutions were sufficiently
concentrated., Phthalazine iodine trichloride hydrogenperiodate was
prepared by adding phthalazine to a solution obtained by treating agueous

potassium iodide with chlorine. A solution of iodine in aguecus potassium



TABLE 2,

Halogen complexes of phthalazine,

Solubility Found % Cale, %
Complex | Colour m.p.OC in CHC1
5 c " N |Halogen| G H N | Hslogen
RABr, |yellow | 116 | slight 32,85 | 2.4 | 9.28| 55,0 |33.13]2.09]9.97| 55.1
R,I2 brown 137 moderate 24,79 | 1.63 | 7.08 | 66.6 25,02 | 1,58 7.30| 66,2 :
N

R.IC1 pale 189-150] v.slight 32468 | 2.1 | 9447 | 55.5 | 32.85| 2,07 5.58| 55.k4 ¥

yellow
R.(ICl)2 yellow | 167-169| v.slight 21,82 | 1.48| 6,32 71.1 21.12 | 1.33| 6,16 | 71.4
R, IBr yellow | 172-173| slight 28,70 | 1.90| 8,19 61.6 28,511 1,80 8.31| 61.4
R.(IBr)2 orange | 124-126] slight 17.60 | 1.35| 5,04 | 75.9 17.66 | 1,111 5.15 ] 76.1
R.,ICl3 pale 130-132{ insol, 6L.423 61,2

yellow
footn_ote: R = phthalazine,
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iodide gave phthalazine hydrogen triodide, from phthalazine hydrochloride.
The 1:1 complexes containing mixed and therefore more polarised
' halogens (IC1, IC:l‘3 and IBr) appeared to be more stable than phthalazine
perbromide and periodide with regard to loss of halogen to the atmosphere,
The 1:2 iodine bromide complex liberated soms halogen over a period of
several weeks, as did the perbromide and pericdide. A&ll of the complexes
appeared to be unaffected by light in contrast to the dnstability of
guinoline perbromide reported by Eisch.131
Phthalazine was recoverable from the complexes after iodometric
analysis or decomposition in sodium hydroxide., When phthalazine per-
bromide was heated in ethanol, the bromine was reduced to hydrogen
bromide which yielded phthalezine hydrobromide. On boiling an aqueous
suspension of the perbromide, bromine was evolved and phthalazine was
recovered but the addition of excess bromine to the boiling solution
over a long period gave a low yield of phthalic acid, Phthalazine hydro-
gen tribromide was obtained using acetic acid as the solvent while chloro-
form gave a mixture of phthalazine-~bromine complexes of unknown constitu=
tion, Phthalazine perbromide decomposed to a black tar on heating in
carbon tetrachloride aad phthalazine was the only discrete product wi:l
could be isolated. The absence of brominated phthalazines in these
reactions is not surprising in view of the fact that the pyridine and
quinoline perbromides ¢give almost exclusively B -substituted derivatives;
a position of similar environment is not present in the phthalazine ring,
The structures of the perhalides of heterocycles have been a

subject of considerable speculation in the literature, X-ray analysis
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of the complexes formed between pyridine and iodine monochlor'ide136 and

137

¥ =picoline and iodine indicated a linear arrangement of heterocycle

and halogen by bonding through the nitrogen (62). The addition compounds

20

(62)

of halogens and tertiary amines had similar structures.138 Such
definitive data, however, is not available for the majority of the known
halogen complexes and the relative merits of at least three possible
structures need consideration. One possibility131 is "dicoordinate
complexation™ of the type (R3N32B:ﬁ313—. Analogous structures have

been proposed for the perchlorates of the diguinoline- and diisoquinoline-

139a 1390

and for iododipyridinium salts, Charge~transfer

bromine cation
bonding involving the T-electrons of the heterocycle is another possi-
bility.,“"o The third proposed structure is that indicated by the X-ray
studies; the nitrogen lone pair is assumed to take part in Lewis-=base
bonding to form an n-donor complex of the type RjN'—* Br-Br,

Detailed studies of the quinoline and acridine systems by

134

Eisch131 and by Chandler have led these workers to believe that the
perhalides exist as n-donor complexes. The electronic structure of the
addition compounds was represented as a resonance hybrid of three

contributing structures (63a-c). The infrared and ultraviolet absorption
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spectra of the complexes closely resembled those of the heterocyclic
cations and, more significantly, the stability of the quinoline complex
was similar to that of an n-donor type and much greater than the stability
of MT-donor complexes. The dicoordinate structure was excluded by the
lack of tribromide ion absorption in the ultraviolet spectrum,

In attempting to deduce the structures of the vhthalazine-
halogen complexes, their infrared spectra in Nujol were compared with
the infrared spectra of phthalazine, phithalazine hydrochloride and
phthalazine methiodide (Table 3.). The spectra of the 1:1 adducts
closely resemble that of phthalazine hydrochloride, particularly in the
900-1000 cm—1 range where tﬁree bands appear close to 920, 940 and 970
'cm-1° Phthalazine and phthalazine methiodide showed less similarity.
All of the compounds gave an intense band near 760 c:m'-1 ﬁith the excep-
tion of phthalazine methiodide which exhibited a pair of Bands at 765
and 770 cmf1. A striking similerity was observed between the iodine
monochloride and iodine bromide 1:2 complexes both in band intensity
and positions (650, 760, 930, 965, and 1165 0mf1.). The bands in these
complexes, although fewer than in the 1:1 adducts, occurred quite close

to the corresponding absorptions of the latter, It can therefore be

concluded that the infrared spectra evince some similarity in structure
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TABLE 3

Infrared maxime of phthalazine derivatsives in Nujol

R RJMCL  R.lel R.Br, R.I, R.ICL R.,(ICl)Z R.IBr R,.(IBr)
1620w 1600m  1590m 1610w 1610w 1610m 1605w  1605m 1605w
1580w 1590w  1580m - - - - 1565w -
185w 1485w 1475s 1585w 1480w 1485w - 180w 1480w
1375m - 1350m 1310w 1310m  1310m  1315m  1310m 1305w
1305m - 1315m 1300w - - - — -
1275m 1285w 1280m  1275m  1270m  1270m - 1270m 1270w
1245m  1265m - - 1240w 1235w 1225w 1235w =
1210m  1210m  1230m 1210w 1210m  1210m - 1210s 1205w
1150w - 1160m 1160w 1155w - 1165m - 1195m
1130w - 1120w 1130w - - - - .
1010w 1050w - - - - — - -

970m 980w 950m 590m - - - - -

960w 970m 970w 970w 965m 975m 965s 970m 965w
950w 950s 94.0m 940m 935m $30m 930m 930s 955s
9158 920m - 920s 920s 920m - 920s 920m

- 905w 910m 910w - - = s -

- - 880m ~ - - - - -
810w 810s - - - - - 820w -

- - 770s - - - - 790w 790w
7658 765s 7655 760s 1558 155s 760s 558 750s
640m - - 645m 645m 6L5m 650m 645m 640m

Footnotes: (2) R = phthalazine
(b) Intensities are shown as weak (w), medium (m)

or strong (s).



between the phthalazine-~-halogen complexes and the phthalezinium system.
Determination of the uliraviolet spectra of these compounds
was hampered by their low solubility in carbon tetrachloride, In each
case a broad maximun at 290-296 mp was observed, in agreement with the
131

absorption. of quinoline perbromide at 290 mp, This contrasts with

1 ) ) Crred - .
the absorption at 346 mp of the || -complex between bromine and naph-

e Eisch131

thalene. was aple to measure the stability constant of
guinoline perbromide by spectroscopic methods and obitained a value of
115 , compared with 0.23 for naphthalene., Although similur measurements
could not be made in the phthalazine system, the perbromide appeared
from its slow rate of loss of bromine to be more stable than the gquino-
line adduct and would therefore possess the n-=donor structure,

Nuclear magnetic resonance (n.m.r.) spectra of halogen com—
plexes have not previously been reported. The spectra of some of the
vhthalazine-halogen ccmplexes in deuterochloroform are shown in Table
Lo With the exception of phthalazine periodide, the spectra consisted
of one signal which was evidently produced by the four carbocyclic ring
protons, Since the complexes were only slightly soluble in deutero-~
chlorofeorm the less intense absorption of the two heterocyclic ring
protons, which occurs in phthalazine at T O.44, was not observed.

The more soluble lodine complex gave peaks at T 0,50 and T 1,97 in the
ratio 1:2, TheAz'B2 system in the benzo ring of phthalazine is spread
over about 30 c.p.s. ; the main absorption band occurs at T 2,18 and

has & width of 11 c.p.s. In the complexes, however, only one band

5 cycles wide wes observed., This data may be explained by extending
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ABLE L

The n.m.r, spectra of vhthalazine-halogen complexes.

Comnlex T

RoBI‘O 1 097

R.I, 1.97, 0,50
R.IC1 1.89
R.(IC1) 5 1093

R,IBr 1.91

R, (IBr) : 1,89

footnote: R = phthalazine
131

the back~coordination concept menticned by Eisch, It is now

suggested that structures of the type (5a—c) may be better repre-—

sentations of back-donation of electrons to the ring than (63b) which

NN " “N—
I |
N‘\';(' AN N\.;
- Ny ~NY
(5a) (5b)
- NN NN
| I
X N\‘; /N\\X
Ny Y
(5¢) (5d)

contains a triply-~-bound bromine., Delocalisation of the negative charge

over the diazine ring is favoured by the electronegative heteroatoms
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(5b) and the increased electron density at the 1~ and 4~ positions

(5a) would cause these protons to shift upfield in the n.m.r. specirum,
as observed in phthalazine periocdide. Delocalisation into the carbo-
cyclic ring (50) wowld increase the eleciron density at the 6- and 7-

ositions, which in the parent system are more electron-deficient than

igo!

ct

he 5= and 8~ positions. Apparently the delocalisation is sufficient
to neariy eguate the electronic environments of all four protons so
that one relatively narrow signal is obtained, The down-field shif¥d

of this peak relative to phthalazine results from donation of the
nitrogen lone pair electrons to bromine (5d4)., The spectrum of
phthalazine methiodide also showed a down-field shift ( T 1.L5). If
back-coordination plays a significant part in bonding, the more electro-
positive halogen should be attached to the nitrogen when mixed halogens
are used, This has already been demonstrated by the x-~ray studies.136
In the present work, the chemical shifts of the 1:1 iodine monochloride
and iodine bromide complexes were almost identical, perhaps indicating
that the iodine atom in each case is attached to nitrogen., Furthermore,

iodine monochloride forms the most stable complexes both in the phthala-
zine and pyridine series., This mey be explained on the basis that

iodine monochloride, being the most polar mixed halogen, would be most
susceptible to n-donation from nitrogen.

Previous investigations into the halogen complexes of hetero-

cycles have not attempted to correlate their stability with the basicity
of the parent system. The existence of such a relationship was evident

in the present work when it was found that quinoxaline (pKa 097)53 and
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bromine formed an unstable adduct which rapidly decomposed to the con-

142

stituents, It has been stated in the literature that the formation

of perhalide hydrogen halide complexes of the type RBN;Bré.HBr demon=
strates the zbility of protonated nitrogen to form halogen complexes,
whereas the theory outlined earlier requires donation of electrons from
a basic nitrogen, These "anomalous" adducts, however, can be assigned

4 -
the salt structure, R NH,XB, in which the halogen is bound to the halide

3

to form a trihalide ion. In the present work, attempts to prepare such
complexes from phthalazine hydrochloride and hydrobromide gave only
phthelazine perbromide, No bromine complex could be obtained from
phthalazine-2-oxide where one nitrogen lone pair is bound to oxygen and
the second nitrogen is weakly basic.

In summary, it appears that phthalazine and a variety of
halogens form addition compounds which are more stable than those of
mono-azines., They are considered to be n-donor complexes where increased

stability is achieved by back-coordination of electrons from the halogen

to the ring.

262 Reactions with chlorine and chlorinating agents.

The passage of chlcrine into aquecus pyridine was reported in
1887 to give nitrogen, carbon dioxide and dichlorcacetic acid.,121’143
Kaiser121 postulated the formation of N-chloro-2-hydroxy-1,2-dihydro-
pyridine (64) as an intermediate (Scheme 17) and isolated an unstable

compound with a similar formula but offered no proof for its structure

other than analytical figures, A detailed investigation of the action
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N — | oi > Nz + CO; + CHCI,COH
N N
| H
cl

(64)
SCHENE 17,

e

of hypochlorous acid on guinoline was carried out by Einhorn and Lauch,
The primary product was considered to be N-chloroquinolone (65) which
underwent rearrangement (Scheme 18) to 6-chloroquinolone (66) in a manner
analogous to the rearrangement of' N-chloroacetanilide, Further chlorina-
tion provided the N-chloro derivative (67)s No rearrangement occurred

when the 6-position was blocked by a methyl group.

AN X
a0 — —
N7 N7~ 0

cl
(65)
cnm cl NS
—_—
N 0 N 0
H cl
(66) (67)

SCHEME 18,

The oxidation of acridine and phenanthridine with calcium

145

hypochlorite in the presence of cobalt was reported to give low

yields of acridone and phenanthridone. Ixhaustive chlorination of

146

barbituric acid in alkaline solution yielded dichloroacetylurea



whereas addition of hypochlorous acid to the 4,5 CzC bond occurred in
) . - L 1)+7 1 . A P

some uracil derivatives, Other reports of the action of aqueous

chlorirne on nitrogen heterocycles appear to be confined to the forma-

11,8-151 14,9

tion of azo compounds and N~-chloro derivatives from primary
amines, Schiff bases form 1:1 adducts with chlorine and bromine which
. . . i ‘ = 152,153
on decomposition in water give aldehydes and p-halegenoanilines,
Triethylamine yielded fommeldehyde and N-chlorodimethylamine
154

on treatment with aqueous chlorine, The mechanism was considered to
involve €-chlorination of the N-chlorotrimethylammonium ion followed by
hydrolysis (Scheme 19), the overall process resulting in oxidation

whereas the Schiff bases suffered only nydrolysis.

+ Cl
Me,N —> Me.NC1 ——> Me N CH.CL
3 3 Col!
H,0 . HCHO M — Me NC1
2 il + uezNH 1e2

The reaction of aqueous chlorine with nitrogenous bases may therefore
yield several prcducts; an amide, an N-chloroamide or products resulting
from fission between the nitrogen and an adjacent carbon atom,
The 1:2 complex between phthalazine and chlorine described
in the previous section was allowed to stand in the atwmosphere at
room temperature, Chlorine was rapidly liberated at first and after
several days o-dichloromethylbenzaldehyde was obtained, together with

phthalazine hydrochloride, The structure of the former was deduced
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from its analytical figures, nem.r. spectrum and by hydrolysis to
phihalaldehyde, The dichlorcaldehyde was also obtained by passing
chlorine into a solution of phithalazine in carbon tetrachloride, When
the freshly prepared complex was treated with water, nitrogen was
vigorously evolved and a mixture of phihalaldehyde and o~dichloro-
rethylbenzaldehyde was produced. The passage of chlorine into an
agueous solution of phthalazine gave a similar ratio of the same pro-
ducts and a series of reactions were then carried out using solutions
of phthalazine cver a range of plH, The results are summarised in
Table 5. Before attempting to formulate a mechanism for these reac-
tions, some envirommental factors will be discussed.

Since nitrogen is evolved from the reactions described in
Table 5, part of the chlorine must undergo reduction to hydrogen
chloride which will lower the vH of the solution., The pH of chlorine
water, calculated from the disscciation constant given tw‘Hagisawa,155
is 3,68; thus the chlorinations carried out in water alone would
commence at a @l close to 3.7 which would rapidly decrease as the reac—
tion proceeds, In fact, the final d1 wes found to be less than 2, while
in the buffered solutions the @l reached approximately L4 after exhaus—
tive chlorination, PThthalazgine is completely stable at room temperature
in both ggueous alkali and acid at all concentrations, The amount of
chlorine . gas. used in these reactions affected the total product yield
but not the oproduct ratios, except in reactions 9 and 10 (Table 5.),
The measursment of chlorine gas added was therefore not atiempied.

It is evident from Table 5 that phthalaldehyde was formed



IABIE 5.

Products from the reaction of chlorine with phthalazine

e

Time of Time of % FPRODUCTS
Addition Reaction Phthala- Phthalal= o~dichloro= N=chloro-
Reaction Medium (rin.) (Min,) zine dehyde methyl- phthala- Others
benzaldehyde zone
1 H20 15 15 84 10
2 Buffer 15 15 87 11
B 3.4
3 Buffer 15 15 35 6 40
Iﬂ ’-l-o5"7 « t
4 Buffer 30 30 26 L 5 19 =
H 6 ‘
«
5 Buffer 0.5 2 23 64 8
o 6
&
6 NaCH 15 15 31 15 27 A; 23
Bl 8.5
*
7 NaOH 10 120 65 trace trace A; 26
Bl 10
8 2N NaDH 10 16 hr, 90 B; 7
9 20% NaCl 15 15 12 L0 L0
i %
10 20% NaCl 0.5 2 L5 31 17
11 HC1, 15 15 84 12
1 equiv,
Footnotes: * not exhaustive chlorination

A = phthalaldehydic acid

B = phthalide
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over the whole @l range, Under alkaline conditions nitrogen was evolved

very slowly and the phthalaldehyde produced was oxidized to phthalale-

dehydic acid (reactions 6 znd 7). In strong base (reaction 8) phthalide
196

was formed, in agreement with previous reports of the internal
Cannizzarce reaction of phthalaldehyde in this medium, Both of these
artifacts were obtained in good yield by treating phthalaldehyde with
chlorine under the same conditions,

o-Dichloromethylbenzaldehyde was formed in a nearly constant
ratio to phthalaldehyde in reactions carried out below f 7. The amount
of the former was markedly increased, however, by the presence of added
chloride ien (reactions 9 and 10) and, in the case of phthal azine
hydrochloride, (reaction 11), was the sole product.

The formation of N-chlorophthalazone was only observed in the
HI range 4~8.50 The maximum yield was obtained at {H 7, decreasing
slightly at f 4 and more markedly at pj 8.5 (reactions 3 and 6). Slow
additicn of chlorine water to phthalazine at fH 6 gave 19 of the Ne
chlorcamide (reaction 4) whereas extremely rapid addition (reaction 5)
produced aldehydes alone, To test the scope of the reaction of chlorine
with heterocycles, the chlorination procedure was applied to a number
of azines (Table 6.).

The equilibria in chlorine water permit the formation of

hypochleorous acid, hypochlorite ion, hypochlorous hydronium ion and

chlorine monoxide as shown in eqQuations 1-5,



TABLE 6,

Products from the reaction of chlorine with azines

Reaction Substrate Product Yield %
1 benzylideneazine benzaldehyde 92
2 1-methylphthalazine o-acetylbenzaldehyde 61
3 1,4-diethoxyphthalazine  diethylphthalate 54
b benzoLg]phthalazine naphthalene=2 ,3-disldehyde 88
5 1=aminophthalazine O~cyanobenzaldehyde oL
6 1,=diaminophthalazine 1, i=d1(N-chloroimino)=1 4~ 91

dihydrophthalazine
7 phthalaz-1 ,4~dione phthalic anhydride 88
8 1-phenylphthalazine 2-chloro-i=phenylphthalezone 56
9 1-chlorophthalazine 2 ,h=dichlorophthalazone 79
10 5 ,8=-dibromophthalazine 3 ,6=dibromophthalaldehyde 35
11 quinoxaline 2,3=-dihydroxyquinoxaline 81
12 2 ,3~-diphenylquinoxaline benzil 25




Cl, + HLO HOCL + HCl (1)

201, + HO C1,0 + 2HCL (2)

HOC1 c10- + HY (3)
+ +

HOCl + H C1aH, (&)

ZHOC1 C1,0 + HLO (5)

Kinetic studies of the chlorination of olefins and aromatic systems
in aqueous media have shown that, of the above species, chlorine is
by far the most powerful chlorinating agent ,15 7,158 followed by
chlorine monoxide and hypochlorous acid. The rate of chlorination
with the latter was found to be markedly increased by traces of
chlor:me.159
The mechanism of the reaction of chlorine with azines may
therefore be formulated as an electrophilic attack by chlorine on the
nitrogen lone pair, followed by, or concommittant with, the addition
of hydroxide ion to the adjacent carbon atom (Scheme 20). The o<X=
hydroxy-N-chloroamine (68) thus formed appears to be unstable and could
not be isolated in the present work at any stage; the "adduct" reported
by Kaiser (po.%7) was more probably N-chloropyridone. Schiff bases,
however, are lmown160 to form stable adducts of similar structure to
the carbinolamine (68) on reaction with t-amylhypochlorite. Most of
the products in Tables 5 and 6 can be considered to arise by decompc-

sition of the intermediate (68) by pathways (1) or (2) in Scheme 20,

Hydrolysis (pathway 1) would give an aldehyde or ketone (69), If



RHO ) R o R’
~ <4 R | % B
_SC=N = rR—¢—N — C=0 __ __(1)
R ~ |, Cl R
o<1 R
68) (69)
/
—HCl (R=H)
(I)H 0 T o ol
: // I Il [
R—C=N—R =— R—C—N—R ——> R—C—N—R’ __ _(2)
(70a) (70b) (71)
Scheme 20,

R' = H, elimination of HC1l from (68) would form the imidol (70a) which
may react in the tautomeric form (70b) with excess chlorine to yield
an N-chlorcamide (71) as shown in pathway (2). The overall process
represents oxidation.

Phthalazine may undergo addition at both C = N bonds with the
formation of a di-N-chloro intermediate (73) which may break down by a
number of possible mechanisms, one of which is illustrated (Scheme 21),
Loss of two molecules of HCl is shown in two concerted steps although
phthalaldehyde (8) could also result from fission of the C-N bond to
give a carbonium ion followed by attack of hydroxide ion or water. The
formation of o-dichloromethylbenzaldehyde (76) suggests the existence

of another intermediate (74) where addition of chlorine as such has



HO H
NN N
| =— {
N N
(5) (72)
CHO
NN L8
H—/a_n H (8)

Scheme 21,

occurred across at least one of the C=N bonds (Scheme 22.). Breakdown

similar to Scheme 21 would give a carbonium ion (75) from which the

H—0 H
3
QN—cl CHO CHO H20
3 Y —_— —_— —_—
N—=Cl INENLE 5t
ci” H ct” H CI/ Ny
(74) C'_l (75)
CHO @cm @wo
——
e CHO CHCI,
Cl (8) (76)

Scheme 22,
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required products may be derived by attack of chloride or hydroxide ion.

The reason for the sole formation of o-dichloromethylbenzal-
dehyde from phthalazine hydrochloride (reaction 11, Teble 5) is not
~clear; the increased chloride ion concentration cannotv be the only
. factor since in 20k sodium chloride solution equal quantities of the two
- aldehydes were cbtained (reaction 9). This effect is also apparent in
reaction 10 where partial chlorination in sodium chloride solution
showed that phthalaldehyde was formed initially in greater yield. 4s
the reaction proceeds the concentration of HCl increases and on exhaus-—
tive treatment equal amounts of the two aldehydes were obtained (reac—
tion 9).

The above cbservations can be explained by considering the
relative concentrations of the nucleophilic species present. At low
pH the concentration of hydroxide ion would be insignificant compared
with that of chloride ion, thus leading to the exclusive formation of
o=-dichloromethylbenzaldehyde from the carbonium ion (75)e The forma-
tion of the precursor (74) to the carbonium ion could conceivably be
enhanced if envisaged as proceeding by attack of chloride ion on an
N-chlorophthalazinium species instead of formal addition of 012 across
the C=N bond. Rather than invoke the presence of hydroxide ions in aci-
dic solutions, hydroxylation of the carbonium ion may alternatively be
achieved by attack of water, the effective concentration of which would
be decreased in acid by protonation., The difference in nucleophilic

" character between chloride ion and water is not significant because
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the rate of substitution involving a carbonium ion is independent of
the nucleophile,161 This is exemplified by the identical specific
rates of substitution of t-butyl bromide with chloride jion, bromide ion,
pyridine and w.va’t:ero%z"lé'3 A1l attempts to obtain a fluorinated alds=-
hyde by carrying out the chlorination in the presence of fluoride ion
were unsuccessful, Concentrated sodium fluoride solutions appeared to
act as buffers, phthalaldehyde and N=-chlorophthalazone being the major
products.

Formation of a tetrachloro adduct (77) by addition of two
moles of chlorine would be expected to yield some w,w,w',w'-tetrachloro-
o-xylene (7; X=Cl) on decomposition. This compound was not detected and
was unlikely to be the precursor of the aldehydes since its hydrolysis

is known to require prolonged reflux in water.,15 A 1,4~addition of

Cl H Cl H
N—ClI N
| Il
N—Cl N
Cl H cl H
(77) (78)

chlorine would give the azo derivative (78) which, by analogy with
1,4~dihydrophthal azine ,47 would lose nitrogen rapidly and give dimeric
products resulting from & dirasdical. Although the intermediate (74)
accounts for the formation of both aldehydes, the dichloro-dihydroxy
adduct (73) may also be generated and appears to be the only inter-

rediate formed at f greater than 7.
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The formation of N~chlorophthalezone (79) during the chlorina-
tion of phthalazine in buffer solutions (reactions 3,4, 6 and 7, Table 5.)
is attributed to oxidation (pathway 2, Scheme 20) of the intermediate

(72) formed by addition across one C=N bond. In equation 1 (p.54)

HO H B OH 0
N—CI SN NCI
I e | _—> |
N N N
(72) (79)

removal of hydrochloric acid favours the conversion of chlorine to
hypochlorcus acid, so that in the buffer solutions the chlorine concen-
tration will be considerably reduced., The adduct (72) may then form

by addition of hypochlorous acid to one C=N bond in phthalazine end the
rate of addition to the second C=N bond by hypochlorous acid ox chlorine
may be sufficiently reduced to allow the slower oxidation step to occur.
This effect was demonstrated by varying the rate of addition of chlorine
gas to reaction mixtures at fl 6. (reactions 5 and 6)., Rapid addition
(reaction 6) resulted in the formation of aldehydes alone because the
presence of high local concentrations of chlorine would favour addition
to both C=N bonds. Chlorination in a buffer solution at @i 3.k, Jjust
less than the - of chlorine water, gave the usual ratio of aldehydes
regardless of the rate of addition (reaction 2).

A further consequence of the use of buffer solutions was the
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effect on the rate of elimination of HCl from the intermediate (72),
75

Kinetic studies'” of the elimination of .HC1l from N-chloroimines to
form nitriles indicated a base-catalysed E2 mechanism, and a large

nurber of B ~eliminations in aliphatic systems are known to follow a

similar courseo'}i6 1 The increase in yield of N-chlorcphthalazone (79)
from gi L to @ 7 may thus be ascribed to bimolecular, base-catalysed
elimination of HCl from the intermediate (72). Maximum yield was
obtained at the pi: of hypochlorous acid., The lower yield of N~
chlorophthalazone produced at H 8,5 (reaction 6) would result from
a2 reduction in the concentration of hypochlorcus acid by conversion to
sodium hypochlorite. At higher g, phthalaldehyde is formed exclusive=
ly by the action of chlorine which is present in a small equilibrium
concentration,.

Attempts to isolate the intermediate (72) by the addition
of small volumes of chlorine water were unsuccessful., After an induc-
tion period of about 15 seconds, bubbles of nitrogen appeared in the
solution and the same product ratios were obtained as before, The
wltraviolet spectrum of 10-'3 M phthalazine in a buffer solution.at @ 7
showed, after the addition of dilute chlorine water, weak absorption at
395 mp which rapidly decreased in intensity and finally disappeared
after 10 minutes.

Products from the reaction of chlorine water with azines

(Table 6) can be accommodated by the mechanism shown in Scheme 20,

No buffer solutions were used and the occurrence of pathways (1) and
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(2) in the same reaction was not observed; no dichloromethyl derivatives
were isclated., Benzylideneazine was rapidly decomwosed by chlerine to
nitrogen and benzaldehyde (reaction 1, Table 6) but was completely

stable in acid alone at P 3.5. Phthalazine derivatives bearing elec=
tron-dcnating groups in the heterocyclic ring (reaction 2-4) gave similar
products. The formation of o-cyancbenzaldehyde (21) from 1-amino-
phthalazine (80; reaction 5) is atiributable to the ability of the

amine (802) to react in the tautomeric form (80b) as shown in Scheme

23, The electron shifts proposed are analogous to those in Scheme 21;

NH2 NH N—Cl
V'
SN o NH N—ClI
| — T (l
_N N N—Cl
/-D
(80a) (80b) HO H
N—Cl
- Y
NEN-LCl cN
_._% )
CHO CHO
(81) (21)
Scheme 23,

in the second step an N=Cl system is involved instead of O-H, Chlorina~
tion of the imino nitrogen is not essential since the intermediate
corresponding to (81) could lose a proton to give the same product., An
N-chloro derivative was suggested, however, by analogy with the product
obtained from 1,i-diaminophthalazine (45; reaction 6). This compound

also appears to react in the tautomeric fomm (452), giving a bright
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green solid which is formulated as 1,4~di(N-chlorcimino)=-1,4~dihydro-

phthalazine (82). The compound was stable toward oxidising agents but

N‘nCI

A
T W— @C” + Clp
NH LN CN

f]

NAZE|

(45a) (82) : (19)

NH

Scheme 24,

could be reduced by tin and hydrochloric acid to the starting material,
Recrystallisation was achieved from acetic acid but on prolonged heating
in this solvent the green colour disappeared and a mixture of phthalimide
and phthalonitrile was obtained, Pyrolysis at 1300 provided phthalo-
nitrile in 7%% yield, chlorine beiné; evolved, This product may result
from homolytic fission of the 1,2 and 3,4 bonds as shown in Scheme 24.
Previous workers16l"’165 found that the reaction of sodium
hypochlorite with phthalaz-1,4~dione in 0.33N sodium hydroxide afforded
benzil-2,2'-dicarboxylic acid but no mechanism was suggested. In the
present work, phthalic anhydride was obtained in 88% yield using chlorine
as the oxidant (reaction 7) while in 3,7N sodium hydroxide the major
product was phthalic acid, a small amount of benzil-2,2'!-dicarboxylic

acid being also obtained, It is proposed that 1,4-phthalazinedione
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(88), formed by oxidation of the hydrazide linkage in phthalaze1,4~dicne
(14) , undergoes hydrolysis to the diimine species (84) which on further
oxidation would provide a diazonium salt (85). Displacement of the
diazonium group by the neighbouring hydroxyl group would then give the

observed product (Scheme 25.). In the reaction canducted in alkaline

0 0 0
NH N N=NH
I | — —_
NH N COH
0

(14) O (83) (84)

5 0
(85)
0 0
Ny N=NH
/rl > —
o NH 5
0 0
(86) (87)
0
+
Ny COZH H02'C
e
0 0 0

(88)
Scheme 25,
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solution, phthalic acid would be formed by replacement of the diazo
group with hydroxide ion. The production of benzil-2,2'-dicarboxylic
acid (88) is attributed to the dimerisation of a radical (87) formed
after homolytic C-N bond fission in a species (86) generated by abstrac-
tion of one hydrogen atom from phthalaz=1,;~dione. (Scheme 25).,

Oxidation of the sodium salt of phthalaz-1,4-dione with t-
butyl hypochlorite was reported by Kea1y166 to give 1,4~phthalazine-
dicne (83) which decamposed in the presence of water to phthalic
anhydride (&) and polymeric derivatives of phthalaz-1,4-dione, The
dizzaquinone (83) was isolated at low temperatures and was bright green
in colour, characteristic of the 1,4~naphthoquinone system. In the
present work, a transient green colouration was observed during chlorinae~
tion of phthalaz-1,4-dione in water, but none of the products described
by Kealy were isolated, with the exception of phthalic anhydride.

The introduction of electron-withdrawing groups into the
carboxylic ring of phthalazine does not change the course of the reac=—
tion with chlorine; thus 5,8-dibromophthalazine gave 3 ,6~dibromo=
phthalaldehyde (reaction 10, Table 6). Such substituents in the 1= or
1,4~ positions, however, appear to prevent attack by positive chlorine
on the adjacent nitrogen atom., When only one position was substituted,
addition of HOCl at the 3,4 bond was followed by oxidation to phthala-
zones 1a{;hich were isolated as N-chloro-phthalazones (reactions 8 and 9),

1,4-Diphenyl= and 1,4~dichlorophthalazine were recovered unchanged after
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treatment with chlorine.
Quinoxaline was rapidly oxidized by chlorine to 2,3-dihydroxy-
quinoxaline (reaction 11) in good yield. The same product has been

167 a5 the oxident. 2,3-Diphenyl-

obtained using ammonium persulphate
quincxaline underwent hydrolysis because oxidation is prevented by the
substitution pattern (reaction 12). The low yield of benzil mey indicate
that the addition of BOCL to C-N bonds is reversible, and that only an
irreversible step, such oxidation of the adduct or, in the case of
phthalazine, loss of nitrogen, can take the reaction to completion,
The action of chlorine on agueous gquinoline provided a substance
different from those obtained by Einhorn and Lauoh.ull*' The infrared
spectrum indicated the presence of an amide group and was similar to the
spectrum of a substance produced by the action of chlorine on carbo=
styrile Isoquinoline also gave an amide derivative of unknown structure.
A high-melting product was obtained from acridine and chlorine, and
appeared from ansiytical figures to contain far less nitrogen than any
possible acridine derivative, 4ll attempts to purify the substance were
unsuccessful. Pyridézine evolved nitrogen on treatment with aqueous
chlorine but no diserste product could be isolated.

In attempts to isolate the intermediates (72) and (73),
phthalazine was treated with chlorine-free hypochlorous acid under a
variety of conditions. The results are summarised in Table 7. The

course of the reactions closely followed that exhibited by chlorine,

After a short induction period, nitrogen was evolved with the formation
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of phthalaldehyde, o-dichloromethylbenzaldehyde and N-chlorophthalazone,
It is clear that hypochlorous acid can add as much to the C=N bonds to
form the intermediates (72) and (73) which break down as before to
organic products, nitrogen and hydrogen chloride. The latter, once
formed, immediately converts hypochlorous acid to chlorine,168 according
to equation 1, Displacement of the equilibrium towards chlorine was
confirmed in the present work by adding dilute hydrochloric acid to a
solution of hypochlorous acid at Oo. Yellow crystals of chlorine hydrate
were immediately formed. In these reactions, therefore, initial attack
of hypochlorous acid occurs but the products arise, in the main, from
attack by chlorine,

Since hypochlorous acid has il 7.,).,.,169

the @l of the reaction
would favour the formation of N-chlorophthalazone for the same reason
ag described earlier, when the passage of chlorine into buffer solu~
tions was considered. The higher yield of aldehydes obtained by rapid
addition of hypochlorous acid (reaction 2) is attributed to conversion
of the temporary excess of reagent to chlorine which then attacks both
- C=N bonds. The same effect was observed on inverse addition (reaction
30.)o An additional product, 3-chlorophthalide, was isolated when a
reaction time of 2 hours was employed (reaction 3.). A blank experi-
ment showed that this product could be obtained by treating phthalal-
dehyde with hypochlorous acid under conditions identical to those used

in reaction 3. Hypochlorites are known to convert aldehydes to acid

chlori Z,g ,’1 m the product in the present case, 3-chlorophthalide, being



TABLE 7,

Products from the reaction of hyvvochlorous acid with phthalazine.

. % Products
Mode of Reaction
Addition %
Reaction Mediun (min.) Phthalal- o-dichloro- N-chloro- 3=chloro=-
° dehyde methyl- phthala- phthalide
benzaldehyde zZone
1 H20 normal 20 28 4 31
2 H 20 normal 0.5 L2 6 20
3 H 20 inverse 120 35 8 5 31
L 20% NaCl normal 2 36 30 trace
5 207% NaCl normal 20 28 18 25
6 HCL, normal 2 1 1ok

1 equi'V.

—L9-
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the cyclic form of phthalaldehydic acid chloride, The reaction of
hypochlorous acid with phthalazine in sodium chloride solution gave
increased yields of o-dichloromethylbenzaldehyde (reactions 4 and 5)e
Hypochlorous acid was evidently converted to chlorine by phthalazine
hydrochloride (reaction 6) which provided the same ratio of aldehydes
as phthalazine and chlorine.

It has been proposed above that the formation of o-dichloro-
methylbenzaldehyde from the intermediate (74) is due to the presence of
chloride ion; to test this hypothesis, some reactions were conducted
in media capable of removing chloride ion as soon as it was formed.
 Previous worker'sd58 have used mixtures of silver perchlorate and per-
chloric acid for this purpose in studying the addition of hypochlorous
acid to olefins, but agqueous silver nitrate was found to be more con—
venient in the present work. Although phthalazine formed an insoluble
complex with silver nitrate, evolution of nitrogen occurred when chlorine
water or hypochlorous acid was added to a suspension of the complex in
a solution containing excess silver nitrate, In another approach,
chlorine was passed into a mixture of phthalazine, silver sulphate and
9% sulphuric acid., In each case phthalaldehyde was the only product
isolated, thus verifying that chloxide ion is necessary for the forma-
tion of the dichloro-aldehyde. In the reaction using hypochlorous acid,
the formation of phthalaldehyde can only be attributed to addition of
HOCL across both C=N bonds.

Phthalazine appeared to be unaffected by t-butyl hypochlorite

in the absence of air and moisture., On heating a carbon tetrachloride
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solution of the reagents in contact with air, phthalazine hydrochloride
(81%) 5 o-dichloromethylbenzaldehyde (1s%), phthalonitrile (0.61%) and a
small quantity of viscous solid were obtained., The first two compounds
were also produced on decomposition of the phthalazine tetrachloride
complex, and can be accounted for by attack of positive chlorine on

the phthalazine ring in the presence of a limited amount of water to
give the intermediate (74). The formation of phthalonitrile (19) is
attributed to fragmentation of the azine ring after hydrogen abstrac-

tion from the 1-position (Scheme 26.). When the reaction mixture was

b

¥

CN
CN

|

S

-

(19)

Scheme 26,

stirred in air at room temperature prior to reflux, the yield of the
viscous solid was greatly increased, The infrared spectrum of this
material indicated the presence of a polymeric, phthalazone-type sys—
tem, When an aqueous solution of phthalazine was treated with t-
butyl hypochlorite, nitrogen was evolved after several minutes and the
same ratio of aldehydes was isolated as obtained using chlorine watexr
(reaction 1, Table 5.), Evidently the t-butyl hypochlorite is

hydrolysed slowly at first to chlorine which then reacts with phthalazine
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in the usual way. The ability of the hydrochloric acid produced to
catalyse the hydrolysis of t-butyl hypochlorite was confirmed in a
blank experiment.

The present work, then, has shown that the reaction of chlorine
and hypochlorous acid with the phthalazine system can lead to oxidation
or ring fission, depending on the conditions used and on the substitu-
tion pattern., Some evidence has been collected for the addition of
- HOC1 and 012 across the C=N bonds but the isolation of such adducts
. has not been achieved, To understand more clearly the reaction of
chlorine with nitrogen heterocycles, the products obtained from quino-
line, isoquinoline, acridine and pyridazine should be further investi-
gated. Research could also be carried out in the phthalazine series
using other sources of chlorine, such as calcium hypochlorite, Ne
chlorosuccinimide and chloramine T, The use of organic hypohalites
may prove to be a more successful approach to the isolation of an inter-

mediate from these reactions.
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CHAPTER 3

Substitution and Addition Reactions of

Phthalazine,

301 Theoretical princivles.

Predictions of the mode of substitution in heteroaromatic
nuclei are often based on the simplifying assumption that reactivity
depends solely on the distribution and polarisability of the T
electron system°172’173 This can be described in terms of a wave
function derived by linear combination of the atomic T-orbitals of
the atoms in the system, Evaluation of the wave equation for complex
molecules requires the use of certain approximations; calculations
carried out in the present work will be based on the HbYckel molecular

© orbital (HMO) methodom*

In this approach it is assumed that Tl-electrons can be
treated independently of the O'=bond framework and that the MW~
orbitals can be described by the use of several empirically derived
parameters, Coulomb integrals (e<) and resonance integrals (B ) are
the most significant parameters; both have the dimensions of energy,.
Coulomb integrals approximately represent the energy of an electron in
an atomic 2p-~orbital., Resonance integrals represent the energy of
interaction between two atomic orbitals and are considered to be zero
if the atoms are non-bonded., In aromatic hydrocarbons all the carbon

atoms have the same Coulomb integral and all C-C bonds the same reso-

nance integral; calculation of T-electron distribution is therefore



considerably simplified.

Application of the HMO method to heterocaromatic molecules
requires the use of additional parameters to modify the values of ok
and B . The Coulomb integrals for nitrogen (o<N) and carbon (txc)

may be expressed as

Variation of o< is considered as a differential charge in units of 8
relative to a standard B o? usually that of benzens, and is determined
by the arbitrary parameter, he The most commonly used values of h are
1.5, 0.5 and 2,0 for secondary, tertiary and quaternary nitrogen respec-
tively.,172 Since the inductive effect of the heteroatom on adjacent
carbon atoms can be transmitted through C-bonds, variation of the
coulomb integrals of these atoms is obtained by use of: an auxiliary

o e
inductive parameter, h', Values of h' in the literature172’179’17°

1 1
range from 8 to 3, The resonance integrals of bonds between carbon and

a heteroatom are defined by a dimensionless number, k, which depends

B = *w B

largely on the bond length. Most calculations in nitrogen heterocycles
assume that k=1, although a value of 0.8 has been suggested.172
The use of these parameters enables a symmetric matrix to be

set up in which the elements represent atomic |i-orbitals defined in

terms of o<and B . Solution of the matrix provides a series of
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molecular T=orbitals which are described by sets of coefficients
(eigenvectors) and energies (eigenvalues)., This data can then be used
to calculate a number of reactivity indices, some of which will now be
briefly discussed, |

Aromatic substitution reactions are generally classified as
electrophilic, homolytic or nucleophilic, depending on the electronic
structure of the attacking species., Early attempts to predict the
orientation and rate of substitution were based on the assumption that
electrophilic agents are attracted to sites of highest electron

177,178

density whereas nucleophiles attack electron-deficient positions.
The calculation of Ti-electron densities in nitrogen heterocycles was
first carried out using val.ence-bond6 and perturbation176 methods,

which are now considered less accurate than molecular orbital tech-

niques., In the HVD method, the T-electron density (q) at atom r is

~2
J

where er is the coefficient of atom r in the jth molecular orbital,

given by the formula

occupied by nj electrons., The T -electron densities thus obtained

predict the observed electrophilic and nucleophilic substitution pattern

179-182

in some heterocylic systems; refinements have been introduced

by considering only the highest-bound 1I-electrons, as in frontier
183 184,185

electron density or superdelocalisability calculations,
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186

Homolytic substitution has been rationalized in terms of the free
valence number, Fr, which is a measure of residual TT-bonding power

at atom r and is given by the relation

Fp = J3 - }Z: Pre

S

where Py is the bond order of the bond between atoms r snd s.
Sufficient anomalies exist, however, to challenge the validity
of these isolated molecule approximations; that is, the assumption that
the T-electron system of the transition state (89) is similar to that
of the substrate is not always applicable. A more useful concept, the
localisation approximation,187 involves a transition state (90) where

the attacking species is covalently bound to a carbon atom in the ring,

Y. H

(89) (90)
The substitution pattern of the product will thus be determined by the

energy required to isolate the position from the conjugated system, The

173

reactivity index is termed the localisation energy, which is the

—~

energy required to localise two, one or zero electrons from the =
system depending on whether the attacking species is electrophilic,

free-radical or nucleophilic respectively. Good correlastion of localisa=-

tion energy with reactivity has been found in aromatic hydrocarbons,188

189

particularly if the approximation method of Dewar is used.
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Application to heterocyclic systems has been successful in
predicting the site of substitution in a particular molecule179’190’191
but not the relative reactivity of various systems. Electrophilic
substitution in the quinolinium icn; for example, should by localise-
tion energy calculktions occur at a faster rate than naphthalene.192
Most electrophilic substitution reactions are carried out under strmgly
acidic conditions where the protonated heterocycle rather than the free

179 193

base acts as the substrate, Dewar and Maitlis and Brown have
suggested that the extremely slow rates of these reactions are due to
mutual repulsion between the positively charged electrophile and the
quaternary nitrogen of the substrate., The magnitude of this effect will
depend not only on the nature of the reactants and the medium but also
on the distance between the quaternary nitrogen and the point of attack,

It is apparent, therefore, that predictions of reactivity in nitrogen

heterocycles cannot rely on molecular orbital considerations alone.

3.2 HMO calculations for phthalazine,

TT=clectron densities in phthalazine, a

To determine the

10 x 10 matrix was set up using the following parameters

1
h= 0,58, h' = 8

B =.Bc =Bo, .BN.N E 006730 (kl\H\I = 0,67)

cc N

Calculation194 of the value of_BNN was based on the difference in C-C

and N-N bond lengths; a value of kNN = 0,70 was ussed197 in a HMO treat-

ment of the pyridazine ring., The charge densities obtained are given
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in Table 8, together with those calculated by previous workers, The

perturbation176 and valence bond6 methods placed more emphasis on the
TABIE 8,
Net atom charges in phthalazine
Position
Reference
1 2 5 6 9
176 0,183 =0, 308 0.028 0.040
6 0.154 =0,330 0.067 0,062
71 0.0797 =0,1198 0.0107 0.0131
195 0,134 =0.150 0,010 0.011
196 0,101 -0.151 0.014 0,017 0,020
This work 0.1319 -0,2060 0,0239 0.0252 0.,0251

electronegativity of nitrogen than the molecular orbital approachezl’:SZ’

Electron densities derived in the present work were lower than the
perturbation and valence bond values but greater than those cbtained by
previous molecular orbital calculations., The latter netho&itookj&NN =
.B° whereas in this case a lower and more realistic value of;BNN was used.
The calculation of electron densities from chemical shifts in the n.m.r,
spectrum of phthalazine was only partially successful.195 All except

the valence bond msthod6 predict electrophilic substitution at the 5-
position.

The free valence numbers and bond orders were calculated for
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. phthalazine and are shovm in diagrams (5e) and (5f) respectively. The

0-438 0-373

0-7072 0:7842
0-407 N N
0-6182 |0-4523
N N
(5e) (5¢)

b-position has the highest free valence number, in agreement with the

observed formation of S5-phenylphthalazine in homolytic phenylation
37

studies,. The bond orders show that the Cz=N bonds have considerably

greater double bond character than the 1,2-bonds in naphthalene,

198

quinoline and isoquinoline, (Table 9.), and, conversely, the 2,3-

bond has greater singe-bond character, This effect can be atiributed,
as in pyridazine, to the lower stability of the azo linkage,
Bond distances in phthalazine (5g) were calculated using the

199

relation proposed by Coulson. The values obtained can be adjusted

s—d

bond distance = S -~  FTGEEETT b)) o

where b = bond order

s = single bond distance (1.5428)

d = double bond distance (1.3408)

to give the experimental mean, if known, by subtracting a constant

increment from each calculated distance.zoo As no X-ray determination



TABLE 9.
Bond _orders

Bond naphthaléne  quinoline  isoquinoline  phthalazine
1,2 00747 0o 743 0.742 0,78k
2,3 0.582 0.578 0,586 0452
3ok 0. 749 0. 741

4,6 04534 0.536 0.511
5,6 0,748 0.748 0.707
6,7 0,580 0,581 0.618
7,8 0,749 0,748
8,9 0.527 0.532 0576
9,10 0.55k 0,551 551
9,1 0,532 0537 530

10,5 0.531 531

of phthalazine has been carried out, the calculated bond lengths are

only useful for comparison within the system.

1-389 1:375 A
N
1405 | 1-437
N

(5g)
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Since electrophilic substitution reactions of phthalazine
were conducted in strongly acidic media n-electron densitiee for the
cation (91 and 92) were caloulated. The same parameters were used

as for phthalazine, with the protonated nitrogen, h = 2.0.

\ 09204 06676 _n
8 Pl
\,Tz 0-9718 N 76511
6 10 4/ 3 0-8212 N 11465
0-3732 0-849
(9N (92)

Electrophilic substitution is predicted at the 5 position
predominately.

To obtain the localisation energies, the energies of the
nesystem of the cation and of the transition state were caloulated
by sunming the energies of all the occupied molecular orbitals.
Application of this method to transition states bearing electrophiles
at the i=y 5=, 6~ and Sepositions gave localisation energies of
~1.15058, =1.0413B; =~2.09628 and —1.98688 respectively. On thie
basis electrophilic substitution should therefore occcur in the

order 5 >1=>8 =>6.
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363 Electrophilic substituticn.

At the commencement of this work no electrophilic substitution
reactions of phthalazine had been reported although the nitration of
c:i.nnoline,201 q,u:i.noxalj.ne202 and qu:l.nazoline203 #20k had been found to
give mononitro derivatives substituted in the benzo ring. The reactions
were generally caxried out at 0° using mixtures of concentrated sulphuric
and fuming nitric acids, Application of this method to phthalazine was
unsuccessful; no reaction occurred at 0° and elevation of the tempera-
ture resulted in oxidation of the heterocycle to phthalic acid. The
same product could be obtained using fuming nitric acid alone. Nitra-
tion was finally achieved without oxidation by the use of potassium
nitrate in 98 sulphuric acid, although the rate of nitration under such

192,202,205,206 . oo .

conditions is known to be retarded.
the basic product by thin-layer chromatography showed that S5-nitro-
phthalazine was the only nitration product, even on prolonged treatment
with excess reagent. While this work was being completed, Kanahara78
reported that the nitration of phthalazine under similar conditions gave
the H-substituted isomer.

The observed orientation is identical with that predicted by
the calculated T =electron densities of phthalazine and the phthalazin-
ium ion, Although the 1-position in the phthalazinium ion has the
lowest localisation energy, electrostatic repulsion between the electro-

phile and the adjacent quaternary nitrogen would strongly drhibit attack

at this position. Of the remaining possibilities, the 8-position has
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the lower localisation energy and undergoes substitution as predicted.
To distinguish between the 5~ and 8- positions it would be necessary to
nitrate a quaternary derivative such as the N-methylphthalazinium ion.
Earlier it was stated that localisation energies were unsuitable for

the comparison of reaction rates and this was found to be so in the
present worke The localisation energy of the 8-position in the phthala-
zinium ion was calculated to be -1,998 compared with -=2,338 (h = 2, h'=

191

0.1) for the 8-position of quinoline, whereas the latter is far more
susceptibile to nitration than phthalazine.

The mechanism of nitration in sulphuric acid is currently
considered to involve attack by the nitronium ion or a related species
on the heterocyclic base or its cation.193’206’207 Kinétic studies of
the nitration of quinoline systems have shown that the reaction proceeds

192,206 Attempts were made in the present work,

Vvia the quinolinium ione

therefore, to determine the rate of nitration of phthalazine over a

range of acid concentrations to decide whether the free base or its

cation underwent nitration. In 98% sulphuric acid and a large excess

of potassium nitrate a temperature of 62° was required to give & mea-
surable rate, which was determined spectroscopically by using aliquot

parts of the reaction mixture after dilution with water. The reaction
exhibited pseudo first order kinetics and had a rate constant 56 x 10-5

1. mole-1 sec.-1 at 61.90. Attempts to measure the rate coefficient at

lowsr acidities were unsuccessful because the formmation of oxidation
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products prevented spectroscopic analysis.

192,206

Austen and coworkers calculated the concentration of

quinoline in 98% sulphuric acid from its basicity (pK.a L.94) and esti-
mated the corresponding second order rate coefficient to be 10-6 1.
mole_1 sec.-1 for nitration at 2509 The actual rate constant was found
to be 9.4 x 10—3 1. mole_1 sec°-1, suggesting that the quinoline
molecule does not undergo nitration as such., Phthalazine, however, is
a weaker base (PKa 3.47) than quinoline and, being present in greater
concentration, the free base could have a theoretical rate coefficient
comparable to the observed value, The data avgilable, therefore, does
not distinguish between the possibilities of phthalazine or the phthala-
zinium ion acting as the substrate in nitration.

In order to compare the rates of nitration of quinoline and
phthalazine, the three rate coefficients given by Austen and Ridd at
temperatures up to 45° were plotted and extrapolated to 61.9°, This
procedure gave a rate coefficient of 7.4 x ‘IO"'2 1. mole:mal sec.'1,
indicating that the reaction rates of quinolinium ion and phthalazine
differ by a factor of 1.3 x 103° Indirect comparison by Austen and Ridd
of the rate coefficients of benzene and quinoline showed a ratio of
4 x 107; the reactivity of benzene towards nitration therefore differs
from phthalazine by a factor of about 5 x 10100

Bromination of the diazanaphthalenes does not appear to have

been reported but the action of bromine on quinoline has been extensively
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investigated using a variety of conditions, Substitution into the

heterocyclic ring was obtained by bromination in the vapour phasezo8

130

and by the rearrangement of quinoline perbromide. The use of silver

sulphate and concentrated sulphuric acid gave 5-, 8~ and 5,8-dibromo-

209,210 while silver acetate and acetic acid or acetic anhydride

209,193

quinoline
provided a mixture of 3=, 3,6~ and 3,6,8-substituted derivatives,
The bromination of isoquinoline in silver sulphate and sulphuric acid
led to the fomation of the 5-isomer exclusively211 while in the wvapour
phase 1-bromoisoquinoline was obtained.208

In the present work, phthalazine was treated with one mole
of bromine in a mixture of silver acetate and acetic acid at room temp-
erature. The bromine was rapidly consumed but only phthalazine (&%)
and phthalaldehyde (10%) could be isolated. A monobromo derivative
(3.3%) end a dibromo derivative (6.9%) were obtained by bromination of
phthalazine in a mixture of silver sulphate and 984 sulphuric acid using
one mole of bromine., The n.m,r. spectrum of the monobromo derivative
showed that substitution had occurred in the homocyclic ring and since
the compound was not identical to 6-bromophthalazine it was formulated
as 5-bromophthalazine. The n.m.,r. spectrum of the dibromo derivative
exhibited two peaks of equal intensity which indicated either of the
symmetrical 5,8- and 6,7- structures. Assignment of the former sub-

stitution pattern was based upon the fact that the derivative could be

obtained by bromination of 5-bromophthalazine.
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Where considerably less than one mole of bromine was used,
most of the starting material was recovered, together with some 5-
bromophthalazine (5.74). de la Mare and c:owo:c‘l«:ersz10 obsexrved a similar
tendency in the bromination of quinoline and found that variation of the
acidity of the medium had little effect on the degree of polybramination. °
This fact refutes the suggestion by Brov%? 9that the monobromoquinolinium
ion, being a stronger acid, would undergo further bromination as the
free ase at a faster rate than monobromination of the quinolinium ion.
Attempts to brominate phthalazine over a range of sulphuric acid con-
centrations were unsuccessful; no reaction occurred in fuming sulphuric
acid while in 92% acid half the starting material was consumed and some
phthalic acid was isolated. & series of blank experiments showed that
the loss of phthalazine was not due to attack by one of the reagents
alone,

The formation of pithalaldehyde and phthalic acid indicates
that the brominating species generated by silver saLl1;5212’213 2214
causes rupture of the azine ring as well as leading to brominated
products. The nature of this species is not fully understood; Arotsky
and coworkerszu"’zw have obtained considerable evidence in favour of
an AgBr2+ complex, rather than the bromonium ion or protonated hypo-

212 A source of positive

bromous acid (H20Br+) previously suggested.
bromine would permit the formation of an N-bromophthalazinium inter-
- mediate which could undergo nucleophilic attack at the o{~=carbon by

' acetate ion or water, depending on whether the reaction was conducted
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in acetic acid or 92% sulphuric acid. Decomposition of the resulting

adduct (94 or 95) in a similar fashion to that proposed for the reaction

AcO H HO H
N-—2Br N—=Br
&———Br L-—-Br
AcO H HO H
(94) (95)

of phthalazine with chlorine (p.56 ) would then provide phthalaldehyde
from which phthalic acid may be formed by oxidation.

The bromination of pyridines in the presence of excess alu-
minium trichloride was reported216 to give 3-bromo derivatives, but no
substitution products were obtained from phthalazine under the same
conditions. Attempts to iodinate phthalazine in a mixture of iodine,
silver sulphate and sulphuric acid at temperatures up to 130o were
unsuccessful. High woncentrations of the iodine cation are generated
under these conditions.215’217’218

Treatment of benzo[g]phthalazine nitrate with 98% sulphuric
acid gave a compound which was formulated as 9-nitrobenzo[ g]phthalazine;

a completely satisfactory analysis and n.m.r. spectrum has not yet been

obtained,

Bedt Nucleophilic substitution.

219

According to the definition of Bummett and Zahler, nucleo-

philic aromatic substitution involves the formation of a bond in which
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both electrons are supplied by the attacking species, For such a reac-
tion to occur with any facility, the group displaced must generally be
reasonably stable as an anion and the point of attack must be activated

219,220 Earlier

by an electron-withdrawing substituent or heteroatom.
in this work (p.5) the nucleophilic displacement of 1- and 4=substitu-
ents from the phthalazine system was described; in this section, only
nucleophilic substitution involving replacement of hydrogen will be
discussed,

The replacement of hydrogen with nucleophiles in keterocyclic

systems was first reported in 1914 by Chichj.babinzz1

who converted
pyridine to 2~-aminopyridine by the action of sodamide, The reaction
has since found general application in 6-menbered monoazines and has

222,223 ,22)

been extensively investigated, notably by Bergstrom, The

following mechanism has been propos.eél.ozz5 (Scheme 89)

7 NaNH2 z
. = QL
N N SN NH»

NH»

/4

|
Na

H20

\

NHNa NH5

Y

Scheme 89,
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Addition of the metal amide across the CzN bond in the first step is

formally similar to the reaction of Grignard reagents and organolithiums

225

with nitrogen heterocycles. The second step, involving loss of a

hydride ion, is slow226 because of the low stability of the leaving
group, To overcome this difficulty, temperatures above 100° are fre-

quently employed but reactions may be carried at lower temperatures in

227

the presence of an oxidizing agent such as potassium nitrate,

228,229 22l

Quinoline and isoquinocline gave high yields of 2-

and 1-amino derivatives respectively at moderate temperatures. Applica=-

tion of the reaction to diazines has been reported in only one system;

230

2,5-dimethylpyrazine furnished the 3-amino derivative but no product

: 1
could be isolated from the reaction of potassium amide with pyrazine.2

Tetrazine (96) gave a red, unstable dipotassium salt for which the

following structure (97) was px'oloosed.;,23 2
K+
NZ N NZ N
[ If - = | Il
N\/N NVN
K +
(96) (97)

In the present work, phthalazine was treated with sodamide
in dimethylaniline at 1300. A considerable amount of tar was obtained

and no compound other than phthalazine (13%) could be isolated. The

addition of powdered phthalazine to two moles of sodamide in liquid
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ammonia gave a dark red solution which became greenish black in colour
after one hour, The excess ammonia was allowed to evaporate and de-
composition of the residue with sodium hydroxide produced green, tarry
material from which phthalazine (26%) was isolated. Traces of phthal-
imide, phthalonitrile and phthalazone were obtained on acidification of'the
agqueous solution. When the decomposition of the residue was carried

out using ice-water, some tarry material formed wiaich dissolved on
addition of acid. Basification gave a dark green precipitate and
phthalazine was removed by extraction with chloroform, The addition

of picric acid to the neutralised solution gave 1-aminophthalazine
picrate (204). No increase in yield was achieved by the use of potassium
nitrate, although the aqueous solution obtained on hydrolysis was much
less contaminated with tar,

These products may be attributed to the initial formation of
1-aminophthalazine (80), some of vhich reacts further with sodamide to
give 1,4~diaminophthalazine (45b; Scheme 27). The latter compound
could not be isolated from the reaction mixture as it was found to under-
go hydrolysis to phthalonitrile and finally phthalimide under the acid
conditions used in the work-up procedure, The mode of hydrolysis is
considered to be the reverse of its formation from phthalonitrile
(po20), namely, acid catalysed decomposition of the imino form (45c)
in two steps, The red colouration observed on addition of phthalazine
to sodamide in ligquid smmonia suggests that the sodium salt of a

carbanion may be formed, analogous to the red tetrazine salt reported
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0]
i\liH
=N
T H20
NH NH
2 2 N
<N SN -~ H
l S | — | —
H NH»o
(5) (80) (45b)
H
/
Nej 0
P
NH2 CN .
| —_— _— NH
NH CN
NH 0
(45¢) (19)
Scheme 27,

by Bergstromz32 but removal of the ammonia at this stage gave only the
starting material.

The hydroxylation of pyridine and quinoline by fusion with
potassium hydroxide represents a similar type of nucleophilic sub=

235-235

stitution and was also discovered by Chichibabin, The reaction
has received less attention than amination because the o< -hydroxy
derivatives produced are more readily prepared by alternative methods.

Phthalazine was found to undergo rapid decomposition when heated with
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potassium hydroxide at 22000 Hydrezine and ammonia were evolved with
the formation of tarry material; a trace of phthalazone was isolated.
The same products were obtained when the reaction was carxried out at

100°° The melt assumed a deep purple colour which turned black af'ter
several hours heating.

The observed nucleophilic substitution at the 1-position in
phthalazine is in agreement with that predicted by the electron density
and localisation energy calculations. The high calculated bond order
of the C=N bonds raises the possibility of phthalazine acting as a
Schiff base in the presence of strong alkali. Any aldehyde thus formed
would polymerise under the reaction conditions, thereby accounting for
the low recovery of phthalazine and the formation of tarry material in

the above reactions.

3.5 Addition reactions.

In this work the possibility of addition of inorganic reagents
across the C=N bonds in phthalazine has been suggested in order to
account for ring fission and the formation of substitution products,
Howevef, no stable adducts resulting from the interaction of phthalazine
with an organic moiety appear to have been reported.

Nitrogen heterocycles have long been known to form adducts

236

237
with keten . The pyridine adduct was recently shown to have the

structure (98), derived by fusion of four molecules of keten to the C=N
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bond, Two molecules of dimethylketene participated in the addition to

quinoline23 8,239 giving the lactcne (99). The reaction of dimethylketen
0 .
= CHj3 AN Ar Ar
X N | l h N/
N __L
0 0] o
0 Qo
(S8) (99) (100)

_I with isoquinoline ,23 7 phenanthn'.dine239 and 9—me1;lfzy3‘.:a.<:,riciline21"O yielded
products with similar structures, 1,4~addition occurring in the latter
case, Schiff bases, on the other hand, form B -lactam rings (100)
with one molecule of keten ,241
The passage of keten gas into a benzene solution of phthalazine
at room temperature afforded a colourless precipitate which gave carbon
and hydrogen analyses corresponding tc a 1:1 ratio of phthalazine and
keten, Nitrogen analyses were consistently high by 1%, The substance
slowly decomposed to phthalazine on standing, and more rapidly on heating
or treatment with sodium hydroxide. The ultraviclet absorption spectrum
of the adduct was identical with the spectrum of benzaldehyde N N-
dimethylhydrazone, suggesting that addition of keten had cccurred at
one C=N bond. A B-lactam structure was excluded by the infrared spec—
trum, which showed a carbonyl absorption at 1670 cnq-1o The nem.r. spec=—
trum consisted of poorly resolved bands typical of a polymer, The

structure of the substance was therefore formulated as a polymer (101)
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where phthalazine units are linked between carbon and nitrogen by keten.

0

0

A

~

Z—Z

N
1
N

(101)

Benzo[_g]phthalazine and 5-nitrophthalazine also reacted with keten
giving substances with a 1:1 ratio of keten to heterocycle and which
had the same carbonyl absorption frequency in the infrared spectrum as
the phthalazine adduct.

When phthalazine was treated with maleic anhydride under the
same conditions as were used by Cookson8 for preparing the pyridazine
adduct a brown solid was obtained which appeared to be a mixture but

attempts at purification were unsuccessful,



N —Substituted Phthalazine Derivatives.

Lot Phthalazine-2—oxide.

The preparation of phthalazine-2-oxide reported in the
literature79 involves the oxidation of phthalazine by perbenzoic acid
at 0°. In the present work, the use of peracetic acid at 100° was
found to be more satisfactory. The product was isolated as the hydrate
which lost water on sublimation but reverted to the hydrate on exposure
to air,

When phthalazine-2-oxide was treated with slkaline potassium
ferricyanide, nitrogen was evolved and a high yield of phthalaldehyde
was obtained; no reaction occurred in the zbsence of elkali or oxi-
dizing agent. The mechanism.(Scheme 28) may involve attack by hydroxide
jon at the 1-position forming the hydrated species (103) which may
undergo hydrolytic ring cleavage to give an aldehyde (104). Since the
ultraviolet spectra of phthalazine-2-oxide in neutral and alkaline
solution are identical, it appears that the species (1C3) and (104)
can only be present in very low equilibrium concentrations. In the
presence of potassium ferricyanide, however, irreversible oxidation of
the hydroxylamine (104) to the nitrosimine (105) may occur and hydroly-
sis of the latter would give phthalaldehyde (8) and nitrogen. A nunber
of oxidants, including ferric salts, are capable of oxidising hydroxyl-

atm:i.nes;z"'2a the use of alkaline hydrogen peroxide gave the same products.
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HO™ HO H
(103)
{102) HO"J, .
N—NHOH Fe3+ \’/N}-N=/O\' H
—_— _—
CHO CHO
(104) (105)
H—0
- Y
N=N-—OH CHO
CHO CHO
(8)
Scheme 28,

An alternative mechanism (Scheme 29) for the formation of

the nitrosimine (105) is based upon that suggested by Baumgarten and

24.2b

coworkers for the‘ oxidation of N-acyl=N-arylhydroxylamines to

nitroso compounds with lead tetraacetate, Oxidation of the hydration

\rlx: _Fi‘; NN—NO
No~o RV CHO
H—0 H
(103) (105)

Scheme 29,
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product (103) would thus give the nitroso compound (105) directly.

The former possibility could be confirmed by isolation of the aldehyde(104)
or a derivative of the aldehyde from an alkaline solution of phthala-
zine-2-oxide,

The action of acetic anhydride on phthalazine-2-oxide gave
a low yield of 2-acetylphthalazone in accord with the usual rearrange-
ment of N~oxides in this medium.

Phthalazine-2-oxide was found to react slowly with chlorine
water, yielding a monochloro derivative and a complex mixture of
carbonyl compounds. The n.m.r. spectrum of the chloro derivative
indicated that substitution had occurred in the heterocyclic ring and
the chemical shift of the remaining proton in this ring ( T 0.95) was
close to that of the 4-proton in phthalazine-2-oxide ( T 0.92). The
derivative was therefore formulated as 1-chloro-phthalazine-2-oxide
(106); this sppears to be the first example of direct substitution
into an N-oxide system by chlorine.

Homolytic chlorination of phthalazine-2-oxide would be ex-
pected to occur at the position of highest free valence. The calcula=
tion of this parameter was carried out on the phthalazinium ion (91)
which is isoelectronic with the aromatic system of phthalazine-2-oxide
(102). The 1-position was found to have the highest free-valance
nunber, in agreement with the suggested orientation.

Nitration of phthalazire-2~oxide with potassium nitrate and
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0-446 0430
N Clp N 0-423 N
L T " |
BN - N~ 0:407 N
cl 0-469 0559
(102) (106) (91)

o sulphuric acid gave a mixture of products from which 8-nitro-
phthalazine-2-oxide was isolated. The structure of this derivative
was deduced by a correlation of the change in chemical shifts of the
heterocyclic ring protons with that for phthalazine on introducing a
nitro group into the &-position. The 1- and 4~ protons shif'ted down-
field by 14 and 47 c.DP.s. respectively, the corresponding shifts in
the 2~oxide system being 18 and 56 c.p.s. Localisation energy calcu=
lations for the phthalazinium ion (p 79,80) predicted electrophilic

substitution to occur at the 8=position.

o2 Phthalazinium salts,

Several alkylphthalazinium salts are known and have been
subjected to reduction and alkaline d.(—ag::‘.'auiat:i.ondl8’7}“""2)+3 but the
synthesis of phthalazinium salts having electron—withdrawing‘ﬂr
substituents and the behaviour of both classes toward nucleophiles
other than hydroxide ion does not appear to have been reported.

When phthalazine methiodide (25) was treated with aqueous
alksli a small quantity of what was presumed to be the pseudo base
(26) was isolated; it could not be adequately characterised becazuse

it was rapidly oxidised in air to 2-methylphthalazone (28) The latter

product could be obtained quantitatively by oxidation of an agueous
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solution of the methiodide with alkaline potassium ferricyanide.

(Scheme 30).

& OH ‘\ [O] N
l
NM N
— eI \‘Me NMe
0]

(25) NaCN (26) (28)
NN XN
| > |
NMe ~NMeCl
H” “cN - i
T ©
(107) s (108)

On the addition of sodium cyanide to an agueous solution of
phthalazine methiodide a crystalline adduct separated., This was
assigned the 1,2-dihydro structure (107) on the basis of its analysis
and n.m.r. spectrum; one proton gave a signal at T 4,90, characteristic
of a benzylic position. The absence of nitrile absorption in the in-
frared spectrum does not exclude the proposed structure since the
intensity of the nitrile peak may be greatly reduced by adjacent polar
groups.zu" The addition of cyanide ion to the 2~ and 4-~ positions of
pyridinium salts has given _products of similar structure.245 Attempts
to hydrolyse compound. (107) to a carboxylic acid were unsuccessful;
hydrogen cyanide was liberated on treatment with hydrochloric acid,
thus reforming the phthalazinium system (108), while the action of

alkali resulted in replacement of the cyano group by hydroxide ion.
(Scheme 30).
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Only black, intractable material was obtained in attempts to
quaternise phthalazine with 2,4-dinitrochlorobenzene by refluxing the
components in benzene, toluene or xylene, Heating the compounds in
the absence of solvent or in chloroform afforded a yellow solid which
appeared to be a mixture of phthalazine hydrochloride and the required
salt (109). This reacted rapidly with water, giving an orange solid

which was formulated as the pseudo base (110). The compound was

XN H,0 N
| _ l NO
NO, 2

cl” HoZ | “H NO
(109) e L 2

Scheme 31, (112)

difficult to purify and satisfactory analytical figures have not yet
been obtained., It was also prepared by heating phthalazine and 2,4~di-
nitrochlorobenzene in water.

By treatment of the salt (109) with ethanol or methanol it

was converted to the alkyl ethers (111; R..-GHB, GH2CH3); however, these
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were better prepared by heating a mixture of phthalazine, 2,4-dinitro-
chlorobenzene and the respective alcohol under refiux. The structures
of the alkyl ethers were deduced from their analyses and n.m.r, spectra,
No distinct products were obtained using higher alcohols,

The structure proposed for the pseudo base (110) must be
cansidered as tentative; several ovher possibilities exist, including
a quaternary hydroxide salt or the open-chain tautomer, Methods for
distinguishing between these structures in solution have been recently

246

reviewed by Beke, but were limitéd in the present case by the low
solubility of the compound. The infrared spectrum in Nujol showed no
carbonyl absorption but had a narrow O-IHl absorption band, suggesting
that the compound has the pseudo base structure (110) in the solid state.

The pseudo base (110) was hydrolysed with sodium hydroxide in
dimethyl sulphoxide to phthalazine and 2,4~dinitrophenol, 4ll attempts
_to oxidize the hydroxyl group in (110) were unsuccessful. The evolu-
tion of carbon dioxide observed during potassium permanganate oxidation
indicated extensive degradation of the system, while the use of alkaline
potassium ferricyanide resulted in hydrolysis as above,

Concentrated nitric acid rapidly converted the pseudo base to
a compound which was found by analysis to contdin less oxygen than the
starting material, The n.m.r., spectrum indicated the presence of the
1,2-dihydrophthalazine system and the infrared spectrum was strikingly
similar to that of the ethyl ether (111; R:CHZCI-Ij). The bimolecular

ether structure (112) is therefore proposed for this compound (Scheme 31).
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Variable yiclds were obtained in its preparation and the controlling
factors are not yet clear,

A preliminary study was made of the reaction of phthalazine
with cyanogen bromide in chloroform., The crystalline solid thus ob-
tained appeared to be an adduct (113) which rearranged to the salt

(114) on treatment with water or ethanol (Scheme 32). The salt (114)

XN H20 XN OH™
by o
NCN ZBRNY
Br B

H

13 (114)

N N

| — EKI + [Hocn |

"~cn AN \
HO® H

COZ + NHy
(115) (5)

Schems 32,

formed what appeared to be the pseudo base (115) in the presence of
cold alkali, The latter compound was rapidly decomposed by hot alkali
to phthalazine, ammonia and carbon dioxide, Cyanic acid (HOCN) is
knov.'nzL"7 to undergo hydrolysis to ammonia and carbon dioxide and would
thus give rise to these products if formed in the above reaction.

It appears, therefore, that phthalazinium salts are readily

attacked at the 1=position by nucleophiles but the resulting C-N
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linkage is stable toward hydrolysis in contrast to the ring-openiné
reactions of pyridine and quinoline quaternary sal‘t:s.,z)"'8 Products
analogous to those cbtained from the reaction of phthalazinium salts
with water and alcohols were prepared by Rowezz"g from 3-aryl-i-keto=
phthalazines; and 1-chlorophthalazine was oonsidered250 to couple with
itself to form a Quaternary salt which was then substituted at the 1-

position by water,
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EXPERIMENTAL

Genersl.

Melting points were detemined in capillaries in a Gallen-
kamp apparatus and are uncorrected.

The petroleum ether used had b.p. 60-80°, 411 organic
extracts were dried over calcium chloxide.

Iodometric analyses were carried out by treating the compound
(ca. 150 mg) with potassium iodide in aqueous acetic acid and titrating
the liberated iodine against O.1N sodium thiosulphate, All other
analyses were performed by the Australian Microanalytical Service,
Melboume,

Infrared and ultraviolet spectra wexre recorded on Perkine
Elmer model 137 spectrophotometers. The nem.r., spectra were recorded
by Dr. T.M. Spotswood and Mr. L. Paltridge with a Varian DP60 spece
trometer, operated at 60 Mc/s using tetramethyl silane as internal
reference,

The molecular orbital calculations were carried out by Mr.
B.D. Roney on a C.D.C. 3200 computer using programmes written in

Fortran IV,
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Chapter 1

W W W =Tetrabromo~o~xylene = This compound was preparsd b
18 prep 5

bromination of o-xylene under ultraviolet light as described by Bill
and Tarbell.16 The product was decolourised with charcoal, the solvent

removed and the crude oil used in the following step.

Phthalazine — The crude tetrabromo derivative (250 g) was stirred
with water (4 1) under reflux until the oil had dissolved (36 hr),
Hydrazine hydrate (50 ml) in water (500 ml) was added dropwise to the
hot, stirred solution and water (2.5 1) was removed by distillation.
The cooled solution was extracted with chloroform (2 x 250 ml) to
remove traces of phthalazone and tar, Basification followed by
chlorofform extraction (3 x 400 ml) gave phthalazine (65 g, 84%) which
was obtained as a white solid after sublimation (O.1 mm,/‘lOOo), BlePs

91° (lit.15 mep. 952%).

L -Bromo-o-xylene - was prepared by the iron-catalysed bromination of

o-xylene according to the method of Wisansky and Ansbacher,251 except
that the temperature was allowed to reach 10° during the reaction and
the steam distillation procedure was omitted, Fractional distillation
of the crude product gave L~bromo-o-xylene (72%), be.pe 86-88°/10 mm
(1:11:.251 Depe 92=94°/14~15 mm), and 4,5-dibromo-g-xylene (16%), bepo

132-134°/10 mms
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Wow,w' oW L-Pentsbromo-o-xylene = was synthesised by the dropwise

addition of bromine (75 g) to 4-bromo~o-xylene (20 g) at 180° during
irradiation with ultraviolet light. The solid was dissolved in hot
chloroform, treated with charcoal and allowed to crystallise, Several
recrystallisations from ethanol gave the product as colourless needles
(31 g, 57%)» MeDe 117-118° (li'l;.83 meDe 112;.0). The n.m.r, spectrum

(GDGlj) showed two protons at T 2.46 and one each at T 3.03 and T 2.97.

6-Bromophthalazine = The pentabromo-o-xylene (9.0 g) was heated with

ethanol (500 ml), water (200 nl) and sodium acetate (6.0 g) at 150°
(48 hr). Removal of the solvent gave a yellow oil which was refluxed
with hydrazine (20 ml) in ethanol (70 ml), for 2 hr. The red oil ob-
tained on evaporation of the solvent was dissolved in chloroform and
weshed with 2N hydrochloric acid (2 x 100 ml)., The washings were
rendered alkaline and extracted with chloroform. The extract yielded
a yellow solid which was sublimed (0.05 mm/440°%) and recrystallised
from ethanol-water, 6-Bromophthalazine (1.1 g, 29%) was obtained as
colourless needles, M.Pe 15°%, (Found: N, 12.8. 081'1531'1\12 requires
N, 13.4%.) The picrate had m.p. 200-201° (ethanol-water). (Found:

N, 15.59¢ Gy HBulV 0, requires : N, 15.98%,)

3-Nitro- end L-nitro-o-xvlens -~ Nitration of o-xylene by the method

of Emerson and Smith®? gave a mixture which on fractionation yielded
3-nitro-o-xylens, bepe 125-127°/17 m (1it.%22 b,p. 127-130°/18 mi),

L~nitro~o-xylene, bep. 138—1-!4.00/1‘7131;‘;k(:l.:'n.t.253 bepe 143°/21 mm), and
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a mixture of dinitro~ derivatives,

L=Nitro—w,w,w' ;w'~tetrsbromo~o-xylene = & mixture of L-nitro-o-xylene

(5.0 g), N-bromosuccinimide (26 g) and benzoyl peroxide (1.5 g) was
refluxed in carbon tetrachloride (200.ml) for 24 hr., The solution,
after filtration, was washed with aqueous sodium hydroxide and water
and the solvent removed, A red oil was obtained which crystallised on
standing. Recrystallisation from ethanol gave the tetrabromide (13.5 g,
876) as small, yellow prisms, m.p. 123°. (Pound: N, 3.0%6. Calc. for
081-15Br4N02 : N, 2.99). The n.m.r. s;?ectrum (CDCl5) showed one proton
each at T 2.89, T 2.85, T 2,08 (doublet, J = 8.8 cepes.), T 1.76

(quartet, J = 2.4 and 8.8 c.p.S.) and T 1.45 (doublet, J = 2.4 CoPeSe)e

3-Bromo—o-xylene - was prepared from 3-amino-o-xylene by the same

25k

procedure as used for p~bromotoluene and was obtained as a colourless

25 1, p. 213°).

1iquid, bep. 213-214° (1it.
Phthalaz-1,4~dione = was best prepared by heating phthalic anhydride
with excess hydrazine hydrate in ethanol under reflux (2 hr). The

white precipitate (95%) was washed with ethanol and water and dried at

100% The compound had m.p. 332-335° (11t n.p. 334-336°) o

Phthalaz-1,4~dithione = The literature method ,86 involving the reaction

of phthalaz=1,4-dione with phosphorus pentasulphide at 200°, was modified

as follows., The dione (5.0 g) was intimately mixed with phosphorus
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pentasulphide (20 g) and dry pyridine (200 ml) added, whereupon an
exothermic reaction occurred. After 6 hours reflux the pyridine was
removed, the residue digested in water (150 ml) on the steam bath (30
min) and the solution filtered. Acidification of the filtrate with
hydrochloric acid gave phthalaz~1,i~-dithione (5.0 g, 82%) as a yellow

86

solid, mep. 262-264° (1it."° m.p. 262-265°).

Desulvhurisation of phthalaz-1,4~dithione = The thione (3.0 g) and

Raney nickel (1.0 g, W7) were refluxed in pyridine (150 ml) for 1 hr.
After removal of the catalyst and solvent, water (100 ml) was added to
the residue and evaporated to dryness under reduced pressure, the
procedure being repeated to remove traces of pyridine., The solid wes
then dissolved in sodium hydroxide solution (100 ml, 10%) and extracted
with chloroform, Phthalazine (0.26 g, 13%) was obtained from the extract
as colourless needles after sublimation (0,05 mm/90%) and crystallisation

from cyclohexane, m.p. and mixed m.p.\/92°.

1, h~Dichlorophthalazine -~ This compound was prepared by refluxing

phthalaz-1,4~dione with phosphorus pentachloride (2 moles) in phosphorus
oxychloride (41 hr)., Concentration of the solution and cooling afforded
a crystalline solid which was filtered, washed with benzene and dried
Ain vacuo over potassium hydroxide. Recrystallisation from benzene

gave the product as colourless needles (8%%), m.p. 163° (lit.)""l mepo

162-164°) .
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Reaction of 1.4~dichlorophthalszine with zinc dust = 1,4-Dichloro-

phthalazine (5.0 g) was heated under reflux with zinc dust (10 g) in
water (150 ml) for 14 hr. The metal was removed by filtration and the
filtrate basified with sodium hydroxide. Extraction of the basic
solution with chloroform yielded phthalazine (0.16 g, 5%).

When acetic acid was used as the solvent, 4-chlorophthala-
zone (L& g, 95%) was obtained after evaporating the solution to dryness
under reduced pressure, The compound had m.pe 273-274o after crys-

41

tallisation from ethanol (Lite¥ m.p. 274).

Hydrogenation of 1 i~dichlorophthalazine -

€&)) 1,4~dichlorophthalazine (1.98 g, 0.01 mole) in dioxan (150
ml) and smmonia (1.5 ml, & 0.880) was hydrogenated over palladium-on-
carbon (0.5 g, 5%) at 1 atm. until the theoretical volume (450 ml) had
been sbsorbed (45 min)., The catalyst was filtered and the solvent
removed, The residue was dissolved in chloroform (150 ml), filtered
and evaporated to dryness. Sublimation of the residue (0,05 umy/100°)
gave phthalazine (1.05 g, 81%).

An identical experiment was carried out using half the
required volume of hydrogen. The crude product was treated with dilute
hydrochloric acid (50 ml) and the residue removed by filtration. Re-
crystallisation of the latter from ethanol yielded 4~chlorophthalazone
(095 g, 536) , mepe 273-274°. Extraction of the basified filtrate

with chloroform provided phthalazine (0.58 g, &%)
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(2) A solution of the dichloro derivative (0.85 g, 0.0043 mole)
and ammonia gas (0.4 g) in cold methenol (150 ml) was hydrogenated
over palladium-on-carbon (0.5 g, 5%) at 1 atm. until the theoretical -
volume (200 ml) had been absorbed, Removal of the catalyst and solvent
gave a residue which was dissolved in water, filtered and treated with
aqueous picric acid, A yellow precipitate was collected and identi-
fied as phthalazine picrate (0.71 g, 72%) by its m.p. and mixed m.p.

208-209% (Lite ' mep. 209-210°).

(3) The dichloro derivative was dissolved in boiling methanol
(150 ml) and hydrogenated as in (2) ebove, The residue obtained after
removal of the catalyst and solvent was stirred with sodium hydroxide
solution (50 ml, 10%) and filtered., The insoluble material was re-
crystallised from petroleum ether (b,p. 60-80°) and identified as 4~
methaxy-1-chlorophthalazine (0.31 g, 31%) by its m.p. 108° (1it.*

moPe 1080). Extraction of the filtrate with chloroform gave phthalazine

(0.35 g5 545) .

(&) A solution of 1,4~dichlorophthalazine (3.51 g) in dioxan
(300 ml) and ammonia (3.0 ml, d 0.880) was hydrogenated over palladiume
on-carbon (1.0 g, 5%) at 100 atm. (1 hr), The catalyst and solvent
were removed and the residue was distilled. 1,2,3,4~Tetrahydro=-
phthalazine (1.81 g, 77%) was obtained as a colourless liquid, b.p.

90°/0.75 mm, which crystallised on standing, The picrate had mep. 157°

(111-..“’5 mep. 159-160%).



Hydrogenation of phthalazine under the same conditions gave

the tetrahydro derivative in 81% yield.

1-Chlorophthalazine = was obtained by heating phthalazone with excess

phosphorus oxychloride on the water-bath until evolution of hydrogen
chloride ceased. The mixture was poured into aqueous sodium hydroxide
(10%) end ice and the precipitate filtered and dried in vacuo. Re-
crystallisation from ether afforded colourless needles of 1=chloro=

phthalazine (75%), mep. 113° (1ite mep. 113%).

1-Chloro-i-methyle and 1-chloro~i-phenylphthalazine = were prepared

by the same procedure as 1{=ghlorophthalazine, and after reorystallisa-
tion from ethanol had m.ps 130° (1ite"C mep. 129-130°) and mep. 160°

(lit.256 m.p. 160-161°) respectively.

Hydrogenation of 1-chlorophthalazine =

(1) & solution of 1=chlorophthalezine (6,10 g, 0,037 mole) in
ethanol (150 ml) and ammonia (5 ml, d 0.88) was hydrogenated over
palladium~on-carbon (245 g, 5%) at 1 atm, until the fheoretioal volume
had been sbsorbed (830 ml), The catalyst was filtered and the solvent
removed under reduced pressure, The residue was dissolved in dilute
ammonia and extracted with chloroform. Phthalazine (3.1 g, 56%) was
obtained from the extract as a yellow liquid, bepe 100°/0.2 mm, which

solidified on standing.
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(2) When the hydrogenation was carried out at 100 atm, for 1 hr,

1,2,3,4~tetrahydrophthalezine was obtained in 53% yield.

Hydrogenation of 1-chloro=li-methylphthalgzine =

(1) The procedure of S'l:ephemson3 © was followed for hydrogenation
at 1 atm., 1-methylphthalazine (75%) being isolated by distillation of

the crude product,

(2) A solution of 1=-chloro-4~methylphthalazine (10.5 g, 0.059
mole) in ethanol (300 ml) and ammonia (6 ml, d 0.880) was hydrogenated
over palladium~on-carbon (3.0 g, 5%) at 100 atm. (1 hr). After removal
of the catalyst and solvent the residue was dissolved in dilute ammonia
and extracted with chloroform. Distillation of the extract gave l=-
methyle1,2 .3 h-tetrshydrophthalazine (6.50 g, 76/%) as a colourless
1iquid, bep. 93°/0.8 m, which became pink on standing. (Found:

C, 73.14; B, 7.93; N, 18.22, 091{12N2 . requires C, 72.9; H, 8.16;

N, 18.90%)s The picrate had m.p. 14,5° (lit.26 mePe 1A6°).
1-Phenylphthalazine = & solution of 1-chloro-4-phenylphthalazine (4.3 g,
0,018 mole) in ethanol (150 ml) and ammonia (3 ml, d& 0.,880) was hydrog-
enated over palladium~on-~carbon (1.7 g, 5%) at 1C0 atm, (1 hr). Removal
of the catalyst and solvent gave a residue which was stirred with hot
chloroform and filtered. Evaporation of the filtrate provided 1-phenyl-
phthalezine (2.60 g, 71%) as yellow prisms (ethanol), mep. 41-142°

(11t 27 mop. 142-143%).
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L4=Chlorophthalazone = was prepared by stirring a suspension of 1,4~

dichlorophthalazine (5.0 g) in dilute hydrochloric acid (100 ml) for
15 hr. The solid was filtered, washed with water and recrystallised
from ethanol; giving 4-chlorophthalazone (4.1 g, 91%) as colourless

. 210).

needles, mop. 273=274° (lit.
Phthalazone =

(1) 4~Chlorophthalazone (5.0 g) in ethanolic dioxan (300 ml, 50%)
and emmonia (10 ml, d 0.880) was hydrogenated over palladium~cn-carbon
(2.0 g, 5%) at 150° and 100 atm, for 2 hr. Removal of the catalyst and
solvent left a grey solid which on crystallisation from ethanol-water
gave phthalazone (3.1 g, 77%), MePs and mixed mepe 184°, (1it.25 MePe

184~185°)

(2) The chloro derivative (2.0 g) was refluxed with palladiumecne
carbon (0.5 g, 5%) and hydrazine hydrate (10 ml) in ethanol (150 ml) for
10 hr, #&fter removal of the solvent the residue was dissolved in ethanol
(100 ml) and filtered, Water (50 ml) was added to the filtrate and eva-
poration of the ethanol gave L4~-chlorophthalazone (0.25 g)e Further

concentration of the aqueous solution yielded phthalazone (1.38 g, 86%)e

5=Nitro— and 6-nitrophthalaz=1,4-dicne - These compounds were prepared

by the action of hydrazine on the corresponding phthalic anhydrides as

described by Drew and Pea.l:'ma.n.l"0
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1, 4~Dichloro-5-nitrophthalazine = 5-Nitrophthalaz=1,i~dione (5.0 g)

was refluxed with phosphorus pentachloride (10.0 g) in phosphorus
axychloride (20 ml) until a clear solution was obtained (30 min).

After removal of excess phosphorus oxychloride under reduced pressure,
benzene (2 x 20 ml) was added to the residue and evaporated to dryness.
The solid was dried over potassium hydroxide in vacuo and recrystallised

from benzene,

4, 4-Dichloro-5-nitrophthalazine (4.9g, 8%%) was obtained as yellow

prisms, me.p. 188°% (Found: C, 39.41; H, 1.93; N, 17.12%. CgH,CL N0,
requires C, 39.38; H, 1.53; N, 17.20%.)

1,4-Dichloro-6-nitrophthalazine = was similarly prepared from 6

nitrophthalaz-1,4~dione (72%) and purified by sublimation and crys-

tallisation from benzene. The dichloro-derivative had mep. 203-204 s

(Found: N, 1704l 081{301211302 requires N, 17.20%,)

6—Chlorophthalaz~1,4~dione = 4~Chlorophthalic anhydride (6.0 g) in
ethanol (250 ml) was refluxed with hydragzine hydrate (5 ml) for 2 hr.

The flocculent white precipitate was filtered, washed with water and
dried in vacuo (6.1 g, 95%), mepe 247-349° (,lit.l"6 m.p. 348-350°),

1,4 ,6-Irichlorophthalazine = An intimate mixture of 6-chlorophthalaz-
1,4-dione (9.0 g) and phosphorus pentachloride (19.0 g) was treated with
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phosphorus oxychloride (10 ml) and refluxed with exclusion of moisture
until evolution of hydrogen chloride ceased (1 hr). Excess phosphoxrus
oxychloride wes removed under reduced pressure, the residue dissolved
in benzene (200 ml), washed with cold sodium hydroxide solution (250
ml, 5%) and water (100 ml) and dried. After removal of the benzene the

residue was sublimed (0,05 mm/150°), giving 1,4 ,6-trichlorophthalazine

hydrate (9.3 g, 686) as a white solid, m.p. 110-111°%, (Found: C, 38.41;

N, 11.01, C8H5C13N20 requires C, 38.20; N, 11,14%.)

4 ,5-Dimethylphthalic anhydride = Dehydrogenation of 4,5-dimethyl-_-A4-

tetrahydrophthalic anhydride using nitrobenzene or c.hlor.i.ne258 was found
to be less convenient than the action of sulphur259 at 2000. The anhy=
dride was obtained by the latter method as a white solid, m.Pe. 2040

259

(1it. 7 mep. 206°).

6,7-Dimethylphthalaz-1 j~dione = & solution of 4 ,5-dimethylphthalio

anhydride (4.5 g) and hydrazine hydrate (2.0 ml) in ethanol (100 ml)
was refluxed for 3 hr. Removal of the solvent gave a brown solid which
was purified by precipitation from alkaline solution with acetic acid.
6 ,7-Dimethylphthalaz-1 s-dione (4.45 g, 92%) was obtained as a white

o
powder, m.pe => 360 o (Found: C, 62.91; H, 5.34; N, 1473, C10H10N202

requires C, 63.15; H, 5.30; N, 14.7%%.)

1,4-Dichloro=f ,7=dimethylphthalazine = A mixture of 6,7-dimethyl-

phthalaz-1,4~dione (5.3 g) and phosphorus oxychloride (100 ml) was
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heated under reflux until a clear solution was obtained., The excess
phosphorus oxychloride was removed and the residue poured into a mix-
ture of aqueous sodium hydroxide (250 ml, 10j%) and ice. The precipitate
was collected, dried in vacuo and sublimed (0.05 mm/200°), 1,4-Dichloro=
6 ,7-dimethylphthalazine was obtained as a white solid (5.1 g, 81%), m.pe
217°% (Found: C, 53.21; H, 3.53; N, 12.33. C,JiC1N, requires G, 52.88;
H, 3.57; N, 12.33%.)

Benzo[g|2hthalaz—1 J4~dione = was prepared by the method of Drew and

G;arwood3 - from naphthalene-2,3-dicarboxylic acid.260

1 4-Dichlorobenzo[g]phthalazine - & mixture of benzo[_g]phthala.z—1 ol
dione (5.0 g), phosphorus pentachloride (10,0g) and phosphorus oxy-

chloride (50 ml) was heated under reflux until the solid had dissolved.

1,4-Dichlorobenzo [g]phthalazine (1.7 g, 30%) separated on cooling and
was recrystallised from diqxa.n as fine s yellow needles, m.p. 2370.'
(Pound: C, 58,01; H, 2,68; N, 11.25, Cy HCLN, requires C, 57.81;
H, 2:43; N, 11.3%.) Conocentration of the reaction mixture provided

a seco;md crop (2.5 g, 43%).

4~Chlorcbenzo [g] phthalazone - A suspension of 1,lp-dichlorobenzo[_g] -
phthalazine (0.26 g) in water (10 ml) was heated at 100° (3 hr). The

solid was collected end recrystallised from dioxene/water giving b=
chlorobenzo[g] phthalazone (0.23 g, 95%) as colourless plates, mepo
309=310% (Found: C, 62.11; H, 3.14; N, 11.58, G, HCIN,0 requires
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C, 62.47; H, 3.06; N, 12,15%.)

2,3-Bis(dibromomethyl)naphthalene = For the preparation of this compound,

treatment of 2,3-dimethylnaphthalene with N-bromosuccinimide (4 mole) in

one step using a reaction time of 15 hr was found to be more convenient
than the two stage synthesis described by Reid and B~>odexn.261 The

tetrabromo derivative was obtained as yellow plates (59%) from chloro=

261

form, m.p. 1610 (lito MeDPoe 1610)0

Naphthalene—=2,3-dialdehyde ~ was prepared by hydrolysis of 2 ,3=bis(di-

bromomethyl) naphthalene according to the method of Reid and Bodexm.261

The compound was isolated as yellow needles (76%) from ethanol, m.p.

261

1310 (lito MoPoe 1310)0

Benzo[g]phthalazine

(1) & solution of 1,4~dichlofobenzoLg]phthalazine (1.0 g, 0,004
mole) in ammonia (1.0 ml, & 0.880) and dioxan (150 ml) was hydrogenated
over palladium-~on-carbon (1.0 g, 5%) at 1 atm., until 2 moles of hydrogen
had been absorbed., After removal of the catalyst and solvent, the
residue was dissolved in chloroform, filtered and the filtrate eva=-
porated to dryness. Several recrystallisations of the residue from
ethanol (charcoal) gave benzo[g]phthalazine (051 g, 70%) as yellow
prisms, m.p. 213°. (Pound: C, 79.76; H, 4.i5; N, 15.38. C, HJN,

requires C, 79+98; H, 4.48; N, 15.55%.) The picrate was obtained as
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yellow needles from ethanol, m.p. 259-260° dece (Found: N, 17.11.
C18H11NNO7 requires N, 16.95%.)

A solution of benzo[g]phthalazine (0.10 g) in dilute nitric
acid (5 ml) was evaporated to dryness on the water-bath. The residue
(0.12 g) crystallised from ethanol as yellow needles of benzo[g] -

hthalazine nitrate, m.p. 170° do (Found: C, 58.,6; H, 3.91; N, 16,70,
0121‘191\1303 requires C, 59.2; H, 3o74; N, 17.28%.)
Addition of a solution of benzo[g]phthalazine in ethanol to

maleic acid in water afforded benzo[g]phthalazine maleate as silky,
yellow needles (ethanol), m.p. 1,0° d. (Found: C, 64.92; H, 4.31;
N, 9059; 0, 21,3 016}1121\1204_ requires C, 64.86; H, 4.08; N, 9.46;
0, 21.6%0)

(2) Naphthalene-2,3~dialdehyde (5.1 g) was refluxed with hydrazine
hydrate (5.0 ml) in ethanol (100 ml) for 10 hr, After removal of the
solvent the residue was recrystallised from ethanol (charcoal), giving
benzo[gphthalazine (4463 g, 93%) as yellow prisms, m,p. and mixed

M. Do 21300

1,~Dihydrazinophthalazine ~ was obtained as orange plates (water) ,

MePe 190° , by the reaction of phthalonitrile with hyclra.z:’.nel"8 (Zl.i‘t:.l"B

MePe 1900). The yield was slightly increased by stirring the reaction

mixture,.
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1 ,L-Diaminophthalazine hydrate =

(1) A mixture of 1,4~dihydrazinophthalazine (2.0 g), Raney
nickel (12 g, W7) and water (100 ml) was heated under reflux until
evolution of ammonia ceased. The hot solution was filtered and the
product obtained on cooling was recrystallised from water, giving

1, 4~diaminophthalazine monohydrate (1.12 g, 57%) as colourless needles,

mep. 255-254". (Found: G, 53.69; H, 5.41; N, 31,10, Cgy N, 0 requires
C, 53.92; H, 5.66; N, 31.45%.) The hydrate was soluble in dioxan but
insoluble in ethanol and chlorofoxm; prolonged reflux with benzaldehyde
in aqueous ethanol (50%) and a trace of acetic acid gave the starting
materials, The picrate crystallised from water as silky, yellow needles,

mep. 308-310 %4, (Found: N, 24.98. CyH 1N7 7 requires N, 25.1%.)

(2) Phthalonitrile (12.5 g) was heated on the water-bath with a
mixture of hydrszine hydrate (25 ml), acetic acid (3 ml) and dioxan

(50 ml), After 7 min the yellow solution became red and was immediately
poured into water (200 ml), The mixture was cooled in ice and the
precipitate of phthalonitrile (11.5 g) filtered. The volume of the
filtrate was reduced to 30 ml and the cream solid which separated was
collected and washed successively with chloroform, ethanol and ether.
Two recrystallisations from water (charcoal) yielded 1,4-diaminophthala-
zine monohydrate (0.24 g, 1,5%) as colourless needles, m.p. and mixed

)
MePo 253-254 »
A reaction time of 23 min afforded phthalonitrile (90%) and
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1,)y~dihydrazinophthalazine (9.5%). No amine derivative was isolated

from reactions using benzene, n-butanol or acetic acid as the solvent,

Reaction of 1.4-diaminophthalazine with hydrazine - A solution of
1,4~diaminophthalazine (0,18 g) in dioxan (0.8 ml) was treated with

hydrazine hydrate (O.4 ml) and acetic acid (0,05 ml) and the mixture
heated on the water-bath (3 hr). The solid material was removed and
recrystallised from water, giving 1,4~dihydrazinophthalazine (0.175 g,

92%%) as cream plates, m.p. and mixed m.p. 190°.

Oxidation of 1,i~dihydrazinophthalazine with mercuric oxide -« In

reactions 1-4 (Teble 1), an aqueous solution of the hydrazino compound
(2,0 g in 150 ml) was added dropwise to a stirred suspension of yellow
mercuric oxide (10 g) in water (200 ml) at the given temperature, The
residue was removed by centrifugation and washed with hot water (3 x
75 ml) by decantation. Extraction of the combined aqueous solutions
with chloroform gave phthalazine, m.p. and mixed m.pe. 92° af'ter subli=-
mation (0.5 mm/100°), The addition of a few drops of octan~2-ol
prevented excessive foaming in reactions carried out on a preparative
scale,

For reaction 5, powdered 1,4-dihydrazinophthalazine was
added portionwise to a stirred suspension of mercuric oxide (10 g) in
benzene (300 ml), The residue was filtered, washed with benzene

(3 x 100 ml) and the combined solutions evaporated to dryness., The
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product was purified as above,

Reactions 6 and 7 were conducted in the same way as reaction
1, using mercuric acetate (10 g) and a mixture of mercuric oxide (10 g)
and mercuric chloride (10 g) respectively. In each oase the reaction

mixture was basified with sodium hydroxide before centrifugation.

Attemoted decomposition of the mercury residues =

(1) The residue from reaction 5 was refluxed with sodium (1.1 g)
in toluene (50 ml) for 10 hr, After dilution with benzene (50 ml) the
mixture was treated with water (50 ml) and the organic layer removed,

No product was obtained from the latter or by chloroform extraction of

the aqueous phase,

(2) The residue from reaction 2 was treated with bromine (30 ml),
whereupon an exothermic reaction occurred, Distillation of excess
bromine over a period of 2 hr afforded a white residus which was
dissolved in ethand, Dilution with water gave a white precipitate
from which mercuric bromide was removed by sublimation (0.5 mm/100°).,

The dark, orgenic residue (0.3 g) was insoluble in all solvents tried.

Oxidation of 1,h-dihvdrazinophthalszine with silver oxide -~ Reactions
8 and 9 were carried out by adding the powdered hydrazino compound

(2.0 g) to a stirred suspension of silver oxide (15 g) in the appro-

priate solvent (200 ml)e The residues were collected and extracted
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with chloroform . (Soxhlet)e. The filtrate was also extracted with
chloroform (2 x 100 ml) and the combined extract evaporated to dryness
and the product sublimed,

In reaction 10, using a mixture of cyclohexane (200 ml) and
acetic acid (100 ml), the residue was separated by centrifugation and
washed with water (2 x 100 ml), The washings were combined with the
cyclohexane mixture and the solvents were removed. The residue, after
chromatography in chloroform on alumina, was recrystallised from cyclo-

hexane and identified as phthalazine,

Aerial oxidation (reaction 11) =

1,4-Dihydrazinophthalazine (3.5 g) was heated under reflux
in an aerated solution of sodium hydroxide (150 ml, 10%) for 12 hr,
The sodium salt of phthalaz-1,4~dione (2.8 g, 81%) separated on cooling
and was converted to phthalaz-1,4-dione by treatment with dilute hydro-
chloric acid. Acidification of the basic solution gave an additional

L1

crop of phthalaz-1,h-dione (0.35 g, 12%6), mepe 333-335° (lite* 334~

336°).

1,4-Dihydrazinophthalazine and copper sulphate (reaction 12) -
A solution of 1,4-dihydrazinophthalazine (3.9 g) and copper

sulphate (7.5 g) in hydrochloric acid (165 ml, 1N) was refluxed for 8
hr, The insoluble copper complex was removed, the filtrate basified
end again filtered (Celite), Extraction with chloroform gave phthalam
zine (0,20 Qe
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Tetrachlorogquinol = Excess hydrazine hydrate (2 ml) was added dropwise

to a suspension of chloranil (0.50 g) in water (20 ml) with shaking.
After 15 min the mixture was acidified with dilute hydrochloric acid
and the precipitate of tetrachloroquinol (0.46 g, 92%) was filtered,
It had m.p. 231° after recrystallisation from acetic acid/ethanol

262

(11t,°°¢ m.p. 230-231°),

Phthalazine tetrachloroguinolate - A suspension of tetrachloroquinol

(0.10 g) in water (15 ml) was treated with an aqueous solution of
phthalazine (0,07 g in 5 ml) and the mixture shaken vigorously (10
min), Recrystallisation of the precipitate from ethanol/water gave

phthalazine tetrachloroguinolate (0.15 g, 91%) as buff needles, m.p.

o .
160-161", (Found: C, 4he15; H, 2.27; N, 7.09. 0141{80141«202 requires
C, 4hodb; H, 2445 N, 7.4%.) Decomposition of the complex was accom-
plished by warming a sample with sodium hydroxide solution; extraction

with chloroform provided phthalazine (96%).

Dehydrogenation of 1. A~dihydrazinophthalazine with quinones.

In reaction 13, an aqueous solution of 1,4~dihydrazino-
phthalazine (2,0 g in 150 ml) was added dropwise to a stirred suspension
of chloranil (10 g) in water (200 ml) at 40°., The residue was filtered
and washed with hot water (5 x 100 ml), Removal of the solvent from
the filtrate and washings gave phthalonitrile: (0.70 g), m.p. and mixed

263

mep. 139-140° after crystallisation from benzene (1it. >~ m.p. 140°).
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The infrared spectrum was identical with an authentic sample. Excess
quinone in the residue was destroyed by treatment with hydrazine
hydrate (10 ml) and the mixture was digested with sodium hydroxide
solution (100 ml, 10%) on the water-bath (2 hr). Extraction of the
filtered solution with chloroform yielded phthalazine (0.61 g)e
In reaction 14, an aqueous solution of the dihydrazino com=

pound (2,0 g in 100 ml) was added dropwise to a stirred suspension of
benzoquinone (3.1 g) in water (150 ml), The residue was removed and

the filtrate and washings gave phthalonitrile (0.62 g) as before.

1-Hydrazinophthalazine = was prepared by the action of hydrazine on

{=chlorophthalazine as described by Druey and Hartma:nn.zsh' The com~
pound had MePoe 172"1716-0 (lit0264 MePoe 172-1750) °

Reaction of 1-hydrazinophthalazine with chloranil - A solution of the

hydrazino compound in water (1.05 g in 50 ml) was added dropwise to a
stirred suspension of chloranil (3.5 g) in water (50 ml). &fter 6 hr
the residue was filtered and washed with water (5 x 100 ml). The fil-
trate and washings yielded phthalonitrile (0.40 g, 41%) on extraction

with chloroform.

Reaction of 1,4-dihydrazinophthalazine with bromine (reaction 15) =

Bromine water (150 ml) was added dropwise to a stirred solution of 1l

dihydrazinophthalazine (1.25 g) in water (150 ml) over 2 hr. An orange
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precipitate was filtered and washed with water (5 x 40 ml). Extrec—
tion of the combined filtrate and washings with chloroform gave

phthalonitrile (0.27 g), identified as before,

1,4-Dihydrazinophthalazine and nitrobenzene (reaction 16) = The

hydrezine derivative (2.0 g) was refluxed in nitrobenzene (50 ml) for
10 min, The solution was cooled, diluted with ether (1C0 ml) and a
red precipitate removed by filtration., The passage of dry hydrogen
chloride into the filtrate afforded phthalazine hydrochloride (0.96 g),

15

mep. 251° after crystallisation from ethanol (1it. ° m.p. 231°).

1,4~Dihydrazinophthalazine and azcbenzene (reaction 17) = A mixture

of azobenzene (3.0 g) and 1,4-dihydrazinophthalazine (1.0 g) was heated
at 160-1 70° until effervescence ceased (30 min). The product was
digested with water (100 ml) at 100° for 2 hr, cooled and filtereds
Acidification of the filtrate to H L4 followed by extraction with

chloroform gave phthalazine (0.13 g), mepe. 92° after sublimation,

Oxidation of 1,4-dihydrazino phthalezine with sodium hypochlorite -
In reaction 18, a stirred solution of 1,4~dihydrazinophthalazine (1.0 g)

in hydrochloric acid (50 ml, 4N) was treated with sodium hypochlorite
solution (20 ml, 12,5% availeble chlorine). A dry ice bath was used in
reaction 19 to maintain the temperature at -150. The precipitate was
collected and a further quantity' of solid was obtained by chloroform

extraction of the filtrate. The combined product was recrystallised
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from ethanol and identified eas 4~chlorophthalazone by its m.p. and

L1

mixed mepe 275° (Litet' mepe 274°).

Oxidation of 1,4-dihydrazinophthalazine with sodium periodate = In
reaction 20, a solution of the dihydrazino compound (5.0 g) in sul=-

phuric acid (100 ml, 2N) was added dropwise to a solution of sodium
metaperiodate (20 g) in sulphuric acid (100 ml, 2¥) at 70° during 15
min, On cooling, the white precipitate (4.25 g) was removed and
identified as phthalaz-1,4)-dicne by its me.p. and mixed m.p. 353-3350.

Diazotisation of 1.,4-dlaminophthalazine =

(1) A solution of 1,4~-diaminophthalazine (0.045 g) in hydro-
chloric acid (5 ml, 2)) was treated at room temperature with aqueous
sodium nitrate (10 ml, 20%). The precipitate of L~chlorophthalazone

(0,040 g, 89%) was recrystallised from ethenol, m.p. and mixed m.p.

2755°,

(2) A similar experiment using the amine (0,036 g) in sulphuric
acid (7 ml, 2Y) gave phthalaz-1,4~dione (0.030 g, 91%), me.p. and mixed

mepe 334~335°4

Oxidation of 1 i~dihydrszinophthalazine with N-bromosuccinimide (reac—

tion 22) -~ Powdered 1,4=dihydrazinophthalazine (1.0 g) was added in

portions to a sfirred mixture of N-bromosucoinimide (4.3 g) and chloro-
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form (100 ml)e An exothemmic reaction ocourred, with evolution of
nitrogen. & red solid was filtered and identified as 1 A~dihydrazino=-
phthalazine (0,55 g, 55%) by m.ps and mixed mep. 190°, The solvent
was removed from the filtrate and the residue (3.53 g) was boiled with
water (50 ml) for 15 min and filtered., Recrystallisation of the re-
maining solid from pyridine/water (charcoal) gave 4~bromophthalazone

(0,50 g, 42%) as yellow needles, m.p. 284~-2685° after sintering (lit°265

MoPoe 2730> °

Oxidation of phenylhydrazine with N-bromosuccinimide -

(1) Phenylhydrazine (2,16 g, 0.02 mole) was treated with Ne=
bromosuccinimide (3.6 g, 0.02 mole) in carbon tetrachloride (120 ml)
accoxrding to the method of Barakat and eoworker:s.111 After 5 hrs
reflux the solution was filtered and the residue stirred with aqueous
sodium hydroxide (100 ml, 5%) for 2 hr., Extraction of the alkaline
solution with chloroform yielded phenylhydrazine (O.43 g, 20%), iden-
tified by its beps 118=120°/12mm and infrared spectrum. The chloro-
form filtrate was concentrated and a small quantity of succinimide was
removed by filtration. Chloroform (75 ml) was added to the mother
liquor, which was then washed with dilute hydrochloric acid and dis-
tilled under reduced pressure, giving bromobenzene (0.79 g, 23%%) which
was identified by its b.p. 156° and infrared spectrume, The residue,
phenyl azide (0.48 g, 21%), was identified by comparison of its infrared
spectrum with that of an authentic sample, The acid washings were

besified and extracted with chloroform. Removal of the solvent fram the
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extract provided aniline (O.43 g, 23%) which was identified by its

infraved spectrum and by conversion to benzanilide, m.p. 162°.

(2) An aqueous solution of phenylhydrazine (1,0 g in 10 ml) was
added to a stirred suspension of N-bromosuccinimide (ko5 g) in water
(75 ml). After 15 min the solution was extracted with ether (3 x 100
ml) and the extract washed with sodium hydroxide, water and dried over
magnesium sulphate, Removal of the solvent gave phenyl azide (0.27 g,
24%)., The aqueous phase from the reaction mixture was treated with
alkaline 2-naphthol, yielding 1-benzeneazo- 2 -naphthol (1,10 g,
43%) , mepe and mixed mep. 133-134° (ethanol). In en identical oxide=
tion, the aqueous phase was rendered alkaline and extracted with ether,

giving aniline (0.22 g, 25%).

Phenyl azide ~ was prepared by treating phenylhydrezine with sodium

nitrite as described by Lindsay and Allen.266

Benzenedigzonium bromide = The method of Chattaway ,113 involving the

reaction of phenylhydrazine with bromine in ethanol, was employed.

Oxidation of 1-hydrazinophthalazine = The hydrazino compound (1.1 g)
was stirred with mercuric oxide (7.5 g) in water (100 ml) for 7 hr;

nitrogen was evolved vigorously and the solution became black. After

removal of the residue by centrifugation the supernatant was acidified
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with dilute hydrochloric acid and the solvent removed under reduced
pressure, leaving a residue of phthalazine hydrochloride (1.0 g, 91%),

m.po &nd mixed m.p. 2310.

1-Methylphthalazine hydrochloride = A solution of 1-hydrazino=i-

methylphthalazine hydrochloride?t (3.0 g) in water (300 ml) was
stirred with mercuric oxide (15 g) for 24 hr, The residue was removed
and the filtrate acidified with dilute hydrochloric acid. Removal of
the solvent geave 1-methylphthalazine hydrochloride (1.6 g, 65%), mep.

30

and mixed meps 221° (Lit.”" m.p. 222-223°),

1=Phenylphthalazine « Finely powdered 1-hydrazino-l+-phenylphthalazine26k
(2.1 g) was added in portions to a stirred suspension of mercuric oxide
(10 g) in water (200 ml) and ethanol (30 ml). After 3 hr the mixture
was filtered end the solvent removed, leaving a residue of 1-phenyl=
phthalezine (0,70 g) which crystallised from ethanol as colourless

256 mepe 162°). A further quantity

prisms, m.p. and mixed m.p. 161° (1it.
was obtained by chloroform extraction of the mercury residue (Soxhlet),

Lk total yield of 1.4 g (7%) was obtained,

4-Hydrazinophthalazone - was prepared by refluxing an aqueous solution
of 1,4=~dihydrazinophthalazine (2,7 g in 100 ml) for 30 hr. Concentra-

tion of the solution yielded 4~hydrazinophthalazone (1.8 g, 72%), mop.

23-245° (186,27 m.p. 214°).
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Phthalazone = A mixture of L4-hydrazinophthalazone (0.55 g), mercuric
axide (2.5 g) and water (150 ml) was heated under reflux (3 hr)., The
hot solution was treated with ammonia (20 ml, d 0.880) and filtered.
Evaporation of the filtrate gave phthalazone (0.37 g, 81%) which
crystallised from ethanol/water as fine needles, m.p. and mixed m.p.

181°,

Pyridezine = & suspension of 3 ,6-dihydraz:inopyridazi.ne268 (2.50 g)
was stirred with mercuric oxide (10 g) for 3 hr. After removal of the
residue the solution was concentrated, basified and extracted with
chloroform, Distillation of the extract under reduced pressure affor-
ded pyridazine (0.81 g, 5%%), b.p. 88-90°/16 m (1it.269 bep. 86-87%/
14 mm) .

J=Chloropyridazine = A solution of 3-chloro—6-hydraz:inopyn'.dazine270
(1.40 g) was stirred with mercuric oxide (4.3 g) in water (200 ml) for
3 hr, after which the mixture was filtered and extracted with chloro-
form. The passage of hydrogen chloride into the dried extract yielded
a white precipitate of 3-chloropyridazine hydrochloride (0.85 g, 56%),

mepe 120-122° (11£.27! m.p. 122°).
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Chapter 2.

Phthalazine tetrachloride complex = Finely powdered phthalazine (2,00 g)
was treated with chlorinegas in a dry-ice cooled flask until a yellow
slurry of liquid was obtained (1 hr). The mixture was allowed to reach
room temperature with exclusion of moisture over a period of 30 min,
after which a yellow, free-flowing powder (L.16 g, 99.76) of the tetra-
chloride complex remained., Chlorine was rapidly evolved by the substance
at room temperature and on heating; melting began at 60° and was com-

plete at 230°, which is the m.p. of phthalazine hydrochloride.

Phthalazine-halogen complexes (Table 2) -
Por the preparation of 1:1 adducts, a solution of phthalazine

(0,20 g, 0,00154 mole) in carbon tetrachloride (10 ml) was treated
with a solution of the halogen (0,0016 mole) in carbon tetrachloride
(10 ml). The precipitate was filtered and recrystallised from chloro-
form. The iodine monochloride complex was more readily orystallised
from water, while the iodine trichloride complex was insoluble in both
solvents,

Adducts with a 1:2 ratio of phthalazine to halogen were
obtained by the addition of excess halogen (0,004 mole) to phthalazine
(0.20 g, 0.00154 mole) in carbon tetrachloride, The iodine bromide
complex was recrystallised from chloroform. An analytical sample of
the insoluble iodine monochloride complex was prepared by mixing fil-

tered solutions of the reagents,
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Phthalazine iodine trichloride hydrogen periodate = An aqueous solu-

tion of potassium iodide (5.0 g in 50 ml) was treated with chlorine until
a clear, yellow-brown solution was obtained, Phthalazine (0,20 g) in
water (5 ml) was added to the hot solution which immediately deposited

a yellow precipitate, The solid was filtered and dried in vacuo

(0+35 g)s Iodometric analysis showed 42..4% IGlj. (CBH']CIBIZOI;. requires
IC1,, 42.0%.)

Reaction of phthalazine with trihalide ions e

(1) Phthalazine (0.20 g) in water (10 ml) was mixed with a solu-
tion of bromine (0.2 ml) in agueous sodium bromide (2.0 g in 15 ml)e 4
precipitate of phthalazine perbromide (0.32 g, 72%) was obtained which
was identified by its m.p., mixed m.p. and infrared spectrum and by

iodometric analysise (Found: Br, 55.7%.)

(2) Phthalazine (0,20 g) in water (10 ml) was treated with a
solution of iodine (0,50 g) in agueous potassium iodide (2.0 g in 15
ml). Phthelazine periodidd (0.4 g, 74%) was obtained as a golden-
brown microcrystalline solid which was washed with water end dried in
vacuos The compound was identified by its m.p., mixed m.p, and infra~

red spectrum. (Found: I, 66.%%b.)
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Decomposition of phthalazine perbromide -

(1) The perbromide (1.30 g) was heated in ethanol (25 ml) under
reflux until the red colour disappeared (15 min), On concentration

and cooling, phthalazine hydrobromide (0.90 g, 95%) was deposited as

colourless needles, m.p. 250-2510. (Found: C, 44e71; H, 3¢64; N, 13.0.

CBH.INZBr requires C, 45.5%; H, 3.35; N, 13.,27%.)

(2) A suspension of the perbromide (2.0 g) in water (200 ml)

was refluxed for 1 hr, during which bromine was evolved, The colourless
solution was concentrated, basified and extracted with chloroform (2 x
75 ml), giving phthalazine (0.76 g, 85%). No material was obtained on
acidification of the basic solution and extraction with chloroform,
When excess bromine (10 ml) was added dropwise during reflux (10 hr)
some phthalic acid (27%) was isolated after concentration of the

solution,

(3) The perbromide (0,81 g) was heated in acetic acid (15 ml) on
the water-bath (6 hr). Some bromine was evolved and the solution be-
came deep red in colour, On cooling, large orange prisms of phthalazine

hydrogen tribromide (0.54 g, 53%) were deposited, m.p. 120-121°,

(Found: C, 26,283 H, 2.01; N, 7.63; active Br (iodometric), L42.7.
08H7Br3Nz requires C, 25.90; H, 1.91; N, 7.55; Br, 43.1%s)
The mother liquor was diluted with water (50 ml), basified

and phthalazine (0.15 g, 41%) recovered from the solution by extraction
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with chloroform,

(&) & solution of phthalazine perbromide (2.0 g) in chloroform
(200 ml) was refluxed for 12 hr, during which time a mixture of yellow
and orange crystals separated., The solution was concentrated and
filtered while hot (filtrate A). The residue (1.81 g) was ground to

a fine powder, then stirred with water (20 ml) at room temperature

(15 min) and filtered (filtrate B.). Basification of filtrate B
followed by chloroform extraction gave phthalazine (0.16 g, 184). The
residue (1.55 g) was dried in vacuo and melted in the range 100-110°
with decomposition. (Found: active Br, 41.Z%.)

Filtrate A deposited yellow prisms on cooling which turned
dark red immediately the solvent was removed but retained their crys-
talline structure, On redissolving the material in chloroform a yellow
solution was obtained from which the same yellow substance could be
deposited by concentration. The complex infrared spectrum and wide
melting point range, 95-125°, of the red materisl indicated that it was
a mixture,

All of the above substances yielded phthalazine when‘ treated

with aqueous sodium hydroxide and extracted with chloroform,

(5) Phthalazine perbromide (2.0 g) was refluxed in carbon tetra-
chloride (200 ml) for 15 hr, during which the bromine colour disappeared
and & viscous, black solid deposited on the sides of the flask. The

solution was decanted and the solvent removed, giving phthelazine .
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(0,15 g, 17%)+ The black solid was triturated with hot water (150 ml)
for 30 min and the solution decanted and extracted with chloroform,
No materisl was obtained from the extract or from the basified solution.

The tarry residue which remained was insoluble in all solvents tried,

Reaction of phthalazine hydrochloride with halogens =
(1) A solution of phthalazine hydrochloride (0.20 g) in water

(10 ml) was treated with bromine water (50 ml). The yellow precipitate
was filtered, dried in vacuo and identified as phthalazine perbromide

by its m.pe, mixed m.p. and infrared spectrum, (Found: Br (iodometric)

55 05 )

(2) Addition of an aqueous solution of iodine (2.0 g) and
potassium iodide (2.0 g in 20 ml) to phthalazine hydrochloride in water
(10 ml) afforded a brown precipitate which became black after several
minutes, The solid (O.41 g) was filtered, dried in vacuo and titrated
with O.1N sodium thiosulphate. The compound was formulated as

phthalazine hydrogen triiodide, mep. 100 dec. (Found: active I, 49.2.
CgiN,I; requires active I, 49.60.)

Reaction of phthalazine hydrobromide with halogens -

(1) Phthalazine hydrobromide (0.61 g) in water (10 ml) was shaken
vigorously with bromine (0.5 ml) for 15 min. The yellow precipitate
(0,59 g) was removed, dried in vacuo end identified es phthalagzine

perbromide as before. (Found : Br, 55 1%e)
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(2) An aqueous solution of potassium iodide (2 g in 20 ml) and
iodine (2.0 g) was added to phthalazine hydrobromide (0.50 g) in water
(10 ml)s The black precipitate was washed with water and chloroform
and dried, The compound was identified as phthalazine hydrogen tri-

iodide as before,

Decomposition of phthalazine tetrachloride -

(1) Phthalazine (1.0 g) was treated with chlorine gas at =60°
until a slurry was obtained. The mixture was allowed to reach room
temperature and the yellow powder left exposed to the atmosphere (2
days). The infrared spectrum of the product exhibited bands correspon-
ding to phthalazine hydrochloride and also a carbonyl sbsorption at
1690 o (Nujol)e The product was treated with 1IN hydrochloric acid
(50 ml) and extracted with chloroform (2 x 50 ml). Evaporation of the
extract gave o-dichloromethylbenzaldehyde (0.16 g, 11%) as colourless
needles from ether, m.p. 60°, (Found: C, 50.58; H, 3.52, C1, 3649,

CgicCly0 requires C, 50.85; H, 3.21; CL 37.56.) The infrared spectrum
(cuc15) had bands at 2865, 2775 (cH), 1690 (CO), 870, 785, 740 and 690
cm-1. The ne.m.r, spectrum (GClh_) had T 2.15 (multiplet, 5 protons) and T
0,28 (singlet, 1 proton).

Phthalazine (0.71 g, 71%) was recovered from the aqueous

solution on basification and extraction with chloroform (2 x 50 ml).

(2). A sample of the complex, freshly prepared from phthalazine
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(0,50 g), was treated with water (50 ml) at room temperature, Evolu-
tion of nitrogen was observed and a mixture of phthalaldehyde (0.20 g,
39%) and o-dichloromethylbenzaldehyde (0.08 g, 12%) was obtained by
extraction of the solution with chloroform (2 x 50 ml). The aldehydes
were separated by chromatography on neutral alumina using benzene as
the eluent., Phthalaldehyde was identified by its m.p. and mixed m.p.
53° (1it. m.p. 53°) after crystallisation from petroleum ether (b.p.
60-80°) and by its infrared sbsorption bands at 2850, 2750 (CH), 1690
(co), 860, 810, 765 and 710 G

Phthalazine (0.23 g, 45%) was recovered from the aqueous phase

as before.

Hydrolysis of o-dichloromethylbenzaldehyde - A suspension of o-
dichloromethylbenzaldehyde (0.24 g) in water (25 ml) was heated under

reflux (2 hr). Removal of the solvent gave a yellow oil which after
being chromatographed in benzene on neutral alumina was found to be a

mixture of the starting material (0.15 g, 62%6) and phthalaldehyde

(0,06 g, 35%) .

Reaction of phthalazine with chlorine in carbon tetrachloride =

&) The passage of chlorine gas into a solution of phthalazine
(1.0 g) in carbon tetrachloride (50 ml) at room temperature afforded

a yellow precipitate which became white on standing. Filtration was
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carried out in a dry-box. No material could be recovered from the
filtrate and the residue was shown to be phthalazine hydrochloride

(1624 g, 99.7%) by its infrared spectrum.

(2) A slow stream of chlorine was passed into a solution of
phthalazine (1.0 g) in carbon tetrachloride (50 ml) under reflux (18
hr)., A precipitate of phthalazine hydrochloride (0.86 g, 68%) was
filtered and the filtrate washed with water and evaporated to dryness,

giving o-dichloromethylbenzaldehyde (0.20 g, 14%) as a yellow oil.

Phthalaldehydic acid - A suspension of phthalaldehyde (0.20 g) in

alkaline sodium hypochlorite (50 ml, yH 8.5, 1.%% available chlorine)
was shaken at room temperature (30 min), The solution was extracted
with chloroform to remove the starting material and then acidified,
Phthalaldehydic acid (0.11 g, 49%) was obtained on chloroform extrac-
tion as a white solid, m.p. and mixed m.p. 98-99°, The infrared Bpec=

trum was identical with that of an authentic sample.

Phthalide = A4 suspension of phthalaldehyde (0,20 g) in alkeline sodium
hypochlorite (50 ml, 2N, 1.2% availsble chlorine) was shaken vigorously
for 2 hr, Acidification and chloroform extraction of the solution
yielded phthalide (0,03 g, 15%) which was identified by its m.p. and

mixed m.p. 72-73° (water) and infrared spectrum.

N-Chlorophthalazone = A mixture of phthalazone (0.25 g), chloroform
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(15 ml) and water (20 ml) was treated with chlorine gas for 30 min with
vigorous shaking. The chloroform layer was removed, dried and evspora-

ted, leaving N-chlorophthalazone (0.21 g, 6%) as a colourless solid,

m.po 147°. The chlorine was estimated iodometrically, (Found: C1, 19.1,
CgHgCl N20 requires Cl, 19.5/%.)

A sample (0.15 g) was dissolved in chloroform (50 ml) and
treated first with potessium iodide and then with sodium thiosulphate
solution. Phthalazone (0.12 g, 99%) was obtained from the chloroform
layer and identified by its m.p. and mixed m.p. 1830 and infrared spec-
trum, Conversion to phthalazone was also achieved by heating the N-

chloro derivative in ethanol.

Reactions of phthalazine with chlorine in aqueous media (Table 5)=

Reaction 1 = was carried out by pessing a stream of chlorine
into a vigorously agitated solution of phthalazine (0.50 g) in water
(50 ml) at room temperature, After 15 min the solution was extracted
with chloroform (2 x 50 ml) and the solvent was removed from the extract.
The residuel oil was chromatographed in benzene on neutral alumina and
the aldehydes identified as before.

The relative yields were independent of temperature over the
range 0-950. The ratio of the two aldehydes was conveniently estimated
by comparing the relative intensities of the strong bands near 860 cm-"1
in the infrared spectrum (cﬁc13) of the mixture with those of mixtures

containing known ratios of the aldehydes.
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Reaction 2 - was performed similarly to reaction 1, except
that a buffer solution, obtained by mixing appropriate volumes of M

sodium monohydrogen phosphate and 1M citric acid, was used,

Reactions 3-5 = were conducted using buffer solutions pre=

pared from 1IN sodium Rhydroxide and 1M potassium dihydrogen phosphate
mixtures, The residue obtained by chloroform extrasction was redissolved
in the same solvent and evaporated, the process being repeated to remove
traces of chlorine. Repeated extraction of the solid with ether provi-
ded a residue which was identified as N-chlorophthalazone by its m.p.,
mixed m.p. and infrared spectrum,

To estimate the yield of N-chlorophthalazone, the orude
solid wes treated with aqueous potassium iodide (2 g in 5 ml) and acetio
acid (5 ml) and the liberated iodine titrated against 0.1N sodium thio-
sulphate, The solution was then basified and immediately extracted with
chloroform (2 x 50 ml), The mixture of aldehydes obtained from the ex-
tract was separated by chromatography as before,.

In reaction 3, the yields were measured at g 445, 5, 6, and

7o Chlorine water was used in reaction 4 to allow slow addition of

chlorine,

Reactions 6 and 7 = were carried out by adding excess sodium

hypochlorite solution (45 ml, 1.2% available chlorine) at the required
Hl to a solution of phthalazine (0.20 g) in water (15 ml), also at the

required pi. The precipitate of N-chlorophthalazone was collected and
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the filtrate acidified and extracted with chloroform (2 x 30 ml),
Phthalazine was recovered from the aqueous phase after basification

and chioroform extraction, The first chloroform extract was washed

with sodium hydroxide (10%) and the solvent removed to give phthalal-
dehyde., The alkaline washings were acidified and yielded rhthalaldehydic
acid on extraction with chloroform, All of the above products were

identified by their m.p., mixed m,p. and infrared spectra,

Reaction 8 - A solution of phthalazine (0.30 g) in 2 sodium
hydroxide (50 ml) and sodium hypochlorite solution (1 ml, 12.5% available
chlorine) was allowed to stand at room temperature (16 hr), Extraction
with chloroform gave phthalazine (0.27 g, 90%). The aqueous phase was
acidified and extracted with chloroform, Phthalide (0.02 g, 7%) was
isolated from the extract as colourless plates after recrystallisation
from water, mspo, and mixed m.p. 72—75°° The infrared spectrum was.

identical with that of an authentic sample.

Reaction 9 = Phthalazine (0.20 g) i agqueous sodium chloride
(15 ml, 20%) was treated with chlorine gas for 15 min. Extraction of
the solution with chloroform gave a mixture of aldehydes which were
separated as before, The agueous layer was basified and extracted with

chloroform to recover the starting materisl,

Reaction 10 -~ was conducted similarly to reaction 9 s except
that chlorine water (10 ml) was rapidly added to the solution instead of

chlorine gas; work-up was commenced after 2 min,
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Reaction 11 - Phthalazine hydrochloride (1.0 g) in water (20
ml) was treated with chlorine gas at 5-10° (45 min). A colourless solid
was filtered and identified as o-dichloromethylbenzaldehyde (0.14 g, 12%)
by its m.p., mixed m.p. ‘and infrared spectrum, Phthalazine was recovered
from the filtrate by basification- and extraction with chloroform.

When the reaction was carried out at 65-70°, phthalaldehyde (15%)

and o-dichloromethylbenzaldehyde (17%) were obtained,

Reactions of azines with chlorine in aqueous media (Table 6) -

Reactions 1-5, 10 = were carried out by passing chlorine gas

into a vigorously agitated mixture of the azine (0,50 g), chloroform

(25 ml) end water (25 ml) at room temperature, Aft;sr 15 min the chloro=
form layer was removed and the agueous phase further extracted with
chloroform (2 x 50 ml). The combined extracts were dried and the
solvent removed. Benzaldehyde (reaction 1) and diethylphthalate (reac~
tion 3) were identified by their boiling points (179° and 298°) and
infrared spectra, Naphthalene-2,3-dialdehyde (reaction 4) and o-
cyanobenzaldehyde (reaction 5) were identified by their m.p., mixed

MePe (1_31c> and 105—10!;.0) and infrared spectra after recrystallisation
from ethanol and wate‘r respectively,

- The structures of o-agetylbenzaldehyde (reaction 2) and 3,6-
dibromophthalaldehyde (reaction 9) mepe 135-136° (ethanol/water), were
deduced from their infrared spectra and by conversion to the starting

materials by condensation with hydrazine hydrate in ethanol,
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Reaction 6 -~ Chlorine was passed into a solution of 14—
diaminophthalazine monohydrate (0430 g) in wateL (40 ml) at room temp-
erature, A bright green precipitate formed immediately and after 15
min the solid was filtered and recrystallised from acetic acid. 4=

D3.(N--chloroimino) =1 Jh~dihydrophthalezine (0.35 g, 91%) was cbtained as

deep green plates, mep. 155° do (Found: N, 24.32; G1, 30.1. CgH, CLN,
requires N, 24.46; C1, 31,2%.) When a solution of the compound in
acetic acid was treated with tin and dilute hydrochloric acid, the green
colour disappeared and the addition of concentrated sodium hydroxide
gave a precipitate of 1,4~diaminophthalazine,

The compound (12 mg) was added in small portions to a test-tube
in an oil-bath at 125-1300., After 10 min the residue was dissolved in
chloroform, filtered, and the filtrate evaporated to dryness., The
residue was identified as phthalonitrile (6 mg, 884) by its m.p., mixed

mep. (140°) and infrared spectrum.

Reaction 7 - A vigorously shaken suspension of phthalaz-
1,4-dione (1.0 g) in water (25 ml) and chloroform was treated with
chlorine gas (5 min), The mixture assumed a bright lime-green coloura-
tion which disappeared after several minutes; nitrogen was evolved
i'apidly. The chloroform layer was removed, the aqueous phase extracted
with chloroform and the combined extracts on evaporation to dryness
vielded phthalic anhydriae {0.80 g, 88%), which was identified by its
MePo and mixed m.po '132o and infrared spectrum. When phthalic anhydride

in chloroform was shaken with chlorine water (30 min) nearly quantitative
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conversion to phthalic acid was achieved,

The passage of chlorine gas into a solution of phthalaz-1,4~
dione (1.0 g) in‘ 3.7N sodium hydroxide (50 ml) resulted in rapid evo-
lution of nitrogen and the reaction was complete after 1 min, Acidifi-
cation of the solution gave a colour:f.ess precipitate which was collected
and heated with water (50 ml) on the water-bath (15 min), A white
powder of benzil-2,2'-dicarboxylic acid (0.11 g, %) was filtered and

o ps 277%). The filtrate

after drying in vacuo had m.p. 277° (1lit.
was combined with the acidic solution and concentrated under reduced

pressure, Phthalic acid (0.81 g, 8(f%) was obtained as white crystals,
Mo Po 208-210° s and identified by its mixed mep., infrared spectrum and

conversion to phthalic anhydride,

Reactions 8 and 9 - were conducted by treating the heterocycle

(0,50 g) in a mixture of chloroform (25 ml) and water (25 ml) with
chlorine gas (15 min). After separation of the organic layer the solu=
tion was extracted with chloroform and the combinred extracts evaporated

to drynessy 2-chloro-4-phenylphthalazone was cbtained from reaction 8

as a colourless solid, m.p. 176°. (Found: Gl, 13.5, C14H9Cl N0

requires Cl, 13.8%.) The compound was converted to 1-phenylphthala£one,

256

Mepo and mixed meps 236° (1ite™’" m.p. 236°), by heating with ethanol.

2 4~Dichlorophthalazone was isolated from reaction 9 as light

green crystals, m.p. 157—159°° The compound had a strong odour of
chlorine and iodometric analysis gave figures 1-2% below the theoreticel,

Conversion to 4~chlorophthalazone was effected by boiling ethanol,
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Reaction 11 - Chlorine gas was bubbled into a solution of
quinoxaline (1.0 g) in water (25 ml) for 30 min, A dark, tarry material
injitially formed which changed to a yellow solid on standing. The
compound was identified as 2,3-dihydroxyquinoxaline (1,01 g, 81%) by
ceaperison of its infrared spectrum with that of an authentic sample

272

prepared by the method of Phillips. It had mep. > 350°.

Reaction 12 = was performed by passing chlorine into a shaken
mixture of 2,3-~diphenylquinoxaline (2.0 g), chloroform (25 ml) and
weser (25 ml), After 15 min the chloroform layér was separated and
washed with sodium carbonate solution and dilute hydrochloric acid,
Removal of the solvent gave benzil (0.24 g, 25%) which was recrystallised
from ethanol and identified by its m.p. and mixed m.p. 92‘.—950 and infra-

red spectrum,

2=Chloro~h~phenylphthalazone - was prepared by treating L-phenyl-

phthalazone (0,50 g) with chlorine in a mixture of chloroform (25 ml)
and water (25 ml). Evaporation of the chloroform layer afforded 2=
chloro-4~phenylphthalazone (0,52 g, 91%) as a colourless solid, m.D.
176°o Chlorination of the phthalazone in chloroform alone was J'.nefi:eo-

tive,

2 =Dichlorophthalazone - was prepared similarly to the above compound

and was obtained as a light green solid (79%), m.p. 157-159°,
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2-Chloro-4-methylphthalazone -~ A mixture of L4-methylphthalazone (0.25 g),

chloroform (25 ml) and water (25 ml) was chlorinated for 15 min with
vigorous agitation. Evaporation of the chloroform phase gave 2-chloro-

y~methvlivhthalazone (0,28 g, 92%) as a colourless solid, m.p. 173-171..0.

The chlorine was estimated iodometrically., (Found: C1l, 17.8. 09H7Cl -
N0 requires Cl, 18.2%.)

Conversion to the starting material was accomplished by

heating the compound in ethanol (30 min),

Action of chlorine on quinoline - Chlorine was passed into a shaken

mixture of quinoline (5.0 g) chloroform (100 ml) and water (75 ml) for
1 hr. Quinoline (2.7 g, 5i%) was recovered from the aqueous phase by
bagification and extraction with chloroform. The chloroform layer
yielded a dark gun (2.3 g), the infrared spectrum of which showed an
amide~type CO frequency. The material was dissolved in ethanol and
decolourised with charcoal, 4 small quantity of yellow solid, m.p.
190-2000 d, separated from the solution on concentration but attempts
at further purification were unsuccessful., A substance with a similar
infrared spectrum was obtained by chlorination of carbostyril under the

same conditions,

Action of chlorine on isoquinoline = This reaction was conducted using

the same method as for the chlorination of quinoline, Some isoquinoline

(62%) was recovered, The yellow oil obtained from the chloroform layer
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spontaneously decomposed with evolution of hydrogen chloride to an
orange solid, m.p. 85—950 d, which showed an amide-type CO absorption

in the infrared spectrum,

Action of chlorine on acridine — A solution of actidine (1.0 g) in

chloroform (25 ml) and water (25 ml) was treated with chlorine gas
(15 min), A& yellow solid separated from the agueous phase and the
mixture became a semi-solid paste on continued shaking, The product
(0.71 g) was filtered at the pump and dried at 1000, mepe > 350°,
(Found: C, 42,113 H, 3,09; N, 2.9%.) The substance was insoluble in

all solvents tried.

Hypochlorous acid = was prepared by passing chlorine into a suspersion

158

of mercuric oxide (40 g) in water (200 ml) as previously described,
Distillation of the filtered solution in vacuo gave a colourless,
aqueous solution of hypochlorous acid which could be kept at 0° for up .
to 5 days without becoming contaminated by chlorine,

Hypochlorous acid (0,5-1,0N) was more conveniently prepared
by treating a saturated solution of sodium carbonate with chlorine until
evolution of carbon dioxide commenced and then distilling the mixture

under reduced pressure over mercuric oxide,

Reactions of phthalazine with hypochlorcus acid (Table 7) -

Reactions 1 and 2- were performed by adding hypochlorous
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acid solution (50 ml) to a solution of phthalazine (0.20 g) in water
(50 ml), The mixture was extracted with chloroform (2 x 50 ml) and the
material obtained from the extract was treated with aqueous potassium
iodide (5 ml, 10%). The iodine liberated was titrated against 0.1N
sodium thiocsulphate to measure the yield of N~chlorophthalazones. The

aldehydes were separated as before,

Reaction 3 -~ was carried out by adding the phthalazine solu-
sion (2.0 g in 50 ml) to excess hypochlorous acid at 0-5°%, After 2 hr
the so0lid was removed by filtration and found to be a mixture of o-
dichloromethylbenzaldehyde (0.22 g, &) end N-chlorophthal azone (014 g,
5%) which were separated as above. Extraction of the filtrate with
chloroform gave a mixture, the infrared spectrum of which indicated the
presence of phthalaldehyde and 3-chlorophthalide. The mixture was
dissolved in chloroform and treated with sodium hydroxide solution (50
ml, 2). Phthalaldehyde (0.71 g, 35%) was isolated from the chloroform
phase; acidification and chloroform extraction of the aqueous phase
yielded phthalaldehydic acid (0.72 g, 31%) formed by hydrolysis of

3=chlorophthalide,

Reactions 4 and 5 = were conducted as for reaction 1, except

that sodium chloride solution (20%) was used as the medium,

Reaction 6 — A solution of phthalazine hydrochloride (0.35 g)
in water (25 ml) was treated with excess hypochlorous acid at 0—50.
Extraction of the sclution with chloroform gave a mixture of phthalal-

dehyde (11%) and o-dichloromethylbenzaldehyde (1.4%)o



Reaction of hypochlorous acid with phthalaldehyde = A mixture of

phthalaldehyde (0.25 g), chloroform (10 ml) and water (10 ml) was
treated with hypochlorous acid solution at room temperature with
vigorous shaking (15 min), The chloroform layer afforded a mixture
of phthalaldehyde (0.15 g, 60k) and 3~chlorophthalide (0,11 g, 3.%)
which were separéted as above, ‘For comparison of infrared spectra,

an authentic sample of 3-chlorophthalide was prepared by the action of
thionyl chloride on phthalaldehydic acid as described by C‘raﬂ:a:‘iela273

t-Butylhypochlorite = was prepared by the method of Teeter and Bellozﬁ"

Distillation of the product at atmospheric pressure removed all traces

of chlorine,

Reactions of phthalazine with t-butvlhypochlorite =

(1) & solution of phthalazine (0.20 g) in dry carbon tetrachloride
(50 ml) was flushed with dry nitrogen and then treated with t-butyl-
hypochlorite (0.5 ml)., After standing at room temperature for 2 days
the solution was evaporated to dryness under reduced pressure, giving
phthalazine (0.18g); a trace of phthalazine hydrochloride was observed

in the infrared spectrum.

(2) & mixture of phthalazine (2.0 g), t-butyl hypochlorite (4 ml)
and carbon tetrachloride (150 ml) was heated under reflux (5 hr)., The

solvent was removed and the residue treated with 1N HC1 (R0 ml).
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Extraction of the solution with chloroform gave a yellow oil (0.42 g)e
Phthalazine (1.61 g, 81%) was recovered from the acid solution by
basification and extraction with chlorof'orm,

The oil was chromatographed on silica gel using benzene as
the eluent. The first fraction consisted of o-dichlorocmethylbenzaldehyde
(50 mg, 1.7%), followed by phthalonitrile (12 mg, 0.61%) which was
identified by its mop., mixed m.p. and infrared spectrum. Elution with
50k benzene-chloroform and then pure chloroform gave traces of a
carbonyl compound with & high frequency (18065 cm-1) in the infrared
spectrum. |

Elution with ethanol afforded a reddish-coloured gum, the
infrared spectrum of which exhibited a phthalazone-type carbonyl
frequency at 1665 cm-1. Attempts to purify the material by recrys-
tallisation, chromatography on alumina, sublimation or distillation

were unsuccessful,

(3) The procedure given in (2) was repeated, except that the
mixture was allowed to stand at 0-50 for L4 days before being heated,
Phthalazine hydrochloride (10f%) was deposited during the former period

and the quantity of gum obtained was greatly increased,

W - A solution of phthalazine (2.0 g) and t-butyl hypochlorite
(4 ml) in carbon tetrachloride (200 ml) was allowed to stand at 0° for
24 hr and then stirred while exposed to the air at room temperature
(15 hr), More t-butyl hypochlorite was added (4 ml) and the solution

was refluxed (3 hr)., After removal of the solvent the residue was
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dissolved in chloroform (100 ml) and washed with 1N hydrochloric acid
(50 ml), No material was obtained from the acid solution by basifica=
tion and extraction with chloroform. The first chloroform solution was
evaporated to dryness and the residue chromatographed intenzene on silica
gelo The first fraction (250 ml) gave o-dichloromethylbenzaldehyde
(0.51 g, 17%)o The next fractions consisted of mixtures of a high-

frequency carbonyl compound and o-dichloromethylbenzoic acid (011 g,

55%) which was obtained as colourless needles from carbon tetrachloride,
mepe 156% (Found: G, 47.32; H, 3.45. Cgf 01,0, Tequires C, 46,87;
H, 3.0f.)

Blution with ethanol again gave a red gum.

(5) t-Butyl hypochlorite (2.0 ml) was added dropwise to a stirred
solution of phthalazine (0.50 g) in water (15 ml). After about 30
seconds nitrogen began to evolve and ceased after 15 min., The mixture
was then extracted with chloroform (2 x 25 ml) and the solvent was
removed, Chromatography of the residue on neutral alumina in benzene
gave phthalaldehyde (O.41 g, 8%%) and Oo-dichloromethylbenzaldehyde

(0.0 g, 545%)0 .

Reaction of chlorine with phthalazine in the presence of silver salts =

(1) A solution of phthalazine (0,20 g) and silver nitrate (2.0 g)
in water (20 ml) was treated with chlorine water (50 ml). The mixture
was shaken with chloroform (100 ml) for 30 min and then filtered (Celite).

The chloroform layer was washed with dilute hydrochloric acid to remove
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phthalazine and on evaporation to dryness gave phthalaldehyde (0.068 g,

34%) , the purity of which was indicated by its infrared spectrum,

(2) A mixture of phthalazine (0.35 g), silver sulphate (3.8 g)
and sulphuric acid (8 ml, 92%) was treated with a slow stream of dry
chlorine gas for 2 hr at room temperature, The solution was poured
into ice-water (50 ml), sodium chloride solution (20 ml, 20%) added,
and the mixture shaken with chloroform (30 min), After filtration
(Celite) the chloroform layer was evaporated, giving phthalaldehyde

(Co17 g, 49%) as the only product.

Reaction of hypochlorous acid with phthalazine in the presence of

silver nitrate - Hypochlorous acid solution (50 ml) was mixed with

a solution of silver nitrate (2.0 g) in water (10 ml) and immediately
added to phthalazine (0.20 g) in water (15 ml), Nitrogen was vigorously
evolved. The mixture was shaken with chloroform (100 ml) for 30 min

and filtered (Celite)., The chloroform layer was washed with dilute
hydrochloric acid {50 ml) and on evaporation gave phthalaldehyde (0.13 g B
65%)» The absence of o-dichloromethylbenzaldehyde was again confirmed

by the infrared spectrume
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e e Tk

Oxidation of phthalazine - Finsly powdered phthalazine (1.0 g) was

rapidly added to fuming nitric acid (10 ml, @ 1.5) at room temperature,
The solution became hot and nitrogen dioxide was evolved vigorously.
The solution was diluted with water (30 ml) and evaporated to dryness
on the water-bath, giving phthalic acid (1.05 g, 82%), which was con-
verted to phthalic anhydride by sublimation and identified by its m.po,

mixed m.pe. and infrared spectrum.

Phthalazine nitrate - A solution of phthalazine (0,50 g) in concen-

trated nitric acid (5 ml) was evaporated to dryness on the water-bath,

The residue on crystallisation from methanol yielded phthalazine nitrate

&3 yellow needles (0.65 g, 886), mep. 162°, (Found: C, 49.7h; H, 3.69;

N, 21.2, 08H71\1303 requires G, 49,74; H, 3.65; N, 21.76k.)

B-Nitrophthalazine =

(1) A solution of phthalazine nitrate (1.0 g) in sulphuric acid
(15 ml, 9§%) was heated a2t 65° with exclusion of moisture (50 hr),
Basification of the diluted solution,} followed by extraction with chloro-
form gave a red solid which was recrystsllised from ethanol (charcoal),
5-Nitrophthalazine was cbtained as orange plates (0.23 g, 1), mePo
185°.  (Found: C, 55.02; H, 2,95; N, 25.9%; 0, 18.40, Calc. for
08H5N202 : C, 54.88; H, 2.88; N, 23,99; 0, 18.27%.) (li£.78 DoPo
187-188°.)



(2) A mixture of phthalazine (2,50 g), potassium nitrate (5.0 g)
and sulphuric acid (15 ml, 98%) was heated at 100° for 80 hr. After
dilution with water (1CO ml) the solution was neutralised with sodium
carbonate and extracted with chloroform (3 x 50 ml), 5-Nitrophthalazine
(2,66 g, 79%6) was obtained from the extract, Thin-layer chromatography
of the crude product on silica gel (chloroform) gave only one spot

(RF 0.67), correspondj.ng» to pure S5-nitrophthalsazine; n.m.r. spectrum

(CDC1l,) : T 1,88 (triplet, 1 proton, J = 8 coPeso), T 1.62 (qué.’rtet,

3) ’
1 proton J = 2,8 copss.), T 1.25 (quartet, 1 proton, J = 2,7 CoPeSo),

T 0,21 (singlet, 1 proton), T -0.66 (1 proton).

Kinetic measurements - Weighed quantities of phthalazine (approx. 15 ng)

and AR, potassium nitrate (1.00 g) were added to sulphuric acid (10 ml,
984) in a long-necked flask at Ooo The stoppered mixture was then
placed in a thermostat bath at 61.,90. At 30 min in£ewals the flask was
removed and the contents rapidly cooled to room temperature; 1 ml samples
were withdrawn with a pipette and diluted to 10Qd with water. The
ultraviolet absorpticon spectrum of the diluted solution was determined
using the same concentrations of sulphuric acid and potassium nitrate
in the reference cells After several hours, samples were taken at
hourly intervals, allowing the reaction to be followed over 7 hrs, The
increase in concentration of 5-nitrophthalazine was measured from the
increase in optical dénsity (0aD,) 2t 290 mu, &iplot of log 0.D. versus

time gave a straight line from vhich the rate coefficient k1 was
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calculated to be 5,7 x 10-'5 l.,mo].e-'1 sec-1° A serdies of identical runs

showed a variation in k‘l of + 0.1 x 10'-5 l.molem1 360-10

Bromination of phthalazine in acetic acid - A stirred mixture of

phthalazine (2.0 g), silver acetate (4.8 g) and acetic acid (150 ml)

was treated dropwise with a solution of bromine (2.5 g) in acetic acid
(40 ml) during 15 min an& the stirring continued at room temperature

Zor 30 min, After this time a sample removed from the solution gave a
negative iodine test with potassium iodide, The solution was treated
with aqueous sodium bromide (50 ml, 10%) to remove excess silver ion and
the precipitate was filtered (Celite). The solvent was removed from the
filtrate under reduced pressure and water (50 ml) added to the residues
4 yellow solid was filtered (filtrate A), dissolved in chloroform and
the solution dried. Evaporation of the solvent gave phthalaldehyde
(0.21 g, 10%), identified by its infrared spectrumo‘ Piltrate & was

basified and extracted with chloroform, giving phthalazine (0.16 g, 8%).

Bromination of phthalazifie in sulphuric acid -

(1) Bromine (2.5 g) was added dropwise to a mixture of phthalazine
(2,0 g), silver sulphate (2.1 g) and sulphuric acid (10 ml, 98%) with
vigorous shaking. After 3 hr the solution was poured into water (100
ml), filtered, basified with sodium hydroxide solution (1C4) and

cooled to 0%, Reczys:tallisation of the precipitate from ethanol gave

5 ,8=dibromophthalazine (0.31 g,.6.9%) as colourless needles, m.p. 224~

225° a, (Found: C,A35.1+2; H, 1.52; N, 9.60. CBHA.BI‘ZNZ requires C, 33,36;
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H, 1.40; N, 9.97% o) The nem.r. spectrum had T 2,02 (singlet, 2
protons) and T 0,21 (singlet, 2 protons),

The aqueous solution was extracted with chloroform (3 x 50 ml),
giving a mixture of phthalazine and 5~bromophthalazine which was dis-
solved in a minimum of hot water, After several days the crystals
deposited were removed by filtration (filtrate B) and recrystallised

from ethanol and carbon tetrachloride., 5-Bromophthalazine (0,105 g,

3.%) was obtained as colourless needles, m.p. 116°, (FPound: G, 46.26;
H, 2.85; N, 13,59, C BT N, requires C, 45.95; H, 2.42; N, 1340 )
The n.m.r. spectrum (CICrlj) had T 2092 (mdtiplet, 3 protons), T 0.55
(doublet, 1 proton, J & 1.5 copes.) and T 0,21 (doublet, 1 proton,
J = 1.5 CoPoSe)e

Phthalazine (0.24 g, 10%) was recovered from filtrate B by
basification and extraction with chloroform. The bromo derivatives
were separated from phthalazine by thin-layer chromatography on silica
gel using ethanol as the solvent. The observed spots, which were devel-
oped with iodine, had the following R.E‘ values : phthalazine, 0,65;

5~bromophthalazine, 0.69; 5,8-dibromophthalazine, 0079

(2) A vigorously shaken mixture of phthalazine (1.0 g), silver
sulphate (1.0 g) and sulphuric acid (5 ml, 986) was heated to 65° and
treated with bromine (0.5 g) in two portions (2 min), The solution
was cooled, poured into ice-water (100 ml) and treated with aqueous
sodium bromide (30 ml, 10%). After the addition of sodium sulphite

(2 g to remove excess bromine, the solution was filtered (Celite),
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basified with sodium hydroxide and extracted with chloroform (2 x 50
nl). The mixture of phthalazine (0.56 g, 56%) and 5-bromophthalazine

(91 mg, 5.7%) was separated as before,

(3) The addition of bromine (1.2 g) to phthalazine (1.0 g) and
silver sulphate (1.5 g) in sulphuric acid (5 ml, 98%) at 120-130°
gave 5,8-dibromophthalazine (0.43 g, 1%%) and phthalazine (0.65 g,
65%) ; the same work-up procedure was used as in (2).

Similar experiments were carried out using 92 sulphuric acid
and. fuming sulphuric acid (d 1.90); the only compound isolated was
phthalazine in 4L9% and 85% yields respectively. In the former experi-
ment, the residue obtained by filtering the acid solution was extracted

with boiling water (5 x 50 ml), giving phthalic acid (12%).

5 ,8=-Dibromophthalazine = 4 mixture of 5-bromophthalazine (0.23 g),

silver sulphate (0.24 g) and sulphuric acid (2.5 ml, 98§%) was treated
with bromine (0.5 g) and shaken at room temperature (2 hr), The
solution was diluted with water (20 ml), sodium bromide (0.5 g) and
sodium sulphite (1.5 g) added and the mixture filtered (Celite).
Basification of the filtrate prowided a precipitate which was extracted
into chloroform (2 x 30 ml). The extract yielded 5,8-dibromophthalazine

(0,22 g, 7%%), mepo and mixed mep. 244-245° (ethanol),

9-Nitrobenzo[g] phthalazine -~ was prepared by allowing a solution of

benzo[_g]phthalazine nitrate (0,10 g) in sulphuric acid (5 ml, 98%) to
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stand at room temperature (24 hr). Dilution with water and basification
gave a yellow solid which on sublimation (0,05 mm/200°) yielded 9=

nitrobenzo[g] phthalazine (45 mg, 42%) as a light yellow powder, mepe

270°% (Found: G, 63.1; H, 3,30, G, NS0, requires C, 63,95 H, 3.14%.)
The n.m.r. spectrum (CFBCOZH) hed T 1.27 (triplet, 1 proton, J = 8.6
CeDeSo), T 0,70 (triplet, 3 protons, J = 8.6 C.pPeSe), T 0413 (singlet,

1 proton), T =0.82 (singlet, 1 proton) and T -0,90 (singlet, 1 proton).

Reaction of phthalazine with sodamide -

(1) A solution of phthalazine (1.0 g) in dimethylaniline (20 ml)
was heated at 130° with sodamide, freshly prepared from sodium (0,65 g)
and liquid ammonia by the method of Leffler‘.z25 After 3 hr the mix-
ture was cooled, treated with water (100 ml) and evaporated to dryness
under reduced pressure., The black residue was extracted with chloroform
(3 x 100 ml) and the extract af’;er treatment with charcoal yielded

phthalazine (0.13 g, 13%).

(2) Finely powdered phthalazine (2.0 g) was added portionwise to
a stirred suspension of potassium nitrate (2.0 g) and sodamide (prepared
from 1,0 g sod:.um) in liquid ammonia (40 ml)., The reaction mixture,
which was initially deep red in colour, was stirred under reflux with
exclusion of moisture for 2 hr, during which time the solution became
dark green, The ammonia was allowed to distﬂl off over 2 hr and the
residue treated with water (100 ml), The dark, tarry matexrisl formed

was extracted from the basified solution with chloroform (2 x 50 ml)
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and phthalazine (0.52 g, 28/k) was recovered from the extract after
treatment with charcoal,

The alkaline solution was acidified with dilute hydrochloric
acid and extracted with chloroform (3 x 50 ml). The extract afforded
a small quantity of material (50 mg), the infrared spectrum of which
indicated the presence of phthalonitrile, phthalimide and phthalazone,
After standing for several days the acid solution deposited crystals of
phthalimide (25 mg), mepo. and mixed mop. 233-234°, The infrared spec-

trum was identical with that of an authentic specimen,

(3) Finely powdered phthalazine (1,0 g) was added to a stirred
suspension of sodamide (from 0.5 g sodium) and potassium nitrate (1,0 g)
in liquid ammonia (30 ml)., &4fter 2 hr the ammonia wa‘s removed and the
residue treated slowly with ice-water (150 ml)., The tarry material
dissolved on acidificatiqn with hydrochloric acid and the solution was
then basified and extracted with chloroform (2 x 100 ml) to recover
phthalazine (0.27 g, 275). Addition of saturated aqueous picric acid
(20 ml) to the neutralised solution (fH 7) afforded a precipitate of
{-aminophthalazine picrate (0.57 g, 20%) which crystallised from water

272 DoDe 301°)° (Fouwnd: C,

as silky yellow needles, m.p. 308° (1it.
4ho52; H, 2.61; N, 21,90, Calci for 0123{10N607 : C, 44.92; H, 2.70;
N, 22.46%.)

An authentic specimen was obtained by adding picric acid to
an aqueous solution of 1-aminophthelazine, prepared from 1-ghloro-

phthalazine by the method of Rodda,27?
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Hydrolysis of 1,4~disminophthalsazine - was carried out by warming a

solution of the compound in dilute hydrochloric acid. On cooling, a

mixture of phthalimide and the amine hydrochloride was deposited.

"Reaction of vhthalazine with potassium hydroxide - An intimate mixture

of prhthalazine (0.50 g) and potassium hydroxide (0,70 g) was heated at
.220o (30 min). A basic gas was evolved which was identified as hydra-
zine by its decolourising action on potassium permanganate solution.
The residue was dissolved in water and extracted with chloroform to
remove phthalazine (0,11 g, 2%). Acidification of the aqueous solu-
tion, followed by extraction with chloroform provided phthalazone
(21 mg, 4%), m.p. and mixed m.p. 183°, |

A reaction carried out at 100° gave phthalazine (75%) and

phthalazone (%),

Reaction of keten with phthalazine = Keten was generated by the

pyrolysis of acetone in a simplified apparatus described recently by

Blauc‘?%

_ A slow stream of nitrogen carried the gas through two dry
ice-acetone traps and then into a solution of phthalazine (1.9 g) in
benzene (40 ml), After L5 min the colourless powder was collected
(2.51 g) and efter drying in vacuo had mep. 158-159° on rapid hesting.
(Found: G, 69.84; H, 4.91; N, 17.04, 17.12, CyFigN 0 requires C,
69.75; H, 4.68; N, 16,27%,) The substance had >‘max, 306 mp and Y o

1670 cm"1 B

4 sample of the substance (0,35 g) was stirred with sodium
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hydroxide solution (50 ml, 10%) at room temperature (12 hr). Extrac-
tion of the solution with chloroform (2 x 50 ml) gave phthalazine (0.21 g,

79%6) o

Reaction of HS-nitrovhthalazine with keten = A solution of 5-nitro-

phthalazine (0.27 g) in benzene (40 nil) was treated with keten (30 min),
The orange precipitate (0,29 g) had m.p, 195° d, (Found: C, 55.43;

N, 36710 0101{71\1305 requires C, 55.,30; H, 3.25%.) The substance had

V o 1670 e,

Reaction of ber;_z_g[g] Pphthalazine with keten- ~ A solution of benzo[ _g]—

phthalazine (0.11 g) in benzene (75 ml) was treated with keten (30 min),
The yellow precipitate (0.10 g) had m.p. 215° d, (Found: C, 75.75;
H, 469, Gy H N0 requires C, 75.65; H, 4o5l%h.) The substance had

V 1665 Cm-1 °
max

°

Reaction of maleic anhxdride with phthalazine.~ Solutions of maleic

anhydride (0,80 g) and phthalazine (0.50 g) in chloroform (15 ml) were
mixed at -5o end kept at -10° in the refrigerator for 412 hr., The solu~
tion was then allowed to stand at room temperature (24 hr) and the
solvent removed under reduced pressure, The red oil thus obtained
solidified on standing (30 hr), The solid was extracted with boiling
chloroform (2 x 50 ml) and the resulting yellow powder (1.17 g) was
collected, Recrystallisation from chloroform gave a pale yellow solid,

mepe cae 105° do  (Pound: C, 51.19; 510215 H, 4.30, 4325 N, 7026, Tok9;
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Oy 25.6, 25.6%) 0

When solutions of the starting materials were mixed at 25-300,
a black tar separated over several days. No reaction was observed
between maleic anhydride and 1,i-diphenylphthalazine or quinoxaline,

The n.m,r. spectrum (K200 0) of the phthalazine adduct

5702

had T 3.93 (doublet, 1 proton, J = 14 CoPeSc), T 2.87 (multiplet, 4

protons), T 2.67 (singlet, 2 protons), T 2,30 (singlet, 2 protons),
T 1,73 (singlet, 1 proton) and T 0.93 (singlet, 1 proton). In addi-

tion a broad, complex multiplet (_%. 5 protons) was observed at T 6,38,

Chapter b,

Phthalazine-2-oxide = A mixture of phthalazine (4.0 g), hydrogen

peroxide (5.5 ml, 30%6) and acetic acid (50 ml) was heated on the water—
bath (10 hr), The solvent was removed under reduced pressure, The
residue was treated with water (50 ml) and evaporated under reduced
pressure, the process being repeated to remove traces of peracetic acid,.
The product was then dissclved in sodium hydroxide.solution (50 ml, 1C%)

and extracted with chloroform, Phthalazine-2-oxide hydrate (4.8 g, 95"/3)

was obteined from the extract as a white solid, m.p. 92-93°. The
analytical figures indicated that slightly more than one mole of water
was present. (Found: C,’ 56,38; H, 5.16; N, 16.28; 0, 23.1. C8H6N20
Tk H,0 requires; C, 56.09; H, 5.18; N, 16.36; 0, 22,4%.)

Sublimation of the hydrate (0.05 mm/140%) gave phthalazine-
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p-oxide as & white solid, meps 14h-145% (1ite’d mep. 143°). (Found:
C, 66.37; H, 4.27; 0, 11.7, Calc. for CglN,0: C, 654753 H, Loll;

0, 11.0%) A 217 (€ 1470), 252 (€ 2440), 292 (€ 855) and 302 my
(€784

Oxidation of phthalazine-2-oxide - A solution of phthalazine-2-oxide

(0,32 g) in water (10 ml) was treated dropwise with potassium ferri-
cyanide ( 2,25 g) in agueous sodium hydroxide (20 ml, 10%). After
several minutes, nitrogen was evolved and a small guantity of solid
separated from the solution. The mixture was acidified with hydro=-
chloric acid and extracted with chloroform (3 x 50 ml)., ZEvaporation
of the extract gave phthalaldehyde (0.27 g, 92%) which was identified by
its infrared spectrum and mixed mep. after recrystallisation fram -
petroleum ether,

An identical experiment was carried out using hydrogen perox—
ide (5 ml, 30%) instead of potassium ferricyanide. Nitrogen and

phthalaldehyde (77%) were again produced.

Reaction of phthalazine-2-oxide with acetic anhydride - A solution of

phthalazine-2-oxide (0,50 g) in acetic anhydride (15 ml) was heated on
the water-bath (3 hr). Removal of the solvent under reduced pressure
gave a red oil from which 2-acetylphthalazone (55 mg, 9%) was obtained
by sublimation (0.5 mm/100%°). The feathery, colourless crystals had

3k

mepo and mixed m.p. 133° (Llit.”* m.p. 133°). The infrared spectrum was
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identical with that of an authentic ssmple,

1-Chlorophthalazine=2-oxide = A solution of phthalagine-2-oxide (0.25 g)

in water (75 ml) was treated with a slow stream of chlorine gas for 10
hr at rccm temperatures Some nitrecgen appeared to evolve, The solution
was extracted with chloroform (3 x 500 ml) and evaporation of the ex-
tract gave a yellow residue, the infrared spectrum of which exhibited
complex carvonyl. bands. The residue was dissolved in chloroform (100
ml) , washed with dilute hydrochloric acid and asgain evaporated. Re=
orystallisation of the residue firam ethanol gave light yellow plates'

which were sublimed (0.05 mu/140°,) i-Chilorophthalazinc-2-oxide (50 mg,

1655) was obtained as a white so0lid, mep. 187-188°, A further quantity
(45 mg, 15%) was obtained from the acid washings on basification and
extraction with chloroform. The n.m.r. spectrum (CDG13) had T 2,05

(mtiplet, 4 protons) and T 0.95 (singlet, 1 proton).

Nitration of phthalazine-2-oxide - was carried out by allowing a mix-

tuzre of phthalazine-2-oxide (2.0 g), potassium nitrate (2,0 g) and
sulphuric acid (20 ml, 98%) to stand at room temperature (48 hr).
The solution was poured into water (200 ml) and the yellow precipitate

collected. Sublimation (0.05 mm/140°) gave 8-nitro-phthalszine-2=oxide

83 a yellow s01id (0473 g, 26%), mepe 243-244°. The nom.re spectum
(CDClj) had T 1.45 (multiplet, 2 protons), 1 1.20 (quartet, 41 proton),
J = 0.6 and 7.5 cepese), T 0,61 (multiplet, 1 proton) and T 0.48
(multiplet, 1 proton).
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N-Methylphthalazinium iocdide = was prepared by heating phthalazine

(2,0 g) with methyl iodide (3 ml) in chloroform (10 ml), After cooling
to 0° the yellow prisms (3.57 g, 85%) were collected and dried in vacuo,
mepe 237-240° (Lito ™ mep. 235-240%)s The nem.z. spectrum (D,0) had
T 1.45 (multiplet, & protons) T 0.12 (singlet, 1 proton) and T-0.50

(singlet, 1 proton).

1-Hydroxy=2-methyl=1,2-dihydrophthalazine - Aqueous solutions of E—

methyiphthalaziniwn iodide (0.50 g in 15 ml) and sodium hydroxide

(1.5 g in 15 ml) were flushed with nitrogen, cooled to 0° and then
mixed., The mixture was immediately extracted with chloroform (2 x 30
ml) and evaporation of the extract gave a colourless qil which solidi-
fied on standing. Recrystallisation from a mixture of petroleum ether

(bop. 60-800) and ether yielded 1-hydroxy-2-methyl-1,2-dihydrophthalazine

(0,02 g, 7h) as colourless prisms, m.p. 849. The infrared spectrum had
bands at 3400 (0H), 1620, 1610, 1590, 1520, 1350 (CO), 1020, 930 and

850 cmm.1 o

2=-Methvlphthal azone -

(1) & solution of potassium ferricyanide (1.0 g) in sodium hydroxide
solution (20 ml, 10%) was added to N-methylphthalazinium iodide (0.21 g)
in water (10 ml)., After 5 min stirring the solution was extracted with

chloroform (2 x 25 ml). 2-Methylphthalazone (0.11 g, 88%) was cbtained
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from the extract as a white solid, m.p. 113-111-..o af'ter crystallisation

from benzene (1it, T m.p. 112-1 11+°) .

(2) Fhthalazone (0,67 g) was shaken with dimethyl sulphate (0.8 g)
in sodium hydroxide solution (3 ml, 1(0}6) for 30 min, The solid was
collected and recrystallised from benzene, yielding 2-methylphthalazone -

(0,59, 81%), mepo and mixed m.p. 112-114°,

1-Cyano=2-methyl-1,2=dihydrophthalazine - An aqueous solution of

sodium cyanide (3.5 g in 25 ml) was added to N-methylphthalazinium
iodide (1.00 g) in water (25 nil) and the white, cloudy precipitate
removed by extraction with chloroform (3 x 50 ml), The solid cbtained
from the extract was recrystallised from a mixture of ether and petroleum

ether (bo.p. 60-80°), giving l-cyano-2-methyl-1,2-dihydrophthalszine

(0.61 g, 97%) as colourless rods, me.p. 70°, (Found: C, 69.76; H, 5.40;
N, 24,84, C1OH9N3 requires C, 70.,15; H, 5.31; N, 24.55%.) The nem.r.
spectrum @3014) had T 6,87 (singlet, 3 protons), T 4.90 (singlet, 1

proton), T 2.63 (multiplet, L4 protons) and T 2,37 (singlet, 1 proton).

N-Methylphthalazinium chloride =

(1) A solution of 1-cyano-2-methyl-1,2-dihydrophthalazine (0.12 g)
in 2N hydrochloric acid (10 ml) was evaporated to dryness on the water-
bath; hydrogen cyanide was evolved, The residue was dissolved in ethanol

(2 ml) and precipitated by addition of ether, N-Methylphthalazinium

chloride monohydrate (0,11 g, 7%) was isolated as a colourless powder,
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MeDo 268-269°, (FPound: C, 5L4el3; H, 5.68; N, 13,83, G9H9Cl N2.H20

requires C, 54.50; H, 5.59; N, 14.10%.)

(2) A solution of N-methylphthalazinium iodide (0.21 g) in 2N
hydrochloric acid (10 ml) was evaporated to dryness on the steanm~bath,
Precipitation of the residue from ethanol with ether gave N-methyl-
phthalazinium chloride monohydrate (0.15 g, 92%), m.p. and mixed m.p. 268=

269°,

Alkaline hydrolysis of 1-cyano-2-methyl-1,2-dihvdrophthalazine « A

mixture of the cyano compound (0,23 g) and sodium hydroxide solution

(5 ml, 10/) was heated on the water-bath (10 hr), The solid obtained
by chloroform extraction of the solution was recrystallised from benzene
and identified as 2-methylphthalazone (0.15 g, 70%) by its mo.pe, mixed

m,p. and infrared spectrum,

Reactions of phthalazine with 2,4-dinitrochlorobenzene =

(1) An intimate mixture of phthalazine (0,50 g) and 2,4~dinitro—
chlorobenzene (1,0 g) was heated on the water-bath with exclusion of
moisture (4 hr). The glassy solid obtained on cooling was crushed to
a powder and digested in water (30 ml) at 100° for 3 hr. The insoluble
material was collected and recrystallised from dimethyl sulphoxide,

giving 1=hydroxy-2-(2' ' -dinitrophenyl)-1,2-dihydrophthalazine (0.59 g,

L%) as orange leaflets, mepo 194-195° d. (Found: C, 53.92; H, 3.64;

N, 16.87. c14H'10N1..05 requires C, 53.5; H, 349; N, 17.8%% .)
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(2) A solution of phthalazine (0,50 g) and 2,4~dinitrochloro-
benzene (0,97 g) in chloroform (15 ml) was heated under reflux (4 hr),
The yellow crystals (0.27 g) deposited on cooling were collected and
had mop. 184185 do (Found: G, 50.06; H, 3.25; N, 16.8%%,) The
product was treated with water as in (1), giving the pseudo base

(0018 g 150/0)0

(3) A solution of phthalazine (0.50 g) and 2,4~dinitrochlorcbenzene
(1,01 g) in ethanol was refluxed for 10 hr, during which time silky
yellow needles separated. The solution was cooled, and the product
collected and recrystallised from ethanol, 1-Ethoxy—2-(2*,4*'~dinitro~

phenyl)-1,2-dihydrophthalazine (0.57 g, 43%) was obtained as yellow

needles, Mopo 183-181...0 d on rapid heating, (Found: C, 55.71; H, 4.12;

N, 164420 c16H14N405'requires C, 56.1k4; H, 4o13; N, 16.37%.) The nomere
spectrum (CD013) had T 8098 (tyiplet, 3 protons, J = 6.9 cep.s.),
T 6,93 (multiplet, 2 protons), T 3.45 (singlet, 1 proton) and T 2,17

(multiplet, 8 protons),

(&) . A solution of phthalazine (0.50 g) and 2 y4~dinitrochloro~
benzene (1.0 g) in methanol was heated under reflux (5 hr), The solu-
tion was cooled and the product collected and recrystallised from

methanol, giving 1-méthoxy-2-(2' L'-dinitrophenyl)=1,2-dihydrophthal azine

(0.56 g, 4i%) es fine, yellow needles, mop. 194° d. (F‘ound: C, 54.65;
H, 3.45; N, 17,03, C15H12N#05 requires C, 54.92; H, 3.69; N, 17;08%.,)
The nom.r. spectrum (D.M.S.0.) had T 3.27 (singlet, 1 proton) and T 1.97

(multiplet, 8 protons).
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(5) A mixture of 2,4-dinitrochlorobenzene (1,85 g) and phthalazine
(1.0 g) in water (250 ml) was heated under reflux with mechanical stirring
(24 hr); magnetic stirring was ineffective. The lumps of dark solid

were removed and recrystallised from dimethyl sulphoxide. The pseudo
base was obtained as orange plates (1,17 g, 49%), Mopo. and mixed m.p.

194-195° 4.,

Hydrolysis of the pseudo base - A solution of the compound (0.20 g)

in Qimethyl sulphoxide (20 ml) was shaken with sodium hydroxide (0.15 g)
for 16 hr, The dark red solution was poured into water (50 ml) and
extracted with chloroform (2 x 50 ml). Evaporation of the extract gave
a residue which was diluted with water (30 ml) and treated with saturae-
ted aqueous picric acid (15 ml). The precipitate of phthalazine picrate
(0,16 g, 76%) was removed, dried and identified by its mep., mixed m.p.
and infrared spectrum. |

The aqueous layer was acidified with 2N hydrochloric acid and
extracted with chloroform (2 x 50 ml). 2,4~Dinitrophencl (0,10 g, 95%)

was recovered from the extract and identified by its infrared spectrum,

Reaction of the pseudo base with nitric acid = The compound (0,30 g)

was heated with concentrated nitric acid (5 ml) at 100° for 5 min, by
which time all of the solid had dissolved giving a yellow solution,
Dilution with water gave no precipitate, although the starting material
was insoluble in dilute nitric acid. Sodium hydroxide solution was

added dropwise until a yellow precipitate formed. Extraction of the
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solution with chloroform gave the bimolecular ether (0.21 g, 70%4) as

a yellow glass, moDe 172-71711.o de (Found: 0, 23,8, 0281{18N809 requires
0, 23.7%.) The n.m.r, spectrum (D.M,S.Oo/cmlj) had T 3,37 (singlet,

x protons) and T 2.17 (multiplet, 8x protons),

Reaction of phthalazine with cyanogen bromide - Phthalazine (3.0 2)

was refluxed with cyanogen bromide (5.5 g) in chloroform (50 ml) for

2 hr, After cooling, reddish-brown crystals (2.15 g), mepe 153-155° a,
were filtered from the dark solution. The product was dissolved in
water (25 ml), filtered, basified with sodium hydroxide and the dense,

white precipitate collected and dried in vacuo. J-Hydroxy-2-cyano—1,2-

dihydrophthalazine (0,83 g, 21%) was obtained as a colourless powder,

m.pe 106-107°d. The nem.r. spectrum (6DC1;) had T 3433 (singlet, 1
proton) , T 2.27 (multiplet, 4 protons) and T 1.98 (singlet, 1 proton).
The brown crystals were soluble in ethanol but after several
minutes reflux in this solvent a light brown powder was deposited,
This gave the hydroxy compound on treatment with sodium hydroxide

solution,

Hydrolysis of 1-hydroxy-2-cyano~i,2-dihydrophthalazine - The compound

(0.23 g) was heated with 2N hydrochloric acid (10 ml) on the water-bath
(30 min); a gas was evolved which clouded a solution of lime-water,
Chloroform extraction of the acidic solution gave no product, Ammonia
was evolved when the solution was basified and extraction with chloroform

provided phthalazine (0.16 g, 92%).



REFERENCES,

1e - Badger, G.M., "The Chemistry of Heterocyclic Compounds" p251, .

ALcademic Press : New York 1961.)

26 Dixon, S., and Wiggins, L.F., J.Chem.Soc., 1950, 3236,

Bs Poppenburg, 0., ChemBer,, 1901, 34, 5257.

bo Evans, R.C., and Wiselog,’l.e, Bl Nong J,AmOChemsoc. s 1945, 67, 60,

Se Overend, W.G., Turton, L.M., and Wiggins, L.F., J.Chem.Soc.,
1950, 3500.

6o Pullman, 4., Rev.Sci., 1948, 86, 219,

7e Maccoll, A., J.Chem.Soc., 1946, 670,

8. Cookson, Rol., and Isaacs, N.S., Tetrshedron, 1963, 19, 1237,

9 Ed., Geistlich Soehne A.~G., Belg.pat. 628, 255, 1963,

Chem. Abstr., 1964, 60, 14516,

10, McIsasac, W.M., and Kanda, M., J Pharmacol .Exptl.Therap. 196L,
3, 7.

i1. McIssac, W.M,, Biochem,Pharmacole, 1964, 13, 1249,

y |28 Elderfield, R.C., "Heterocyclic Compounds", Vol 6, p229,

(Wiley : New York 1957.)

13, Vaughan, W.R., Chem.Rev., 1948, 43, 496,

o Simpson, J.&.E., "Condensed Pyridazine and Pyrazine Rings",

p153. (Interscience : New York 1953.)
15. Gabriel, S., and Pinkus G., Chem,Ber., 1893, 26, 2210,

16, Bill, J&., and Tarbell, Q.S., Organic Syntheses, 1954, 3L, 82,




17,
18,
19,
20,

21,

225
23

2o

26,
27
28,
29+
300
3.
320

330

o
350

36+
3o

Hirsch, 4., and Orphanos, D,, J.Het.Chem,, 1964, 2, 206,
Smith, R.JF., and Otremba, E.D., J,0rg.Chem., 1962, 27, 879.
Guyot, 4., and Catel, J., Compt.Rend., 1905, 140, 1348,

Blicke, F.F., and Swisher, R.D., J.Am.Chem.Soc., 1934, 56, 923,

Blicke, F.F.,, and Weinkauff, 0.J., d.&m.Chem.Soc,, 1932, 54,

145 .
Favini, G., and Simonetta, M., Gazz.Chim,Itals, 1960, 90, 369,

Gabriel, S., and Neumann, 4., Chem.Ber,, 1893, 26, 521,
Gabriel, S., ChemcBer,, 1903, 36, 3373,

Stephenson, E.F.M,, Chemy Ind., 1957, 17h4.

Gabriel, S., and Eschenbach, G,, ChemBer,, 1897, 30, 3022,
Paul, V., ChemBer., 1899, 32, 2014.

Wobling, H., ChemsBer., 1905, 38, 3925,

Lieck, 4., ChemBer,, 1905, 38, 3918,

Stephenson, E.I,?.M., JeChem.Soc., 1963, 1914,

Haworth, R.D., and Robinson, S., J.Chem.Socc., 1948, 777.
&lbert, 4., Goldacre, R., and Philips, J., J.Chem.Soc., 1948,
2240,

Hartmann, M., and Druey, J., U.S. pat. 2,484,029, 1949,
Chem.Abstr., 1950, 4k, 4LOL6.

von Rothenburg, R., Jiprakt.Chem., 1895, 51, 140.

Mizuno, Y., &dachio, Ko, and Ikeda, K., Pharm,Bull,, 1954, 2,
225,
Lrmarego, W,L.F., d.Appl.Chem,, 1961, 11, 70.

Atkinson, C.M., and Sharpe, C.J., J.Chem,Soc., 1959, 3040,



38,
39

L1,
42,

43

L5,

U6o

47e

48,

L9,

50,

51,

52,

53

Sko

-171=-

Drew, HoDuK., and Garwood, R.F,, J.Chem.Soc., 1939, 836,

Curtius, T., J.prakt.Chem., 1915, 91, 39.

Drew, H.DoK., and Pearman, F.H.,, J.Chem,Soc., 1937, 26,
Drew, H.D.XK., and Hatt, HH., J.Chem.Soc., 1937, 16.
Roe, R., Richard, A,, Rouget, M,, and Thirot, G., Fr, pat,

1,357,726, 196k. Chem.Abstr,, 1964, 61, 4371,

Atkinson, C,M,, and Sharpe, C.J., J.Chem.Soc,, 1959, 2858,
Armarego, W.L.F., J.Chem.Soc., 1963, 6073,

Druey, Jo., and Ringier, B.H,, Helv.Chim.Acta,, 1951, 34, 195,

Hatt, HHo, and Stephenson, B.JF .M., J.Chem.Soc., 1943, 658.

Carpino, C.A,, J.Am.Chem,Soc., 1963, 85, 2141,

Reynolds, G.&o, Van Allan, J.A., and Tinker, J.F.,
J.0rg.Chem,, 1959, 24, 1205.

Wolff, W., and Vollmann, H., Ger. pat. 941,845, 1956,
Chem.Abstr., 1959, 53, 6251.

C.IB.A, Ltd,, Brit. pat. 717,183, 19554,

Chem.fbstr., 1955, 49, 15982,

Helburger, J.H., and von Rebay, &., Liebigs Ann., 1937, 531,
279,

Dyatkina, M.E., Doklady Akad.Nauk UeS.S.R., 1948, 59, 517,

Chem.Abstr., 1948, 42, 6361,
Albert, A., "Heterocyclic Chemistry". p34lo (Althone :
London 1959,.)

Snyder, L.R., J.Chromat,, 1965, 17, 73.



55

56,
57.

58,

59

609
61,

624

630
6l
65,
66,

670
68°
69,

70,

71

-172=

Spacu, G,, and Spacu, P., Anslele Acad, Rep.Populare Romane,

Fiz.,Chim., Ser. A,2, Mem 12, 1949,

Amstutz, E,D, J.0Org.Chem,, 1952, 17, 1508.

Hirt, R.C., King, F.T., and Cavagnol, J.C,., J.Chem.Phys.,
1956, 25, 57he '

bkimoto, Y., Bull,Chem.Soc.Japan., 1956, 29, 460,

Favini, G., Carra, S., Pierpaoli, V., Palezzo, S3,, and

Simonetta, M., Nuovo cimento, 1958, 8, 60,

Chem,Abstr,, 1958, 52, 16031,

Mtller, R., and Dbrr, F., Z.Electrochem., 1959, 63, 1150,

Mason, S.F., J.Chem.Soc., 1962, 493.

Mason, S.F., in "Physical Methods in Heterocyclic Chemistry",
(Ed. A.R. Katritzky.¥W2 p30. (Academic Press : New York 1963.)
Magata, N., Z.Physik.Chem,, 1958, 18, 285.

Goodman, L., and Harrell, R.W., J.Chem.Phys., 1959, 30, 1131,
Kearns, D.R., and El-Bayoumi, M.A., J.,Chem.Phys. 1963, 38, 1508.

Favini, G., Vandoni, I., and Simonetta, M., Theoretica Chim,

Acta,, 1965, 3, 45,

Tori, K., and Nakagowa, T., J.Phys.Chem,, 1964, 68, 3163.
Black, PoJ., and Heffernan, M.L., Aust.J.Chem., 1965, 18, 707.
Stone, E.W,., and Maki, A,H., J,Chem,Phys., 1963, 39, 1635,
Mucci, J.F., Orloff, M.K., and Fitts, D.D.; J.Chem.Phys.,
1965, 42, 1841,

Hameka, HoFo, and Liguori, A.M., Mol,Phys,, 1958, 1, 9o



124

13

Theo
Do

760

77
78,

15

80,

81,

82,

830

&5,
86,

~173-

Nakijima, T,, and Pullman, A,, J.Chim,Phys., 1958, 55, 793.

Furlani, C,, Bertola, S., and Morpurgo, G., Ann,Chim,(Rome),

1960, 50, 858, Chemo.Abstr., 1961, 55, 3242,
Gabriel, S., and Miller, F., ChemBer,, 1895, 28, 1830,
Hauser, C.R., LeMaistre, J.W., and Rainsford, &.E.,

J.Am.Chem,Soc., 1935, 57, 1056,

Mustafa, A,, Harhash, A.H.,, and Salek, 4.A.S.,

J . Am,Chem,Soc, , 1960, 82, 2735.

Hirsch, &,, and Orphanos, D.G., J.Het,Chem., 1966, 3, 38.

Kanahara, S,, Yakugaku Zasshi, 1964, 84, 483,

Chemohbstr, 1964, 61, 8304,
Hayashi, E,, Higashiro, T,, T4jima, C,, Kono, Y., and

Doihara, T., Yakugaku Zasshi, 1962, 82, 584, Chem.Abstr,
1963, 58, 3425,

Kanahara, S., and Yamamoto, M,, Xanazawa Nempo, 1962, 12, 1,
Chem,Abstr., 1963, 19, 3917.
Badger, G.M., and Clark-Lewis, J.W,, in "Molecular

Rearrangements?, (Ed. P, de Mayo.,) WVol. 1. p617.
(Interscience : New York 1963,)

Albert , A., "Heterocyclic Chemistry" p120. (Althone Press :
London 1959.)

Scott, G.P., Thorson, JoM.,, and White, G.J., Proc.3o0.Dakota

Acad,Sci., 1960, 39, 64, Chem.Abstr., 1961, 55, 11350,

Thiele, J., and Winter, E., Liebigs &nn,, 1900, 11, 341,

Weygand, F., end Tietjen, D,, Chem.Ber., 1951, 84, 625,
Radulescu, D., and Georgescu, G., Bull,Soc.Chim,(Belg.),

1925, 37, 1881,




87.

88,
89,

90,
91.
92,
93
I
%6
%.
97,
98.

990

100,
101,
102,
103,
104,
105,
1065

17l

Brown, B.J .; in "The Chemistry of Heterocyclic Compounds"”,
(Ed. A, Weissburger.)., Vol.16, p278. (Interscience : New
York 1962.) |

Badger, G.M., Aust.J.Sci., 1958, 45.

Radell, J., Spialter, L., and Hollander, J.,, J.0rg,Chem,,
1956, 21, 1051,

Taylor, E.C,, and Barton, J.W., J.Am.Chem.Soc,, 1959, 81, 2448,

Ainsworth, C., J.Am.Chem.,Soc., 1956, 78, 1636,

Albert, &,, and Royer, R., J.Chem,Soc., 1949, 1148,

Horning, R.H., and Amstutz, E.D,, J.0rg.Chem,, 1955, 20, 707+
Mosby, W.L., Chemy Ind., 1959, 1348,

Paul, D.B., Ph.D. Thesis, University of Adelaide, 1966,
Chattaway, F.,D., J.Chem.Soc,, 1907, 91, 1323,

Chattavyay, F.D., J.Chem,So0c,, 1908, 92, 270, .

Corey, B.J., Pasto, D.J., and Mock, W.,L., Tetratedron Lett,,

1961, 347,
Seibert, W., Chem.Ber., 1948, 80, 494,
McFadyen, JeS., and Stevens, T.J., J.Chem,Soc,, 1936, 584,

Cram, DoJ., and Bradshaw, J.S.; JeAm.Chem.Soc., 1963, 85, 1108,

Pischer, E., and Ehrhardt, W., Liebigs Ann., 1879, 199, 322.
Peters, W., Chem.Ber,, 1905, 38, 2567,

McClure, R.E., and Lowy, L., J.Am.Chem.Soc., 1931, 53, 319

Nesmajanow, A,N,, Organic Syntheses, Coll. vol.2, pi32 (1944).
Pochow, B.G,, Hurd, D,1., and Lewis, R.N., "The Chemistry of

Organometallic Compounds". p116 (Wiley : New York 1957.)



107,

1089
109,

110,

111,

113,
114
115,
116,

117.
118,

119,

120,

1210

122,

=175=

Jackman, L,M., in "Advances in Organic Chemistry". (Ed. R.b.
Raphaelo) Volo.2. p329. (Interscience : New York 1960,)
Willsthter, R., and Cramer, C,, Chem.Ber,, 1910, 43, 2979.
Borsche, W., Liebigs Ann,, 1967, 351, 15

Linholter, S., Rosenorn, R,, and Vincento, L., Acta,Chem,
Scand., 1963, 17, 960,

Barakat, M.Z,, El-Waheb, M.F., and El-Sadr, M.M,,

J.Am,Chem.Soc. , 1955, 77, 16700

Sidgwick, N,V., "Organic Chemistry of Nitrogen". p367.
(Oxford University Press : Oxford 1937.)

Anderson, Liebigs Ann,, 1858, 105, 341.

Hofmann, &.W., Chem,.B:-,r., 1883, 16, 586.

Grimaux, E., Compt.,Rend,, 1882, 95, 25, _
Trowbridge, P.JF., and Diehl, 0.C,, J.Am.Chem,Soc., 1897, 19,

558.
Trowbridge, P.F., J,Am.ChemsSoc., 1897, 19, 322,

Trowbridge, P.F., and Prescott, AB., J.Am,Chem,Soc,, 1895,

17, 859.
Williams, D.M., J.Chem.Soc,, 1931, 2783.

Englert, S.M.,, and McElvain, S.M,, J.Am.Chem.Soc., 1929, 51,

863.
Kaiser, E.H,, Amer,Chem.J., 1887, 8, 312.

Reitenstein, F., and Breuning, W., J.prakt.Chem.,, 1911,

(21, &, 7.




123,

12k
125,
126,

127,
128,
129,
1304
131,
1320

133,

13k
1356
136,
137,
138,
139,

8o

bo

-176=

Simons, J.Ho, and Herman, Abstiracts, p135.
(American Chemical Society : New York 1947.) (Quoted in
reference 142,)

Pictet, A., and Krafft, G., Bull.Soc.Chim., 1892, [3], Z, 72.
J.Chem.Soc.(ﬁbstro), 1892, 62, 1356,

Dittmar, M., Chem:Ber., 1885, 18, 1612,

Zappi, E.V., and Fernandez, M., Ann,Asoc.quim.Argentina, 1939,

27, 102. ‘ChemoAbstr,, 1941, 34, 3741,

Lubavin, N¢N., Russ.J,Phys.Chem,Soc., 1886, 18, &3k,

Claus, A., and Collischonn, F., Chem.Ber,, 1886, 19, 2763.

Grimaux, E., Bull,Soc.Chim,(Paris), 1882, [2], 38, 124.

Eisch, JeoJe., J.0rg.Chem., 1962, 27, 1318,
Eisch, JoJ., and Jaselskis, B., J.0rg,Chem,, 1963, 28, 2865,

Senier, A., and Austin, P.C. J.Chem,Soc., 1904, 85, 1196,
&cheson, R.M,, Hoult, T.G,, and Barnard, K.&., J.Chem.Soc,,
1954, 442,

Chandler, G.S., Ph.D, Thesis, University of Adelaide, 196k
Rosenmund , K.W., and Kuhnhenn, W., Chem.Ber,, 1923, 56, 1262,

Hassel, O., and R¢mming, C. Acta.Chem.Scand., 1956, 10, 696,

Morgan, G.To, and Walls, L.P., J,Chem,Soc, , 1931, 2i47,
Hassel, Q., and R¢mming, C., Quart.Rev,, 1962, 16, 1.

de 1la Mare, P,B.D., Kiamud~din, M., and Ridd, J.H.,
Chemy Ind., 1959, 729.

Creighton, J.b., Haque, I,, and Wood, J.C., Chem,Commun,,

1966, 229,



140,
11,

142,

143,
Udpo
5.
146,
147,
148,
149,

1500

151,

152,

153,

15k,

155,

156,

157

-177-

Slough, W., and Ubbelohde, A.R., J.Chem,Soc., 1957, 911,
Blake, N.W,, Winston, H., and Patterson, J.A.,

J.Am.Chem,Soc., 1951, 73, 4437,
Mosher, H,S., "Heterocyclic Compounds". (Ed. R. Elderfield.)

Vole. 1, p420. (Wiley : New York 1950.)

Bally, @., Chem.Ber.,, 1888, 21, 1772.

Einhorn, A,, and Lauch, R,, Liebigs Ann.,, 1887, 243, 342,
Pictet, A., and Patry, E., Chem-Ber,, 1893, 26, 1962.

Slezak, F.B,, and McElravy, H.A., J.0rg.Chem., 1959, 24, 1383.
Johnson, Am.Chem,J.,, 1908, 40, 19,

Kirpal, k., and Bohm, W., Chem.Ber., 1932, 65, 680,
Brystitskaya, M.G., and Kirsanov, A.V. J.Gen,Chem,, 1940, 10, .
1827, ChemoAbstr., 1941, 35, 4380,

Schickh, 0., Binz, &,, and Schulz, 4., Chem,Ber., 1936, £9,
2593,

Campbell, N,, Henderson, A.W., and Taylor, D,, J.Chem,Soc,,

1953, 1281,

Hantzsch, A., and Schwab, 0., Chem.Ber,, 1901, 34, 822,
James, T.,C,, and Judd, C.W,, J.Chem,Soc., 1914, 105, 1427,
Ellis, A.J., and Soper, F.G,, J,Chem.Soc., 1954, 1750,
Hagisawa, Ho, Bull.Inst.Phys.Chem.Res,, 1941, 20, 999.

Chem,Abstr., 1948, 42, 6622,
Rodd, E.He., "Chemistry of Carbon Compounds". Vol.3, p825.

(Elsevier : London 1956)

Shilov, E.A,, JoGen.Chem,(U.S.S.R.), 1939, 9, 780,



158,
159,
160,
161,
162,
1630
164
165,
166,
167.
168,
169,
170.
171,

172,

173

=178=

de la Mare, P.B.D., Ketley, &.D., and Vernon, C.A.,
JdoChemeSoce,, 1954, 1290,
Chung, A., and Israel, G.C., J.Chem,Soc., 1955, 2667,

Musante, C., and Fusco, R., Gazz.Chim,Ital,, 1936, 66, 639,

Gould, E,S,, "Mechanism and Structure in Organic Chemistry",
p478. (Holt, Rinehart .and Winston : New York 1959,)
Bunton, C.A., Greenstreet, C.H,, Hughes, E,D., and

Ingold, @.K., J.Chem.Soc., 1954, 647,

de la Mare, P,B,R,, Hughes, E.H,, Ingold, C.K., and

Pocker, Y., J,Chem.Soc., 1954, 2930,

4ellner, C.N., and Doughterty, G., J.Am,Chem,Soc,, 1937, 59,

2580,

Drew, HD.K,, and Garwood, R.F., J.Chem.Soc., 1938, 791,

Kealy, T.J., J,Am,Chem,Soc., 1962, 8i, 966, 5

Bergstrom, F.W., and Ogg, R.A., J.Am,Chem.Soc,, 1931, 53, 245.°

Rapson, W.H., Tappi, 1956, 39, 554, Chem.Abstr, 1956, 50,
16054,

Hodgman, C.D., "Handbook of Chemistry and Physics"., 33rd.
Edition, p1509, (Chemical Rubber : Cleveland 1951,)
&nbar, M., and Ginsburg, B., Chem.Rev., 1954, 54, 925,

Ginsburg, B., J.Am.Chem,Soc,, 1951, 73, 702,

Streitwieser, A., "Molecular Orbital Theory for Organic
Chemists", (Wiley : New York 1961,)

Brown, R.D., Quart.Rev., 1952, 6, 63,



179

1704 Hbckel, E,, Z.Physik,, 1931, 70, 204,

175. Coppens, G., and Nasielski, J., Tetrahedron, 1962, 18, 507.

176, Longuet-Higgins, H.C., and Coulson, C.A., J,Chem,Soc., 1949,
971,

177, Hhckel, E., Z,Physik., 1931, 72, 310,

178, Wheland, G.W., and Pauling, L., J.Am,Chem.Soc., 1935, 57, 2086,

179, Dewar, MoJeS., and Maitlis, P.M., J,Chem,Soc., 1957, 2518,

180, Brown, R.D., and Harcourt, R.D., Tetrahedon, 1960, 8, 23.

181, Sandorfy, C,, and Yvon, P., Bull,Soc.Chim.France, 1950, 131,

182, Brown, R.D., and Heffernan, M.L., Aust.J.Chem,, 1957, 10, 211,

183, Fukui, K., Yone’zawa, T., and Shingu, H., J,Chem,Phys,, 1952,
20, 722,

184 Fukui, K., Yonezawa, T., and Nagata, C., Bull,Chem.Soc.Japan,
1954, 27, 423.

185, Fukui, K,, Yonezawa, ®., and Nagata, C., J,Chem,Phys., 1957,
27, 1247,

186, Pullmen, B, and Pullman, &., "Progress in Organic Chemistry".

(Bd. J.W. Cooke) Volok, p31. (Butterworths : London 1958.)

187. Wheland, GiWo, J.Am,Chem.Soc,, 1942, 64, 900,

188, Burkitt, F.H., Coulson, C.A, and Longuet-Higgins, H.C., Trans.

Faradgz SOCO’ 1951 » ﬂ’ 553.

189, Dewar, M.J.S., J.Am.Chem,Soc., 1952, T4, 3357,
190, Wheland, G.W., "Resonance in Organic Chemistry", (Wiley :
New York, 1955.) 2

191, Brown, R.D., and Harcourt, R.D., J.Chem.Soc., 1959, 3451.



192,

193,

190,
195,
196,
197.
198,
199.

200,

201,
202,

203+

20
205,
206,

207,

208,

209,

=180

Kustin, M.W., Brickman, M,, Ridd, J.H., and Smith, B.V.,
Cheny Ind., 1962, 1057.

Brown, R.D., "Molecular Qrbitels in Chemistry, Physics and
Bioloéy"n (Eds. P. Lbwdin and B. Pullman,) phi85.

(Academic Press : New York 196l4.)

Roney, BJ.Do, Private communication,

Gawer, AJH,, and Dailey, B.P., J.Chem.Phys., 1965, 42, 2658,

Wait, S.C., and Wesley, J.W., J.Mol.Spect., 1966, 19, 25.

Favini, G,, and Simonetta, M., Gazz,Chim.Ital., 1960, 90, 363.

Amos, A,T., and Hall, G.C,, Mol.Phys., 1961, L, 25.

Coulson, C.A., Proc.Roy.Soc,(London), 1939, 4169, 413,
Coulsoh, C.A., and Rushbrooke, G.S., Proc.Cambridge Phil.Soc.,
1940, 36, 193.

Morely, JoS., J.Chem,Soc,, 1951, 1972.

Dewar, M.J.S., and Maitlis, P.M., J.Chem.Soc., 1957, 2518,
Elderfield, R.C., Williamson, T.A., Gensler, W.Jo., and Kremer,
CoBo, Js0rg.Chem,, 1947, 12, 418,

Schofield, K., and Swain, T., J.Chem.Soc., 1949, 1367,
Gillespie, R.J.,, and Norton, D.G., J.Chem.Soc., 1953, 971.
Austin, MJW., and Ridd, J.H., J.Chem.Soc., 1963, 4204,

de la Mare, P,B.D,, and Ridd, J.H., "Aromatic Substitution".
(Butterworths : Londan 1959,)

Janse, H.E., and Wibaut, J.P., Rec,Trav.Chim., 1937, 56, 699

Brown, R.D., in "Gurrent Trends in Heterocyolic Chemistry",

p13. (Butterworths : London 1958.)



210,

211,

212,

213,
2.,

215,

216,

217,
218,
219,

220,

221,

222,
2230
22l..
225,

-181=-

de la Mare, P,B.D., Kiamud-din, M., end Ridd, J.H.,
Jo.Chem.Soc., 1960, 561,

Kiamud-din, M., quoted by Ridd, JuH., in "Physical Methods
in Heterocyclic Chemistry"., (Bd. A.R. Katritzky.) Vol.1,
p124. (Academic Press : New York 1963,)

Derbyshire, D.H,, and Waters, W.h,, J.Chem.Soc., 1950, 564,
575

Bill, R.P., and Gelles, E., J.Chem.Soc,, 1951, 273k
Arotsky, J., and Symons, M.C.R,, Quart.,Rev., 1962, 2582,
Arotsky, J., Mishra, H,C,, and Symons, M,C.Re, J.Chem.Soc,,
1962, 2582.

Pearson, D.E., Hargrove, W.N., Chow, J.K¢T., and Suthers,
B.R., J.0rg.Chem., 1961, 26, 789,

Symons, M.C.R., J,Chem,Soc., 1957, 387.

Symons, M.C.R., J,Chem.Soc., 1957, 2186,

Bunnett, J.F., and Zahler, R.E., Chem,Rev. 1951, 49, 273,
Illuminati, G,, "Advences in Heterocyclic Chemistry",

(Bd. AR, Katritzky.) WVol.3, p285, (Academic Press :

New York 1964.) .
Chichibabin, A.E., and Zeide, O.A,, JsRuss.Phys.Chem.Soc,,
1914, 46, 1216, Chem.Abstr., 1915, 9, 1901,

Bergstrom, FoW., and Fermelius, W.C., Chem.Rev., 1933, 12, 43.
Bergstrom, F.W., and Fernelius, W.C., Chem.Rev., 1937, 20, 413.-
Bergstrom, F.W., Liebigs Ann., 1934, 515, 34.

Leffler, M.T., "Orgenic Reactions'. Vol.1, p9t1. (Wiley :

New York 1942,)



=182~

226, Abramovitch, R.A., Helmer, F,, and Saha, J.Ge., Chemy Ind,,
1964 ,659.

227, Deasy, C.L., J.0rg.Chem., 1945, 10, 141,

228, Kametani, T., Kigasawa, K., Iwebuchi, Y., and Kayasaka, T,,

JoHet,Chem., 1965, 2, 330,

229, Chichibabin, AE., and Oparna, M.P., J.Russ,Phys.Chem,Soc.,
1920, 50, 553, Chem.Abstr., 1924, 18, 1502,

230, Chichibabin, A.E., and Shchukina, M.N., J.Russ.Phys.Chem.Soc.,
1930, 62, 1189, Chem.Abstr,, 1931, 25, 2728.

231, Bergstrom, F.W., and Ogg, R.A., J.Am.Chem,Soc., 1931, 53, 245,

232, Bergstrom, F.W,, and Wood, D., J.Am.Chem.Soc., 1933, 55, 3648.

233, Chichibabin, A.E., J.Russ.Phys.Chem.Soc., 1924, 55, 7.

234 Chichibabin, &,E,, and Kursanova, 4.T., J.,Ru.ss.Pm‘ _s.ChemgSoc.;
1930, 62, 1211, Chem. Abstr., 1931, 25, 2727.

235, Chichibabin, A.E., ChemBer., 1923, 56, 1879,

236, Staudinger, H., and Klever, H.W., ChemBer,, 1908, 41, 594,

2370 Taylor, G.A., J,Chem,Soc,, 1965, 3332,

2386 Martin, J.C., Hoyle, V.&., and Bramnock, K.C,, Tetrahedron

Lett.,, 1965, 3589,

239 Pratt, B.No, Proctor, S.A., and Taylor, G.&., Chem,Commn,,
1965, 57k '
240, Procter, S,.A,, and Taylor, G.A., Chem,Comm,, 1965, 569,

241, Pfleger, R, , and Jhger, A., ChemBer., 1957, 90, 2460,



~183-

242, a, Smith, P.A.S., "Open Chain Nitrogen Compounds". Vole.1.
(Benjamin : New York 1965.)
b, Baumgarten, H.E., Staklis, A., and Miller, E.M.,
J .0rg.Chem,, 1965, 30, 1203,
2436 Druey, J., and Daeniker, HoU,, U.S. pate. 2,945,036, 1956,
2Uhto Bellamy, LeJo., "The Infrared Spectra of Complex Organic
Molecules"., p263, (Methuen : London 1958.)

245, Lyle, R.E., and Gauthier, G.,J., Tetrahedron Lett., 1965, 4615,

246, Beke, 0,, "Advances in Heterocyclic Chemistry". (Ed, 4.R.

Katritzky.) Volel, p167. (Academic Press : New York 1963.)

27, Chattaway, F.D., and Wadmore, J.M., J.Chem,Soc,, 1902, 81,
191,
248, Mosher, HoS,, "Heterocyclic Compounds%, (BEd. R.C. Elderfield)

Volsl, ph31e (Wiley : New York 1950,)

249, Rowe, F.M,, and Osborn, W., J,Chem.Soc., 1947, 829.

250, Badger, GoM,, McCarthy, I.J., and Rodda, HoJo, Chemy Ind.,
1954, 96k,

251, Wisansky, W.A., and Ansbacher, S., Org.Syntheses, Coll. vol.3,
p138, (1955).

252, Emerson, O.H.,, and Smith, L.I., J.Amn.Chem.Soc,, 1940, 62, 141,

2536 Crossley, 4.W., and Renouf, N., J.Chem.Soc., 1909, 95, 207.

254 Vogel, &.X., "Practical Organic Chemistxy". pb02,

(Longmans : London 1956.)
255 ven Auwers, K., Liebigs &nn., 1919, 419, 116,



256,
257,
258.
259.

260,
261,
262,
263,
264
265,

266,

267,

268,

269,
270,

271,

=18l

Lieck, &,, Chem,Ber., 1905, 38, 3918,

Paul, V,, Chem,Ber,, 1899, 32, 2014,

Colaitis, D,, Compt.Rend., 1960, 250, 328,

Sugesawa, S., and Sugimoto, N., J.Pharm,Soc,Japan, 1941,
61, 62, Chem¢Abstr., 1942, 36, 92.

Friedman, L., Organic Syntheses, 1963, 43, 80.

Reid, W., and Bodem, H., Chem,Ber,, 1956, 89, 708,

Conant, J.B., and Fieser, L.F., J.Am.Chem,Soc,, 1923, 45, 220k.

Braun, &., and Tchemiac, J., ChemBer.,, 1907, 40, 2707,
Druey, J., and Hartmemn, M., U.S. pat. 2,484,029, 1949,
Chem,Abstr,, 1950, 44, 4LO46,

Stolle, R., and Storch, He, J.Prakt.,Chem,, 1932, [ii], 135,

1928, Chem.Abstr., 1933, 27, 725.

Lindsay, R.0., and Allen, C,F.H,, Organic Syntheses, 1942,
22, 9%.

Kumadu, S., Watanabe, N,, Yamamoto, K., and Z4enno, H,,

Yakugaku Kenkyo, 1958, 30, 635.

Chem.4bstr., 1959, 53, 20554

Druey, Jo., Meier, K., and Eichenburger, K,, Helv.Chim.Acta,,

1954, 37, 121,
Mizzoni, ROH.’ and Spoelﬁ’ P.Eo, lT-Am'C'h.emOSOOO’ 1951 » ﬂ’ 1873.

Roche Products Ltd., Brit.pat. 711,756, 1954,
Chem,Abstr,, 1955, 49, 11723,
Gregory, H,, Overend, W.G., and Wiggins, L., J.Chem,Soc.,

1948, 2195,



272
273,
27k

275
2760

185w

Phillips, M,A., J.Chem,Soc,, 1928, 2393.

Gabriel, S., Chem.Ber., 1916, 49, 1608,

Teeter, HoMo,, and Bell, E,W. Organic Syntheses, Coll.vol.).,
p125 (1963).

Rodda, Heds, J.Chem,Soce, 1956, 3509,

Blau, K., Chemy Ind., 1963, 33.

k% -





