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ABSTRACT,

Section I,

Pyrolysis of l-acyl and l-aroylamino-é—azidonaphthalenes
gives 9-amino-2-subgtituted naphth[l,g,fgloxazoles and 2-substituted
perimidines. This new synthesis of oxqzolés involves nucleophilic
attack by the amide oxygen at the naphthalene 2-po§ition accompanying
intramolecular acid catalysed decomposition of the azide. An acid
catalysed rearrangement is observed in the conversion of m-azido-
benzanilide to 5-amino-2-phenylbenzoxazole. Replacement of the amide
H in the thermolysis reactions generally léads to 1,2-dihydrobenz
[cd)indazole derivatives. Although l—azido—S-phthaiimidonabhthalene
only gave the corresponding perimidine. This formally involves
nitrene insertion into a C=0 bond and st@ichiometric loss of oxygen.
Mechanismg for the formation of the oxazolés, indazoles and |
perimidines are discussed.

Attempted synthesis of 1,2—dihydrobenz[cd]indazole from
dimethyl 1,2—dihydrobenz[cd]indazole dicarboxylate and from l-amino-
naphthalene shows that it exists in the wore stable tautomeric forms with
the aromatic indazole rather than naphthalene nucleus. Decomposition
of l-amino-8-azidonaphthalene in the vapour phase results in direct
insertion into an NH bond to give the indazoles. These indazoles
can be reconverted into N,N-disubstituted dihydrobenz [cdlindazole
derivatives but cannot be oxidised to benzlcdlindazole. Several
other unsuccessfhl routes to this elusive heterocyclic system are
discussed.

Section II,

Benz [cd]indole could not be isolated on oxidation of

1,2-dihydrobenz [cd]indole but products were isolated that could

be_rutionalised by nucleophilic attack on benz[cd]indole.



Photolysis of methyl 8-azido-1l= naphthoate gﬁve 2-methoxybenz
_ [cd]indole but pyrolysié of this azide gave only the intermolecular
dimer,

Section III.
Oxidation of the hydrazones of o-aminoacetophenone
and o-aminobenzophenone gave 4-methyl and 4-phenylbenzo-1,2,3-
triazine, the simplest derivatives yet prepared of this
heterocyclic system. Oxidation of 1- and 2-amino-3-gubsgtituted
| indazoles also gave the benzotriazines. Attempts to make the
parent benzo-1,2,3-triazine and to generate l-azabenzocyclo-
butadiene were unsuccessful. Méchanisms for the formation of
the triazines are discussed.
Section IV, ,
"5-Nitreno-1,4-diphenyl-1,2,3-triazole" in equilibrium
with a ring opened cyanide had been reported in the literature, All
4 attempta to intercebt this nitrene with established nitrene traps
failed and it seems to us that the nitrqne play§ no part in thg

proposed equilibrium,
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1.

INTRODUCTION

No examples of the very simple benz[cd]indazole (1)
heterocyclic system have been reported in the literature. 'Synthesis

of (1) was therefore of interest to us particularly as it would also

N===N

(1)

be a potential precursor to 1,8-dehydronaphthalene. Irradiation of
benz[cd]indazoie under different conditions could lead to this

dehydro species in different electronic states, and so shed considerable
light on the nature of these dehydro intermediateg, which have
previoﬁsly been generated by pxidation of 1-N-aminonaphthotriazine.
Although we were unable to synthesise(l) itself several examples of

of its hitherto unknown 1,2-dihydro derivatives were obtained. N

Since aryl nitrenes have figured prominently in our efforts
to form the peri N-N bond in the above systems, this introduction is
'devoted to a review of nitrenes;f A short section on azides is
included since these were generally our nitrene precursors.

The chemistry of nitrenes has been reviewed by Horner and
Christmann2 in 1963, by Abramovitch and Daviss in 1969 and
comprehensively in a very recent book edited by Lwowski4 in 1969,
A review by L'Abbé5 in 1969 on decomposition and addition reactions
of organic azides contains a useful section on nitrenes.
l, Structure of Nitrenes.

Nitrenes are uncharged, short lived univalent nitrogen

>species which have been postulated as reactive intermediates in

These reactive intermediates have been variously termed
"nitrenes", "azylenes", "imenes", "imine radicals", and "imidogens".
The"nitrene" nomenclature parallels that for carbenes and is now the

most widely used. (iﬁﬂ is nitrene, :NPh is phenyl nitrene, etc.).
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a large number of reactions. The nitrogen atom is electron

deficient having a sextet of electrons in its outer shell. Two
electrons are involved in bonding to a substituent and two occupy a
lone pair orbital leaving two electrdns distributed between the two
remaining prbitals. Nitrenes are therefore the nitrogen analogues of
carbenes.

\C: | N\

/ &/ . |

If these two electron spins are anti-parallel, the nitrene is

a singlet, and if the spins are parallel the nitrene is a triplet.

1 | ol
e v K
lowest triplet. excited singlets.
singlet.

In principle nitrenes can by sp2 hybridised, (2a) and (2v)

D 0
C>N.\1 ' C=NZ
o / N | . AN
(2a) (2b)

lowest singlet. : triplet.

or sp hybridised, (3a) and (3b). Structures intermediate between these

two are also possible.

R O O |
, (3a) (3b)
triplet. | excited singlet.

If the energy difference between the singlet and triplet states
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is greater than the energy required to pair two electrons in one
orbital in an sp2 hybridised nitrene the singlet state is more stable
than the triplet. This therefore needs calculation and cannot be
predicted'simply. If the nitrogen is sp hybridised then from Hund's
rule one electron occupies each of two degemerate p-orbitals and the
triplet state is the more stable. From consideration of electron
repulsion an sp2 hybridised singlet is. of lower energy than an sp
hybridised singlet. Prediction of the relative stabilities of a
singlet sp2 hybridised nitrene and a triplet sp hybrid is much more
difficult and again requires detgiled molecular orbital calculations,
Electron spin resonance (e.s.r.) studies for a few aryl nitrenes at
very low témperature6 have shown that thesé have triplet ground

~ states, in agreement with molecular orbital calculations.7’8 Energy
considerations for an excited singlet nitrene (in which the electrons
-are in different orbitals but have opposite spins) are the same as
for the triplet. Triplet nitrenes should act as diradicals, aﬁd
singlet nitrenes as electrophiles. Since electron spin is conserved
in thermal reactions nitrenes Are usually generated in the singlet
state. Théy may react in this singlet séate but decay of singlet

to triplet nitrene may compete with the reactions of the singlet so
that products are formed from both the singlet and triplet.

2, Generation of Aryl Nitrenes.

Nitrenes have been suggested as intermediates in a variety
of reactions. It is generally accepted that discrete nitrenes are

involved, but in almost all cases it is possible to write alternative

méchanisms that do not involve the nitrene.

(&) Formation from azides.

The most widely used method of generating nitrenes is
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elimination of nitrogen from azides. This can be effected by
heating, by irradiation or by electric discharge.

Photolysis can give a singlet or triplet nitrene depending
on the conditions employed. Sventon9 has used aromatic hydrocarbons
as singlet sensitizers to give a singlet excited azide which decomposes
to a singlet nitrene, and ketones as triplet sensitizers to give a
triplet azide which decomposes to a triplet nitrene.+

Most aryl azides decompose smoothly in solution or vapour
phase at fairlyflow temperatures (below 200°) and only in exceptional
circumstances are temperatures higher than this needed. Aryl azides
have usually been thermolysed in dilute solution in order to
moderate the exothermic reaction and in some cases to miﬂimise any
bimolecular reactions of the nitrene. The rates of unimolecular
decomposition of phenylazide in both nitrobenzene and tetralin solutions
- have been found to be the same, indicating that the solvent was not
participating in the rate determining step and that phenfl nitrene
was formed.lo Smith and Hall11 have studied the kinetics of the
thermal decomposition of a series of phenyl azides and 2-azidobiphenyls
bearing various substituents, and suggest that the rate determining
.step is the same with both, the initialvcommon step being formation
of the nitrene. lThe effect of para substitution indicated tﬁat
changes in the degrée of conjugation involving the azide group and
the benzene ring were probably the determining factor. It was

congidered that such conjugation was better represented by

tHowever triplet nitrene12 has been detected at 77 K and
.on warming singlet nitrene products were obtained. Partial or complete
reaction from a singlet intermediate formed via the triplet cannot be

excluded.
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(4) than (5) and the presumed initial product, a singlet aryl

nitrene, was described by the polar form (6).

R-@:N—KEN RQN—N:N RG N:

(&) (5) (6)

(b) Formation from nitro and nitroso compounds.

Products obtained when aromatic nitro and nitroso compounds
are heated with certain reducing agents such as ferrous oxalate and
particularly phosphines and phosphites may be explained by the
intervention of nitrenes. Deoxygenation of nitro and nitroso compounds
by tervalent phosphorus compounds has been reviewed by Cadogan13 in 1968,

Simple aromatic nitro compoundé have been shown to react with
transition metal oxalates to give aio andvazoxybenzenes and phenazines,
and occasionally traces of aromatic amines}4’15 More complicated
nitro compounds on heating with ferrous oxalate give cyclization
products and primary amines, and most of these results have been
interpreted. in the terms of formation of nitrene intermediates,
although other mechanisms may be operative.

Following the initial observations of Hoffmann and Horner16
who found that sﬁbstituted nitroso benzenes reacted with triphenyl
phosphine to give the corresponding azoxybenzene, Cadogan Haé '
developed this reaction further and has established deoxygenation of
.nitro and nitroso compounds with tertigry phosphines (such as
P(OEt)a, (th)P(NEt.)?_, (EtzN) 4P, and(Et0) 2PMe) as a general method
for generating nitrenes. Aromatic mnitro éompounds undergo the same

reactions as C-nitroso compounds with tervalent phosphorus compounds
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although much wore vigorous conditions are required and the yields
Are lower}a Katritzky17 has suggested that th; nitro compound is -
firat reduced to the corresponding nitroso compound which is
deoxygenated further. .

In general very similar products are.obtained from
deoxygenation of nitro and nitroso compounds and from decompositioh
of azides and this has usually been taken as evidence for the common
involvement of a nitrene. Thua pyrido [ 1,2-b}indazole is formed not
only from deoxygenation of the 2fgrnitrosophenylpyriéine, but also

from the pyrolysis of the 2-o-azidophenylpyridine.

=0
Ny N’ 0

Irradigtion of nitrobenzenes and olefins gave small amounts
of azobenzene18 and it has been suggested3 that these could
conceivably arise by nitrene formation. More recently photoinduced
deoxygenation of nitro compounds has been studied}9’2o- Irradiation
of aryl nitro compounds in the presence of triethyl phosphite at low

temperature gave typical nitrene products and, very recently,

irradiation of the furazan derivatives under siﬁilar conditions was

shown to give 1,4-dinitrile derivatives in good yield=l.
R R
'R ' N
r\0 + PT —— 'f:
R R™Xy
R | R

Whereas aromatic mono nitro compounds are deoxygenated to

give nitrene-like intermediates which can then react in a variety
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of ways, it has been found22 that in contrast, reaction of
o~dinitrobenzene and 1,2,4-trinitrobenzene with certain tervalent

organophosphorus reagents leads to displacement of an g-nitro group.

NO, o Ol0Et),
T o+ B0
NO, 1 NO, -

(c) Formation by other routes,

Aryl nitrenes have been suggested as reactive intermediates
in a variety of other reactions. lHowvever there ig often very little
conclusive evidence that nitrenes are involved.

Phenyl nitrene has been generated by ph;tolysis of .
oxaziranes,23 a route which parallels the formation of carbenes from

oxiranes, Irradiation of (7) gave aniline, azobenzene and benzophenone.

Ph , Ph . PhNH
>C£9—>N--Ph _hy _, /C=O + PhAN' —» 2
PR Ph ” +
PhN=NPh

(7)

At 77°K e.s.r. spectroscopy indicated the presence of an intermediate
identical in all respects to ground state triplet phenyl nitrene
produced from phenyl azide under the same conditions.

The photolytic decomposition of N,N'-disubstituted -

0 L
0 , R-N=N-R”
T s e
R—NQ -R’ _ + R-N=N-R.
| R-N=N-R
0

, /
p-quinonediimine-N,N ~dioxides gives p-benzoquinone and azo compounds

>0

by an intermolecular process?4 Nitrene formation via an oxazirane

seehs possible.
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Although oxidation of hydrazines to give N-nitrenes is
well eatablighed, there are very few examples of the corresponding
oxidation of amines to give C-nitrenes. lowever oxidation of
various aryldiamines with lead tetra—acetate25 and nickel peroxide2
gave the same products as decomposition of o-diazido compounds. ;Thus

o~-phenylenediamine gives cis, cis-1l,4-dicyanobutadiene.

e

NH, N*

ﬂ@&}? —_— (I
“NH, , N | N
Ny A=

The isomeric oxadiazoles (8) and (9) on heating in the gas

phaae27 give o-cyanobenzylcyanide, possibly via the nitrene (10);

x 0 N
o ‘ 0500 o ‘ (10)
. " Oimm. N
(8) ’ é . ////?)}7 l N:

1

0
N CHCN
N
(o | N NCN
(9) N_{
0

(8) appears to undergo a profound rearrangemenﬁ. (See section 3(d) on

rearrangements).
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Formation of phenyl nitrene has been claimed in the ready

decdmposition of hexaphenylborazole28 (11) and of N-chloroacetanilide

(12). -
Fl’h )
F>h\B/N\ /Ph ' ‘ Cll
! ? . Ph—N-COCH,

Ph/N\? ANph

(11) L 2)

3. Reactions of Aryl Nitrenes.

Although nitrenes have been generally accepted as reactive

_ intermediates, there is very little direct proof for their existencef
There is, however, consideraﬁle circumstantial evidence mostly based on
the reaction products isolated. The concept of "carbenoid" intermediates
in carbene chemistry is well established and it would seem reasonable
that "nitrenoid" intermediates could be involved in nitrene chemistry.
Although it is convenient to discuss nitrene reactions in terms of
free, discrete nitrenes it is possible that some or even all the
reactions proceed through the precursor of the nitrene rather than
through the actual high energy, free species. For example

carbazole (13) is formed when 2-azidobiphenyl is pyrolysed and
2-nitrosobiphenyl (or 2-nitrobiphenyl) is deoxygenated. These can be
explained by insertion of a common free nitrene intermediate into

an aryl C-H bond (Scheme 1). However it is also possible to

account for their formation as shéwn in Scheme (2). Experimental

differentiation between these routes is a difficult problem.
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NOLB OEt),

( Scheme 1 )

( 13 ) ( Scheme 2 )

Nitrenes have a lifetime of only several microseconds
and readily effect stabilization by many reactions including
isomerization , dimerization, hydrogen abstraction, insertion and
addition. |

(a) Reaction with nucleophiles.

Singlet nitrenes are electrophilic and should be highly
susceptible to nucleophilic attack. Nitrenes generated by

deoxygenation of aromatic nitro and nitroso compounds with phosphines
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and phosphites are frequently trapped by the highly nucleophilic
13,31 '

. g8olvent. -

OF ” -
arNo, —EtBs AR — Ar—N=PIOEt) ,

Primary and secondary amines should also trap the nitrene
giving the corresponding hydrazine, but this has seldom been observed.
Irradiation of p-azidophenylcyanide in dimethylamine gives the
hydrazine and p-aminophenylcyanide, 51 In the presence of a triplet
sensitizer triplet azide is formed which loées nitrogen to give the
triplet nitrene 'which is mostly reduced to the amine, suggesting that

hydrazine formation is due to singlet nitrene.

N3 : NHNM% ' NHZ
hv
—_— -+
N%;QH
CN CN CN
Ma jor product Trace
Triplet 5 Trace Major product
sensitizer

(b) Dimerization.

Several pathways can be envisaged for azo compound formation
in those reactiqns‘which apparently involve nitrenes. For example,
from azide decomposition;

(i) the azide may decohpose to the nitrene which then dimerizes

2ArN, --——+'2N2 + 2ArN: ——> ArN=NAr
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(ii) the nitrene may attack an undecomposed molecule of the-
azide to produce species such as (14) or (15) which then lose

nitrogen to give the azo compound

ArN=N-N=N Ar

(1) \

ANz + ArN, ArN==N Ar + N,

_Ar,
Ar N-N-N=N
(15)

(iii) the azide itself may dimerize and then lose two molecules

of nitrogen
2ArN; T (Ar_Na)z__' ZN, +  ArN=NAT

(iv) hydrogen abstraction may be involved to give amino
radicals which dimerize to hydrazo compounds. These would themselves

be dehydrogenated by more aryl nitrene to give a chain process.

ArN, ™ N

A o T ArN: = ArNH- ~ATNHNHAT + ArNH)

2ArKiH +  ArNNAT  2AM:

»

The exact process for this formal dimerization of nitrenes
is not known. No detailed study on this reaction has been carried out,
However attack of a nitrene on its precursor (i.e. (ii) ) seems most
likely, alth;hgh it is possible that all the above mechanisms may
play some part depending on the conditions of the reaction. It seems
unlikely that two azide molecules would dimerize, but it is possible
that on irradiation a photoexited azide may react with one in the
- ground state. The possibility of a route involving amino radicals
is ﬁupported by the fact that nitrenes abstract ﬁydrogen and amines
are often isolated. In the thermolysis of phenyl azide to give

azobenzéne, hydrazobenzene and benzidine have been isolated. However
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pyrolysis of azides in the vapour phase,ao where H abstraction is
unlikelj, has given high yields of the azo compound. (These are
conditions where actual dimerization of the nitrene itgelf éie.most
favoured).

Azo compound formation is common in the decomposition of
azides, but rare in the deoxygenation of nitro and nitroso compounds.
Azo and azoxybenzenes and phenazines have been isolated14 when nitroso
and nitrobenzene derivatives were heated with transition wmetal oxalatesﬂ
It was suggested that a nitrene intermediate, probably bound to the
surface of the metal salt.was involved., ' However stepwise deoxygenation
of the nitroso dimer through the azoky compound is perhaps a more

likely route and does not involve a nitrene.

0 | 0
‘ |
2ArNO = ArN-N-Ar — ArNAr — ArN=NAr

Cx:ih

(¢) Cycloaddition reactions.

The review by Woodward and Hoffmanﬁag.on'the conservation
of orbital ;ymmetry includes a section on cheletropic reactions, of
wvhich carbene and nitrene cycloadditiona are examples.

Although carbene and N-nitrene addition to olefins are
well known only one example of an aryl nitrene adding to an olefin can

be found in the literature. Huisgen and~Fraunberg33’34

thermolysed
4,6-dimethylpyrimidinylazide (18) with copper acetylacetonate as
catalyst; the nitrene added stereoselectively to trans—stilbene,

although 2-pyridylazide did not. The possibility of a nitrene

copper complex was also considered.
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§ ,
b
l

RN

1 *s
I y .
H,, { } Ph Ph,_ ff _Ph
Pn H ' H H
( £0% ) ( 3%)

Intramolecular cycloaddition of aryl nitrenes to give ring
expanded products has been investigated by many workers. (See
following section on "rearrangements"),

(d) Rearrangements.

Studies of aryl nitrene chemistry have revealed a number
of interesting rearrangements. One of the most general is an
intramolecular cycloﬁddition which results in riﬁg expansion, And.
is usually only detected in the presence of an amine. Thus decomposition
36,37,38

- of aryl azides in amines gave azepine‘derivatives?5 and Huisgen

has suggested the following mechanism.
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m-R PhN3 —_a N, + RPhN:
R + R
jp— N D e 4 N —> N
H H
g;..,zA, NHAr
B — \

The participation of nitrenes has been suggested to account
for the formation of azepines isolated from reactions of nitrosobenzena
with triphenyl phosphine in the presence of dialkylamines?g Nitro
compounds behave similarly with more powerful deoxygenating agenta?o
2;nitrobiphanyl'gave én deoxygenation in the presence of diethylamine
2-diethylamino-3H-phenylazepine and carbazole. Three possible
.mechanisms were considered; (a) that both products were formed from
the nitrene with no interuediacy of (17), (b) that both products arose

from (17), (c) that Step 2 is reversible and carbazole was. formed from

the nitrene and the azepine from (17). The last ﬁossibility seems

moat likely; In the decomposition of o-biphenylazide, Sundberg has shown
that bond reorganization of o-biphenylnitrene is competitive with
cyclization to carbazole and suggests such bond reorganization (Step 2)
is reversible,as carbazole formation is not constant and i; dependent on

diethylamine concentration, 200
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Ph

NO,

I

Irradiation of aryl nitro compounds in the presence of

triethyl phosphite and diethylaminelg’2o gave 2-diethylamino-3-H-azepines,

whilst in the absence of diethylamine N-arylphosphorimidates were 2
produced.
N:
Me e
Me
Me M
N
Me Z e
X - Me
Me y (18)

No products were found that were formed by C-H bond insertion or

by hydrogen abstraction., On photoinduced deoxygenation with triethyl
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phosphite, a pyridine (18) was formed in addition to a phosphorimidate
and azepine and it was suggested that this pyridine arose from the
‘azepine(19).

Ring substitution appears to effect significantly the
éfficiency of trapping of aryl nitrenes with triethyl phosphite}g,
Electron-releasing substituents may favour coupling by reducing the
electron deficiency of the nitrogen atom and thereby slowing the rate
of tiansformation 6f the nitrene to the azabicycloheptatriene
intermediate.

Photochemically induced deoxygenation of 140 labelled

N02 ' _ *i\ |
e : N
P(hOEt)3 ] (20)
0 \
- Me

o M

Me

Me . /N

~
(22) , (23)

nitrotoluene with triethyl phosphite gave (20) which was hydrolysed

“to 2—acetjlpyridine (21). It was shown that C1 in o-nitrotoluene became
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the exocyclic carbon atom in (21), and it was proposed that the
azirine (22) was formed as an intermediate which undergoes further
skeletal arrangement to (23).

A seven membered ring intermediate was suggested to
explain the. reactions of nitrenes generated at very high
temperatures in the gas phase. Thus 2,6-dimethylphenyl azide
gave 2—viny1-6-methy1pyridine41 suggesting the occué?nce of a

nitrene-carbene conversion via 2-azatropylidene (24).

Z -y
N 6—
Me "N” CMe
Z e
NN A N

Me
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In the related case of 2-pyridy1nitrene42 it was
shown that the two nitrogens became equivalent and qlsymmetrical

carbene (25) intermediate was proposed.

X
7 Z
X % = ‘ -~ y )
N N: =N - N~ N:
(25)

Gas phase thermolysis of triazolopyridine (26),
(R=R” «H), a precursor of 2-pyridylcarbene gave aniline and
azobenzene, and the phenyl substituted triazolopyridine
(R'=Ph) gave é—methylcarbazole.43 It was suggested that

again the phenylcarbene - phenylnitrene interconversion was

involved,
R#

. = //fﬁiv R
w“’@ =

(26)
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44,45,46 |

Ring contraction to cyanocyclopentadienes
also been observed at high temperatures in the gas phase pyrolysis

of aryl azides.

N: N H CN ~
e ‘ J
—_ @ —_— —
‘ ~ CN.

Deoxygenation of nitrostilbenes or nitrostyrenes with
triethyl phosphite gives indoles. In some cases in interrupted
reactions l-hydroxyindoles have been isolated;.‘;7 these on heating
vith triethyl phosphite gave a product distributisn similar to that

obtained from the original nitrostilbene.

N »
A 0
o (%% OEN),

However in many cases the l-hydroxyindoles cannot be isolated and

Cadogan13 suggests that in these reactions a nitrene is involved,
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perhaps competing with other possible wechanisms.

Thermal decomposition of 2-azidophenylarylsulphides and
phosphite deoxygenation of 2—nitrophény1ary1sulphideé gave
rearranged phenothiazines . It has been suggested13 that

intermediates of the type (27) derived from a nitrene are involved.

o
K
)

( 27)

(IS DMQ
N
H
48 .
More recent work ~ in the related 2,6-dimethyl analogue
has shown that the first formed nitrene (28) attacks the adjacent
- benzene ring at the nucleophilic 1 position to give the intermediate

(29), analogous to (27), (rather than inserting into a methyl C~H bond)

which then rearranges to give the observed product.

| Me | ' H—C, H2
DONRNG
N M ‘
© . _ ﬁ Me -
(28] (29)

|

PO A
,

\N . _ N

H Me Me
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(e) Insertion reactions.

Intramolecular insertion of aryl nitrenes, formed by

vapour phase pyrolysis, into alkyl.CH has been observed.49

oy =g
| Ng N
O — o
| Na NT
Both concerted and non-concerted mechanisms can be
envisaged for the insertion reaction. Singlet nitrenes would be
expected to insert in a concerted manner, and tﬁe stereochemistry
of the substrate should be retained in the product. A triplet
nitrene could also insert to give the same product,but a stepwise
reAction involving hydrogen abstraction to give a radical pair and
then recombination is more likely. If the carbon radical becomes

planar before it combines with the nitrogen radical, the reaction

will be non-~stereospecific.

et ‘

—_— . _
~<H M X
R R * R "k - r” kN

r"m N, Ty

L
~. *No . H \,
R TR R N R RN

Pyrolysis of{+)-1-azido-2-(2-methylbutyl ) benzene(30) in

the vapour phase and in diphenyl ether solution was found to result
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: 2
in the formation of optically active 2-ethyl-2-methylindole."”

//A\;L//\\\ | ’/,
3 " H

(30)
Insertion of nitremesmto vinyl and aryl CH bonds
also occurs.
Generation of the aryl nitrene by dequgenation of some

o-nitrostyrenes and intramolecular insertion gavé 2—acylindoles.5

H | | .
“ g -Flas,
H |
NO, N
. ‘ , H o |

Carbazole is produced in good yield both by decomposition
of 2-azidobiphen7151 and deoxygenation of 2-nitrosobiphenyl
(or 2—nitrobipheny1) wvith triethyl>phosphite. A nitrene intermedizte
has been suggested in both cases, but other mechanisms are possible,
(See section 2).

Although intramolecular insertions are common, intermolecular
insertions are rare. We would expect to get intermolecular attack
by introduction of electron-attracting substituents in the aryl
nitrene,making it extremely electrophilic, and electron donating
substituents in the aromatic solvent, making it highly nucleophilic.
Such a process has now been observed experimentally,52 and
thermolysis of varidué cyano and nitro azides in N,N-dimethylaniline
gave ortho and para gubstitution products as well as hydrogen

abstraction,
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Me

CN

CN - CN

Kametani and his co-workers have utilised nitro compound
deoxygenation by triethyl phosphite in the synthesis of natural

products. Deoxygenation of (31) to give (32) provides the

MeO
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only example of an apparent nitrene insertion into an aromatic

C—C bond « to a carbonyl group.53’54 Kametani has also reportéd the
formation of several products which can be formally rationalised

. . . . _ 55,56,57
by reaction of a nitrene with a Ca0 group followed by deoxygenation,

for example the formation of (34) and (35) from (31). (For a full

discussion of this novel reaction see Discussion pagell4).

4, Acyl Nitrenes.
Acyl and aroyl nitrenes have in the past been proposed as
intermediates in the Curtius rearrangement of acyl azides to

isocyanates.

D
RCO N3 'o—r'—h—o—’ RN=C0O + NZ

Nitrenes formed from acyl azides that undergo the Curtius rearrangement
have however never been trapped, and the yield of isocyanate is
independent of the presence of established nitrene traps.58 Nitrenes
are now thought not to be involved in the rearrangement and this has
been confirmed by 140 labelling, which shows that the bond tg the
migrating group is broken in the rate determining step.

Alkoxycarbonyl azides, e.g. EtOCONa, which do not unéergo the

Curtius rearrangement on thermolysis do give nitrenes which can

be trapped.’

Acyl_nitrenes have been generated by phoéolyais of

acyl azides and fragmentation of heterocyclic rings.

,ﬁ—/o\e h L g™
> -C-N=S
_Ph , 0 o Mezs “Me '
(36)

Photolysis of the compound (36) gives the nitrene which can be
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trapped with dimethylsulphide.59
Carbonyl nitrenes are also 1,3-dipoles, and have been

found to add to 1,3-dipolarophiles.60 Ethoxycarbonylnitrene adds

preferentially to the C=C bond in an unsaturated nitrile to give

an aziridine (37), but with saturated nitriles 1,3-dipolar addition

gives 1,3,4-oxadiazoles (88).

R— \
CH;7—CHCN 0 /N
\N/ | | \.cI o
éoZEt | COE

(37) (38)

Acyl nitrenes undergo intramolecular insertion reactions
and cycloadditions. An intramolecular insertion has been used in
the synthesis of 2-amino-l-adamantanol.®? The azide (39) does not

OCON
3 NH

v He

undergo the Curtius rearrangement but an intramolecular cycloaddition

of the nitrene is observed.63

£ -,

CON3

(39)
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5. Alkyl Nitrenes.

Alkyl nitrenes formed by thermolysis or photolysis of
alkyl azides usually isomerise to an imine or hydrogen abstract to
give an amine.

-,
R/\/\N3 R/\/\NH2+ R/\/\NH

Aryl gfoups have also been found to migrate to the nitrene
nitrogen atom.. Thermolysis of triphenylmethylazide gives the anil
of benzophenone. Although a nitrene intermediate is possible
the migration of the phenyl group may be concerted with the loss of

nitrogen from the azide,

P
" [ Ph Phy
Ph N, -2 Ph N| —s c=N—rPh
ph/
Ph | pPh |

Pyrolysise4 and photolysis65 of l-alkyl or l-aryl vinyl
azid9366 gives 2H-azirines (41) and ketenimines (42). However
4
decomposition of terminal vinyl azides (43, Rﬂl = H) gives only

nitriles (44) and none of the 2H-azirine.
}

R, R" R R R
2 or h " ' . !
R">=<N —_—Nz—i} R>T7/ + “>=C =N —-R”
3 N C -R
(43) (41) (42)

R=H
V4

R
AN —
(44)

The formation of a 2H-azirine unsubstituted at 03 has

recently been reported.67 The spirazine (45), which is only stable
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at low temperature, is formed on irradiation of the azide (46)
at =15 presumably by initial formation of a nitreme followed by

intramolecular cyclization.

HC==N  (45)

6.Sulphonyl and Sulphinyl Nitrenes.

Nitrenes have been generated by photolysis.and thermolysis
of arylsulphonyl azides and alkylsulphonyl‘azides.68 Aliphatic
sulphonyl azides decompose in aliphatic solvents by the loss of
nitrogen to give nitrenes (A) and by loss of sulphur dioxide in a

radical chain decomposition (B) to alkyl azides which are stable

under the reaction conditions.69’7o
CgH, SO N, — 05H11502§:-+ N, (A)
Re + C5Hi1802N3 —_ C5ﬂllsoé + RN3
CgHy S04 — C.He + S0, ' (8)

C5H1'1 + RH — 05H12+ Re

Sulphonyl nitrenes insert rather than abstract.

Sulphonyl azides decompose to give nitrenes that readily insert

intramolecularly in aromatic C-H bonds. 1772

IN
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SON | 0,5 NH

h Qso2

Fe
O

The novel intramolecular cyclization of the nitrene

2
1»

8!

23

O)s

derived from the azide (47) is explained in terus of attack by
electrophilic singlet nitrene at the electron rich sulphur atom
resulting in expansion of its valence shell., Here again a concerted

attack by sulphur on the azide and elimination of nitrogen cannot

be ruled out. o
-2, i&
Sozl\g , | 02
(47)

Addition reactions followed by rearrangement occur when
sulphonyl azides are thermolysed in aromatic hydrocarbons.-’

H G NH S%R

+ :NsozR — \_“NSOR| —
’ ' H
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Aziridines have been formed, amongst other products,
in copper catalysed decomposition of sulphonyl azides in cyclohexene;

a copper nitrene intermediate was suggested.

a RS
RSON;  + T QZN@

There is only one suggestion of a sulphinyl nitrene,which
appears to give some of the forwal nitrene trimer (48)}49The singlet
state in benzenesulphinyl nitrene may be stabilized by delocalization

of the lone pair of sulphur onto the vacent nitrogen orbital (49).

© Ph
s/)q\;l. |
P | o o s
NQS/LV hs-N: < Phs=H:
O/\Ph (49)
(48)

T, N=Nitrenes.

N-Nitrenes where N is part of ‘a heterocylic ring system

| are usually generated by oxidation of the N-amino compound. The
reactions of N-nitrenes are influenced by solvent effects,
temperature, and particularly the nature of the substituents.
Oxidation of E}dmino compounds results in deamination, for&al nitrene
dimerisation, intermolecular addition (Scheme 374), fragmentation75

. . 16
and ring expansion.
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d irlx 45 intermolecular dimerization
eamination addition

<=3 @:3— @:H

2

( Scheme 3 )

)\l N
| I
NH N
2 fragmentation
A\ 4

O
mm& oring
expansmn N /N
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The N-nitrenes should have a "stable" singlet state.

\\ v \V¥ -
N—N: > N==N:
/ / o 3

Similarly an O-nitrene would be expected to have a

"gtable" singlet state.

Me Me.

. 4+
MeOR: <——> MeO=N Me-- N —OMe

(50)
Brois77 has oxidised methoxyamine with lead tetra-acetate
in the presence of tetramethylethylene at —-50° and isolated the

aziridine (50).

8. Other Nitrenes,

P,P-Diphenyl-N~tosylphosphazene azide decomposes on
heating with elimination of one molecule of nitrogen, and it has
been postulated that a nitrene which cﬁn also be formulated as
a 1,3-dipole is involved. In the presence of dicyclopentadiene
a 1:1 adduct was formed which could either be the aziridine (51)

" formed by the addition of the nitrene, or the phosphadiazoline (52)

resulting from a 1,3-dipolar addition.

Ph2l|°=NTos —> thli"=N Tos —'_3" Ph.P-NTos

N3 . | N: ﬁ

ChH—

,P%T=NB5‘ | Hzp—f'NPs.
N

(51) ' (52) I
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Irradiation of the azides (53) and (54) in methanol

gives products that could be explained by a nitrene intermediate.7

H o :Z )
H TMeoH /JH

P
(53) & \3 | Move ¢ ove
H
hy '
MeOH (geometrical
igomers)
P
(54) & N, | o’ “OMe

A silylnitrene has been claimed80 as an intermediate in

the photolysis of triphenylsilylazide.

hv A o
i —_— > iN:
Ph3SaN3 30 Ph381 N

9. Some Chemistry of Aryl Azides.

Extensive reviews of azide chemistry have appeared in
1953 by Boyer and Canter81 and more recently in 1969 by L'Abbé5
and only the more essential principles will be mentioned here.

(a) Structure of azides.

X-ray and electron diffraction pattern382’83'84 indicated

a linear structure with the substituents on the nitrogen lying at
an angle of about 120° . In organic azides the two unsubstituted
nitrogens are slightly closer together. The structural formula

can be represented by resonance hybrids such as (55) or delocalized

molecular orbital (56).
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‘ N—NEN <> N:Kj:ﬂ <> etc, ,N
' /

( 55) (56)

The infrared spectra of azide385’86 show absorption in the
range where stretching frequencies of the triple bonds and allenic
systems are usually found (2140 - 2240 Cm.—l, often a'doublet).

The azido group absorbs very weakly in the near U.V. but not in
the visible range,s7 thus aryl azides are colourless.

Tﬁe decomposition temperatur35 of organic azides decreases
in the order alkyl and aryl azides >azidoformates and sulphonyl

azides Dacyl azides.

(b) Decomposition reactions.

(i) By thermolysis and photolysis.

Thermolysis and pﬁotolysis ot aryl azides leads to many
products that can be best explained by involving a nitrene
intermediate (see section 2(a) ).

Products trom o-substituted aryl azides can also be
explained by a nitrene intermediate.‘ However the lower decomposition
temperature often observed suggests considerable neighbouring
group participation and such reactions are more easily explained
by assisted decomposition of the azide group. Kinetic studie388
have shown that the azido group and the grsﬁbstituent must lie in
the plane of the.aromntic ring for ready cyclization, and it was
.suggested that the driving force for the reaction is not provided
merely by a lone pair of electrons on tlie o-substituent, but by
concerted TT bond reorganisation leading to the new hetefocylic

ring. The energy of activation of the cyclic transition state was
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thought to reflect steric strains, changes in delocalisation
energy of the initial TT bond systems, and the extent to which the
delocalisation energy of the new heterocyclic system has become
available.
Nitrogen was found to be liberated in two distinct stages
. e s 89,90
on thermolysis of 2,2 ~diazidoazobenzene; one mole below

60° to give 2-( o-azidophenyl )-‘2H-benzotriazole in a concerted

‘process and the second at 170° to give compound (57) via a nitrene.

Nqu/:]:::::] concerted ' N\

<: ” 4
\N\N

(57)

C\“ L\

Carbazole formation is believed to arise from nitrene
insertion into a C-H bond. If a nucleophilic centre is suitably

situated within a molecule then on thermolysis or photolysis

Ph

A
H <7;L or hv /N\O,
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carbazole is not formed and the lower energy concerted cyclisation
and loss of nitrogen is observed. Thus 2-azido - 3 - nitrobiphenyl
gave 4 - phenylbenzofuroxang1 and no carbazole.

(ii) By reaction with nucleophiles and electrophiles.

Azides are subject to attack by nucleophiles at the
terminal ﬁitrogen (58) and by electrophiles (usually ut ) at the
substituted hitrogen (59).

Eq /i
- 4

R—N—Ri=N - | ~ R—N-N=N
(59) (58 )

Reaction with nucleophiles.; Nucleophilic attack at the terminal
93,94

nitrogen atom by tertiary phosphinesgg and Grignard reagents
has been observed. Anselme95 has utilised the latter reaction in a

new synthesis of aryl azides

AFNHMgX + TosN _— Ar—N N—Tos
3 -~
T

i

AN, + TosRH < ArN-N=N-NHTos

Reaction with electrophiles (acid catalysed decomposition.) - Attack

by an electrophile (H') at the substituted nitrogen (59, R=Th)

leads tg nucleophilic attack at the ortho and para position of the
aryl ring. In principle this can occur either by protonation

of the azide followed by concerted attac? by a nucleophile and loss
of nitrogen, (scheme 4), or by loss of nitrogen from the protonated

96,9

azide to give a nitrenium ion 7 (scheme 5) which then undergoes

nucleophilic attack.
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i O Cpig— e

H*
{ Scheme 4 )
{Scheme 5 )

Generation of aryl nitrenes in the presence of acetic
acid by deoxygenation of aromatic nitro and nitroso compounds
gave significant amounts of o-hydroxyacetanilides. It was
suggested that aryl nitrenes were formed, ;nd as relatively basic
intermediates, protonation occurred to give the nitrenium ion prior

to product formation.
NO N:

P(OEt)

The aryl nitrenium ion in this system could be formed by protonation
of the intermediate in the oxygen transfer reaction, prior to
expulsion of triethyl phosphate.'

An example of nucleophilic attack in the aryl ring
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accompanying acid catalysed decomposition of an azide, is the ready
decomposition at 50-60° of o-azidobiphenyls in a solution of

hydrogen bromide in acetic acid.99

NCb IVHZ
Nitrenium ion intermediates have been established in the
solvolysis of N-chloro compounds and have recently been reviewed
by Gassman.lco Nitrenium ions are positively charged nitrogen
analogues of carbonium ions (60). They resemble carbonium ions
in their chemical behaviour, but are wmuch more reactive., Gassman
has considered the possibility of singlet(61) and triplet (62)

nitrenium ions.

0wl oal

N C‘f‘___R/ : 3 N R
« - w 0 s/

(60) (61) (62)

{C) Addition reactions.

Azides are 1,3-dipoles which have 4 TT-electrons distributed

over the three N-atoms so making concerted addition to 1T bonds

101,102

allowed. Huisgen has described fully the 1,3-dipolar

cycloaddition mechanism of azides to a dipolarophile (de) .
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Since azides can add onto unsymmetrical dipolarophiles in two
directions the product distribution is determined by steric
effects and/or electronic effects occuriﬁg in the rate determining

step.



EXPERIMENTAL.
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INSTRUMENTATION AND EXPERIMENTAL TECINIQUES,

1. Infrared spectra were recorded in the range 4000-625 crn.-'1

on a Perkin-Elmer 237 or 257 spectrometer. Solid samples were

run either as nujol mulls or as potassium bromide discs and

liquids as thiﬁ films, using polystyrene as reference.

2. Proton magnetic resonance (p.m.r.)\spectra were recorded on a
Varian A60 or a Varian T60 insfrument. Carbon tetrachloride,
deuterochlorof;;m, hexadeutercacetone and hexadeuterodimethyl-
sulphoxide were used as solvents with tetramethylsilane as internal
reference.

3. Ultraviolet (u.v.) spectra were recorded in the range 200—450mﬂ.
on a Unicam SP800 spectrophotometer. Absolute ethanol was used

as solvent in 1 cm. cells,

4. Mass spectra were recordéd on an Associated Electrical Industries
M.S. 9 spectrometer.

5. Melting point (m.p.) determinations were carried out on a

Kofler Micro Heating Stage using corrected thermometers.

6. Thin layer chromatography (t.l.c.) was used extensively as a
qualitative guide to the composition of reaction mixtures and

as a means of assessing the purity of compounds. Samples were run
in suitable_solvent mixtures on glass plates coated with a 250}1
layer of Kieselgel G. (E. Merck), or aluminium oxide G (Type E,

pll 7.5) (E, Merck). The plates were observed under ultraviolet
" light or developed by spraying with iodine.

T. Preparative thin layer chromatography (Preparative t.l.c.)
was used to separate small amounts of reaction mixtures by a similar
technique to that of t.l.c.; 20x20 and 100x20 ?m.'glass plates
coated with a lmm. layer of Kieselgei PF 254 with a fluorescent

indicator were used,
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8. Column chromatography was carried out using silica gel MFC
(B.D.H.), basic alumina (Spence type H), and deactivated alumina
(prepared by deactivation of basic alumina with 6% by weight of

water in a ball-mill for 12hr.). The mixture to be chromatographed
was adsorbed onto the support, from a suiﬁable golvent, by evaporation
using a roiary evaporator. Alumina columns were packed under petrol
and silica columns were either backed by this method or pucké¢ dry, *
and then eluted with solvent mixtures of increasing polarity.

9. Solvents were purified as follows:

Benzene and other aromatic solvents, methylene chloride,
methanol, ethanbl, acetonitrile, and ether were purified by refluxing
over and distilling from calcium hydride. Aromatic solvents,
methylene chloride, methanol, ethanol and acetonitrile were stored
over mﬁlecular sieves (type 4A) and ether over sodium wire.

Dimethyl sulphoxide and dimethyl formamide were dried by
storage over molecular sieves (type 44).

10. Petroleum used for chroﬁatography and for recrystallisations
withether was light petroleum, b.p. 40-600. Petrol used for
recrystallisations wiih benzene, chloroform or ethyl acetate Qas
petroleum b.p. 60—800, unless stated otherwise.

11, Lead tetra-acetate (B.D.H. or Hopkin and Williams) was freed-
from acetic acid by filtration and stored over concentratéd
sulphuric acid.

‘12, Where possible, compounds were characterised by comparison of
. their wmelting poinis (w.p.) and mixed melting points (m.m.p.)

and i.r. spectra with those of authentic specimens. Literature
m, pe values are given with referenceé, except for well authenticated
compounds for which the values quoted are those given in the

Heilbron Dictionary of Organic Compounds (4th. Edition).
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2

PREPARATION OF DIHYDROBENZ[cd]INDAZOLE AND ITS DERIVATIVES AND

ATTEMPTED PREPARATION OF BENZ[cd] INDAZOLE.

1., Preparation of Azides,

l-Amino-8-azidonaphthalene —— l-Amino-8-azidonaphthalene

- was prepared by a modification of the method of Storr and Rees}ag

Naphtho[1,8~de]triazine was prepared from 1,8-diaminonaphthalene
and N-nitrosodiphenylamine by the method of Sieper.lo3
Naphtho[1,8-de]triazine (10g.,60mmole) suspended in
{‘aqueous potassium hydroxide (14g.,240mmole in 200ml. of water)
was stirred at 70-80° while solid hydroxylamine-0-sulphonic acidlo4
(7g.,60mmole) was added in small portions. More potassium hydroxide
(14g.) was added followed by moré hydroxylamine-0-sulphonic acid
(14g.) over a period of l3hr. After stirring at 60-70" for a
further lhr. the mixture was cooled and filtered, and the residue
waé thoroughly washed with aqueous potassium hydroxide and then
water. The residue was extracted with alcohol (3 x 125ml,) and
the ethanolic solution was heated under reflux while concenﬁ:ated
hydrochloric acid (50m1) was added over 5 min, Activated
charcoal (5g.) was added and the mixture was refluxed fo} a further
5min. and then filtered and poured into water (400ml.) The
solution was neutralized with sodium carbonate ana extracted with
ether (2 x 200ml.) to give l-amino-8-azidonaphthalene. (6.15g., 56%
@epe 78-79° 1it.) 3% m.p.79-80°).

l-Amido-8-azidonaphthalenes. == All l-amido-8-azidonaphthalenes

werd prepared in high yield by treatment of l-amino-8-azidonaphthalene
in pyridine with a small excess of the aépropriate acid chloride
or anhydride. The crude amides were recrystallised from ethanol

to give l-acetamido~8-azidonaphthalene as needles,m.p. 147-148°;
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(1it.}°5 147-148) ; 1-azido-8-benzamidonaphthalene as crystals,

m.p. 123-124" (Found: C,71.4; H,4.15; N,19.85. C  H N0 requires:

C,70.8; H,4.2; N,19.45%) Vnmx 3355 (NH), 2140 (N;), and 1668 cm.”1

(C=0); l1-azido-8-p-nitrobenzamidonaphthalene as yellow crystals,'

m.p.160-1_61° (Found: C,62.03 H,3.25; N,20.95, CI7H11N503 requires:

C,61.25; H,3.35; N,21.0%);V __ 3345, 2140, and 1678 cm.™;

l-azido~8-p-methoxybenzamidonaphthalene as érystuls, m. p. 133.5-134.5°

(Found: C,67.35; H,4.75; N,18.1. 018H14N402 requires: C,67.9;

H,4.45;'N,17.6%);\)max 3340,2135, and 1680 cm.‘l; 1-azido-8-

propionamidonaphthalene as crystals, m.p. 115—-116° (Found: €,65.4;

H,5.1; N,23.15. C 0 requires: C,65.0; H,5.05; N,23.3;‘a)\?ma

13M2Ng
£ 3320, 2120 and 1643 cm.” .

Xe

l-Acetamido-3-azidonaphthalene., — Sodium nitrite (l.g.) was added

to a stirred suspension of l-acetamido-3-aminonaphthalene (3 g.)
in N hydrochloric acid (30 ml.) at 0°. Sodium azide (2 g.) was
added to the filtered solution and the resulting precipitate was

~collected and recrystallised from ether-petroleum to give

l-acetamido-3~azidonaphthalene (0.8 g., 24%), m.p. 199-200°

(Found C, 63.4; H,5.2. Cyoll) oN,0 requires C, 63.7; H, 4.5%);V
3272, 2122 and 1663 cam.”l.

maxe

6-Azido-1-benzamidonaphthalene - l-Amino-f8-nitronaphthalene was

converted into l-benzamido-8-nitronaphthalene by treatment with
benzoyl chloride in pyridine. The nitro amide was dissolved in
ethanol and hydrogenated over Pd/C catalyst. After removal of
ethanol the resuiting amine (0.8 g.) was suspended in 2N hydrochloric
acid (15 ml.) and diazotised at 0° with sodium nitrite (0.5 g.)

Addition of sodium azide (1 g.) to the filtered diazonium solution



44,

gave a precipitate of 6-azido-l-benzamidonaphthalene (0.25 go,

15.5%), needles from ethanol, m.p. 177-178°(decomp.) (Found:

C,69.9; H,4.4; N,19.2. C,.H, N 0 requires: C,70.8; H,4.2; N,19.45%)

v 3218, 2115 and 1635 ca.” .
max. L.

1-Azido-8~N-methylaminonaphthalene.,-— Dimethyl sulphate (5 ml.)

vas added to l-amino-8-azidomaphthalene (1.84 g., 10mmole) in
acetone (30ml.) and dilute sodium hydroxide (20ml.) After refluxing
for lhr. the mixture was cooled and poured into water (150ml.)

Extraction with chloroform (2x50ml.) gave l-azido-8-N-methylamino-

naphthalene (600 mg. 30%) which crystallised as colourless cubes

from ether, m.p. 103-4°.\?max 3435, 2125cm.'1;1'2.35-3.65(m, TH,

aromatic H and NH), 7.15 (s, SH,CH3); m/e 198, 170, (m/e required

198).

1-NyN-Diacetylamino-8-azidonaphthaleng.—— 1—Amino-8—azidon$phthalene
was heated to reflux in acetic anhydride for 1 hr., and after
cooling, the resulting mixture fas poured into water. The aqueous
suspension was extracted with ether and after washing with dilute
sodium carbonate solution and water the ether extracts were dried

and evaporated to give 1-N,N-diacetylamino-8-azidonaphthalene (27%)

m. pe. 114-115° (from ether) (Found: c,62.75; H,4.6; N,20.3.

Cy4H N0, requires:C,62.7; H,4.5; N,2o.9%),\)max.2120, 1720, 1700

em."T2.05-2.90. (m, 6H,aromatic H), 7.7 (s, 6H, MeCO).

I{N-Acetyl—N—methylamin@-B—azidonaphthalene. — Sodium hydride
(46 mg., 50% dispersion in oil) was added to l-acetamido-8-azido-
naphthalene (200 mg.) in dry dimethylformamide. Dimethyl sulphate
(124 mg.) was added and the mixture was left to stand tor 39 min.

. and then pouredin to water., Extraction with ether gave

1 acetzl-N;methzlamino}S—azidonaghthalene (36%) m.p. 97-98°



45,

(from ether) (Found: C,65.0; H, 5.2; N, 23 1. 013 12 40 requires:

C,65.0; Hy5.05; N,23.3%)3 y___ 2120, 1647 cm. -1

1{&-Benzoyl-N-methylnmin&FB-azidonaphtha]ene.Q- Similar

“treatment of l1-benzoylamino—-8-azidonaphthaleno with dimethyl sulphate

gave l{N—ben7oy1—N—mothy]nmln&FS-n71donnphthnlano (42%) wm.p. 109—110

(from ether), (Found: C,70.8; H,4.6; N,18.1. C N0 requires:
18144

C,71.5; H,4.7; N,18.55%); ¥ 2120, 1690 cm. -1,

1-Azido~-8-methoxycarbonylaminonaphthalene.~— Methyl chloroformate
(274 wg., 3umole) in wethylene chloride (2.5ml.) was added #t 0°
to a stirred solution of l-amino-8-azidonaphthalene (184 mg., lmmole)
and triethylamine (212 mg., 2mmole) in methylene chloride (5ml.)
After 30min. at 0° the mixture was stirred for a further 4hr.
at 20°. A little insoluble material was filtered off and washed
with methylene chloride. The solution was evaporated onto silica
gel and the products separated by preparative t.l.c. Po give

l-azido-8-methoxycarbonylaminonaphthalene (50%) which crystallised

a8 colourless needles from ether-petroleum m.p. 103—104°, (Found:
c,58.,6; H,4.0; N,22,95 C12H10N402 requires: C,59.5; H,4.15;
N,23.15%);\7max.2120, 1728 cm.” ;’ro.ss (broad s,1H,NH), 1.75
(ty1H,Ju4.5 Cop.se, C7H), 2.4 - 3.1 (m,5H,aromatic H), 6.3

(s, 3&,002033).

l-Azido—8—dﬁ@ethoxycarbony?aminonaphthalene — Sodium hydride
(25 mg.) was added to l-azido-8~methoxycarbonylaminonaphthalene
(124 mg., 0.5mmole) in dry dimethylformamidé. Methyl chléroformate
(137 mg., l.5mmole) was added and the mixture was stirred for 30min.

and then pouredin to water. Extraction with ether gave l-azido-8-

gﬂhethoxycarbonyﬁaminonaphthalene (88%), MePe 180-1820.(decomp.)
A 7

(colqurless needles from ether — petroleum); (Found: C,55.95;
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Hy4.003 N,18.9. C  H N0, requires: C,56.05 H,4.05; N,18.65%);

Onmx 2110, 1800 cm;'l;ﬂ’z.os-a.ss (m,6H, aromatic H), 6.3

(846H,C0,CH, ).

l-Azido-8-phthalimidonaphthalene (tgg).—- A solution of
l-amino-S-azidonaphthélene (1.84g.,10mmole) and phthalic anhydride
(1.48g.,10mmole) in glacial acetic acid (15 ml.) and pyridine
(0.) ml,) was heated under reflux for lhr. After cooling the
suspension was poured into water (100ml.) Extraction with ether

gave l-azido-8-phthalimidonaphthalene (75%), m.p. 184-185°

(colourless needles from glacial acetic acid); (Found: C,69.0;
H,2.9; N,17.65, 018H10N402 requires: C,68.8; H,3.2; N,17.850);
v max 2120, 1725 cm.-1 Similnr treatment of l-amino-8-azido-

naphthalene with maleic anhydride gave l-azido—8-maleiimidonaphthalene

(40%) ym.p. 220° (decomp.) (colourless needles from glacial acetic
acid) (Found:C,62.9; H,3.9; N.21.5. C,4HgN,0y requires: C,63.6;

H,3.05; N,21.2%); V max 2120, 1670 cm;-l. Succinic anhydride

gave _}j-(B—azido-l-naghthzl)-succinamic acid (g_g,n=2)(457a), m. Pe
140 ° resolidifies and melts again at 165-167 (decomp.), (colourless
~needles from ether—petroleum); (Founds: C,59.2; H,3.7; N,19.8.

c N,0, requires: C,50.15;H,4.25; N,19.7%); V . 3340,2108,

14125403
1710, 1678 cm.‘l; m/e 266 (m/e required 284 (-320 gives 266) ).

Glutaric anhydride gave N-(8-azido-l-naphthyl)glutaramic acid (ég,n-3)

(25%), m.pe. 146-148°(decomp.), (colourless needles from ether—

15H14N4.03 requiress
1

C,60.4; H,4.75; N,18.75%); vmax 3320, 2125, 1710, 1670 cm. j

petroleum); (Founds C,60,75; H,5.05; N,18.15. C

q/e 298 (m/e required 298),

Cyclisation of N-(8-azido-l-naphthyl)succinamic acid, =

Thionyl chloride (lml.) was added to N-(8-azido-l-naphthyl)

succinamic acid (568mg., 2mmole) and the mixture slowly heated

1.
Diagram number in appropriate section of Discussion.
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to 150° allowing the excess thion&l chloride to distil off,
Crystallisation of the residue from ether-petroleum gave colourless

needles of l-azido-8-succinimidonaphthalene (50%), m.b. 180—182°;‘

(Founds C,62.7; H,4.05; N,20.85. Cl4H10N402Arequires= C,63.15;3

H,3.8; N,.?.l.05}%);\)mﬂ.x 2110, 1785 cm.-l; m/e 266. (m/e required 266).
o-Azidophenol — o-Azidophenol was prepared by the method of

Forster and Fierzl.o6

Treatment of o-azidophenol in dilute sodium
hjdroxide solution with benzoyl chloride gave o-azidophenyl benzoate
mp. 42-3° (1it.,9% 45°),

m-Azidoaniline =— m~Azidoaniline was prepared from m-nitroaniline
107

by a modification to the method of Hall and Smith.
. m-Nitroaniline (69g.,0.5M) and phthalic anhydride (74g.,
0.5M) in glycial acetic acid (1 1.) were heated under reflux for
lhr. and the mixture was then allowed to cool to 20° . The
precipitate was filtered off and washed with a little cold glacial
acetic acide The m~phthalimidonitrobenzene was added to acetone
(1.5 1.)‘and the mixture was heated under reflux while glacial
acetic acid (250ml.) and water (190ml.) were added. Fine iron
powder (210g.) was added over lhr. and the mixturé was stirred
vigorously and heated under reflux for a further 4hr. The reaction
slurry was filtered while. hot and the reéidue was washed with hat
acetdne (2x50ml,)., The filtrate was neutralized with aqueous
saturated sodium carbonate solution and the acetone layer.was
removed. This was concentrated to one quarter of its original
volume by distillation under reduced pressure and then diluted with
water (2 1.). The precipitate (g—phthalimidoaniline) was filtered
off and suspended in an ice cold mixture of water (500ml.) and
congentrated hydrochloric acid (IOOml;). Sodium nitrite (14g.)

in water (50ml.) was then added dropwise over. 10min, with ice when
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required to keep the temperature down to 0°. The solution was
stirred at this temperature for lhr. and a little insoluble
material was removed by filtration. Sodium azide (13g.) in water
(30ml.) Qas added to the filtrate and the precipitate was collected,
washed well with water and dried under reduced pressure in a
desiccatof to give m-azidophthalimidobenzene (29g., 22%). Hydrazine
hydrate (3.5ml.) was added dropwise to & suspension of
grazidophthalimidobenzene (10g.,38mmole) in methanol (45ml.) and the
mixture was stirred for 30min., The resulting solution was poured
into water (300ml.) and 2N sodium hjdroxide solution (30ml.) was
then added. Extraction with ether (2x50ml., ) gave'gfazidoaniline

(4g.,80%) as a straw-coloured oil,

m-Azidoanilides ~- The crude oily m-azidoaniline was treated

with benzoyl chloride in pyridine to give m-azidobenzanilide,

needles, m.p. 128-129° (from ethanol) (Found: C,64.85; H,4.75;

N,23.2. C 0 requires: C,65.55; H,4.25; N,23.5%) V max. 32645

13%10M4
2112 and 1663 cm.-l; with p-methoxybenzoyl chloride in pyridine to

give m-azido-p-methoxybenzanilide, needles, m.p. 116-117 (froa

ethanol) (Found: C.62.7; H,4.8; N.20.8. CI4H12N402 requires:
C.62.7; H,4.5; N.20.90); omax 3320, 2118 and 1645 cm.-l;land with
~ acetic anyhdride in pyridine to give m-azidoacetanilide, needles; m.p.

123-124° (from ethanol) (1it.}%% 123-124° ).

2, Decomposition of Azideé.

(a) Pyrolysis of Azides in Solution.— Pyrolyses were carried cut

by dropwise addition of suspensions of the azides in small volumes
~of 1,2,4-trichlorobenzene to refluxing 1,2,4-trichlorobenzene.
After Bmin., the mixtures wefe cooled and trichlorobenzene was
removed by distillation under reduced pressure. . The residues were

- thoroughly extracted with hot chloroform and the extracts were



49,

evaporated on to silica gel for chromatography. 9-Amino-2-aliyl-

or arylnaphth [ 1,2-d ]oxazoles were eluted with iO% ether-
petroleum'and were further purified by sublimation or by distillation
through a short horizontal tube. 2-Alkyl or aryl perimidines were
eluted with ether and directly compared with authentic samples
prepared by treatment of 1,8~-diaminonaphthalenme with the appropriate
108,109 '

acid chloride.

1-Azido-8-benzamidonaphthalene gave 9-amino-2-phenylnaphth

[ 1,2-d ] oxazole (20%), crystals; m.p. 126-127° (Found: C,78.4;

H,4.9; N,10.9. C 0 requires:C,78.5; H,4.7; N,10.8%), V

17%12%2 max.
3440, 3350 (NH2) cm.-l; and 2—pheny1perimidine1°9 (10.3%).
1-Azido~-8-p-nitrobenzamidonaphthalene gave 9-amino-2-p-

nitrophenylnaphth [ 1,2-d ] oxazole (12%), yellow crystals, m.p.

L J .
217-218" (Founds C,66.7; H, 3.8; N, 14.1. C,7H;,N305 requires:
c,66.9; H,3.65 N,13.8%), Omax 3480, 3370, cm.-l; and 2-p-nitro-
phenylperimidine1°8(3.5%).

1-Azido-8-p-methoxybenzamidonaphthalene gave 9-amino-2-p-

methoxyphenylnaphth [ 1,2-d ] oxazole (27.5%), colourless crystals,

m.p. 161-162° (Found: C,74.8; H,5.0; N,9.9 C gl N0, requires:

C, 74.55 H,4.9; N, 9.7%),V 3470, 3358 cm.” . and 2-p-
niethoxyphenylperimidinelo8 (10.5p%).

I-Acetamidd—&—azidonaphthaiene gave 9—amino-2-methylnaphth
[ 1,2-d ] oxazole (13.5%), colourless solid, m.p. 78°(lit£05_78°)
and 2-methy1perimidinem9 (37%),

1-Azido-8~propionamidonaphthalene gave 9-amino-2-ethylnaphth
[1,2-d ] oxazole (7%), as a colourless oil, \Zmax.3470,3365 om, !
(satisfactory analysis was not obtained); and 2-éthy1perimidine (18%).

1-Azido-8-benzamidonaphthalene pyrolysed at a low temperature

(110°) gave only 9-amino-2-phenylnaphth [ 1,2-d]oxazole (20%).
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Pyrolysis of m-azidoacetanilide, m~azidobenzanilide,
6-azido-1-benzamidonaphthalene and l-acetamid$-34azidonaphtha1ene
gave substéntial amounts of recoverea azide. Prolonged heating
gave no trace of amino oxazoles, giving instead some amido amines
(t.l1.c.) together with mucﬂ polymeric material.

1-(§E}Diacety1amino)-8—azidonaphthalene gave, on elution vith

30% ether-petroleum, 1,2-diacetyl-l,2-dihydrobenz[cd]lindazole (7%),

needles, m.p. 110-111° after sublimation, (Found: C, 69.6; H, 5.15;

N,12.2, CI4H12N202 requiress C,70.0; H, 5.1; N, 11.7%); v

1700 cm.”! (C=0);72.3-2.8 (m, 6H, aromatic), 7.6 (s, 6H, Me);

max,

w/e 240, 225, 198, 197.
‘l-(E}AcetylﬁE-methylamino)-8—azidonaphtha1ene gave, on elution

with 30% ether—petroleunm, 1-acety1-2—methvl—1,2-dih7drobenz[cd]indazole

(17.5%), prisms, m.p. 84-85° after sublimation, (Found: C;73.8;

H,6,0; N,13.45. C 0 requires: C,73.55; H,5.7; N, 13.2%);

1371252
) max.1660 cm.”} (c.o);Té.4-3.5 (m, 6l, aromatic), 6.8 (s, 3§,3,Me),
7.8 (s,3H, MeCO); mw/e 212, 170, 169, 155, 140, 127, 126, |
l-Azido-S—phthalimidonapﬁthalene gave lgg-isoindolinolz,l—a]
perimid-12-one (32) (32%), orange crystals, m.p. and mixed m.p.
229-230°, Similar pyrolysis in triglyme gave the perimidine (60%).
1-Azido-8-succinimidonaphthalene gave ngrpyrrolino[é,l-a]
perimid-lb-one (34) (10%). ‘ A |
1-Azido-8-maleimidonaphthalene gave 1Q§-pyrrolidino[2;l—a]
perimid-10-one ( 2% ).
" 1-Amino-8-azidonaphthalene (500 mg.) in dry 1,2,4-trichloro-
benzene was added to refluxing 1,2,4-trichlorobenzene. After 5 min.

the mixture was cooled and a dark polymeric solid (230 mg.) separated

and-was filtered off, The filtrate was extracted with diiute
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hydrochloric acid and the acid layer was basified and re-extracted
vith ether to give 1,8-diaminonaphthalene (150 mg., 35%) as a
colourless oil, Distillation, followed by crystallisation from
petroleum gave needles, m.p. apd mixed m.p. 62—630. No other
tractable products were isolated from the trichlorobenzene layer
after evaporation under reduced pressure.

1,8-Diazidonaphthalene in trichlorobenzene gave 1,8-
diaminonaphthalene (13%),

1,8~Diazidonaphthalene pyrolyséd in refluxing mesitylene gave
1,8~diaminonaphthalene (14%). (No 1-(2,4,6-trimethylphenyl)
 naphthalene could be detected by t.l.c.).
o-Azidophenyl benzoate gave grbenzaﬁidophenol (18%) which

crystallised from ethanol as colourless‘needles m. Pe 1690 (lit.}go

189-171"), V max, 3405 (NH), 3000 (broad, OH) and 1640 it
(c=0); T 0.55 (s, 1H), 0.75 (s, 1H), 2.0-3.5 (m, 9H, aromatic H),
w/e 213 (w/e required 213),

Pyrolysis in N-sgulphinylaniline. —— Pyrolyses were carried out

by addition of the azides to refluxing‘§}su1p§iny1aniline. After
5 min, the mixtures were cooled and excess N-sulphinylaniline was
removed by distillation under reduced pressure. The residues
vere extracted with chloroform and the products s?parated by
chromatography on silica gel;

Phenyl azide gave, on elution with 20% ether-petroleum; azobenzene
(33.5%), m.p. 67f68i, mixed m.p. 67—680‘,.(11'.1’..,68° for trans, 71°
for cis)..

p-Chlorophenyl azide gave, on elutioﬁ with 1% ether-petroleunm,
p-chloroazobenzene (14.5%), vacuum sublimation gave orange prisms

-]
w.p. 85-86 (lit.}2! m.p. 88-89"). (Found: C, 66.5; H, 4.1; N, 12.95.

Calculated for C,,H/N.Cl C,66.65; H, 4.15; N, 12.9%); V nax. 1482
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1375,1149, 1086, 1005, 840, 762, T10, 081 cm.—l; m/e 216, 139,
111,
p-Methoxyphenyl azide gave, on elution with 1% ether-petroleum

p-methoxyazobenzene (17.5%), vacuum sublimation gave orange prisms

m.p. 55-56 ; (Found: C,73.4; H, 5.5; N, 13.4. C, 4l N0 requires:
C,73.55; H,5.7; N, 13.2%) Onmx. 1600, 1500, 1250, 1140, 1030,
838, 762, 720, 686 cm.‘1;1'1.95-3;2 (m, 9H, aromatic II), 6.25

(s, 3H,0CH;); m/e 212, 135, 107, Elution with 55 ether- '
petroleum gave p-dimethoxyazobenzene (24,5¢) m.p. 161—20,

22

(1it.0%% 0.p.158"), (Found: C,69.05; H,5.9;N,11.75; Calculated

for C),H) N0, C,60.43 H,5.85; N, 11.55%);V . 1500, 1495, 1250,
1142, 1022, 842, 740 cm.”Y;T 2.1 (d,4H, J=5c.p.s., aromatic H)
2.95 (d,4H,J=5¢c.p.s. aromatic H), 6.15 (s,6H, OCH;); m/e 242,

135, 107.

(b) Pyrolysis of azides on silica — Pyrolyses were carrigd out by
.adsorption of the azide on to dry, pure precipitated silica and
heating to 215° with constant agitation for lbmin. Continuous
extraction of the cooled silica with ether gave the products which
were purified and separated by chromatography on silica gel.
1-Azido—8—phtha1imidonaphthalene éave'12&-isoindolino[2,1-a]~
‘perimid-12-one (99%). B
1-Azido-8-succinimidonaphthalene gave 1Q§—pyrrolino[2,1-a]-
perimid-10-one (56%).
1-Azido-8-benzamidonaphthalene gave 9—amino—2-phenylnaphth-
[1,2-dloxazole (<1%) and 2-phenylperimidine (65%).
1-(N-Acetyl-N-methylamino)-8-azidonaphthalene gave
1-acety1;2-methy1-1,2-dihydrobenzlcd]indazole (<1%).

1-Amino-8-azidonaphthalene gave 1,8-diaminonaphthalene (7%). -
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(c) Vapour phase pyrolyses.-——These were carried out by vacuum

sublimation (0.2-0.4 mwm.) of the azides through a 10" pyrex

tube maintained at 350°, Products condensed on the cold part

of the sublimation tube and on a cold trap.

| l-Amino-8-azidonaphthalene gave a.mixture of dihydrobenz —

[ cd]indazole (70f), identical to that obtained by hydrolysis. of

dimethyl 1,2-dihydrobenz[cd]indazole~1,2-dicarboxylate.
1-Azido-8-benzamidonaphthalene gave 9—amino-2—pheny1naphth[1,2€gl-

oxazole (28%) and 2-phenylperimidine (13%).
1-Azido-8-phthalimidonaphthalene gave 12H-isoindolino{2,1~-al-

‘perimid-12-one in variable yield (ca. 20%) together with several

other unidentified minor produéts. |

(d) Pyrolyses on fusion-— The azides were heated to 10° above their

melting point for 10 min., The residue was extracted with chloroform
and the products separated by chromatography on silica gel.

l-Azido-8-benzamidonaphthalene gave 9-amino-2-phenylnaphth -
[1,2—dloxazole (11%) and 2-phenylperimidine (220%).

1-Azido-8-p-methoxybenzamidonaphthalene gave 9-amino-2-p-—
methoxyphgnylnaphth[l,2-dloxazole (17%) and 2-p-methoxyphenyl--
perimidine (23%). - ”

6-Azido-1-benzamidonaphthalene gave 6-agino;1-benzamidonaphthalene
(9%).

(e) Decomposition by acid catalysisv— m—Azidobenzanilide (200 mg.)

in chlorofqrm (5 ml.) was added to conc. sulphuric acid (5 ml.)

and the mixture was stirred until gas evolution ceased (ca. 10 min.).
The reaction mixture was then poured into an excess of ice-water,
néutralised with 2N ammonium hydroxide.so}ution and extracted with

chloroform. The extracts were dried and evaporated on to silica
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gel for chromatography, Elution with 95% ether-petroleum gave
5-amino-2-phenylbenzoxazole (85 mg., 49%), identical with an
'éutheniic specimen,

1-Azido-3-methoxyphenylbenzanilide gave on elution with_QO%
ether-petroleum 5-amino-2-p-methoxyphenylbenzoxazole (35/).

Similar tfeatment of l;azido-S-benzamidonaphthalene gave only
a trace of 9-amino-2-phenylnaphthoxazole (t.l.c.), and
m—-azidoacetanilide, l-acetamido-3- and i—benzamido-ﬁ-azidonaphthélenes
gave no trace of amino oxazolesﬂ

m~Azidoacetanilide (400 mg.) in ethanol (4 ml.) and concentrated
hydrochloric acid (1 ml.) was heated under reflux for lhr. The
reaction mixture was worked up as above to give m~azidoaniline (75%).'

Simil&r treatment of l-azido-8-benzamidonaphthalene gave
l-amino-8-azidonaphthalene (20%).

(£) Photolysis of azides.——l-Azido-8-phthalimidonaphthalene

(0.5 mmole) in benzene (100 mi.) was irradiated at 16° for 20hr.
with a Hanovia.IOO W medium pressure lamp surrounded by a pyrex
Jacket. The resulting solution was concentrated and poured into
pet;oleumvto give a precipi£ate probably containing 12H-isoindolino-

[2,l-a]pgrimid-l2-one-7-oxide which decomposed on heating to give

the perimidine and other unidentified products. A satisfactory,
analysis was not obtained for this N-oxide, Y max.1720’ 1580,
1375, 1262, 1105, 760, 715 cm.-l. m/é286, 270 (C1 H10N202,m/e 286).
Similar photolysis of l-azido—8—benzamidonapﬂthalene gave,
after chromatography on silica gel, 9—amino-2-phenylnaphth[l,2-d]-
- oxazole (2%) and 2~phenylperimidine (16.5%). Control experiments
ghowed that 9—&mino—2—pheny1naphth[1,2-d]oxazole and 2-phenylperimidine

were recovered after photolysis for 20hr. in benzene in (90%) and

(85p0) yield, respectively.
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Similar photolysis of phenyl azide and N-sulphinylaniline
in hexane gave'azobenzene (1%). p-Chlorophenyl azide and
p-methoxyphenyl azide gave p-chloroazobenzene (1%) and
_B-méthoxyazobenzene (1%) respectively.

3. PreparationLof Nitro Compounds.,

Monoreduction of 1,3-dinitronaphthalene. == 1,3-Dinitronaphthalene:

was réduced with sodium sulphide and the mixed nitro amines were
separated as their acetyl derivatives by the method of lodgson and
Turner111 to give l-acetamido-3-nitronaphthalene (36%) m.p. 259-260°
(lit.,u1 259°);7’0.4 (sy1H,NH), 2.0-3.4 (m.6H, aromatic H), 4.7

(s, 2H,NH2), 7.85 (s,an,cocna); and 1,3-diacetamidonaphthalene
(12%) i.p. 259-260° (1it. 23 263-265 )3T 0.15 (broad s, 2, NI),
1.9-3.4 (Q-eﬂ, aromatic H), 7.75 (s,6H, cocna). Treatment of
l-acetamido-3-nitronaphthalene with 50% sulphuric acid and ethanol

(1:1) gave l-amino-3-nitronaphthalene (78%) m.p. 133-135° (lit.t!1 138).

Monoreduction of 1,6-dinitronaphthaléne.,-- l-Amino-6-nitro-

naphthalene was prepared by monoreduction of 1,6-dinitronaphthalene

111 The reducing agent

using the method of Hodgson and Turner.
was prepared by passing hydrogen chloride into a hot solution of
stannous chloride in glacial acetic acid.

I—Benzamido-S—nitronaphthalene.-— Treatment of l—amino-S;

nitronaphthalene in pyridine with a swmall éxcess of benzoylchloride
gave l-benzaﬁido-S—nitronaphthalene (68%) m.p. 181—182° (iit.,u2 1810)
(pale yellow needles from ethanol). . -

.Simiiar treatment of l-amino-3-nitronaphthalene and l-amino-6-
nitronaphthalgne gave respectively l-benzamido-3-nitronaphthalene
(726) m.p. 218-219° (1it..!3 220°) (pale yellow prisms from

eﬁhanol) and l-benzamido~6-nitronaphthalene (60%) m.pe 218~225

(pale yeliov needles from ethanol); (Found C,69.4; H,4.05; N,9.7
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CyqH oNo04 requires: C,69.85; H,4.15; N, 9.6%);\7mu‘ 3220 and

1638 cm.” )

1-Benzamido-8-nitrosonaphthalene.—— Zinc dust (l.2g.) was

added over 5min. to a vigorously stirred solution of l-benzamido-6-
nitronaphthalene (750 mg., 25mmole) and ammonium chloride (500 mg.)
in water (10 wl.) and ethanol (10 ml.) at 20°._ The mixture was
~heated to 55° for 30min, After cooling to 0 the insoluble material.
was filtered otf and the residue was washed with hot waier (lbml.),
The filtrate and washings were combined and cooled to 0° by the
addition of ice. Sulphuric acid (2.2ml.) was added carefully
followed: by ice to cool the reaction mixture to -5°. An ice-cold
solution of sodium dichromate (600 mg.) in water (2.5ml.) was
added to the reaction mixture which was stirred for 15min. The
precipitate was filtered off and washed with brine (20% w/w)
and dried in a desiccator in the dark to give l-benzamido-8-
nitrosonaphthalene as fawn prisms m. p. 146-148° (decomp.)
Qnmx.3300, 1665, 1550, 1537, 1310, 1268, 815, 753, 795 cm_l.
 The rapid decomposition of l-benzaqido—B-nitrosonaphthalene to

polymeric material in air and light made satisfactory analysis

impossible.

1-Phthalimido—~-8-nitronaphthalene.,— Treatment of l-amino-8-
nitronaphthalene with phthalic anhydride in hot glacial acetic
acid gave 1-phthanmido-s-nitronaphthalene114 (85%). .

1-(N;Acetyl-N-methvlamino)-8—nitronaphtha1ene. - Sodium

hydride (100mg., 50% dispersion in o0il) was added to l-acetamido—-8-
azidonaphthalene (460mg., 2mmole) in dry dimethylformamide (5&1.)

Dimethyl sulphate (270mg.) was added and the mixture was stirred for
lhr. and then ponred into water. The precipitate was filfered off

" and washed well with water and crystallised from benzene—petroleum'
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to give pale yellow needles of 1-(N—acetyl-N;methylamino)—8—

" nitronaphthalene (85%), m.p._135—136°;’(Found: Cc,63.6; H,4.7;

N,11.8. C, H N0, requires: C,63.9; H,4.95; N,11.45%); V

1645 cm.'1;7'1.75-2.9 (m, 6H, aromatic H), 6.8 (s, SH, CH,y),

max.

8.25 (s, 3H, COCH,).

4, Deoxygenations of Nitro Compounds with Triethyl Phosphite, —

The nitr6 compounds were heated under reflux in triethyl phosphite
in an atmosphere of nitrogen. Triethyl phosphite was then removed
by distillation under reduced pressure and the residue was
chromatographed on silica gel.

. l—B;nzamido-8-nitronaphtha1ene after 18hr. gave 9-amino-2-
phenylnaphth [1,2 dloxazole (1%) and 2-phenylperimidine (5{).
Control experiments showed that 9—amino—2—pheny1naphth[1,2 dl
oxazole and 2-phenylperimidine were recovered after refluxing for
‘18hr. in ﬁriethyl phosphite in (48%) and (44%) yield, respectively.

1-(E}Acety11§}methy1amino)-8—nitronaphtha1ene gave after 3hr,
1-acetyl-2-methyl-1,2-dihydrobenz[cd]indazole (15%). A control
experiment showed that l-acetyl-2-methyl-1,2-dihydrobenz|cd]

indazole was recovered after refluxing for 3hr. in triethyl phosphite.

-

in(72%) yield.

8-Nitro-l~phthalimidonaphthalene after 3hr. gave a precipitate
of laﬂ—is;indolinol2,l-a]perimid-l2—one (90%). The residue after
evaporation of triethyl phosphite gave more perimidine (98% in all).

S5, Miscellaneous Reactions,

~ 2-Phenylnaphth[1,2d]oxazole. —~ The dibenzoyl derivative of l-amino-

2—m_aphthol 115 (2g.,5.5 mmole) was added to a refluxing mixture of
10% aqueous sodium hydroxide (50ml) and ethanol (45ml). After
feﬁluxing.for lhr. the reaction mixture was cooled and dilute
aqueous hydrochloric a;id was added slowly until the slurry

vag just acid to litmus. Dilute aqueous sodium carbonate solution
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wvas added with vigorous agitation until the precipitatg Just
disappeared. The solution was extracted with ethef (2 x 50ml.)
and the organic layer washed with water and dried over anhydrous
magnesium sulphate. The solvent was removed by distillation
under reduced pressure and the residue was heated at the melt
at 260° for 30 min. Sublimation under reduced pressure gave

2-phenylnaphth[1,2d] oxazole (300 mg., 23 %) which was crystallised

110

from methanol-water as colourless needles m.p. 131—132°(lit., 13f§.

Deamination of 9—Amino-2—pheny1naphth[1,2—d]oxazole. —_— .Sodium

nitrite (50mg.) was added to an ice-cold suspension of 9-amino-2-
phenylnaphthl1,2f§]oxazole in 5N hydrochloric acid. After 15 min.,
the filtered solution was poured into aqueohs sodium fluoroborate
.(350mg., in 5ml.) and the resulting diazonium flﬂoroborate was
filtered off and dissolved in dimethylformamide (3ml.). This
solution was added to a solution of sodium borohydride (1 g.) in
dimethylformamide (5ml.) at 0°.and after 5 min. the mixturé vas
poured into ice and dilute hydrochloric acid. The precipitate

was collected, washed with a little water, dried and sublimed to
give 2-pheny1naphth[1,27g]oxazole (87%), crystals, m.p. and mixed
" m.p. 130-131" identical with an authentic specimen.1

Similar deamination of Q;Amino—z-methylnaphth[1,2ﬁg]oxazole

gave 2-methylnaphth[1,2-dloxazole (20%), identical with an authentic
specimen. |

Chromatography of naphfho[l,S—cd[l,2,6]thiadiazine.—- Naphtho

| jl,8—cdnl;2,6]thiadiazine was prepared by the method of Beeéke%l7

(54%, m.p. 188-140, 1lit., !

142.5-144), The thiadiazine in carbon
tetrachloride solution was adsorbed on to & neutral alumina column.

Elution with ether gave 1,8-diaminonaphthalene (70%) identical with
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an authentic sample.: Similar adsorption folléwed by elution wifh
acetone gave 2,2-dimethyl-l,3-dihydroperimidine (86%) m.p. 1'16--117°
(Founds C, 78.85 H, 7.0; N, 14,3, Cy5lly 4Ny requiress C, 78.75; i, 7.1;
N, 14.156%); V max, 3350, 3280 cm, ) (N-H); T 2.7-3.8 (m, 64 aromatic
H), 6.1 (broad s, 2H, NH), 8.75 (s, 6H, CHS).‘q/e 198, 183, 182 (-054),
1,8-Diaminonaphthalene was adsorbed on to neutral alumina. Elution
with acetone gave an identical sample of 2,2-dimethyl-1l,3-dihydro-

perimidine (76%).

Attempted preparation of the phthaloyl.derivative of 1,8~ diamino-

naphthalene (14a).
1,8-Diaminonaphthalene (7.9g., S0mmole) and diethyl phthalate

(11.1g., 50mmole) were stirred in dimethylformamide (25ml.) at

0-5° for 20 min. Sodium hydride (4.8g., 50% oil dispersion, 100mmole)
was added to the solution and the mixture was heatea on a steam

bath for lhr. Addition of dilute hydrochloric acid (125 ml.)

gave 1,2-di(perimidin-2—yl)benzene vhich crystallised as orange

prisms from dimeth ylfor mamide-water, m.p. 300° (decomp.) (Found:

28H18N4 requires: C, 81.95; H, 4.4; N, 13.850%);
1

V Lax. 1635, 1600, 1382, 1345, 1285, 1032, 830, 772, 718 and 700 cm.™

C, 81.0; H, 4.6; N, 13.2. C

w/e 410, 242. (m/e required 410).

5-Amino-2-phenylbenzoxazole, — The 2,4~dinitrophenylester of

benzoic acid (1.0g., 3.5mmole) was suspended in acetic acid (20ml.)
and a solution of stannous chloride (8g.) in hydroéhloriq acid
(20ml.) vas qdded dropwise; the mixture was then stirred at rooum
temperatﬁre for 4hr. The mixture was basified by slow addition'

of aqueous sodium hydroxide solution, keeping the temperature below
300, and then extracted with ether (2x50ml1.). The ether layer

was dried over anhydrous sodium sulphate and then evaporated to

give 5-amino-2-phenylbenzoxazole (600mg., 83%) which crystallised

12

o ° )
from ethanol as colourless needles m.p. 150-151 (lit., 9 151-152 ).
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5-Amino-2(4-methoxyphenyl )benzoxazole.—~ The 2,4-dinitrophenyl

ester of anisic acid was reduced in a similar manner to give

: 5—amino-2(4—methoxypheny1)benzoxazole ({35%) which sublimed under

reduced pressure as colourless needles m.p. 146-147". (Found:

c,69.8; H,4.95 N, 11.95, CI4H12N202 requires: C,70.0; H,5.05;

N, 11.65%); 9 3430, 3310 (NH,) ca,”}

2-Phenylbenzoxazole., — Reduction of o-nitrobenzamidobenzene

in a similar manner, followed by heating under reflux for 30 min.,

gave 2-phenylbenzoxazole (87%) which sublimed as colourless needles

@.p. 101° (1it.)18 101°).

3-Aminobenzanilide.— 3-Azidobenzanilide (1l.4g., 5.9mmole)

and sodium borohydride (SOmg.) in isopropyl alcohol were heated
under reflux for 2hr. The solvent was removed by distillation
under reduced pressure and the residué partitioned between methylene
chloride and water. The organic layer was separated, dried over
anhydrous magnesium sulph;té, and removéd by distillation under
reduced pressure to give 3-aminobenzanilide (1.0g.,87%) which
crystallised from ethanol as colourless needles m. p. 123-124°
(1it., 125°),
3-Amino-p-methoxybenzanilide. — A similar reduction of
3—aiid012-methoxybénzanilide gave S—aminofErmetgoxybenzanilide
(77%) which crystallised from ethanol as colourless needles m.p.
101-102", |
1-Benzamido-8-hydroxylaminonaphthalene.— Zinc dust.kSOOmg.)
was added to a solution of l-benzamido-8-nitronaphthalene (205@g.,
A-0.7mmole) and ammonium chloride (500mg.) in water (2ml.) and
- ethanol (2m1.)land the mixture was stirred for 15min. The
unreacted zinc was filtered off to give a solution of 1-benzamido-8-

hydroxylaminonaphthalene, (positive test with Tollens reagent).
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6. Synthesis of 1,3- and 1,5-Dihydrobenz[cd]indazoles, ——

(a) From Dimethyl 1,2-Dihydrobenz[cd]indazole-l,2-dicarboxy1ate.

A mixture of dimethyl 1,2-dihydrobenz|cd]indazole-1,2-dicarboxylate
(500 mg.) and 0.5M ethanolic sodium hydroxide solution (lOml.)

was allowed to stand for 3hr. under nitrogen. The resulting

purple solution was poured into waier (250ml.) and extracted

with ether (3x75 ml.). The coumbined ether extracts were dried
(MgSO4) and evaporated to give a mixture of 1,3- and 1,5-dihydro-
benzindazoles (7lmg., 40%). Sublimatioﬁ tollowed by crystallisation
from benzene géve needles m.p. 156—158°'(sea1ed tube) (Found C,77.2;
" H, 5.2;5 N, 17.4. C, H. N, requires C, 76.9; H, 5.15; N, 17.95%).

1082
gb! From 5,8-Dihydro-l-naphthylamine. — Reduction of l-naphthylamine

in xylene with sodium ethoxide using the method of Pheninger and
his co-workers gave 5,8-dihydro-l-naphthylamine hydrochloriﬁe%l9
Treatment with acetic anhydride in warm benzene gave 5,8-dihydro-
l-acetamidonaphthalene m.p. 161-162°(1it. 'Y 184°).

(i) 5,8-Dihydro-l-naphthylamine hydrochloride_(sg., 0.0275 mole)
was suspended in acetic acid (50ml.) and amyl nitrite (4ml.,0.0295
mole) was added during 10 miﬁ. while keeping the.temperature as
low as possible. After a further 10 min., cold ether (400 ml.
-20°) wag added to give a precipitate of the diazonium ch}oride.
The ether was decanted and a solution of triethylamine (2g.) and
acetic acid (1.2g.) in chloroform (200ml.), cooled to —20°, was
added to tﬁe diazonium chloride. The mixture was then allowed
to stand in the dark under nitrogen at room tewmperaturc for
18hr. The solvent was evaporated and the residue was extracted

with 2N hydrochloric acid (2x50 ml.). The acid extracts were

neutralised with sodium carbonate and reextracted with ether.



8e,

After drying, evaporation gave an identical mixture of 1,3-.ana
i,5—dihydrobenzindazoles (12%) (after sublimation). '
(11) 5,8-Dihydro~l-acetamidonaphthalene (5g.) was disgolved
" in hot acetic anhydride (SOml.) which was then cooled to give
a suspension. Dry nitrosyl chloride was passéd into the
suspension, maintained at 0—5; until a clear solution was
obtained. This was poured into ice-water (500 ml.) to give an
0il which solidified to a pale yellow solid after washing with
water, This solid was dissblved in benzene (50 ml;) and after
drying (Mgso4), the solution was fefluxed for lhr. under
nitrogen. The benzene was then evaporated and the residue treated
a8 above to give a mixture of 1,3- and 1,5-dihydrobenzindazolcs
(11%).

Separation of 1,3- and 1,5—Dihydrobenz[od]indazoles. — This

vas carried out by preparative t.l.c. on silica gel under nitrogen.
The plate was eluted three times with ether to give a good
separation. The separated isomers, in their order of elution,

had the fdllowing characteristics:~ "

@e P ;48-151° (decomp) V nax, 3160 cm. ) (broad NII); A nax, 328
(shoulder) (log.E 3.81), 310 (3.88), 225 (4.20)mp; T 1.0

(broad s, 1H, NH), 2.5-4.0 (m, 5H, aromatic and vinylic ﬁ),

8.1 (broad unresolved m, 2H, allylic H);m/e 156, 155, 128, 127.

m.p. 153-156° (decomp.); V 5, 3160 cm.”! (broad NB); A 337

ma maxe

(log. € 3.67), 323 (3.76), 311 (3.6), 298 (3.46), 287 (3.34), 225
(3.93) apd; T 0.85 (broad s, 1H, NH), 2.5-4.0 (m, 5H, aromatic and
vinylic H) 6.1 (broad unresolved m, 2H, allylic H); m/e 156, 155,

128, 127.

Dihydrobenzindazoles refers to the mixture of 1,3- and 1,5-dihydro-

isomers obtained by sublimation of the crude reaction product.
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Dimethzl 1,2-Dihydrdbenz[cd]indazole-l,2—dicarboxylate.-— Methyl

chloroformate (310mg.,3.3mmole) in methylene chloride (2.5 wl.)
was added dropwise below 5° to a ﬁixture of dihydrobenzindazoles
(250 mg., l.6mmole) and triethylamine (350 mz., 3.5mmole) in
methylene chloride (5ml.). The reaction mixture was allowed to
varm up to room temperature and to stand for 1.5hr. Evaporation
gave a residue which was subjected to preparative t.l.c. on
silica gel. Elution with 1:1 ether-petroleum gave dimethyl
1,2—dihydrobeﬁz[cd]indazole—l,2—dicarboxyla£e (25%) m.p. and

1

mixed m.p. 128-130°. (lit.,” 131-132°).

2,3-(1,8-Naphtho)phthalaz-1,4-dione. — A mixture of
dihydrobenz[cd] indazoles (135 mg.) and phthaloyl chloride (177 wg.)
~ was maintained at 100° for lhr. The resulting mixture was
chromatographed on silica gel. Elution with 30% ether-petroleum

gave 2,3-(1,8-naphtho)phthalaz-1,4—dione (20%), pale'yellow

needles from ether-petroleum, m.p. 239-240°. (Found: C, 74.8;
, 3.4; N, 9.1. €, H N0, requires.C, 75.5; I, 3.5; N, 9.8%)3
V pax. 1670 (C=0), /e 286 (m/e required 286).

Benzoylation of Dihydrobenz [cd] indazoles. — Benzoyl chloride

(150 mg.) was added to a solution of dihydrobenzindazoles (150 mg. )
in methylene chloride containing a little pyridine. After 2hr.,
evaporation, followed by preparative t.l.é. of the residue, gave
"on elution with 1:1 ether-petroleum l-benzozl-l,3(5)dihzdrobenz
[cdlindazole (20%). This was a single homogeneous product(t.l.c.)
m.p. 116-117° (from.ether) (Found: C, 78.3; H, 5.00; N, 10.9
C,qH,oN,0 requires C, 78.45; H, 4.65; N, 10.75%); v nax., 1679
(C«0), mw/e 260 (m/e required 260).

Phenacylation ot Dihydrobenz(cdlindazoles, — Phenacyl brouide

.(2.4g.,0.012 mole) in benzene (10ml.) was added dropwise at room
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.temperature to a mixture of dihydrobenzindazoles (936 mg.,0.006
mole) in benzene (35 ml.) containing pyridine (316 mg.). After
30 min, pyridine hydrobromide was filtered off and the benzene
solution was iashed with dilute bydrochloric acid to remove
unreacted indazoles. ELvaporation gave a residue which was
cﬁromatographed on silica gel. Elution Qith 1:1 ether-petroleum

gave l-phenacyl-1,3(5)~dihydrobenz [cd]indazole (17%). This was

a single homogeneousproduct (t.l.c.), plates m.p. 136-137" (from
ether~petroleum). (Found: C, 78.2; H, 5.6; N, 10.3. CISH14N2O

requires C, 78.8; H, 5.15; N, 10.2%); V 1685 (C=0);T1.85-4.15

(my 10H, aromatic and vinylic H), 4.4 (s, 2H, N-CH,~CO Ph), 6.25
(broad unresolved m, 2H, allylic H);'m/e 274 (w/e required 274).

Diphenylacetylation of Dihydrobenz[cd]indazoles., — Excess of

diphenylketene(Bmmole) was added to a mixture of dihydrobenz-
" indazoles (156 mg.,lmmole) in methylene chloride. After 3hr.
the'resulting solution was evﬁporated onto silica.gel for chroma--
tography. Elution with 25¢ ether-petroleum gave, as a single

homogeneous product (t.l.c.), 1-(dipheny1acetyl)-1,3(5)dihxdrobenz

[cdlindazole 203 mg. (50%) cubes from ether-petroleum m.p. 164—
[}

166 . (Found: C, 82.2; H, 5.7; N, 7.7. CouHy gNo0 requires

C, 82.25; H, 5.2; N, 8.0%); ¥ ___ 1695 cm.” ' (C=0){T1.75-4.0

(m, 16H, aromatic and vinylic H), 6.15 (broad s, 2H, allylic H),

m/e 350 (m/e required 350).

Benzylation of Dihydrobenz[cd]indazoles. —— A slight excess of

benzyl bromide (260 mg;,2.2mmole) was added to -a mixture of
dihydrobenz [cd]indazoles (312 mg.,2.0mmole) in ethanol (5ml.)

at 0°. After lhr. at 20° and lhr. at 45° the resulting solution‘
. was evaporated onto silica gel for chromatography. Elution with

25(% eéther-petroleum gave, as a single homogeneous product (t.l.c.)
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l-benle—l,3(5)dihydrobenz[cd]indazole. 10 mg. (4%) cubes from

ether m.p. 124-125". (Unsatisfactory analysis);Q @ax. 1641,

1610, 1490, 1350, 1155, 800, 735 cm. "L T 2.5-3.45 (@, 101, aromatic
and vinylic H) 4.55 (s, 2H, CH2-Ph), 6.2 (broad unresolved m,

2H, allylic H),

1 - Benzqyl-2-methoxycarbonyl-1,3(5)dihydrobenz[cd]indazole.——

Methyl chloroformate (250 mg.,2.65 muole) in methylene chloride

(2 ml.) was added dropwise at 0o to a mixture of 1—benzoy1-1,3(5)
dihydrobenzlcdlindazole (262 mg., 1.0mmole) and triethylamine

(101 mg., 1.0mmole) in methylene chloride (15 ml.), The reaction
mixture was allowed to warm to room temperature and to stand for
15hr. Evaporation gave a residue vhich was subjected to preparative
telec. on silica gel., Elution with 1:1 ether-petroleum gave

1—benzoy1-2-methoxycarbonyl-l,3(5)dihydrobenz[cd]indazole (21%),

vacuum sublimation gave colourless needles m.p. 114—115°; v max

1750 (cozcué), 1698 cm.”} (coph);T 1.8-3.7 (m, 11H, aromatic H),
8.2 (s, 3H, CO,CH,); m/e 318, 223 (-PhC0) (m/e required 318);
no satistactory analysis was obtained due to decomposition to a

blue polymeric substance even on standing at 0.

7. Oxidation of 1,2—Dihydrobenz[cd]indazole.

(a) With lead tetra—acetate.— Lead tetra—acetate (910 mg., 2.05

‘ mmole) was added all at once to a mixture of dihydrcobenz[cd]indazoles
in methylene chloride at -70°. After stirring for #min., diphenyl-

- ketene(500 gg.,2.5 mmole) was added agd the reactign mixture |
allowed to warm to 20° and to stand for 15hr. The lead salts
were filtered off and the resulting solution was evaporated onto

| silica gel for chromatography. Elution with 70/% ether-petroleum

gave an unidentified subs#ance (150mg.) which crystallised.as

mauve prisms from ether-petroleum m.p. 295° (decomp.) s (Found:C,SO.Q;
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H, 5.65; N, 6.6. C, H ;N0 requires: C, 82.25; H, 5.2; N, 8.0%) 3

v max. 1700, 1490, 1445, 1370, 1330, 1155, 1110, 800, 745, 695
cm. Y5 T 2.0-3.1 (m); w/e 350, 320, 232,

Oxidation of dihydrobenzindazoles with lead tetra-acetate
. in the presence.of tetracyclone and 2,3-dimethylbutadiene gave

only intractable tars and oils,

(b) With t-butylhypochlorite. —— t-Butylhypochlorite (1.1 mmole)

was added to a solution at —-60° of dihydrobenzindazoles (156 mg.,

1 mmole) in methylene chloride (5.ml.). The reaction mixture was
allowed to warm to room temperature and to stand for 15hr, The
resulting solution was evaporated on to alumina for chromatography.
Elution with 25% ether-petroleum gave an amorbhous yellow powder
50 mg., m.p. 159-165°. Elution with 35/ ether-petroleum gave an
unidentified substance which crystallised from ether-petroleum

‘as yellow plates, (8 mg.) m.p. 117-119°; ¥ g, 3450, 1625, 1500,

1340, 1115, 950, 910, 792, 735 cm.”}; w/e 230, 229, 199.

(c) Other dxidis%ng agents, — Oxidation of dihydrobenzindazoles
. with manganese dioxide, silver oxide, mercuric oxide, N-bromo-
succinimide and N-chlorosuccinimide, with and without traps, gave
only intractable tars and oils.

8. Deoxygenation of Benz[cd]indazole 1,2-dioxide and Bené[cd]

indazole l-oxide.

Benz [cd] indazole 1,2-dioxide and benz[cdlindazole l-oxide were
prepared by oxidation of 1,8~diaminonaphthalene with m-;hloroperbenzoic
acid, rather than p-nitroperbenzoic acid, but otherwise using the method
of Alder, Naizi and Whiting.l28 |

" Reduction of benz[cd]indazole 1,2-dioxide to the monoxide, ——

A solution of benz fd]indazole 1,2-dioxide (186 mg., lmmole) in benzene

(5 ml.) was heated under reflux for 2hr. A little insolubls polymeric



67.

-material was filtered off and the solution evaporated on to
alumia for chromatography. Elution with chloroform gave
benz[cd]indazole l;otide (108 W 64%) identical to an authentic

specimen.

(2) With phosphorus trichloride. — Phosphorus trichloride

(408mg., Sumole) was added to a solution below 5° of benz[cd]
indazolé l-oxide (101 mg., O.6mmole) and diphenylketene (1lg.)
in methylene chloride (3 ml.). A trace of polymeric material
was filtered off and the soluﬁion evaporatedon,tq silica gel
for chromatography. Elution with ether gave an unidentified wauve
substance (29 mg.) which crystallised from ether-petroleum As
meuve prisms m.p. 209-210 , (Found: C, 78.3; H, 4.7; N, 3.7%);
U ax, 1695, 1680, 1380, 1145, 1035, 807, 730, 700 R
w/e 516, 322.

Deoxygenation of benzlcdlindazole 1-oxide with phosphorus
.trichloride alone and in the presence of 2,3-dimethylbutadiene

~gave intractable tars and oils.

(b) With other deoxygenating agents.— Deoxygenation of

benz [cd] indazole l-oxide with dichlorocarbene, triethyl phosphite
and, stannous chloride with and without the presence of traps

gave only intractable tars and oils.
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ATTEMPTED PREPARATION OF BENZ[cd) INDOLE AND ITS DERIVATIVES.

1. Preparation and Decomposition of Methyl 8-~Azido-l-naphthoate,

~ 8-Amino-l-naphthoic acid.— Naphthostyril (1.69g., 10mmole) in

2N aqueous sodium hydroxide solution (50ml.) was heated on a steam
bath for 5hr. After‘cooling, the solution was néutralized‘to

pH 7.0 by careful addition of 2N hydrochloric acid, with external
..cooling to keep the temperature at about 10°. The precipitate was
filtered off and washed with brine (20% w/w) and dried in a
desiccator to give 8-amino-l-naphthoic acid (1.3g., 6%)

Methvyl BQAmino—l-naphthoute.-— A solution of diazomethane in

ether was added dropwise at 0° to a suspension of 8-amino-1-
naphthoic acid (l.1g., 6mmole) in ether (20ml.) until mo more gas
vas evolved. The mixture was stirred for 30min. allowing the
temperature to rise to 26,. Unreacted 8-amino-l-naphthoic acid

vas removed by filtration and the solvent was evaporated under

reduced pressure to leave methyl 8-amino-l-paphthoate (1.15g.,
98%) which crystallised from ethanol as'pale yellow needles m.p.
89-90 . (Found C,71.3; H, 5.3; N, 6.85. C,oMt; N0, requiress
C,71.6; 1,5.5; N, 6.955);V nux, 3430, 3350 and 1690 cm.”Y; w/e

201, (m/e required 201).

Methyl 8-Azido-l-naphthoate.,— Sodium nitrite (260mg., 3.8umole)

in water (2ml.) was added dropwisé at 0° to methyl 8-amino-1-
naphthoate (702mg., 3.5mmole) in 2N hydrochloric acia (20m1.)
and the mixture was stirred tor 20min. Sodium azide (1lg.) in
water_(5mi.) was added dropwise over 15wmin. to the diazonium
golution at 0° and the precipitate was filtéred off, washed well
with water, and dried in a desiccator under reduced pressure to

give methyl 8-azido-l-naphthoate (670 mg., 85(%) which crystallised
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. from ether-petroleum as colourless prisms m.p. 77—78°, (Found:

c, 64.2; H,3.95; N,18.1, 012H9N302 requires: C,63.45; H,4.03
QN -1

N,‘18.5ﬁ), Vv max, 2120 (N3) and 1725 cm, (cogcua).

Decomposition of Methyl 8~Azido-l-naphthoata.

(a) By photolysis, — Methyl 8-azido-l-naphthoate (227mg.) in

benzene (100ml., 10—2M solution)vwas irradiated at 20° for 15hr.
using a pyrex Hanovia medium pressure lamp., The solvent was
evaporated on to silica gel for chromatograpﬁy. Elution with
10% ether-petroleum gave naphtholactam-O-methyl ether (5mgz.)

as red needles, m.p. 103-104"; V oy, 1630, 1432, 1280, 1200
1045, 832, 800, 770 cm.”Y; w/e 183, 154, 128.

(b) By pyrolysis.—— Methyl 8-azido-l-naphthoate (227wg. , 1mm01e)

in 1,2,4-trichlorobenzene (2ml.) was added to refluxing 1,2,4-
trichlorobenzene (10ml.) and heated under reflux for a further
Smin., The solvent was removed by distillation under reddced
pressure and the residue was extracted with warm chloroform

" (2x5ml.), which was évaporated onto silica gel for chromatography.
Elution with 10% ether-petroleum gave red needles of 8,8/ -methoxy-

carbonzl-l,ll-azonaphthalene (12mg., 6%), (Found: C,72.15; H, 4.4;

N, 7.25. C, H) N0, requires: C, 72.35; H,4.55; N, 7.05%);f,

v max. 1728 (c=0), 1432, 1280, 1200, 832, 800, 768 cm.‘l, w/e 398,

339, 213, 185, (m/e required 398).

" 2, Deoxygenation of 8-Nitro-l-naphthylmethylketone and Methyl -

8-Nitro-l-naphthoate with Triethyl Phosphite.

Methyl 8-nitro-l-naphthoate.~— 1-Naphthoic acid was nitrated

by the method of Rule and Barnet‘t}24 and converted into the ester
by the method of Koelsch and HoffmannlZ® Methy! 8-nitro-1-
naphthoate (507mg., 2.2muole) was.heated under reflux in triethyl

phosphite in an atmosphere of nitrogen for 2hr. The excess of



70.

triethylbhosphite was removed by distillation under reduced
pressure. The residue was extracted with warm chloroform

(2 x 15m1.) and évaporatedon to silica gei for chromatography.
Elution with 1% ethanol-ether gave naphthostyril.(30mg., 8%)
w.p. 180-181° (1it., 181°), having an identical i.r. spectrum
to that of an authentic sample. Elution with 5@ ethanol-ether

. gave diethyl N;(1—methoxycarbonxl-S—naphthy])pilosphoramidate

(25mg., 3%) as colourless needles m.p. 151—152°,'(Found= C,56.85

16H20N0sF requires: C, 56.9; H, 5.95; N, 4,5%) 3
1

oln&x 3150, 1710, 1450, 1230, 1020, 1000, 965, 790, 762 cm.  ;

H, 6.1; N, 4.25. C

w/e 337, 309, 281, 263. (m/e required 337).

8~Nitro-l-naphthylmethylketone., -~ l1-Naphthylawine was nitrated
' 126
by the method of Derkosch and Spiteller to give a mixture. of

8-nitro and 5-nitro-l-naphthylmethylketone. The 8-nitro-1-
naphthylmethylketone was separaied by fractional crystallisation‘
from gl&cial acetic acid to give pale yellow needles, m.p. 130-131°,

1264 130°). Deoxygenation of 8-nitro-l-naphthylmethylketone

(1it.,
with triethyl phosphite gave intractable wmaterial.

3. Preparation of 1,2-Dihydrobenz[cd]indole.

Lithium aluminium hydride (50mg., lamﬁole) was added to a
solution of naphthostyril (lg., 5.9mmole) in dioxane (20ml.) at
504600.' After stirring for 15min. at this temperature the reaction
mixture was cooled and water (5ml.) was carefully added. The
resulting mixture was poured into 2N sodium hydroxide solution
and extracted with ether (2x25 wl.). The combined extracts were
washed well with water, dried over anhydrous magnesium sulphate,
and evaporated under reduced pressure to give 1,2-dihydrobenz
[cd]indole; which sublimed under vacuum as colourless prisaus,.

m.p. 80°(decomp.) having identical i.r. spectra to an authentic
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samp1e®7;T 2,3-3.1 (m, 5H, aromatic 1), 3.65 (d, 1H, J=3.5 c.p.s.,
CSH), 5.25 (s, 2H, CH2), 5.85 (broad s, 1H, NH).

4, Oxidation of 1,2—Dihydrobenz[cd]indole with Manganese Dioxide.

(a) In benzene., — Dry freshly prepared manganesé dioxide (5g.)
in dry benzene (50mi.) was heated under refiux in a Dean and Stark
apparatus for lhr. to remove any traces of moisture. 1,2—Dihydfobenz
[cdlindole (420mg., 2.7mmole) in dry benzene (5ml.) was added and.'
the mixture was heated under reflux in the Dean and Stark apparatus
for 2hr. The insoluble material was removed by filtration and the
benzene solution evaporatedon to silica4ge1 for chroﬁutography.

Elution with 35% ether—petrolehm gave gir2-benz[cd]indolzl ether

(40mg., 9%) which crystallised from ethanol as red needles, m.p.

- 284-285°, (Found: C, 82.0; H, 3.6; N, 8.8. C_ H N0 requires:
2271272

C, 82.5; H, 3.8; N, 8.75%); Omax 1655, 1370, 1310, 1248, 1068,

832, 760 cm.”l; m/e 320, 292, 264, 146. Elution with 505 ether—

petroleum gave E}(2—benz[cd]indolyl)—naphthostyril (GSmg., 15%)

which crystallised from ether-petroleum as straw-coloured needles
w.p. 232-233°, (Found: C, 82.7; H, 3.9; N, 8.6. Coolly N0 requires:
C, 82.5; H; 3.8; N, 8.750)3 0|3&x. 1730, 1472, 1450, 1382, 1330,
1260, 1170, 1060, 822, 762 cm.-l; m/e 320, 292, 264, 146, Elution
with 1% ethanol-ether gave naphthostyril (60mg., 13%) m.p. 179-180°.

Manganese dioxide (5g.) and benzene (50ml.) were thoroughly
dried by the method used above. 1,2—Dihydrobenz[cd]indole (420mg.,
2,7Tmmole) in dry benzene (Sml.) was added immédiately followed by
dry methanol (10ml.) and the‘mixture heated under reflux for 2hr.
The insoluble material was filtered off and the solution evaporated
onto silica gel for chromatography. Elution with 35% ether-

petroleum gave.di-2—benz[cd]indoly1 ether (2¢) m.p. 284-285°,
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Elution with 50% ether-petroleum gave N-(2-benzlcdlindolyl)-
naphthostyril (7%) m.p. 230—2320. Elution withllﬁ ethanol—etﬁer
gave naphthostyril (100 mg.,” 22%) m.p. 178-179 .

| (b) In methanol. — A mixtﬁre of 1,2-dihydrobenzl{cdlindole
(420 wg., 2.7mmole), freshly prepered dry manganese dioxide (5g.),
anhydrous magnesium sulphate (5g.) in anhydrous methanol was hecated
" under ref}ux for 12hr. with rapid agitation. The insoluble nmaterial
was filtered off and ‘the methénol solution was evaporated onto
gilica gelifor chromatography. Elution with 20% ether—peﬁroleum
gave an unidentified substance (20mg.) which crystallised from
~ether-petroleum as orange needles m.p. 157—158° (Found: C, 79.0;

n, 3.8; N, 8,05, C requires: C, 78.55; H, 3.6; N, 8.35%);

ooty oNo00
9 1510, 1490, 1395, 1350, 1222, 1085, 1000, 818, 790, 778,

761, 751 cm.~1; m/e 336, 321, 306, w/e required for 022H12N202 333,
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ROUTES TO AZABENZOCYCLOBUTADIINE,

1. Preparation of Ilydrazones.

o-Aminobenzaldehyde. — o-Nitrobenzaldehyde was reduced by

the method of Mann and Wilkinsonlszto.give o—~aminobenzaldehyde
which was burified by steam distillation to give pale-yellow
leaflets m.p. 38-39°(1it.}32 39-40°).,

o—Aminobenzaldehyde hydrazone.— gyAminobenzaldehyde (lg.,

.8.25mmole) in ether (5m1.)-was added dropwise to hydrazine

hydrate (10ml.) at 10 °witﬁ agitation. The mixture was then warmed

to 45° allowing the ether io evaporate off. After 30min. at this
temperature the reaction mixture was cooléd to 15° and the precipitate

of o-aminophenylketazine (25mg., 2) m.p. 246-248° (lit.,
filtered off. The filtrate was poured into water (50ml.) and the
precipitate tiltered off, washed well with cold water and dried
in a desiccator to give graminobenzaldehyde hydrazone (600 mg.
49%) which crystallised from benzene-petroleum as pale-yellow

. o 3 [}
leaflets m.p. 59-60 (lit., 62 ). ~

grAminoacetopheﬁone-hydrazone. — grAminoacetophenone.hydfo—

chloride'(l.Sg., llmmole) was added to glacial .acetic acid (8m1.)
and hydrazine hydrate (10ml.) and the mixture was heated under
reflux for lhr. After cooling the precipitate was filtered off to

give o-aminophenylmethylketazine (25mg., 1%) which crystallised

from ethanol as yellow leaflets m.p. 161r162°, (Found: C, 72.0;

H, 7.0; N, 20.8, C requires: C, 72.15; H, 6.8; N, 21.05%);

16H18N4
V' oy, 3350, 1610, 1580, 1250, 1357, 740 cm.”Y; wle 266, 251,
235, 133 (w/e required 266). The filtrate was poured into water
(75m1.) and the product extracted with ether (2 x 20m1.). The

ether solution was dried over anhydrous magnesium sulphate and the
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- 80lvent removed by distillation under reduced pressure to give
o-aminoacetophenone hydrazone (1.2g., 73%) as a straw coloured
0il, (Found C, 63.8;°H, 7.2; N, 28.45. Calculated for

CgH N5 C, 64.4; H, 7.45; N, 28.15%); v max, 3340, 3380, 3290

cm.”}; w/e 149, 133, 118, 91, (u/e required 149).

o-Aminobenzophenone hydrazone.—— Similar treatment of

o-aminobenzophenone with hydrazine hydrate in glacial acetic

acid gave o-aminobenzophenone hydrazone (62%), which crystallised
from ethanol as colourless prisms m.p. 141—1420, (Fbund: C, 73.4;

H, 6.0; N, 19.45, C N, requires: C, 73.9; H, 6.2; N, 19.9%);

13%13N3
v nay. 3450, 3360, 3270 cm.-l; w/e 211, 181, 165 (m/e required

211).

2., Oxidation of the Hydrazones with Lead Tetra—acetate.

o-Aminoacetophenone hydruzone. = Lead tetra-acetate (3.9g.,

8.8mmole ) was added to a stirred solution of o—aminoacetophenone
hydrazone (596mg., 4mmole ) in methylene chloride (30m1.) at\20°.
(Some gas was evolved). After stirring for 2hr. the lead s;lts
were filtered off and washed with methylene chloride (10ml.).
The combined filtrate and washings were evaporated mlto basic
alumina for chromatography. Elutién with 25%-ether—petroleum gave
a yellow oil (30mg.); V max. 1735, 1612, 1445, 1365, 1235, 1040,
750 cm.-l; m/e }77, 162, 148, 135, 120, 92. (N&vandlysis vas
obtained). Elution with ether gave a yellov—orange oil (125mg.)
vV max. 3450, 3330, 16850, 1610, 1582,f1450, 1340, 1310, 1300,
1240, 1160, 950, 750 cm.fl, m/e 234, 198, 180; 165, 152, 138,

(No analysis was obtained). Elution with 2% ethanol-ether gave

a dark brown amorphous powder (200 mg.) which decomposed on

heating. (A recent examination of this oxidation 134 has shown
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that elution with 50% ethyl acetate-ether gives 4-methylbenzo-1,
2,3-triazine (35%). ).

Similar oxidations at lower temperatures in the absence and
presence of cyclopentadiene gave only intractable tars and 0ils.

o-Aminobenzophenone hydrazone. =— A similar oxidation of

o-aminobenzophenone hydrazone with lead tetra-acetate, but with
chromatography on silica gel, gave on elution with ether
4-phenylbenzo-1,2,3-triazine (72%) which cr&stallised from ethanol
| as colourless needles m.p. 155—1560, (Found: C, 75.5; H, 4.6;
N, 20.25. C, H N, rgquires: C, 75.35; H, 4.4; N, 20.3%); ax.
1610, 1565, 1390, 1362, 930, 780, 704 cm.—l; A max, 208 (log.E
3.86), 232 (4.1), 293 (2.95) my; m/e 207, 179, 152. (mw/e required
207).

Similar oxidations in the presence and absence of cyclopentadiene
at -30° gave 4-phenylbenzo-1,2,3-triazine in (86%) and (78%) yield
respectively. | |

Oxidation of‘graminobenzophenone hydrézone with only 1 molé/mole

of lead tetra-acetate gave 4-phenylbenzo-1,2,3-triazine (20%).

' o-Aminobenzaldehyde hydrazone.— Oxidation at —30° of

o—-aminobenzaldehyde hydrazone with 2.2 mole/mole of lead tetra-
acetate in methylene chloride gave only intractable material,

3. Oxidation of o-Aminobenzophenone hydrazone with Nickel Peroxide.

Nickel peroxide (400 mg.) was added to a solution of o-aminobenzo-
phenone hydrazone (400 mg., l.9mmole) in methylene chloride at 0°
and the temperature allowed to warm to 20° and stirred for a further
48hr. The inorganic material was filtered off and washed with
methylene chloride (Sml.). The filtrate .and washings were'combined

and evaporated onto silica gel for chromatography. Elution with
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707 ether- petroleunm gave an unidentified substance (80mg.)
which cfystalliséd from ether-=petroleum as yellow prisms wm.p.
82-84°, (Found: C, 82.25; H,6.4%); V oy, 3360 (broad), 1618,
1600, 1580, 1500, 1450, 1310, 1250, 1155, 1025, 749, 698 cm.-;;
m/e 381, 364, 196. Elution with 85% ether-petroleum gave a mixture
of the unidentified substance andigraminobenzophenone hydrazone,
'(lOOmg.). Elution with 90 ether-petroledm gave a mixture of
o-aminobenzophenone hydrazone and 4-phenylbenzo-1,2,3-triazine
(100mg.). Elution with ether gave 4-phenylbenzo-1,2,3-triazine
(78mg., 20%) @.p. 153-154°, mixed m.p. 153-154 .

4, Preparation of Azides.

All the azides were prepared in a similar way. Sodium nitrite
(665mg., 9.6mmole) in water (5ml.) was added dropwise to a
solution at 0° of o-aminoacetophenone hydrochloride (1.51g., 9mmole)
in 0.5N hydrochloric acid (20ml.) and the mixture was stirred for
15min. Sodium azide (1.14g., 17.5mmole) in water (10ml.) was
added dropwise to the diazonium solution and the resulting mixture
was extracted with ether (2 x 25au1.). The combined extracts were
dried over anhjdrous magnesium sulphate and the solvent was
removed by distillation under reduced pressure to give graziﬁo—
acetophenone (1.2g., 835%) as a straw coloured oil. (Found:
c, 59.8; H,.4.45; N, 25,7, Calculated for CSH7N50= C, 59.63;
H, 4.4; N, 26.1%); V max. 2120, 1680 ca,

5 w/e 161, 133,
(m/e required 161). .
o-Aminobenzophenone gave o-azidobenzophenone (62%) as a straw

coloured o0il, (Found: C, 70.1; H, 4.03 N, 19.15. Calculated for

C,3HgN30 C, 69.95; H, 4.05; N, 18.85%); V max, 2120, 1665 cm.'l;

m/e 223,.195, 167, (m/e required 223).
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o-Aminobenzaldehyde gave o-azidobenzaldehyde as straw coloured

prisas from ether-petroleum m.p. 32-34° (1it.}3% 37.5°), (35%).

o~-Aminophenylmethylketazine gave o-azidophenylmethylketazine (45%).

as a straw coloured oil. (Found: C, 60.8; H, 4.7; N, 34.3, A
161 4Ng requires: C, 60.35; H, 4.45; N, 35.2%), V max, 2120 cm.-l;

m/e 318. (m/e required 318).

c

5, Attempted preparation of the azidohydrazones.

. o-Azidoacetophenone (1g., 5.7mmole) in glacial acetic acid
(5ml.) and hydrazine hydrate (6ml.) was heated under reflux for
30min, The solution was cooled and poured into water (75m1.)
and e#tracted with chloroform (2 x 20m1.).. The chloroform extract$
were washed well with water and dried over anhydrous magnesiuam
sulphate. Evaporation under reduced pressure gave 3-methylindazole
(80%) as pale-yellow needles m,.p. 102—1036. Crystallisation from
ether-petroleum gave colourless needles m.p. 108-109 ° (lit.}Ss
113°) ¥ nax, 3180 cm.fl; A nax., 218 (1og € 3.96); 255 (3.57),

289 (3.74), 293 (3.73), 302 (3.71)ap; wuw/e 132, (w/e requiréd
182); picrate m.p. 197° (1it.°® m.p. 199°),
Similar treatment of o-azidophenylmethylketazine gave intractable
material contaiﬁing no 3-methylindazole (t.l.c.).
o-Azidobenzophenone was treated in glacial acetic acid with
hydrazine hydrate in a similar manner to above, but witH an
increased reaction time of 10hr. The final extraction wiﬁh ether
gave 3-phenylindazole (92%), which crystallised from ether-
petroleum as colourless needles m.p. 107-1080, (lit.}37 107-
-~ 108").
o~-Azidobenzaldehyde was treated in glacial acetic acid with

hydrazine hydrate in a similar manner, with a reaction.time of 4hr.
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~The final extraction with chloroform gave indazole (87%) which
crystallised from ether-petroleum as colourless needles m.p.
142-144°, mixed m.p. 143-145°, (lit., 146.5°).

6. Amination of Indazoles with Hydroxylamine~8-sulphonic acid.

3-Phenylindazole. =~ Ethanol was added to a stirred suspension

‘of 3-phenylindazole (1g., 5.15mmole)'in water (5ml,) at 60° until
all the crystals had dissolved. Solid potassium hydroxide (4.0g.)
was added followed by hydroxylamine-0-sulphonic acid104 (4.0g.)
at such a rate as to maintain the.temperature between 55-60 °,

The solution was stirred at 60° for 20min. and the excess of
ethanol was then removed by evaporation under reduced pressufe.
Just sufficient water was added to dissolve the precipitate of
potassium sulphate and the solution was extracted with chloroform
(3 x 20ml.>. The combined extracts were washed well with water,
dried over anhydrous sodium sulphate and evaporated onto alumina
for chromatogréphy. Elution with 90% methylene chloride-petroleum

" gave 2-amino-3-phenylindazole (80%) which crystallised from 

[]
ether-petroleum as colourless needles m.p. 112-113 , (Found:

C, 74.9; H,.5.33;N,19.65. C13H11N3 requires: C, 74.6; H, 5.3;
1

N, 20.1%); V nax, 3330, 3180 (Nﬂg) cm,” 3 A ox. 219 (1log€

4.15); 249 (3.69); 312 (3.8) up; T 2.4-3.4.(m, 9H, arowatic H),
3.85 (broad s, 2H, NHz); m/e 209, (m/e required 209). Anisylidene
derivative, m.p. 126—127° (colourless needles from ethanol),

(Found: C, 77.05; H, 5.3; N, 12.95, CyyH; ;N30 requires: C, 77.05;

H, 5.25; .N, 12.85%); v max. 1605, 1250, 1150, 1105, 1070, 1022,

952, 742 cm.” L. |

3-Methylindazole, —— A similar amination of 3-methylindazole

with hydroxylamine-0-sulphonic acid, gave on elution with
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o
methylene chloride, l-amino-3-methylindazole (45%), m.p. 116-117

(colourless needles from ether-petrol); (Found: C, 65.35; H, 6.2;

N, 28,75, C_H N, requires C, 65.3; H, 6.15; N, 28.55%), V

8793
3310, 3280, (NH2) cm.—l; A nax. 220 (log € 4.03), 258 (3.37),

maxe

300 (3.66)mp ; T 2.4-3.2 (m, 4H, aromatic H), 4.7 (s, 2H, NI ),

7.6 (s, 3H, CH,); m/e 147, 132, 104, (w/e required 147.). Anisylidene

derivative, m.p. 102-103° (colourless needles from ethanol); (Found:

Cc, 72.4; H, 5.85; N, 15.8; C 0 requires C, 72.45; H, 5.7;

161153
N, 15.85%); V nax. 1808, 1500, 1248, 1160, 1070, 1025, 830, 738 cm.”

Elution with 15/ ethyl acetate-methyleneAchloride gave 2-amino-3-

methylindazole (30%), m.p. 154° (colourless plates from ether-

petroleum); (Found: C, 65.1; H, 6.2; N, 28.4; CgigNg  requires:
' 1

C, 65.3; H, 6.,15;.N, 28.550); v max, 3800, 3160 (NI{2) cm. 3

M Loy, 220, (log€ 4.0), 278 (3.4), 300 (3.5)ap ; T 2.2-3.15

(w, 4H, aromatic H), 4.35 (s, 2H, NH,), 7.45 (s, 31, Ciy)s w/e
147, 132, 117 (m/e required 147). Anisylidene derivative, m.p.
115-116° (colourless needles from ethanol); (Found: C, 72.3;

H, 5.75; N, 15.7. C, H N0 requires: C, 72.45; H,5.7; N, 15.85%) ;
1

v . 1600, 1258, 1161, 1028, 832, 748 cm. .

Indazole. — A similar amination of indazole gave

l-aminoindazole (50%) and 2-aminoindazole (33%), identical in all

respects to authentic samples.138

3-Phenylindazole. — Amination with hydroxylamine-0-sulphonic

acid at ditferent temperatures and pH gave only the 2~-amino-3-
phenylindazole.

Amination of 3-phenylindazole with chloramine, —-—

3-Phenylindazole (lg., 5.15mmole) and sodium hydride (260 azg.,

50% dispersion in o0il, 5.2mmole) in ether (100ml.) were hezted

]
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ﬁnder reflux for 15hr. A solution of chloramine in ether 139

(5.5mmole) was added at -10° and the reaction mixture allowéd to warm to
20° and to stand for 15hr. The sodium chloride was filtered off and

the ether solution evaporated m to ulumipa for chromatography.

Elution with 90% methylene chloride-petroleum gave 2-amino-3-
phenylindazole (62%) m.p. 113-115 .

7., Oxidation of the Aminoindazoles with Lead Tetra-acetate.

(a). In methylene chloride.

2-Amino-3-phenylindazole. — Lead tetra—acetate (2.54g.,

5.75mmole) .was added to a solution of 2-amino-3-phenylindazole
(1g., 4.8mmole) in methylene chloride at 200, After stirring
for lhr, §he lead salts were removeq by filtratisn and washec
with a little methylene chloride (5ml.). The combined filtrate
and washings were evaporatedon to silica gel for chrdmatograyhy.
Elution gave 4—pheny1benzo-1,2,3-triazine~(80%) Q. Pe 153-1546,
mixed m.p. 153-1540. |

l-Anino-3-methylindazole., —~ A gimilar oxidation of

l-amino-3-phenylindazole with lead tetra-acetate gave,on elution
with 35% ethyl acetate-methylene chloride,4-methylbenzo-1,2,3-
triazine (71%), which sublimed under vacuum as éolourless prisms,

@e Pe 120-1210; (Found: C, 66.45; H, 5.65; N, 28.7. 08H7N3

requires: C, 66.2; H, 4.85; N, 28,95%); V max, 1608, 1570, 1250,
1208, 1141, 1018, 916, 825, 800, 762, 711l cm.-l; A max..207

(log € 3.58), 227, (4.0), 275 (2.83)mp ; T 1.45-2.2 (m, 4H, aromatic
H), 6.95 (s, 3H, CH;)5 w/e 145, 117 (m/e required 145).

2-Amino-~3-methylindazole.~~ A similar oxidation of 2-amino-3-

methylindazole with lead tetra-acetate gave, on elution with 350

ethyl acetate-methylene chloride, 4-methylbenzo-1,2,3-triazine (60j)
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[+] ]
m.p. 118-120, mixed m.p., 118-120 .

l-Aminoindazole.— A similar oxidation of l-aminoindazole
(f35mg., Smmole) at -30° with lead tetra-acetate gave a brown oil
(130mg.). Sublimation gave o-acetamidobenzaldehyde, 65 mg. (8%),
identical to an authentic semple., Similarly 2-aminoindazole gavel
o-acetamidobenzaldehyde (5). )

(b) In dimethyl sulphoxide.

2-Amino~3-phenylindazole.— Lead tetra-acetate (2.54g.,

5.75mmole) was added to a solution of 2-amino-3-phenylindazole
(1g., 4.8mmole) in dimethyl sulphoxide (25ml.) at 20, After
stirring for lhr., the mixture was poured inio wvater (IOOml.)

and extracted with ether (3 x 25ml.). The combined extracts were
washed well with water and dried over anhydrous magnesium sulphate.
The ether solution was evaporated onto alumina for chromatogréphy.
Elution with (70%) ether-petroleum gave an unidentified substance
(35mg.) which crystallised from ethanol as yellow needles m.p.
230-2310. (Fouﬂd: C, 73.45; H, 4.45 N, 19.50); V max. 1370, 1305,
1290, 1222, 1146, 1111, 1065, 780, 768, 741, 698 cm.-l; /e 194,
193,'165, 149, Elution with ether gave 4-phenylbenzo-1,2,3-triazine
(10%) m.p. 152-154°, mixed m.p. 151-153°. |

l-Amino-3-methylindazole.~—~ A similar oxidation of l-auino-3-

methylindazole (500mg.3.4 mmole) in dimethyl sulphoxide gave on

elution with 254 methylene chloride-petroleum an unidentified

substance (40 mg.) as a yellow oil, V max. 3450, 3330, 1610, 1580,
1480, 1449, 1358, 1290, 1240, 1160, 1022, 951, 749 cm.-l;'_m/e 252,
209, 135, Elutipn with 50% ethyl acetate-petroleum gave 4-methylbenzo-

1,2,3-triazine (10%), m.p. 118-120°, mixed m.p. 117-119 .
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2~ Amino=3-methvlindazole, —— A similar oxidation of

2-amino-3-methylindazole (400 mg.2.7 mmole) in dimethyl sulphoxide
gave on elution with 259 methylene chloride-petroleum an
unidentified substance (10mg.) as a rapidly decomposing oil,

Vv max. 2115, 1675, 1590, 1440, 1255, 1050, 800, 750 cm.-1
Elution with 40% ethyl acetate-methylene chloride gave an
unidentified substance (40 mg.) as a brown oil, V max.
1640, 1520, 1435, 1270, 1040, 949, 800, 74é cm;‘-1
Elution with 5% ethanol-ethyl acetate gave an unidenfified substance
(50 mg.) as a straw coloured oil, V sax, 3008, 2020, 1620, 1395,

1360, 1210, 1150, 1116, 1030, 950, 821, 740, 686 cm.”'; /e

223, 194, 177, 163, 149.

(¢) In dimethylformamide.

1-Amino-3-methylindazole, — Lead tetra-acetate (1.25g.,

2.8umole) was added to a solution of l-amino-3-methylindazole
(294mg., 2.0mmole).in dimethylformamide (10ml.) and stirred for 2hr.
The reﬁction mi;turé wvas drowned into water (50m1.) and extracted
with ethyllacetate (2 x 25ml.). The combined extracts were washed
well with water and dried over anhydrous magnesium sulphate. The
ethyl acetate solution was evaporated onto silica gel for
'chromatdgraphy. Elution with 30% methylene chloride-petroleun

gave an unidentified substance as a dark brown oil. Elution with
50% ethyl acetate-methylene chloride gave 4-methylbenzo-1,2,3-
triazine (&%) m.p. 120-121°.

8. Decomposition of 4-Phenylbenzo-1,2,3-triazine,

4;Phenylbenzo—1;2,3—triazine (103mg., 0.5mmole) was pyrolysed
in the vapour phase by sublimation through a quartz tube at 400°

at 0.2mm. pressure. The products condensed on separate areas of
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the céld portions of the tube to give biphenylene (6mg. , 16?),
We Pe 1100, (lit., 1100) having an identical i.r. spectrum to
that‘ of an authentic sample and benzonitrile (10mg., 20%) having
an identical i.r. spectrum to that of an authentic saumple,

Irradiation of 4—pheny15enzo—1,2,3—triazine‘in dry benzene
for 24hr. at 20° Qsing a Hanovia medium pressure quartz lamp
gave recovered starting material (92%). & similar irradiation
in acetopitrilé gave only polymeric material,

9, Preparation and Oxidation of 4-lydrazinobenzo-1,2,3-triazine.

4—Hydra2inobenzo-1,2,3—triazine was prepared using a
modification to the method of Parne11}40 Hydrazine hydrate
(3ml.) was added to a solution of 4-mercaptobenzo-1,2,3-triazine
(1.63g., lmmole) in ethanol (2$m1.) and the mixture was stirred
at room temperature for 48hr. The precipitate was filtered off
and washed with a little ice-cold ethanol to give 4-hydrazinobenzo-
1,2,3-triazine (82%) which crystallised from methanol as buff
coloured needles, m.p. 185-186 (lit.}4o 1880).

Oxidation with manpganese dioxide., — Freshly prepared

manganese dioxide (2.5g.)”was added to 4-hydrazinobenzo-1,2,3-
triazine (600mg., 3.75mmole) in benzene (50ml.) and the mixture
stirred vigorously and heated under reflux for Shr. The inorganic
material was filtered off and washed with a little benzene. The
combined filtrate and washings were evaporatedon to silica.gel

for chromatography. Elution with eiher-petroleum gave benzonitrile
(110mg., 29%), having an identical i.r. spectrum to that of an
authentic sample.

Oxidation with silver oxide. =-— Thefabove treatment of

4-hydrazinobenzo-1,2,3-triazine was repeated using silver oxide
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~ instead of mgnganese dioxiae. Separation of the products by
chromatography on silica gel gave benzonitrile'(45mg., 12%) and

on elution with 75% ether-petroleum gave an unidentitied substunce,
which crystallised from ether-petroleum as yellow prisms, 12mg.,
m.p. 151°, (Found: C, 68.8; H, 5.9; N, 24.3%) ¥ . 1820,

‘1410, 1315, 1240, 1050, 935, 8185, 730, 690 cm. . wle 411, 310.
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“S-NITRENO—I,4—DIPHENYL—1,2,3-TRIAZOLE”.

1. Decomposition of 5-Azido-1,4-diphenyl-1,2,3~triazole.

5-Azido-1,4~-diphenyl-l,2,3=-triazole was prepared by the method

of Smith, Krbechek and Resemann}so M. Pe 70° (lit.}31 70°).

(a) In petrol. — A suspension of 5-azido~1,4~diphenyl-1,2,3-

triazole (2g., 7.5mmole) in petroleum (150 ml., b.p. 60-80") wvas
vheated unéer reflux for 2hr. Some insoluble material was removed
from the hot petrol by filtration and the solvent was then removed
by dlstillation under reduced pressure. The residue was
crystallised from petroleum (b.p. 60-800) to give cowpound 4
(1.4g., 80%) as dark red prisms m.p. 112-114°, (11t.}3° 115-116° ).

(b) In cyclohexene. — A similar decomposition of 1,4-

diphenyl-5-azido-1,2,3-triazole in refluxing cyclohexene gave
-]
‘compound A (72%) as dark red prisms m.p. 114-115 .

(¢) In dimethyl sulphoxide. =—— 5-Azido-1,4-diphenyl-1,2,3-

triazole (524 mg. 2mmole) in dimethyl sulphoxide (5 ml.) was
heated at 45-50" for 15hr. The solution was theq poured into

water (25 wl.) and extracted with chloroform (2 x 15 ml.). The
chloroform solution was washed well with water, dried over
" anhydrous magnesium sulphate and evaporated on to silica gel

for chromatography. Elution with 10% ether—petroleum gave compound
A (28%) ﬁ.p. 112-114°. Elution with 957 ether-petroleum gave
S5-amino-1,4-diphenyl-1,2,3-triazole (%) m.p. 168-170° (1it.!%!
m.pe 169—1710) which had an identical i.r. spectrum to that of

an authentic sample.

2, Oxidation of 5-Amino-1,4-diphenyl-1,2,3-triazole with Lead

Tetra—-acetate,

(a) In methylene chloride. — Lead tetra-acetate (2.82.,

6.4mmole)‘was added to a solution of 5-amino-1,4-diphenyl-1,2,3-



triazole (lg., 4,25nuole) in methylene chloride (20ml.) at 5—103
(Some gas was evolved). After stirring for lhr. the lead sa}ts
were removed by filtration and washed with a iittle methylene
chloride (Sml.). The combined filtrate'and.washiﬁgs were
evaporated on to silica gel for'chromatogréphy. Elution with 10/
ether-petroleum gave compound A (38%), m.p. 69—700, mixed m.p. |
69-70 °. Elution with 35% ether—-petroleum gave an unidentified

substance as yellow prisms (2 mg.) m.p. 121-1240. Elution with

55% ether-petroleum gave azo-1,4-diphenyl-1,2,3-triazole (7%)
which crystallised from ether-petroleum as red prisms m.p., 228~

28H26N8 requires: C, 71.8; I, 4.3%);
1

V .. 1890, 1540, 1490, 1362, 1070, 980, 765, 715, 690 cm.”

229 °; (Found C, 71.4; H, 4.5. C

/e 468, 248 (m/e required 468). Elution with ether gave an
unidentified substance (100 mg.) which crystallised froﬁ ether-
petroleum as colourless needles m.p. 163—1659; (Found: 71.65;

H, 5.3; N, 10.3); V o 3150, 1738, 1680, 1490, 1450, 1335, 1235,

1210, 960, 810, 720 cm.~Y; m/e 266, 250, 161.

(b) In cyclohexene. — Lead tetra-acetate (2.8g., 6.3mnole)

was added to a solution of 5-amino-1,4-diphenyl-1,2,3-triazole
(1.0g., 4.25mumole) in methylene chloride (15ml.) and cyclohexene
(15m1.) at 0°., The mixture was stirred for lhr. at Oo and then
2hr. at 20°. The lead salts were filtered off and washed with
methylene chloride (5ml.) and the combined filtrate and washings
-were dried over anhydrous magnesium sqlphate and evaporated on to

_ silica gel for chromatography. Elution with 10% ether-petroleum
gave compound A (34%) m.p. 70-71°. Elution with 95% ether-
petfoleum gafe an unidentified substance (30mg;) which crystallised

from ethanol as colourless needles, m.p. 166-167°; (Found: C, 69.4;
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U, 4.8; N, 5.0%); V ___ 1730, 1675, 1488, 1360, 1265, 1230,

.

962, 840, 768, 712, 700 cm.’l; m/e 239, 225, 197.

.(c) In methyl acrylate.— A similar oxidation to (b) above of

‘S—amino-1,4-diphenyl-l,2,3—triazole in wethyl acrylate (10ml.)

and methylene chloride (25m1.) gave on elution with 107> ether—
vpet.'roleum compound A (40%) . Elutiox; with 950 ether-petroleun gave
an unidentified substance (80mg.) which crystallised from ethanol
as colourless needles m.p. 164-1660, and had an identical i.r.
spectfum to the compound m.p. 166-167° isolated in (b) above.

(3) In dimethyl sulphoxide, — Lead tetra—acetate (2.9g.,

6.5umole) was added to 5-amino-1,4-diphenyl-1,2,3-triazole (Ig:,
4.25mmole) in dimethyl sulphoxide (10ml.) at 10 ° and stirred

at 20 °for 4hr., .The reaction mixture was poured into water (IOOml.)
and extracted with chloroform (2 x 50ml.) The combined extrdcts
were washed well with water, dried over anhydrous magnesium
~sulphate and evaporated to silica gel for chromatography.

Elution with 10/ ether-petroleum gave compound A (45%) m.p. 70-71°.
*Elution with 35% ether-petroleum gave an unidentified substance
(IOmg.). Crystallisation from éther—petroleum gave-colourless
needles m.p. 121—1220, (Found: C, 73.6; I, 4.45; N, 11.90%);

v nax. 2225 1725, 1490, 1280, 1260, 1065, 755, 725, 690 em.”Y;

w/e 222, 206, 197.

Attempted Preparation of 5-Acetamino-1,4-diphenyl-1,2,3-triazole.

Acetic anhydride (510mg., 5mmole) was.added to a solution
of 5-amino-1,4-diphenyl-1,2,3-triazole (lg., 4.25mmole) in pyridine
(4m1.) and the mixture heated on a steaﬁ bath for.SOmin. After
cooling thé reaction mixture was poured iﬁto wéter (30ml.) ana

the precipitate filtered off and washed with water. Crystallisation
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from ethanol gave 5-diacetylamipo-1,4-diphenyl-1,2,3-trinzole
as colourless prisms, m.p. 176-1770; (Found: C, 67.0; ﬁ, 5.05;
N, 17.2. C18H16N402 requires: C, 67.5; H, 5,05; N, 1%.5%);
V e, 1740, 1720 ca.”ty T 2.0-2.8 (m, 10H, aromatic H), T.75
(s, 6H, COCHS); m/e 320, 250, 209, (m/e required 320).
Further attempts to mono-acetylate with acetic anhydride and

acetyl chloride in pyridine and dilute sodium hydroxide solution

gave only 5-diacetylamino-l,4-diphenyl-1,2,3=triazole,

" 3, Preparation of 1,4—Dipheny1-5—triphenylphosphinimino—l,2,3-
triazole, |
Triphenylphosphine (1g., 3.8mmole) was added to a solution
of 5-azido-1,4-diphenyl-1,2,3-triazole (lg., 3.8umole) in benzene
(20 ml.) and the mixiure was stirred for lhr. at 200. (S1ow gas
evolution). The mixture was then heated under reflux for 15min.;
cooled and the solvent removed by distillation under reduced N
pressure. The residue ﬁas crystallised from ethanol to give

1,4-diphenyl-5-triphenylphosphinimino-1,2,3-triazole (600 mZe

32%) as colourless needles, m.p. 208-209°; (Found: C, 77.15;

H, 5.1; N, 11.5, C P requires: C, 77.4; H, 5.05; N, 11,39}

32H25N4
Y max. 1598, 1550, 1495, 1262, 1110, 971, 722, 690 cm.-l; z/e
496, 468, 379, 288, 262, 234 (m/e required 496).

Irradiation of 1,4—diphenyl-S—triphenylphosphinimino-l,2,3-
triazole in a quartz Hanovia medium pressure lamp for 15hr. at
20° in the absence and presence of cyclohexene gave only
triphenylphosphine and triphenylphosphine oxide. No compound A
vas detected (t.l.c.).'

A mixture of compound A and triphenylphosphine in benzene

was heated under reflux for 15hr. There was no reaction and no
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trace of 1,4-diphenyl-5-triphenylphosphinimino~-1,2,3-triazole
(tll.c.).

4, Reoaction of Compound A with Amines.

(2) Diethylamine,— Diethylamine (4.0g., 5.5mmole) was added

to a solution of compound A (1g., 4.8umole) in benzene (20mi.)
ana the mixture stirred for lhr. at.20°. The salvent was rewmoved
by distillation under reduced pressure. Crystqilisation from
ether gave an unidentitied substance (175mg., 13%) as colourless
prisms, m.p. 137-138°; (Found C, 72.0; H, 7.2; N, 17.75%);
Vv max; 3470, 3340, 1660, 1640, 1590, 1545, 1359, 1230, 1165,
1050, 825, 770, 709, 690 cm.”Y; T 1.95-3.4 (m, 10H, aromatic H),
4,95 (broad s, 2H), 7.15 (q, 4H, J=4 c.p.s.), 1.15 (t, 6H, J=6.5
c.p.s.); m/e 306, 279, 264, 235. The ether filtrate from the
above cry#tallisation vas adsorbed onto basic alumina for
chromatography. Elution with 95% ether-petroleuun éuve an unidentified
compound (500mg., 61%) which crystallised from ether-petroleum
as yellow needles, u.p. 109-110°, (Found: C, 72.85; H, 7.4; N, 19.9%);
wax. 1540, 1420, 1345, 1195, 1110, 985, 915, 770, 690 cm.-l; }
T 2.3-2.95 (m, 10H, aromatic H), 6.15 (q, 2H, J=5c.p.5.), 6.85
(q, 2H, J=5c.p.s.), 8.35-9.15 (overlapping t, 6H); w/e 193, 164,
138, 121, .
(bz Aniline., =~ Aniline (3.7g., 4,0mmole) and compound A

(702mg., Sumole) in benzene (25ml.) were heated under reflux for

10hr. The solution was evaporated onto basic alumina for chromato-
graphy; Elution with 10% ether-petroleum gave phenylglyoxylonitrile
anil (60%) which crystallised from ether-petroleum as pale-yellow
prisms, m.p. 69-70°, (1it.,130 "71°). Elution with 1% ethyl

acetate—ether gave an unidentified substance contaminated with
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gniline. The aniline was removed by washing with ether and

crystallisation from ethanol gave pale-yellow prisms (50mg., 6%),
. pe 163-164°; (Found: C, 70.9; H, 5.2; N, 17.3%); ¥ n'mx’ 1530,
1462, 1420, 1095, 1065, 750, 690 cm.—l; m/e 299, 270, 271, 195,

194,
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Section I,

PREPARATION OF DIHYDROBENZ[cd] INDAZOLE AND ITS

DERIVATIVES AND ATTEMPTED PREPARATION OF
BENZ [ cd] INDAZOLE,

91,
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Benz[cd]indazole (1), the aza analogue of acenaphthylene,
is of intefest to us as an example of a simple, yet unreported,
heterocyclic system. Its thermolfsis or photolysis might lead
to different electronic states‘of the meta-dehydroaromatic species,
1,8~dehydronaphthalene. There are only a few references in the
literature to benz[cdlindazole and its dihydroderivatives. Peri-

substituted naphthalene compounds have been reviewed by

N=N HN——NH “l!.k
131
-Cl Cl
(1) (2) - (3)
Balasubram&niyan:b4land it would appear that the strain in such

molecules as (1) and (2) might not be prohibitive. In soue
acenaphthene defivatives the distortion of the naphthalene nucleus
can be consgiderable; e.g. 5,6-dichloroacenaphthene (3).
Ekstrand142:first suggested a benz[cd]indazoie type of
structure as a possibility for a product of partial reduction of
4,5-dinitro-l-naphthoic acide However the only authenticated
N/O O\ 0

Ne=—=

H_.CO_GN——N-CO CH
3 2 2 3

(4) (3) ' (6)
examples of the benzlcdlindazole system are of the mono and

‘di-N-oxides (4) and (5) very recently reported by Alder, Niazi
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and Whiting)28

The N-oxides were obtained from pyrolysis of
l-azido-8-nitronaphthalene and from peracid oxidation of

| 1,8-diaminonaphthalene. A 1,2-disubstituted dihydrobenz[cd]indazole
derivati?e was formed on addition of 1,8-dehydronaphthalene to
dimethyl azodicarboxylate to give dimethyl dihydrobenzindazole-
dicarboxylate (6) in low yield.1 The dehydro intermediate
was generated by oxidation of l—aminonaphtholl,S deltriazine with

lead tetra-acetate. The loss of nitrogen mﬁy be concerted or

stepwise via benzlcdlindazole.

1,2-Dihydrobenz[cd]indazole has been reported by

Vorozhtsov and Koslov'143

in the hydrogen sulphide-ammonia reduction
of 1,8-dinitronaphthalene in aniline. However considerable doubt
exists about the exact nature of the product they obtained. We-

144has also

vere unable to repeat the Russian work and Hoffmann
been unable to repeat this reaction and he also reports that other

routes involving reduction of 1,8-dinitronaphthalene failed.



Beeéken}45 however, claimed to have obtained a product which waa

identical to that reported by Vorozhtsov and ﬁoslév, by eluting (7)

with acetone’en neutral alumina. We repeatad Beeckgn‘s experiment ead obtained
a product identical in all respects to that reported by Beecken. However,

the n.m.r. spectrum showed the presence of two methyl groups. Analysis

of this product was consistent with the structure of 2,2—dimethy1-1,'

3-dihydroperimidine (8). This product was obtained by elution with

3 CH, H,
NZ Sy HN”" NH
(7) (8)

acetoné from neutral alumina. However, we found that 1,8-dicminomaphthalene
was alway§ the primary product in Beecken's reaction iﬁ the absence of
acetone, Adsorption of 1,8-diaminonaphthalene on neutral‘alumina and
elution with acetone gives the perimidine (8) in very good yield. Since
the dimethyldihydroperimidine (8) is formed rapidly from 1,8—diamino-A
naphthalene and acetone it would seem that Beecken's product almost
certainly arose in this way. This has been confirmed independently by
Hoffmann.144 |
Other attempts to prepare benz[cd]indazole have been
reported, but without success. Recently an attempt to prepare (1)

by reduction of 1,8-dinitronaphthalene with carbon monoxide and

iron pentacarbonyl (reagents which normally give very good yields of
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azo compounds) failed,146 " The action of iron pentacarbonyl
on l-amino-8-azidonaphthalene and 1,8~diazidonaphthalene gave the

7 s .
A similar complex prepared from 2,2 -diazido-

4
complex (9).1
biphenyl gave a good yield (70%) of benzolclcinnoline on oxidation
with ferric chloride, but a similar oxidationvof the complex (9)

failed to give benz[cd]indazole.148

(CO) Feg----Fe(CO)
3 : 3
HNK H
(9)

Oxidation of 2-aminobenzotriazole 75leads to the loss
of only one molecule of nitrogen leaving the other two nitroggn
atoms in the form of a ring opened dicyano compound. A similar
oxidation of the appropriate diamino compound gives the same

10

dicyano compound.25 It was thought sthat benz[cd]indazole

| NH
=0
N _
NH,

could be a product in the oxidation of 2-aminonaphtholde]triazine

with lead tetra-acetate, since loss of one molecule of nitrogen-
could not lead to a dicyano compound. However although nitrogen
vas evolved no characterisable product was isolated. Similar

oxidations of 1,8-diaminonaphthalene and l-amino-8-azidonaphthalene
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&
Néw‘\ﬂ- N——N
N: ) N N:
E \ C—>l<7
NP+ N +N/J'?’-\N"' N_'%L\N
<<— <>

were found to give intractable materiai. Oxidation of'2,2/-
diaminodiphenyl with manganese dioxide gave benzo[clcinnoline in
550 yield,l50 but a similar oxidation of 1l,8-diaminonaphthalene
’ s . 7/ . 151
gave only 8,8 —-diamino-1,1 -—azonaphthalene.

Dialkyl sulphamides have been found to give azoalkanes
in good yield on oxidation with aqueous sodium hypochlorite in

sodium hydroxide.l52 However a similar oxidation of néphtho—

[1,8—cd][1,2,6]thiadiazine—2,2-dioxide (10) by Forster133 in an

%

R/—-NQ R’-—rﬁj HNSNE
S0, > R—N
R—NH

(10)

attempt to form benzlcd]indazole gave only polymeric producta.
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The indazole (11) was prepared by the method ot Vesely
from‘Efnitroso—l—acetylaminotetralin.153 Previous attempts
at dehydrogenation with 1,2-dichloro-4,5-dicyanobenzoquinone and

oxidation with N-~bromosuccinimide and lead tetra-—acetate had becn

unSuccessful.150
HN——N HN——N HN——N
(11) (12) (13)

Our attempts at dehydrogenation gave no dihydrobenz[cd]indazole.
Crystallisation of the residﬁe from ethanol gave a small amognt of
a substance, m.p. 195-199°, which showed two spots on t.l.c. bub
could not be separaﬁed on chromatography. The infrared spectruam
showéd NH and the mass spectrum gave a molecular weight ot 237
showing the incorporation of bromine. This indicated the material
-was possibly a mixture of brominated indazoles with structures
~such as (12) and (13).

Reduction of l-amino--8-nitronaphthalene with zinc and
ammonium chloride gave a solution of l-amino-8-hydroxylamino-

naphthalene. However cyclodehydration attempts with acid tailed to

Hzﬂ NHLGH HN—— NH
ORGSO ®

give dihydrobenz[cdlindazole.
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Flossman154 has remqvea sulphuf from thiadiazenes to
givé azo compounds by treatment with spdium in an inert solvent,
but initial attempts of similar treatuent of naphthotl,S—cd]
[1,2,6]thiadiazine gave only polymeric material.

Azo compounds are formed when aromatic amines in ether
are treated with c‘nloramine155 or sodium hypochlorite}56 Attenpts
to form an intramolecular azo linkage with 1,8-diaminonaphthalene
gave bnly a mixture of chlorinated 1,8-diaminonaphthalenes with
chloramine, and intractable material with sodium hypochlorite.

Attempts were made to prepare the phthaloyl derivative
of 1,8—diaminohaphtha1ene (14a) using the method of Paudler and
‘ Zeiler157 in the hope that treatment with sodium hypochlorite
would give 2,3—(1,8—naphtho)phthalaz-1,4—dione (14b), a derivative
‘of dihydrobenzlcd] indazole. However the reaction of 1,8-diarino~
naphthalene with diethyl phthalate in dimethylformamide below 5°
gave only orange prisms of 1,2-di(perimid—2—y1)beﬁzene (15), the

structure of which was confirmed by spectral and analytical data.

0 0 0xX 0
- N)\NH R

il

H H N—"mN
| R

.

(1a) (14b) ~ (15)

?he mass spectrum gave a molecular weight of 410 with the loss of
168 (perimidine (R) = H ) and also the infrared spectrum was
‘almost identical with that of 3-pheny1perimidine.108

A good route to benzlcdlindazole and its dihydro

derivative seemed to be generation of an electrophilic nitrene



peri to a nucleophilic nitrogen. This could be accomplished by
pyrol&sis or photolysis of l—amino-S—azidoﬁaphihaIene and
I,S-diézidonaphthalene. Pyrolysis and photolysis of aryl ezides
is generally accepted to give aryl'nitrenes vhich often dimerise
(Introduction, page 11). Thus l-amino-8-azidonaphthalene might

be expected to give (2) by intramolecular hydrogen abstraction and
ring closure, while 1,8-diazidonaphthalene may give (1) by

intramolecular "dimerisation" of the peri-nitrene.

N ‘[?\J'Hz

—_— (2)

(X4

Z
Z
e

N+

| —_— —_— {1

Preliminary investigation of these reactions by Storr_'lo5
failed to give any of the required.products. He found that pyrolysis
of l-amino-8-azidonaphthalene and 1,8-diazidonaphthalene gave
1,8~diaminonaphthalene, presumably by hydrogen abstraction from the
solvent and photolysis of l—amino-8-azidonaphtha1ene gave 1,8~
diaminonaphthalene together with the inﬁermolecular dimer
8,8<—diamino—1,ll;azonaphthalene. lfAmino—S—azidonaphthaiene wvas
prepgred by a mpdification of the method of Rees and Storr,lag
Diazotisation of l-amino-8-azidonaphthalene and treatment of the
diazonium solution with sodium azide gave 1,8~diazidonaphthalene.

The thermclysis reactions were confirmed and only 1,8-diaminonaphthalene
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was isolated. No benz[cd]indazole (1) or 1,2-dihydrobenz[cd]
indazole (2) could be found. If benzlcdlindazole was formed it
could lose nitrogen under the conditions employed to give 1,8~
v dehydronaphthalene. However, thermolysis of 1,8—diazid§naphthalenc
in carbon tetrabromide and mesitylene failed to give any 1,8-
dibromonaphtﬂalene of 1-(2,4,6-trimethylphenyl) naphthalene. The
failure to obtain benzlcdlindazole by this method is analogous
to the non-formation of the known, stable benzolclcinnoline from
2,2/—di§zidobipheny1}58

Storr foundm5 that pyrolysis and photolysis of l-acetamido-
8-azidonaphthalene gave 2-methylperimidine and, very surprisirngly,
9—amino—2-methy1naphth[1,24d]oxazole. This intriguing reaction was
coﬁfirmed and further investigation revealed that the formatiqn of
2-substituted perimidines and 9-amino-2-substituted naphthoxazoles
was a general reaction on decowmposition of l-amino-8-azidcnaphthalene
derivatives. The acyl and aroyl derivatives of l-amino-8-azido-
‘ naphthalene were prepared directly by treatment -of the amino
compéynd with the appropriate acid chloride or anhydride in pyridine.
They were all obtained in good yield as colourless crystalline
solids readily identified by examination of their infrared spectra yhich
showed a secondary amine, an azide and a carbonyl group, freparation
of the acylamino azides from monoacyl derivatives of 1,8—d;amiﬂo- |
naphthalene was not considered since such peri-substituted naphthalenes
spontgneously ring close to pefimidines}4l Decompogition of the
aroyl derivatives proceeded much more cleanly and enabled the -
scope of this reaction to be studied in more detail. Pyrolysis
of the benzamido derivative (16, R=Ph) in refluxing l,é,é—

trichlorobenzene gave, after chromatography on silica gel, 9-amino-2-
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' phenylnaphth{l,2-djoxazole (17, R=Ph), and 2-phenylperimidine
(18, RePh) (10%). The structure of the phenylperimidine was confirmed

by comparison with an authentic sample prepared by the reaction of

N3 NHCOR N=4fh

| NH,
X
(16) 2 an

R .
N/\NH N={ '
: , 0
_ AN
. (18) (19)

1,8-diaminonaphthalene with benzoyl chloride in benzene. 108’ 109
Initially if was thought that formetion of the perimidine in this
reaction arose from the nitrene by hydrogén abstraction from the solvent
to give the amine followed by cfclodehydration. This seemed a
reasonable mechanism because hydrogen abstraction nearly alvays
occurs in nitrene formation by decomposition of azides, and
monoacyl derivatives of 1,8-diaminonaphthalene are known to
cyclodehydrate spontaneously to perimidines. 141 The structure
-of the amino oxazole was supported by its infrared spectrum which
indicated d primary amine but no carbonyl, and confirmed by'
‘deamination. . Because of the difficulty in devising a simple
route to'9éamiaonaphth0xazoles direct COmparison'with an

- independently prepared specimen was not attempted. The infrared
spectrum vas very similar to that of 2—phenylnaphth[1,2-q]o;azole

(19) obtaimed by cyclodehydration of the N-benzoyl derivetive of
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10

1—amino-2-naphthol} The structure of (17) was verified

: experimentallj by deamination to 2—bheny1naphthoxazole which was
identical with the authentic specimen. Deamination was effected
by reduction of the diazonium fluoroborate with sodium borohydride
in dimethylformamide. The p~methoxy derivative (16, R=p Qe Ph)
gave the corresponding oxazole and perimidine in similar yields}
and the p-nitro derivative (16, R;EN02Ph) gave the analogous
products in a somewhat lower yield. The propionyl derivative

like the acetyl gave only small amounts of naphthoxazole and
perimidine.

We can envisage several possible mechanisms for the
formation of the amino oxazole. The first inyolves decomposition
of the azide to give a nitrene (20) and nucleophilic attack on
Cg by the amide oxygen under the eleétron wvithdrawing influence of
the electrophilic centre at CS (Scheme 1), If this type of

mechanism is operative then we would expect any meta-amido aryl

Ph
. H % H Ph

(N: ~N (A \N9 N""'<

(20)

( Scheme 1 )

azide to decompose similarly into an awino oxazole. 1,3-Dinitro-

U1 ang acetylated

-naphthalene was reduced with sodium sulphide,
‘with acetic anh}dride to give l-acetamido-3-nitronaphthalene ﬁnd
1,3-diacetamido haphthalene. Reduction with iron in glacial acetic
acid gave l-acetamido-3-aminonaphthalene. 1,6-Dinitronaphthalene

31

. . . . ., 111 .
was reduced with stannous chloride in hydrochloric acid to give
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l-amino-6-nitronaphthalene which was treated in pyridine with

- benzoyl chloride to give the benzamido derivative. Reduction with
Pd/C under hydrogen (1 atmos) gave.G—amino-l-benzamidonaphthalene.
~ l-Acetamido-3-aminonaphthalene and 6—amino—1-benzamidonaphthaiena
vere diazotised in dilute hydrochloric acid and sodiﬁm azide
added to the diazonium solutions to give:l-acetamido-S—azido-
naphthalene and G—agido-l—benzamidonaphthalene respectively.
Treatment ot m-azidoaniline with benzoyl chloride in pyridine gave
m-azidobenzanilide. Howéver pyrolysis of m-azidobenzanilide,
1-acetamido-3—a%idonaphthalene and wmore signiticantly 6-azido-1-
benzamidonaphthalene did not give naphthoxazoles and only sﬁali
amounts of amines were tound., 6-Azido-l-benzamidonaphthalene is
at least as well set up as l-azido-8-benzamidonaphthalene for
decomposition by Scheme 1 and only lacks the. peri-interaction

required by other possible mechanisms.
& Ph Ph
HY Y '
\\N/J§§b rq=ﬁ< N=(
0

- T
NH,

N H” K)

A second possible mechanism involves the sterically
favoured intramolecularly acid-catalysed decomposition of the azide
with concerted nucleophilic attack by ﬁhe amide oxygen on .the
aromatic ring (Scheme 2)., (This mechanism is somewhat analogous
- to that for the formation of substiﬁuted anilines by decomposition

159). Some evidence for this

of phenyl azide in aqueous acid
mechanisa is that the peri-substituted azides decomposed smoothly

at about 140°, but significantly the other azides were thermally mocre
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*d

— (17)

( Scheme 2 )

stable and decomposed slowly at about 180° to givé the correSponding
amino compound, presumably by hydrogen abstraction. Slow pyrolysis
of l-azido-8-benzamidonaphthalene at 110° gave only the amino
‘naphthoxazole and no perimidine was formed. This suggests that
. the intermediate in the formation of the oxazole
and perimidine is different and that £he perimidine has a higher
energy intermediate.

A further mechanism involving a derivative of the
desired 1!2—dihydrobenz[cd]induzole system was initially considered.
: 1-Aroy1—1,2—dihydrobenz[ca]indazole, iniﬂially formed by direct
nitrene insertion into the NH bond could rearrange to give the
amino oxazole. Such an initial step was subsequently shown to be
reasonable by a mechanism similar to that discussed later for the
formation of the methyl acyl indazole from 1 azido-8-methyl
acetamidonaphthalene., However this is unlikely since such an
intermediate should rearrange to or be in equilibrium with its
tautomer (22). The indazole (22) was obtained independently

(see later) and shown to be stable and not to rearrange to the
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‘ Ph
N ¥ VinHeorh -H—N.—-[r}/%s N——NCOPh

(21)\\\&5 L 2
(17)

_ amino oxazole under the pyrolysis conditions,

Possible support for the mechanism involving the

intramolecular acid catalysis (Scheme 2) is provided by the tormation

of 5-amino-2-phenylbenzoxazole (23) (48%) on treatment of a
chloroform solution of m-azidobenzanilide with cold concentrated
sulphuric acid. Electrophilic attack (by H+) at the substituted
‘azido nitrogen to éive a protonated azide could lead to loss of
nitrogen and concerted nucleophilic attack by the amide oxygen

v

at the ortho or para positions of the aryl ring (Scheme 3).

Ph Ph
Y\ H Ho Y
NHCOPh 3 N~ \N/CKO
| or.
+ .
N-N:zN % NH-U\\JZ | N -
Ph Ph
=N - N=(
0 0
NH, ” N,
( Scheme 3 ) '

(23) o S (26)
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Fofmation of the 5-amino rather than the 7T-amino isomer preﬁumably
reflects the greater stabilisation of the para than the ortho
éﬁinonoid transition state usually observed in nucleophilic
aromatic substitution.

Alternatively loss ofinitrogen from the protonated azide
may give the nitreniumvion which would also facilitate nucleophilic

attack at the ortho and para positions of the aryl ring.

NHCOPh - NHCOPh NHOOPh NHCOPh
[::f::]\\ —— lllllllb «—> [::f::l\ <> Ei:f::L>
+ X
| NHU\IZ , NH NH NH

5-Amino-2 (4-methoxyphenyl)benzoxazole was isolated on
decomposition of 2-azido-4-methoxybenzanilide in acid, but oxazoles
could not be isolated from 2-azidoacetanilide, l-acetamido—S—.
azidonaphthalene, or 6-azido;l-benzamidon&phthalene in cold
éoncentrated sulphuric acid. 1l-Azido-8-benzamidonaphthalene gave
only a trace of the amino oxazole under these conditions.

Decomposition of m—azidobenzahilidg in base gave only

intractable material,

~L
-/ A _ .
| NQO- '
N> (23] + (2% )
2+ - |
2
The proposed mechanism (Scheme 2) for amino oxazole

formation is:-unusual in that it involves intramolecular nucleophilic

aromatic substitution by an amide oxygen, activated through both
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rings of the naphthalene system by thermal decomposition of an
azide group., It is possgible that the vhole process is facilitated
by being concerted as shown, the proton transfer activating both |
the nucleophilic and electrophilic centres.

Deoxygenation of the corresponding nitro compound might
be expected to give an analogous reaction with similar neighbouring

group participation.

(OEt)ég’:{oz R(\(H\ng (OEt), b /7(0 o /§O

— 4> (17) <;77§2;-

1-Benzamido-8-nitronaphthalene wés prepared and treated
with triethyl phosphite; this gave only a trace of the oxazole and
a little 2-phenylperimidine. | |

This difference between fhe azide decomposition and nitro
compound deoxygenation suggests that there is not a common
intermediate. L

The lower decomposition témperature of l-amido-8-azido-
naphthalenes is attractively explained by the acid catalysis
mechanism, However, steric destabilisation of the azide grohp by
the bulky peri-substituent is an alternative explanation for the
lower decomposition témpefatufevof these éompouhdé coﬁpared with
other aryl aiides. In order to check this the pyrolysis of thé
more hindered disubstituted amido azides were investigated.

Methylﬁtion of l-acetamido-s-azidqnaphthalene with

dimethyl sulphate in acetone and aqueous sodium hydroxide solution
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H
z -
NZ N-CH,

(25)

gav; 2,3-dimethylperimidine (25), identical in all respects to
an independently prepared authentic sample;

| Treatment of the sodium salt gf l-amido~8~azidonaphthalene
derivatives in dimethylformamide with dimethyl sulphate gave the
more bulky methylated aroylamides(26, R/aMG, R/yi COR). These
compounds were more stable thaﬁ the mono substituted derivatives
~ and significantly required the normal (higher) pyrolysis temperature
(1800) to decompose. Only a single product, a colourless crystalliﬁe

solid, C N 0, was isolated from the thermolysis. of 1-N-acetyl-

13H12 2
7. .

‘N-methyl-8-azidonaphthalene (26, R= Me, R e COCH3) in refluxing

1,2,4-trichlorobenzene. Spectral data indicated that the product waa

l-methyl-2-acetyl-1,2-dihydrobenz] cdlindazole (27, R's Me, R~ =COMe).
R R=N—N —R”
X

Z
(26) . (27)

The infrared showed a carbonyl group but no'amine. The mass spectrum
gave a molecular weight of 212, with loss of 42 (COCHS-H) and 43

(COCHS) with a further loss of 15 (CHS) and 28 (N2). The n.m.r.
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spectrum showed an acetyl group, a methyl group, and six arowatic
protons (one of which was a singlet at lower field and presumably
was the proton at 03 deshielded by the N-acetyl in the indazole).
The methylated benzamide (26, R =Me, R/7=COPh) gave an analogous
product (27, R7=Me, R”“aCOPh) in lower yield. No N-methylated
perimidines were formed in either case. Addition of l-amino-8-
azidonaphthalene to refluxing acetic anhydride gave the
diacetylamino derivative (26, R’;R37=COCH3) which on thermolysis
gave the diacetylindazole (27, R/;R/V-COEHS); again no N-acetyl
perimidine was isolated. Direct comparigon of these 1,2-disubstituted
~ benzindazoles vas'not possible. Treatment of l-amino-8-azido-
‘naphthalene with méthyl chloroformate in the presence of triethyl-
amine gave l-azido-8-methoxycarbonylaminonaphthalene (16, R50CH3)~
Addition of methyl chloroformate to the sodium salt of l-azido-8-
methoxycarbonylaminonaphithalene in dry dimethylformamide gave
1—azido—8-dﬁhethoxycarbonyjaminonaphthalene (28, n’an”;cogcﬂa).
This compound gave on pyrolysis the known 1,2—dihydrobenz[cd]
indazole derivative (27, R7aR” = C0,CH,),whichwas identical in all
respects to the adduct forued by addition of I,S—dehydronaphthalene
to dimethyl azodicarboxylate.

A possible mechanism for thelformat%on of 1,2-disubstituted
benzl[cd]indazoles is catalysis by electrophilic attack of the amide
carbonyl group, in the absence of more efficient intramolécular
catalysis of the azide decomposgition by an amide proton, to give
the tetrﬁhedral intermediate (28) which then collapses to the

" indazole (Scheme 4). However loss of nitrogen to give a nitrene
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+ OL/7R R’ | '0/2 R

N, 0
Z\N'G%N/ N—N N RCON—N—R’
(28)
( Scheme 4 )

followed by nucleophilic attack by the adjacent nitrogen (Scheme 5)

- and subsequent rearrangemgnt to the indazole cannot be ruled. out.

(?5

N———R RCON————N‘—'R
(29)

( Scheme - 5 )

This is very unlikely however because of the strain in such an
intermediate as (29) and nitrene insertionsinto C-N bonds are
unknown.

In contrast to the disubstituted amido azides, the
phthalimido azide (30) gave no 1;2—benz[cdlindazole derivative (31),
although some might have been expected if the above mechanisms
operated. Instead the per1m1d1ne (32) was obtained in relatlveiy
high yield. Perimidine formation in the thermolysis of the
mono-substituted amido azides was initially assumed to be tie result

of spontaneous cyclodehydration of l-amido-8-aminonaphthalenes,
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(31)

these amines arising by hydrogen abstraction by'the initially
formed nitrene. However, although this route very likely contributes
to perimidine formation in solution an alternavive mechanism must
also be involved. This follows from the fact that perimidine
formation also occurs on pyro}ysis on dry sand and in the vapour
phase when hydrogen abstraction is highly unlikely. |
1-Azido~8-phthalimidonaphthalene and the maleiimide
" analogue were prepared by treatment of l-amino-8-azidonaphthalene
with the appropriate anhydfide iﬁ glaciai acetic acid. ‘Sﬁccihic
and glutaric anhydride however gave.only the mono suﬁgtituted
amido acids (33, n=2 and 3 respectively). Treatment of the amido

acid (33, n=2) with thionyl chloride and subsequent heating resulted
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in cyclisation and formation of the succinimido azide. However

M—EO(CH ) COOH HCO(CHZ%COCl 3

SO Cl

(33)

initial attempts to similarly cyclize the amino acid (33, na3)
failed.

Pyrolysis of the phthalimido azide (30) gave the
perimidine (32) (30%) in refluxing 1,2,4-trichlorobenzene. The
yield was increased in tetralin, a better source of hydrogen atoms,
to 60%. But when the phthalimido azide was decomposed on dry sand

a quantitative yield of perimidine was obtained. Quantitative

hydrogen abstraction is inconceivable under these conditions. Mass
spectral examination of the gas evolved indicated that it was

nitrogen rather than nitrous oxide. The succinimido azide did not

selise

(31) . (32) (34)

_decompose as cléanly and gave ohly 60% yield of the perimidine (34)
on dry sand, and 10% yield on thermolysis in 1,2,4—trichlor6henzene.‘
The structure of the perimidines was confirmed by comparison with

109

independently prepared authentic samples. The perimidines

could pohsibly arise from the same type of intermediate suggested
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~

for indazole formation (Scheme 4), by an alternative mode of

breakdown (Scheme 8) through a perimidine N-oxide (35) which would

Q\ |
4 a\.
2NN
( Scheme

\ﬁ// EN;

(2) <

(@]

(35)

be expected to deoxygenate under the conditions of the reaction,
Alternatively the oxaziridine (Scheme 7) could arise directly by
addition of the corresponding nitrene to the carbonyl group.

Attempts to isolate the postulated perimidine N-oxide (35) from
‘ (3:5 ;io
:" N N

({ Scheme 7 )
the‘azide'pyrolysis and by independeht pfeparaiibn from the
‘perimidine (32) by treatment with per-acids failed. However
photolysis of the azide did give a product with spectral data
cdnsisteﬁt with the perimidine N-oxide and which on heating was

converted to perimidine. The mass spectrum showed a molecular
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weight of 286 with the loss of 16 (-05 and the infrared spectrum
vas almost identical to that of the perimidine but had in addition
a strong peak at 124Ocm.-1 (N -0). Attempts to purify this compound
and to obtain satisfactory analysis failed.

Interaction of nitrenes or nitrene precursors with a
C=0 bond has been proposed by other workers. Thermolysis of
_g.-é.zidobonzophenonel58 and deoxygenation of o-nitrobenzophenone

gave the anthranil (36). An apparent intermolecular insertion

Ph  Ph Ph
' ' NO
N3 ' | 2

(36)
into a C~0 bond was observed in the decomposition of aryl azidea-
in refluxing acetic anhydride to give acetylated graminophenolszel
The N-acetoxyacetanilides (37), which could arise from nitrene

insertion into acetic anhydride, are known to rearrange to

graéetoxyacetanilides.

. Ac OAc
N, : ~NT
Ac O )
—_— —_—2 (37)
R TN R/ R
NHAc
ArN=NAr + ArNH, ¢
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Until recently no examples of nitremes (or nitrene
precursors) reacting with suitably oriented carbonyl groups leading
to products from stoichiometric loss of an oxygen atém had been
reportede The formation of oxaziridines, by addition of the
nitrene to a carbonyl group, has been suggested by Kametanisa-s7
in the deoxygenation of suitable nitro compounds with triethyl
phosphife. Significantly, deoxygenation'of the corresponding
nitro compound in our series (nitro in place of azide) with triethyl
phosphite, led to indazole and perimidine formation, (but gave only
traces of oxazoles). If initial reduction of the nitro group to |

a nitrene is assumed, several possible mechanisms can be envisaged.

Both decomposition of the azide (30) and the corresponding nitro

¥ = o,+,".

N|_ > ( 32)
oo
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compound give the perimidine suggesting the possibility that a
similar intermediate is involved in perimidine formation,

In a recent coumunication 162a simpler examble of
reductive cyclisation has been reported. Treatment of
o-nitrophenyl benzoate with triethyl phosphite gave 2-phenyl-
benzoxazole (38). This is an apparent nitrene addition to the
C=0 bond of the o-nitrophenyl ester with loss of one atom of
oxygen, leading to formation of the oxazole. We confirmed this»

observation.

O\\T/Ph -0

c‘a PRy @[ )P

‘NOZ | . N
(38)

However, when the nitrene was generated by decomposition of the

corresponding azide, the reaction took an entirely different

course. o-Azidophenyl benzoate was easily prepared by the action

of benzoyl chloride on grazidOphenolzoe . Thermolysis of

o-azidophenyl benzoate in refluxing 1,2,4-trichlorobenzene gave

o-hydroxybenzanilide (39) (10%) as the only isolable product.

Surprisingly onl; a trace of the oxazole could be detected (t.l.c.).

A control reaction showed that 2-phenylbenzoxazole was stable under

the reaction conditions. We have therefore a markedly different

mode of reaction for an azide decomposition and for a nitro compound

deoxygenation. If indeed nitrenes are involved in both cases it

would appear that the presence of triethyl phosphite is necessary

for the subsequent formation of the oxazole. One obvious possibility

is the formation of (40) by nucleophilic attack by phosphorus on

the nitrene, and that this is the species vhich leads to oxazole



formation (Scheme 8), Thermolysis of the azide could give the

O O

PoEt)
, o OEN),

(40) (
(Scheme 8 )

nitrene which abstracts hydrogen from the solvent to give the

amine (41) which then rearranges. The trace of oxazole observed

: lOCOFh i :OCOPh o C :OCOPh

(41)

S,

(39) (42)
could arise by cyclodehydration of the amine (41) via

intermediate (42),

The nitrene could abstract one atom of hydrogen only
to give the anilino radical (43) vhxch could then rearrange to

~ give o-hydroxybenzanxllde.

Sr Sy (g o
iy P N“en NHCOPh
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A nitrene intermediate wmay not be involved and a concerted
mechanism can be envisaged to account for the formation of the

phenol (Scheme 9).

er e Sl
“s. . / %

@ g | NCOPh OH

7 > reduced | >

CT+ Ph 0 NHCOPh
N

2
( Scheme 9 )

Photolysis of diphenyldiazomethane and N-sulphinyl-
aniline gave amongst other products N-diphenylmethyleneaniline,
which can be explained by addition of4the carbene to the nitrggen
- sulphur double bond and subsequent eitrusion of 80.163 An |
extension of this to the addition of a nitrene to a sulphinylamino

group could lead to the formation of azo compounds. This could

possibly be applied to the synthesis of benz[cd]indazole. '

o
H

&5 &5

(45)
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This reaction was first attempted with more simple
systems, N-Sulphinylaniline was wmade by the reaction of thionyl
chloride with aniline}64. Diazotization of aniline and treatment
of the diazonium solution with sodium azide gave phenyl azide.
Pyrolysis of ﬁhenyl azide in refluxing N-sulphinylaniline gave
azobenzene. This product could of course arise by reaction of
the nitrene with the N=S bond or by dimerisation (see Introduction,
section 3b),., However, para-methoxy and para-chlorophenylazide
on thermolysis in N-sulphinylaniline gaQe the "mixed" unsymmetrical

azo compound ( as well as the symuetrical dimerization product in

the para-methoxy case). This is not a clean reaction and only

s"O

N, N .~ N?

g
B + __>©'N—‘N_©
R

(L)

R R
R= QMe or Cl L . : l/

goes in low yield but constitutes a new route to "mixe@ﬁiazo
compounds. This is the only example of.addition of a nitrene to
& N=S bond. Photolysis of the azide,in.the presence of N-sulphinyl-
aniline gave bnly trace amounts of the azo compound.

A nitrene may not be involved. Initial attack may

involve the azide as shown in formation of the thiadiazene (44):
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This possible route to benz|[cd]indazole was abandoned
since attempts to prepare l-azido~8-sulphinylaminonaphthalene (45)
by treatment of l-amino-8-azidonaphthalene with both N-gulphinyl-p-

toluensulphonamide and thionyl chloride failed.

Another possible route to benz[cd)indazole would be
oxidation of its dihydro derivativ; (2). This system has been
reported in the literature but we had shown earlier the assigned
structure was incorrect. The N,N-diester (8) of 1,2-dihydrobenz
lcdlindazole would be an ideal precursor.to the dihydro derivative.

"HN—<«———NH C H3C OZN ——I\COZCH 3

(2) (6)

Although only small amounts of the diester (6) were available,
from the reaction of 1,8~dehydronaphthalene and dimethylazo-

: dicarboxyla@e, its hydrolysis and decgrboxylation.should lead to.
the parent dihydrobenzlcdlindazole. Treatment of the colourless
diester (6) with ethanolic potassium hydroxide rapidly gave a

-deep purple solution from which two colourless isomeric compounds,

CIOHSN2’ were isolated.
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HN—

. (46)

NTNH HN—N

O P (47)
l—

These isomers were separated by preparativé tel.c.,
but interconverted slowly on standing, and rapidly on heating or in the
presence of base, The infrared, n.m.r. and mass spectral data
for both isomers were very similar. The mass spectrum gave a
molecular weight of 156, with loss of 1 (~H) followed by 28 (-N2).
The n.m.r. spectrum showed a multiplet of five protons, assigned as
aromatic and vinylic H, two allylic protons, and a broad singlet
assigned as NH. The solid phase infrared spectrum (K Br disc)
showed a very broad NH at 3160 cm."1 Solution infrared showed a
broad NH at 3160 cm.-1 which gave on dilution a sharp peak, and

osmometric molecular weight determination in non-polar solvents

dihydrobenz[cd ) indazole 166b
indazole

molar :
concentration 0.0223 [0.068 0.123 | 0,055 0.494

apparent

molecular
weight 158 184 198 - -

association of
monomer ) 1.0 1.2 1.3 1.2 1.5
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indicated association typical of indazoles;
such as (48) and (49).166

/ l !

N N

. _N\
/ s : e e
e H H N /H

. N—
y o
(48) (49)

However, the u.v. spectra of the two isomers were
significantly different, the least polar isomer showing much more
fine structure. However it was not possible to differentiaﬁe
between the two isomers. |

Compounds (46) and (47) are only moderatly stable and
decomposed, particularly in solution, to give intensly coloured
polymers; indeed the formation of a deep purple colour was
diagnostic of the presence of (46) and (47). Alder, Niazi and
Whiting 1280btainedAa very similar mixture, which they could not
separate, of the dihydroindazoles by reduction of the N-oxides (4)
and (5). It would appear therefore that dihydrobenz[cd]indazole
prefers to exist in the thermodynamically more stable tautomeric
forms vhich have an aromatic indazole system rather than a

-naphthalene system; This possibly reflects the differences in-
strain between the 10 T aromatic systemswith five~ or six-membered
'peri'~bridges, and the differences in resonance energy between

indazole and naphthalene. An analogous carbocyclic example 185
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which exists as (50) suggests that strain may be the dowinant
~factor, We can speculate that this type of tautome;ism is generai
in 1,8-bridged naphthalene systems. However the n.m.r. spectrum (see
following section) of 1,2—dihydrobenz[cé]indole (51) indicates

that it exists in the form shown although perhaps significantly it

-+
X = BF*SK or H

Phe

HN
NH,

(50) (51) (52)

readily decomposes to purple polymers as do the benzindazolea.
Further support for the structure of (46) and (47)
" came froy the formation of an identical mixture by diazotisation
. of 5,8-dihydro-l-naphthylamine (52) in a standard type of indazole
preparation. 5,8-Dihydro-l-naphthylamine was easily made by
reduction of l-aminonaphthalene with sodium ethoxide in xylene.119
The best procedure found was to allow the diazonium chloride to
decompose slowly in chloroform containing equimolar amounts of
triethylamine and glacial acetic acid at room temperature for
24hr. Unfortunately the yields were low and variable but the
directness of épproach made this the most convenient source of
(46) and (47).
In view of the possible mobile tautomeric equilibrium

2 = 46 ==47 attempts were made to convert the indazoles (46)
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and (47) into the N,N-disubstituted derivatives of form (2).
Treatment of (46) and (47) with excess of methyl chloroformate in
the presence of iriethy]amine gave dimethyl 1,2-dihydrobenz|cd]
indazole-1,2-dicarboxylate (6), identical in all respects to
that obtained by addition of l,8—dehydronaphth;lene to dimethyl
azodicf;rboxylate. The N,N-disubstituted derivative (31) was
obtained in low yield by treatment of (46) and (47) with
phthaloyl chloride. 1,2-Dihydrobenzlcdlindazole derivatives
can thus be prepared from l-aminonaphthalene althdugh the
overall yield is very low. Other attempts at‘ﬂzgrdisubstitution
were less successful. Thus benzoyl chloride, phenacyl bromide

and benzyl bromide gave only the mono N-substituted derivatives _

N—N —R N—N —R

(33)

(53, R=PhCO, PhCOCH2, PhCH2 respectively). The mono N-substituted
dihydrobenz[cd]indazoles were similar to the parent éompoﬁnd in

prefering structure (53) to the tautomeric naphthalene structure

R-N—~N—R

(54)
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(54, R“=H). This was readily shown by two allylic protons in the
n.m.r. spectrum; significantly these ﬁompounds also decomposed
slowly to a blue polymer. The N,N-disubstituted derivative

(54, R/-PhCO, R-=002Me) was obtained by treatment of 1-N-benzoyl-
1,2—dihydrobenz[cd]indazole with methyl chloroformate in thé
presence of triethylamine. Further attempts to add a second
N-subatituent to the mono-N-derivatives were unsuccessful. The
simple alkyl derivatives of the indazoles (46) and (47) could not
be isolated. Attempts at methylation:with dimethyl sulphate
failed and neither mono nor dimethyl derivatives were isolated,
Reduction of the diester (8) and N-methyl-N-acetylbenzlcd]indazole
(54, RaCH, , iz.cocas) with both lithium aluminium hydride and
diborane also failed. lﬁﬂrAminonaphthotriaziné was oxidised
with lead tetra~acetate in azoteftiarybutane, in the hope that
addition of 1,8-dehydronaphthalene to the N=N bond would give
N,N-di-t-butylbenz [cd}indazole (54, R'=R = t-butyl) but only
yellow gums which coﬁld not be purified were obtained. Attempts
to prepare the methyl iodide quaternary salt of the indazole (46)
and‘(47) and to stabilize the benzindazole system by forming a
cuprous chloride complex were also unsuccessful,

Decomposition of E}nitroso-l-acetamidotétralin (55)
gives the ihdazole (11) in reasonable yield.154 In'gn attempt
to improve fhe yield of the indazoles (46) and (47) from
5,8-dihydro=l-naphthylamine, the acetyl derivative was nitrosated
‘with nitrous fumes and decomposed in a similar manner. However
only low yields of the dihydrobenzindazoles (46) and (47) were

obtained.
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"ON Ac
N7 N—NH
“ — “
{ 55) (11)
ON\ /‘Ac AcONy,
N N
—_— —_—> (46)+ (47

- Finally a very satisfactory method for converting
l-amino-8-azidonaphthalene to the dihydr;benzindazoles (468) and
(47) was found in the later stages of this work., Although all
attempts in solution had failed, pyrolysis carried out by
sublimation of l-amino—s-azidonapﬁthalene through a hot tube
gave the dihydrobenz[cd]indazoles in go;d yield. The optimum
conditions were found to be a sublimation temperature of 120°
and a hot tube temperature of 300° at 0.Q4mm. Hg pressure giving
a yield of 80%., The conditions of the reaction were critical.
and the yield is decreased on lowering the sublimation temperatdre
and on raising or lowering the tube temperature. The nitrece
formed from the azide could give the indazoles by intramolecular
hydrogen abstraction and ring closure, or indeed at this
temperature the nitrene probably inserts directly into the adjacent
NH bond, followed by isomerisation. Pyrolysis of the amino azide
in solution g;ve no trace of the required product and since the

dihydrobenzindazoles would have survived the solution pyrolysis
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conditions this is a striking example of the advantages of high~
temperature, low-pressure, gas phase decomposition compared to
lower temperature decomposition in a solvent.

Although 1,2-dihydrobenz(cdlindazole (2) itself was not
available it seemed possible that oxidation of the indazole
tautomers (46) and (47) could lead to benzlcdlindazole. However
oxidation (with lead tetra-acetate, mercuric oxide, silver oxide,
and manganese dioxide) and dehydrogenation (with N-bromosuccinimide,
dichlorodicyano-o-benzoquinone, and palladium in p-xylene) under
" a variety of conditions gave no isolable, stable product. Oxidation
with t-butylhypochlorite at -60°'gave an unidentified substance as
yellow plates in low yield. The infrared spectrum showed a peak .
at 3450 cm.-'1 (0H or NH) and the mass spectrum gave a molecular
" weight of 230, This is consistent with a 1:1 adduct of the
dihydrobenzindazole and t-butyl alcohol. However attempts to
purify thi; compound and obtain satisfactory analysis failed.
Attempts to trap benz [cdlindazole agsuming it to be a strained
reactive cis-azo compound also failed. Thus no adduct was isolated
from oxidation in thé presence of 2,3—dimefhy1butadiene with whiqhh
cis-azobenzene will form an adduct but trans-azobenzene will not}éT
No 2+2 adduct was obtained from oxidation in the presence of
diphenylketene, anothef‘gig azo compound uﬂp-167Addition of |
diphenylketene to (46) and (47) in methylene chloride gave an
immediate reaction. Chromatography on silica gel gave 1-N-diphenyl-
acetyl-l,2—dihydrobenz[cd]indazole (53, R-Ph2CHCO) as well as
diphenylketene polymer and diphenylacetic acid. However.oxidation
of the dihydroindazoles (46) and (47) at'-70. witﬁ lead tetra-

acetate followed by addition of diphenylketene did not give the
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mono N-substituted indazole but an isomeric compound. The infrared
spectrum showed a carbonyl group and the mass spectrum gave a
molecular weight of 350, The n.m.r. spectrum ﬁhowed only aromatic
protons. Attempts to purify this compound also failed.

The mono and di-N-oxides (4) and (5) of benz[cd]indazole
have recently been reported.lz8 fhese appear to be ideal
precursors and deoxygenation should give benz|cd] indazole. The
.mono and di-N-oxides (4) and (5) were prepared by m-chloroperbenzoic
acid oxidation of 1,8—diaminonaphtha1ene; Attempts to isolate or
trap benzlcd lindazole in the deoxygenatibn of (4) and (5) with |
phosphorus trichloride, triethyl phosphite and dichlorocarbene
(generated by decomposition of phenyltrichloromethyl mercury)
in the presence of diphenylketene, phenyl sydnone and 2,3—dimethylf ‘
butadiene all failed. Attempts at reduction of the E&oxideg (4)
and_(5) with stannous chloride in acetic acid, and Raney nickel
and hydrogen gave no isolable product. The di-N-oxide ;as easily
deoxygenated to the mono N-oxide by refluxing in benzene. This
is surprising as such thermal deoxygenatibns usually require much
higher temperatures. | |

The mono N-oxide is & 1,3-dipole and as such should be
trapped by 1,3-dipolarophiles. However attempts to effect such a
reaction with dimethyl fumarate, allyl alcohol, or nitrosobénzene

failed.
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Section I1I.

_ ATTEMPTED PREPARATION OF BENZ[cd] INDOLE AND
ITS DERIVATIVES.
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Acenaphthylene (1) is a known stable compound; benz [cd]
indazole (2) however is-unknovn and we have shown earlier that it
could not be isolated. Very little is known about benz [cd]indole
(3) the compound intermediate between the two. The parent compound(3)

(L

N= =

(1. (2) (3)

has never been described and only a few derivatives of this system

have been reported in the open literaturs. However several

derivatives ofﬂbenz[cd]indole are referred to in patents, alihough

the structures assigned to some of these compounds seem doubtful.
5—Hydroxybenz[cd]indolel67 (4) is readily available from

1,2-dihydro-5~hydroxybenzlcdlindole (5) by alkaline oxidation, which

occurs rapidly with such reagents as potassium ferricyanide, persulphate

or hypoiodifc.168 The hydroxy compound (4) has been formulated

N= HN

| OH
(&) (5)

H HN \ | RN \

(6A) (6B) . (7)
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as the resonance hybrid 6A <€>6B; reactions such as acetylation

and methylation occur readily at the nitrogen169’ 170 giving compounds
(7, R-COCH3) and (7, R-CHa) respectively,

Quaternary salts of the benzlcdlindole system have been
suggested for several compounds}7l’ 172 a simple example being
the salt (8) described by Russian workers}73 The methosulphate
is less stable than the iodide. ‘

The simplest derivativesof benzlcdlindole appeard to be
naphtholactam-0-methyl ether (9) and the chlorobenz|cd)indole

174
),

(10 However although the ether (9) is mentioned in patents

I CH3N ;H:; | NéCH3 :

(8) (9)

I

(10) . | - (11)

0
Cl
' HN Ct

and appears.to be used in large quantities, its preparation and
characterisation are not described. The interhediacy of the chloro
compound (10) has only been implied and is assumed to arise in

high temperature reactions by loss of HCl from 2-dichloro~1,2-
dihydrobenz[cd]indole (11), which itself is prepared by heating
naphthostyril with phosphorus oxychloride. Compounds (9) and (10)
react with compounds contgining active methyiene'groups to give

dyestuffs of the type (12).
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HN ==
X (12)

A carbocyclic ring substituted benz [cdlindole has been
suggested for the dyestuff (13) obtained from the reaction of
naphthostyril vith l~-methyl-2-phenylindole in the presence of

175 '
phosphorus oxychloride, However since the chloro compound(10)

/

.

N

Ph |
Me

>

(13) - (14)

has been suggested in this type of reaction, it is reasonable to
assume that this dyestuff has in fact structure (14).

The dihydro derivative of (3), 1,2-dihydrobenzlcdlindole
(15) is readily available and better known. Reduction of its '
derivatives to the tetrahydro.(lﬁ) and hexahydro (17) analogues

has been used in attempted synthesis of lysergic acid.uﬁ’177

HN , HN

w (16) S
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1,2-Dihydrobenzlcd]indole is obtained by catalytic reduction

| of 8-nitro—1-naphth;1dehyde.178 This presumably involves reduction
to the amino compound followed by ring cyclization by elimination

of water to give benzlcdlindole, which then undergoes additional
reduction. Similar reduction of 8-ni.t,ronaph't,hylke‘t.cmes126 gave/

~ 2-gubatituted 1,2-dihydrobenzcd]indoles.

NO, COR H HR

Our interest in benz[cdlindole was to c#mpare its
stability with that of benzlcdlindazole and acenaphthylene.. .: ...
Irradiation or thermolysis of this system could lead to 1,8-dehydro-
naphthalene by the loss of R-C=N.

1,2—Dihydrobenz[cd]iﬁdole was érepared by lithium
‘aluminium hydride reduction of naphthostyril using a modification

) 7
of the method of Stoll}z

This compound was unstable and
decomposed to a purple polymer suggesting that it could exist
in tautomeric forms such as (18) and (19) analogous to those

previously described for l,2—dihydrobenz[cd]indazole. The n.m.r.

N HN \\

(18) (19)
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spectrum showed a broad singlet, 1 proton (NH), a sharp singlet,
2 protons (CH2) and 6 protons as a multiplet. No allylic protons
_were detected. On addition of D20 the broad singlet disappeared,
but addition of NaOD had no further effect; thus no D was incorporated
af a carbon atom. .We can assume therefore that 1,2-dihydrobenz
[cdlindole has in fact structure (15). |

Mild oxidation of 1,2-dihydrobenz[cd]indole should

lead to benzlcdlindole. Since we could expect benz [cdlindole to be

susceptible to nucleophilic attack (Scheme 1) the oxidations were

= X ) “N"GHX
8‘—‘*“

N==C —X

( Scheme 1)

further
ox1dat1on

carried out under Anhydrous conditions. Unfortunately since water

is produced in the reaction we would expect any benz[cdlindole
formed to give'the hydrate (20) which would probably be quickly

oxidised to naphthostyril, The oxidations in benzene with manganese

H
HN— C-OH

(20)

dioxide were carried out in a Dean and Stark apparatus to remove

any traces of moisture formed as quickly as possible. Naphthostyril
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was the major product together with two winor ones which were
separated by chromatography on silica gel and tentatively
assigned the structures di-2-benz[cd]indolyl ether (21) and

E_(2—benz[cd]indolyl)-naphthostyril'(22). The first compound

5 &

(21) | - (22)

was eluted from the column as red crystals, 022H12N20. The
infrared spectrum showed no NH and no carbonyl group. The mass
spectrum gave a molecular weight of 320, showing that the structure
wvas made up of naphthostyril minus one hydrogen and benz [cd]indole
>minus one hydrogen. A conceivable structure which fits all the
physical data is the ether (21). The second compound, CooH; oNo0,
wvas strawv-coloured. Its infrared spectrum was very similar to that
of naphthostyril and showed a carbonyl group at 1730 cm..1 but no
NH peak. The mass spectrum gave a molecular weight of 320. The
most plausible structure is that of N (2~benzlcdlindolyl)naphthostyril
(22). The mass spectrum breakdown pattefn of the two compounds
(21) and (22) were identical showing distinct similarity in their
structures. Both products can be rationalised by nucleophilic
attack by naphthostyril on benzlcd]indole, with fufther oxidation
of the dihydro species produced. Attack by 0 would give the ether
.(21) ané attack by N the compound (22). An alternative méchanism

is attack by the hydrate (20) to give the ether (23) which would be
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N TRC —NH

(23)

oxidised further to give (22). Attempts were made to trap benz
[cdlindole using methanol as a nucieophile. Anhydrous methanol was
added to the above reaction. However the same products were
obtained, and surprisingly no naphtholactam-0-methyl ether was
detected. Manganese diox?de oxidation in dry methanol however

gave on elution with 20% ether-petroleum from silica gel an
unidentified substance as orange crystals in addition to compound
(22), although di-2-benzlcd]indolyl ether (21) was not isolated.
The mass spectrum shoved a molecular weight of 336 which is

consistent with any of the structures (24) to (27). The analysis

H
| Oz‘ N N;O N N—Y—0CH,
' ( 24) | | (25)
0-0 VOR 0
» 'N: \;N N
- (26) | 27)

was consistent with 002H12N202 (24, 26, or 27) thus ruling out

structure (25). The infrared spectrum showed the absence of
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a carbonyl group ruling out naphthostyril dimer (24). The
peroxide (26) is unlikely and a peak at 1222 cm.”) could be
assigned to an N-oxide, thus leaving (27) as the most plausible.
structure. |

Initial attempts to oxidise 1,2-dihydrobenz[cd]indole
with E}bromoauccinimide were unsuccessful., '

Reductive cyclisation of methyl 8-nitro-l-naphthylketones
hﬁs been reported to give the 2-methyldihydrobenzindole presumably
via the benzlcd]indole which is further reduced. Deoxygenation
- of 8~nitro-l-naphthylmethylketone was attempted with triefhyl
phosphite. By analogy to the deoxygenation of 8-nitro-l-
phthalimidonaéhthalene, Aiscussed in the previous section, we
could expect this reaction to givé the N-oxide (28) which would
deoxygenate under the conditions employed to give 2~-methylbenz
[cd)indole (29). However no trace of the indole (25) or N-oxide

(28) were detected.” Methyl 8-nitro-l-naphthoate was prepared by

N CHy N CH,

(28) (29)
nitration of l-naphphoic acid and the methyl estgr was treated
similarly with triethyl phosphite. Chromatography on silica gal
gave naphthostyril and diethyl E&(l—methoxycarbonyl—S—naphthyl)
phdsphoramidite (30), a type of product dowmonly obtained in
triethyl phosphite deoxygenation of nitro compounds; see Introduction

Section 2b, Again no 2-substituted benzlcdlindole was obtaired.
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8-Amino-l~naphthoic acid was prepared by treatment
of naphthostyril with aqueous sodium hydroxide. Addition of
diazomethane to a suspension of the acid in ether gave an'alﬁqsﬁ
quantitative yield of methyl S-amino-l-ﬁaphthoate. Diazotisation
and treatment of the resulting diazonium solution with sodium
azide gave methyl 8-azido-l-naphthoate (381). Irradiation of this
azide in benzene gave red needles of a compound, m.p. 103—1940,
in very low yield. The infrared spectrum‘showed no characteristic
peaks. The mass spectrum gave a molecular weight of 183. The

possible products with this molecular weight are (9 ) (28) and

o ey o
CH0,C  HNPO(OER), Ny  COCH, Hy
' X
p
(30) (31) (32)

(32). Compound (32) would show a carbo#yl group in its infrared
spectrum and in facﬁ is a known compound,179 m. p. 77-790. Since
there is no loss of 16 in the mass spectrum the N-oxide structure
is considered unlikely. This therefore leaves the ether (9), a
known but not described compound (see e;rlier) as a possible
structure. Attempts to prepare (9) unambiguodsly_by methylation
of naphthostyril failed.

Pyrolysis of methyl 8-azido-l-naphthoate in refluxing
1,2,4-trichlorobenzene gave red needles of 8,8’—methoxycarbony1-l,
ll-azonaphthalene (33), the normal dimerisation product found in
azide decompositions. The infrared spectrum indicated a carbonyl
group but no amine. Thke m&sé spectrum gave a molecular weight of

398, with losses of 59 (coacas), 126 (Cmﬂs) and 28 (N2).
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——N CC%CFE

(33)

N\ /2

Our attempts to prepare the parent benz[cdlindole were
thus unsuccessful. However products were obtained that could be
explained by very rapid nucleophilic attack on this compound by
.lﬂaphthostyril. Naphthostyril itself probably arises from benz
[cdlindole by covalent hydration, which occurs in the presence of
manganese dioxide. Generation of a nitrenelgg:i to a carbonyl
group in this paphthalene system does not readily lead to formation
of the peri C<N bond. This possibly reflects the difference between

a 5 or 6 ring peri nitrene-carbonyl interaction.
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ROUTES TO AZABENZOCYCLOBUTADIENE.

140.
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’ 182
Thermolysis of o-diazidobenzene and oxidation of
. 25 . .. 183 o .
o-phenylenediamine and o-azidoaniline all give 1,4-dicyano
-1,3-butadiene (1). These reactions can all be envisaged as

proceeding via the dinitrene (2), although this seems most unlikely.

PdHZ

ps)
NH ¢
2 %}/\

N3 NE
;=
PQHZ : ' N

/ (2)
N

3

N3

In the case of the azido compounds the mono azidonitrene could lose
a molecule of nitrogen in concert with ring cleavage. There is
also the possibility that interaction of the nitrenme with the
adjacent azido group leads to unstable heterocyclic systems such as
(3) or (4) which fragment (possibly in a symmetry allowed concerted
process) with the loss of one molecule of nitrogen. Support for

the intermediate (3) is found in the lead tetra—acetate oxidation
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of 2-aminobenzotriazole (5) with formation of the dicyano compound

1), 75 There is also the intriguing,but perhaps less likely"

=Ny 4 /)
O, 225 | D4 |0
N

(5)

pbssibiiity,that the reaction proceeds through an unstable

diazabenzocyclobutadiene (8).

||

l

(6)
This ring cleavage is a general reaction and 2,3-diazido-

'1,4-naphthoquinone gives phthaloyl cyanide on thermolysis in

toluone.m4 :

0
| 3
o -
| 2" -
o |

Ancther possible example illustrating the general tendency

O

of species with the stoichiometry of (2) to cleave to the corresponding

dicyano compound is the deoxygenation of the furazan (7) by irradiation
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in the presence of triethyl phosphite.21 However in this cese
cleavage of the ring may preceed deoxygenation.

In view of the above reaction;, where ring opening is
observed, we were surprised by a recent'communication by
Sondhiemer.185 Hydrolysis of the bis (trimethylsilyl)‘compound (8)
in ethanol with aqueous sodium hydroxide was found to give gig} 3157
3,5-octadiene-1,7-diyne (9). This was detected spectroscopjcally,
but was an unstable compound, which is rdpidly converted into the
known benzocyclobutadiene dimer (10) in high yield. Hydrolys§s
of the silyl derivative (8) in the presence of cyclopentadiene gave

the adduct (11) of benzocyclobutadiene.

. — _—
N — =—SiMe, X ._-;(-:) (_/
(8) (9)

\

/
/

N

—I T 1|—I]
™™ ™ P F T
(10) (11)

Since the formal dinitrene ring-opens to the dicyano

compound, whereas the corresponding diacetylene ring closes to
give the unstable benzocyclobutadiene, we thought that it would

be interesting to study the following systemsj. We decided to
examine o-nitrenophenylcarbene (12) first, since this would be
easier, and since it was intermediate between the dinitrene and the

dicarbene. From the nitreno-carbene (12) we could expect to get the

't
See page 144,



144,

u

[ 34 /—,E /
— [:: m— l—_—]
N =N ~~ N

[ 4
L)
.

(12) (13) (14)
"~ cyanoacetylene (13) or products derived from azabenzocyclobutadiene

(14) such as the dimers (i5) or (18).

' \N/L——‘ /

(15) (16)

The obvious precursor to (12) would be the o-azidodiazo
compound (18, ReH). Since non-terminal acetylenes may be more stable
than a terminal acetylene, attempts were made to prepare the
substituted o-azidodiazo compounds (18, RzMe or Ph). Treatment
of the azidoaldehyde (17, R=H) or azidoketones (17, R=Me or Ph)
with hydrazine hyérate did not give the hydrazome but gave the

corresponding indazole in high yield.
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NF& h% - N3 _
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O

The indazoles probably arise by intramolecular nucleophilic
displacement of the azido group in the first formed ﬁzidohydrazone.
This is known for o-bromoketones and o-nitroketones with hydrazine
but more forcing conditions are required., Thus 3-phenylindazole
can be obtained in 45% yield by heating grbromobepzophenone with

188 Qur conditions are much

hydrazine hydrate at 200° for 12hr.
milder and it is perhaps surprising that the azide group is such

a good leaving group; relatively few examples of nucleophilic
displacemeﬁt of aromatic azide groups have been reported.187
Therefore we considered the possibility of a ketazine intéfmediate.

The ketazine of o-eminoacetophenone was prepared and converted into
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the azidoketazine (19) by diazotis;tion and treatment wifh sodium
azide. However decomposition of this compound under the normél
reaction conditions gave no trace of 3-methylindazole.

Since an o-azidodiazo compound was not readily available,
oxidation of the o-aminohydrazone was considered. This should lead
to the o-aminodiazo compound and'then to the o-nitrenocarbene
by analogy with the oxidation of o-azidoaniline. However oxidation
of o-aminobenzophenone hydrazone (20, R=Ph) with lead tetra-acetate
gave a good yield (86%) of a colourless crystalline solid, CIBH12N3'
The infrared spectrum showed no functional groups, and the masé
' Spectrum gave a molecular weight of 207. The compound was therefore
assigned the 4—pheny1-1,2,3—benzotfiaziné structure (21, R<Ph).

The 4-methyl analdgue (21, R=Me) was obtained in lower yield on

R . R

XN —NH, ib_@ki% N ril

NH, NN
(20) (2)

oxidation of o-aminoacetophenone hydrazone (20, R=Me) together with
‘an unidentified oil, the molecular weight of which showed it to
consist of 2 units of azabenzocyclobutadiene. However, the infrared

spectrum which showed NH2 ruled out a simple dimer(analogous to a

| | | .
N—" | | ]
CH\N/%——_‘I:;J . ==:I::j .
| | cH, |

(22) (@3
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benzocyclobutadiene.dimer)such as (22) or (23). Similar oxidation
of the o-aminobenzaldehyde hydrazone (20, R=H) did not give the.parent
benzotriuzin; (21, R=H). Therefore either this is unstable or the
reaction takes a different course. No trace of the cyanoacetylene
(13) or products which could have a;isen from azabenzocyclobutadiene
were found. Oxidation of o-aminobenzophenone hyarazone with
NiO2 gave the benzotriazine (21, R«Ph) as well as an unidentified
~ substance (m/e 381) which showed a broad peak at 3360 ca.”} in the
infrared.

The benzotriazine (21) could be formed from the diazonitrene
(24), but more likely arises from the diazo group interacting with

the amino group to give the cyclic hydrazine (25), which would

be rapidly oxidised further.

Ph -
, \\N==QL 7 X
: —n IJ

(24) \ (25)

Z

—-—Z

z+
&
/
E:

<I\SI
IZ

The parent compound (21, RsH) has not yet been described.
Previous attempts to synthesise it have been unsuccessfu1.188 No

4—-aryl or 4-alkyl substituted derivatives of this system have been

"reported, although some 4-substituted derivatives are known, e.g.
189 : 188

=0 ’ =5 , <-NHR ’ -NHNH2 . Triazinones are well
known, as are the benzotriazine N-oxides, but the only unambigdous‘
triazine is the thiomethyl derivativé'(26),190' Tautomerism of

the type 27 =28 is possible for all other reported 4-substituted

benzotriazines. 191, 192
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Me | NR NHR
N NH N
;1 | = L
g Z Z
& N,/N N'/
(26) (27) (28)

The only monocyclic triazine known is 4,5,6-£ripheny1-
1,2,3-triazine (29). This readily decomposes on irradiation iz
benzene to give diphenylacetylene, phenyl cyanide and nitrogen}g3

4-Phenylbenzo-1,2,3~triazine was found to be photolytically stable

- Ph .
’ PhC=CPh
Ph SN h +
P — | 1 — PRCN
: AN +
N
Ph

N3 N2

(29)
in benzene, but decomposed to polymeric material in acetonitrile.
Photolysis in acetonitrile in the presence of furan in ah attempt
to trap benzyne gave no l-naphthol after acid work up. However
thermolysis in a hot tube (400,0.2mm) did give biphenylene (16 %)

and phenyl cyanide (20 %). The reaction may be stepwise with initial

PhCN
Ph + _
‘\.N AN =z
| — —_—
' 2N o G N
N .
+ .
Ny

loss of nitrogen followed by loss of phenyl cyanide or it could be a
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concerted process. The phenylbenzotriazine is therefore a new benzyne
precursor and this fragmentation provides furthef support for ita
structure. Initial experiments have shown that the 4-methyl analogue

is less stable that the 4-phenyl and a more refined vapour phase pyrolysis
apparatus would probably give better yields of benzyne.

Over the past few years, Rees and his group have systematically
studied N-nitrenes obtaiped by oxidation of heterocyclic N-amino compo;nds.
Dﬁring the course of this vork-Horve11138 examined the oxidation of l- and
2-aminoindazoles. The expected reactions of the nitrénes derived from

oxidation of the N-aminoindazoles are shown in Scheme 1. Since these are

R L O
’;./ Qj‘i \C—K

1Y ___N
R il
- Ci .
N | 7z =
(31 e e
¥ = o4+, -, . \-*:N
(Scheme 1 )

N-nitrenes with an adjacent nitrogen atom, fragmentation onldAbe
‘expected to lead to species of stoiéhiometry (30) and (31) in a
simiiar manher to the very ready loss of nitrogen on oxid&tion.
of N-aminobenzotriazole. In principle (30) could lose RCN to give
benzyne or ring close to give 2-substituted azabenzocyclobutadiene
which may cléave to give cyanoacetylene. It would be instructive,

therefore, to compare the products obtained by
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oxidation of N-~aminoindazoles with those of the hydrazones

described above., Oxidation of 2-aminoindazoles is especially

R | R

N NH, o
2

NH, =N

relevant in the study of the nitrenocarbene problem,

Horwell examined the lead tetra-acetate oxidation.bf 1-
and 2-aminoindazoles and his results are summarised in Table }. He
explained the formation of the acetamidoaldehyde and the anils in
terms of azabenzocyclobutadiene which would bé highly susceptible
to nucleophilic attack. grAcetamidoﬁenzaldehyde<is probably not

194,¢ this reaction

" the major product and subsequent re-investigation
has shown that it is in fact o-aminobenzaldehyde. o-Aminobenzaldehyde

is readily explained by attack of water. In vigorously dried solvents

OH .
<;:3 ‘ ' CHO
7 e

N lb —
N S X __—ki' : NH2

the yield of o-aminobenzaldehyde falls qonsiderably and significqntiy
the yield is greatest from oxidation in dimethylformamide ( a solvent
particularly hard to dry).

Horwell also isolated, in small yield, two compoundéﬁ_
which appeared to be the dimers of azabenzocyclobutadiene (15) and
(16). - S

Both 1- and 2-aminoindazoles were obtained by the method of
Horwell. 3-Methylindazole was aminated in alkaline solution with
hydroxylamine-0O-sulphonic acid to give the l-N-amino and éfﬁ-

amino-3-methylindazoles. These isomeric structures are easily



T&ble 1.

131.

Indazole and

solvent Products and yields 5
N \ CHO
9} y others.
Y N NHAC
NH,
methylene
chloride 20 ) -
dimethyl
sulphoxide 15 20 : -
dimethyl- .
formamide 0 70 ] -
"]
ethanol (-70°) 5 0
CH=N
—I\N
NH, 10
- -NH
=~ 2
Ve
methylene .
chloride 0 15 : -
dimethyl __g ~Me
sulphoxide 0 20 N/N_N_ ~Me
- 8
/N X
-CH=N-N
methylene — W%
chloride and NH
cyclopentadiene 0 0 2 35
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distinguished by examination of their u.v. spectra and comparison

Me ' Me ' Me
| — + NTNH,
o —Oo - O

| NH2
with those of 1- and 2—methy1indazole5195and 1- and 2-aminobenzo-
triazoles.l83 In all these cases the u.v. spectrum of the
1-N-substituted compound was very similar to that of the unsubstituted
parent. In the case of 3-phenylindazole, various attempts to
aminate with hydroxylamine-O-sulphonic acid at different pH and
temperature and with chloramine in ether gave only the 2-amino-3-
phenyliﬁdazole. 1-Amino-3-phenylindazole was not isolated.

Oxidation of 2-amino-3-phenylindazole in methylene chloride_

~with lead tetra-acetate gave, surprisingly,.a high yield (80 %)

of 4~pheny1behz9-1,2,3—triazine. No products afising from formation
of azabénzocyclobutadiene could be detected. Both l-amino and
2-amino-3-methylindazoie on oxidation gave. 4-methylbenzo-1,2,3-
triazine (71 % and60 % respectively), in lower yield than in the.phenyl
case. Similar oxidation of 1- and 2-N-aminoindazole in methylene
chloride gave low yields of o-acetamidobenzaldehyde; no £riazine could
be found.

This conversion of indazoles into triazines is a very
intriguing reaction. There are no other examples of ring expansion
on oxidatiqn of N-amino compounds with an adjacent nitrogen atom
in the ring. Nitrenes thus formed usually fragment. Ring expansion
has been observed °° on oxidation of l-aminooxindole (32) to give
cinnolin-3-0l (33).

| Both the l-amino and 2-awino-3-methylindazoles on

oxidation give the same product, 4-methylbenzo-l,2,3-triazine.
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(32) (33)

If "ring insertion" of the nitrene does occur in this reactiomn, it-
is possibly into the N-N bond to give the same intermediate in both

cases; although insertion into a C=N bond cannot be excluded.

t\{/ ‘ : Me

o\ =+

YOO —O0
R ~

Me

\Ngjj“

The amino indazoles were also oxidised in dimethyl
sulphoxidé in the hope that the nitreﬁe would be trapped as the
sulphoximine, Oxidation of 2—amin§—3—phenylindazole gave a-io§
yield of the triazine as well as an unidentified yellow crystalline
solid. The infrared spectrum of the yellow substance showed no
characteristic peaks and the mass spectrum gave a molecular weight
‘of 194 (though not 2- or 3-pheny1indazole). 2-Amino-3-methyl-
indazole on similar oxidation.gave a rapidly decomposing oil which
showed a doublet in the infrared spectrum at 2115 cm.-1 This
coula be the sought after cyanoacetylene (34). The possibility

that this o0il was o-azidoacetophenone was considered. The
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| ( (34)
N—=N\ |

' benzotriazine oxide (35) is known to rearrange to gruzidoacetophenone.l97

0

Me 5
\\ﬁr/ H
—_— 3
rqu
(35)

However, the oil obtained had a different infrared spectrum to
o-azidoacetophenone, and decomposed much faster than the azide.
Closer examination of this oxidation revealed an oil which could

be the dimethylsulphoximine (36). Horwell isolated the dimethyl
sulphoxide adductfnmaé—aminoindazole but was unable to detect the
isomeric adduct in the oxidation of l-aminoindazole. The mass
spectrum of the oil gave a molecular weight of 223 which corresponds

to compound (36). The infrared showed a peak at 1030cm. ! (8<0)

N=S§ (36)
\ NcH |

characteristic of a sulphoximine. However it would not crystallise and
no satisfactory analysis was obtained. No triazine was isolated
in dimethyl sulphoxide. 1l-Amino-3-methylindazole in dimethyl

sulphoxide did, however, give a lov yield of 4—methy1benzoiriazine
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and also an unidentified yellow oily substance which showed NH

"in the infrared and had a molecular weighi of 252,.(maas spectrum).
4—Hydrazinobenzo—l,2;3—triazine (37) was'prepared using a

modification of a literatﬁre method140 by treatment of 4-mercapio-

benzo-1,2,3-triazine (38) with hydrazine hydrate.

s _ NHNH,
NH N
| _— |
P/
N4ﬂq” N‘J“
(38) | (37)

The hydrazine (37) was oxidised in benzene in an attempt to form

the parent benzotriazine (21, R=H). Alternatively since arylhydrazines
have been oxidised in aromatic hydrocarbons to give diaryls,lg8
oxidation of hydrazine (37) in benzene could give 4-pheny1benzo-

’ i,2,3—triazine. However oxidation with manganese dioxide gave
benzonitrile ( 29%). The parent benzotriazine could well have been

formed, but decomposed as shown, via the diazonium compound. Such

a decomposition is not available to the 4~substituted benzotriazines.

Q : N

Silver oxide élso gave benzonitrile, but in lower yield
(12%), together with an unidentified crystalline substance.
' The formation of benzotriazines in the oxidation of the
3-substituted indazoles throws considerable doubt on Horwell's
suggestion that azabenzocyclobutadiene is formed in the oxidation of

l- and 2-aminoindezole. The possibility that the products obtained

.
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in those reactions arose from the unsubstituted triazine must be -
seriously considered. This would also explain the similarity of
»products from both the 1= and 2-zminoindazole. It seems unreasonable
that there shoyld be such a vast difference in modes of reaction

on oxidation of 3-substituted and 3-unsubstituted indazoles. It

. is probable, therefore, that in fhe unsubgtituted case, the triazine
is first formed. The triazine would be susceptible to nucleophilic

attack and the products of Horwell can be explained on this basis.

0=
N N= NNHZ

or . “Nz

o

The 4-substituted triazine might well be stable. &

rather similar situation has been found by Albertlgg; 6-substituted

|

’*Z\A-:‘.\Sé

azapurines are stable but the unsubstituted azapurine (39)'18
susceptible to covalent hydration. This is probably due to both

‘steric and electronic factors.,

N
. (39)
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It is still possible, though unlikely, that the products
obtained on oxidation of the aminoindazoles could arise by different
mechanisms. The two modes of breakdown of the indazole nitrene
may be affected by the indazole 3-substituent. 3-~Phenyl-2-amino-
indazole gives on oxidation a good yield of the benzotriazine. The
3-methylaminoindazoles give much lower yields of the benzotriazine
and this could possibly be due to some breakdown of the first
formed nitrene to give the unstable substituted azabenzocyclobutadiene.
The aminoindazoles themselves do not give the benzotriazine, but
give products which could arise from the intermediacy of either
azabenzocyclobutadiene or benzotriazine. A distinction between

these possibilities awaits further investigation,
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Section IV,

"5 _NITRENO-1,4-DIPHENYL~1, 2,3-TRIAZOLE".
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Smith and his co—wérkerslao have Aecomposed S5—-azido-
1,4-diphenyl-1,2,3-triazole (1) at low temperature (50°) to
obtain a red product which they claim to be a stable nitrene.
On the basis of chemical reactions, they concluded that this
compound had the nitrene structure (2). Reduction of their
product, catalytically and with butyl mercaptan gave the amine
(3). However since it also absorbed weakly in the infrared at
2200 cm.”) it was necessary to postulate that it was in equilibrium

with the ring opened form (4). None of the expected reactions

//'Z“""Z

NN N, 50° |
(1) Jh 1l Ph (2)
N=——=
!

, Ph
” ll =;_reduction :
AaNY NH,

+
N

/7‘

| '?
Ph | ' Ph
(3) (4

of a nitrene, such as dimerisation, hydrogen abstraction, rearrange-
ment, or insertion were reported. A similar intermediate has been
proposed 180to account for the formation of compound (5) on the
decomposition of 4-amino-3-azido-5-phenyl-l,2,4-triazole (6).

| The structure suggested by Smith is a highly stabilised

nitrene and is thus similar to a stabilised singlet N-nitrene of type

(7). We were intrigued by the product (2) or (4).which posed a
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N— N N =
A e Nenn, p N
PA | NJ\N M<N= N>_ i_h—<N-— N(NH

§=|
a
I
4]
)
! ]

perplexing problem, Even though the structure proposed was a

"gtable nitrene" no attempt had been made to prove this by reaction

N=N (7)

with established nitrene traps. Since this structure is comparable
to a stabilised singlet N-nitrene the compound (2) should undergo
normal N-nitrene reacﬁions. Therefore with olefins we would expect
to observe addition reactions and isolate the appropriate aziridine,
and iith dimethyl sulphoxide we should get the sulphoximine.
Diazotisation of 1-amino-1,4—diphenyi—1,2,3-triazolé and addition

of sodium azide to the diazonium solution gave l-azido-1,4-diphenyl=-
1,2,3-triazole. Decomposition of the azide gave the compound
reported by Smith in good yield . However decomposition in

éyclohexene also gave compound A in good yield and no aziridine was

T
Hereafter referred to as compound A,
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isolated. Decomposition of the azide in dimethyl sulphoxide ga#e
a lower yield of compound A, together with a small amount of the
amino cpmpound which could have arisen by hydrogen abstraction by
the nitrene. Heating compound A with diethyl acetylenedicarboxylate
in‘refluxing xylene did not trap the nitrene.

Oxidation of N-amino compounds to give the E}nitrené
is well established. Oxidation of C—-amino compounds to give
nitrenes is relatively unknown. o-Phenylenediamine gives
mucononitrile on oxidation, which could possibly arise by the
involvement of a nitrene. Oxidation of 5-amino-l,4-diphenyl-l,
2,3-triazole (3) with lead tetra—-acetate gave compound A in 38
yield, the formal nitrene dimer (85 in oo jield, together with an

unidentified substance. Dimerisation is fairly common in reactions

Ph

N Ph N

T 1
w N== hk\\N —R
Ph /

| 2 gh f#v
(8) (9)

vhich are used to generate nitrenes (See Introduction, Section 3b ).

The nitrene, produced on oxidation, probably attacks unoxidised amino

compound to give the hydrazine (10) which is further oxidised to the

Ph

/
—Z

Ph
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azo compound. The unidentified substance was isolated as colourless
needles. The infrared spectrum showed a secondary amine and a
carbonyl group and at first it was thought to be the mono-=acetyl
derivative of the amine (9, R’-H,R/V=COCH3). Attempts to prepare
the mono-acetyl derivative of S5-amino-1,4-diphenyl-1,2,3-triazole
by reaction with acetic anhydride failed and only the diacetyl
derivative (9, R'=R”<COCH;), which was identified readily by
analytical and spectral data, was isolated. However the mass
spectrum of the unknown substance gave a molecular weight of 206
_(w/e required 278). Oxidation of the amino compound in cyclohexene
and in methyl acrylate gave the compound A in 34% and 40% yield
reapectively, together with an unidentified cyanide. No aziridine
‘could be found in either case.

Another possible precursor of the nitrene (2) wa$
prepared. Treatment of the azide with triphenyl phosphine gave
- 1,4-diphenyl-5-triphenylphosphinimino-1,2,3-triazole (9, -N‘=PPh3
for -NRh”). However this compound was stable to photolysis and
gave no trace of the red compound A.

Compound (2) should react with amines to give hydrazines.
Smith found it ;éacted with aniline to give N,N-diphenylbenzamidine
(11). However he found compound A decomposed on heating to
phenylglyoxylonitrile anil (12) and this was shown to be an
intermediate in the formation of (11). We confirmed this reaction

and also isolated an unidentified substance which had a molecular

PCCN PhCNHPh
NPh | © NPh

(12) (1)
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weight of 299 (consistent with compound A less N2 plus ariline).
Reaction of the so called "stable nitrene" with diethylamine in
an attempt to gef the ﬁ}diethylhydrazine gave two unidentified
compounds vhich'could not be explained by the interﬁediacy of a
nitrene.

' A compound with structure (2)rshou1d dndergo normal
nitrene reactions. Our investigation of ihis compound gave no
products that could be explained by this structure. We must
conclude from our inability to get nitrene products that in fact
the compound does not have structure (2) and this is not in
equilibrium with (4). In a very recent paper181 Smith has stated
that his former evidence is '"neutralisedy that the electronically
stabilised nitrene hgs only a minor part in the equilibrium and that
the compound mainly exists as shown in (4). However if the nitrene
.(2) were there, even in amali quéntities, it should be trapped
and it seeés that (2) plays no part at all in the équilibrium

proposed.
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