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ABSTRACT

A study of the intramolecular insertion reactions of

aryl nitrenes is described.

In Part I the preparation and photolytic decomposition
of a number of aryl azides in diethylamine is described. The
usual products were BH-azepines but in one case ring expansion
did not occur and the major product was an aryl amine., Attempts
to prepare aza-azulenes and azepinium salts from certain of the '
decomposition products were unsuccessful,

- In Part II an account of the experiments used to i
determine the effect of annelation ‘upon the ‘nitrene insertion 7
reaction is given, The decomposition of 1- and 2-(azidobenzyl)-

o naphthalene was shown to give predominantly acridan and acridine

products, while the tetrahydro derivatives, 5= and 6-(2-azido-
benzyl)tetralin, gave the ring insertion products, benzazepino-
indoles. The reasons for the differing reaction pathways are
discussed.

In Part III the preparation and thermal decomposition
of a number of 2-azidotripheny1methanes 1s described, The usual
'products were acridans and azepinoindoles but in one case, when |
a 4'=methoxyl group wag present in the azide, the major product
was an 8 9-methanopyridoindole. Experiments toedetermine the
nature of the [1,3] hydrogen shift observed in the formation of
_ the azepinoindoles are described, A mechanism is proposed which

\eatisfactorily accounts for the observed produets and product
- ratios, - : ' ‘
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1.

INTRODUCTION

The work deseribed in this thesis concerns the
intramolecular insertion reactions of arylnitrenes, The generation
and reactions of nitrenes are outlined in the following review,.

Thereafter the work is divided into three parts:

Part I describes an investigation into the photolytic
decomposition of 4- and S-azidoindan, 4-azidobenzocyclobutene and
2-azidobiphény1ene in diethylamine and attempts to prepare aromatic

ten f=electron systems from cé:tain of the decomposition products.

Part I1 describes an in?estigation into the thermal decomposition
of (2-azidobenzyl)naphthalenes and tetralins and the effect that
annelation has upon the reaction pathways,

Part II1 describes an investigation into the thermal decomposition
of substituted 2-azidotripheny1methanes'in an attempt to establish
the part played by electron availability in the nitrene insertion
reaction, Experiments to elucidate the mechanism of the nitrene
insertion reaction are also described,
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REVIEW

NITRENES

Nitrenes are monovalent nitrogen intermediates in which the
nitrogen atom has six electrons in its outer shell. As such they
are isoelectronic with carbenes and can exist in either an
electrophilic singlet state 1 or a diradical triplet state 2,

9

o
e

Though the formation of nitrenes was postﬁlated1-4 many
Years ago to account for the mechanisms of the Hofmann, Curtius,
Lossen, Beckmann and Stieglitz rearrangemehts, extensive interest
in and evidence of their intermediacy has only arisen in the last
.twenty years during which time a considerable number of papers and
reviews’ 2 have been published,

Much of the evidenée for nitrene intermediacy in a reaction
is based on the chemicallpropérties of the species, the nature of
the products and the product distribution, though physical data isA
also'available. The ultraviolet spectra of a number of arylnitrénes
produced by the photolysis of the corresponding azides in rigid
matrices at low temperatures have been described 13 and the transient
intermediates produced by the flash photolysis of a variety of aryl
azides have been identified as triplet nitrenes from their
ultraviolet spectra 14,1 5 . ; = R
‘ Data on the electroniec spectra of alkylnitrenes are non-
existent, . Wasserman and co-workers have reported16 the electron
spin resonance spectra of the triplet state of primary,'secondary
and tertiary alkylnitrenes taken at A°K, The facility for
alkylnitrenes to enter into both intramolecular and intermolecular -
reactions is revealed in the failure to detect these e.s.r. speétra
at 77°K., At this temperature delocalised nitrenes such as aryl— and

sulphonyl- are found to be appreciably stable17 18

[
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Whilst the triplet nitrene state is well established there
is very 1little direct evidence for the singlet state., Such evidence
ag there is for singlet nitrene intermediacy is'obtained from resction
studies, The formation and reaction of nitrenes will be discussed in
the following sections with speciai emphasis‘being placed on the

formation of nitrenes from azides and on arylnitrenes,

Nitrenes Generated from Azides

The preparation and reactions of organic azides have been
reviewed19 20 ~ Only the uncatalysed thermal and photolytie

decompositions of these azides will be discussed here.

(a) Alkyl Azides

Alkyl azides are thermally stable at room temperature, but
at temperatures in excess of 100° nitrogen is evolved in a first-
order homogeneous process21.l If the alkylnitrene 80 formed has an
¢x-hydrogen atom then imine formation by a 1 2-hydrogen migration is
the predominant reactioan(Scheme1) Neither intermolecular
hydrogen abstraction to form amines nor intramolecular cyclisation h

offer serious competition to this rearrangement.

SCHEME 1
H | H |
| s ol R
R—C—N; — | R—C—N | —> /C—-N\

' o ' " H
H H 1

The absence of hydrogen atoms at the;k;carbon increases the
lifetime of the nitrene sufficiently to make possible .non-
rearrangement processes, for example, the intramolecular 4

cyclisation shown in Scheme 222.
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SCHEME 2

2325

- The triaryl ‘azides have been extensively studied

saunders and Ware25
p-substituted triarylmethyl azides and obtained migration aptitudes'

examined the thermolysis of a series of

- and activation parameters for each azide, The activation parameters
were compatibie with the formation of a discrete nitrene intermediate
but the kinetic data favoured a small amount of aryl participation in
the transition state (Scheme 3)

SCHEME 3

In a recent study of the thermolyses of tertiary alkyl
azides Abramovitch and Kyba22 observed intramoleoular aromatio
substitution in addition to the expected aryl and alkyl migrations,
This observation coupled with a comparison of the migratory
aptitudes obtained from these thermolyses (e.g. 2'Ph‘C6H4,/ Me =.2'0)
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with those found in the triethyl phosphite deoxygenation of the
corresponding tertiary alkyl nitroso derivatives

(e.g. 2-Ph, 06H / Me = 1600) led the authors to conclude that
thermolysis leads to the formation of an electrophilic singlet
nitrene intermediate and that there is no aryl or alkyl
participation in the nitrogen elimination.

The photolyses of primary and secondary alkyl azides are
first-order, temperature-independent processes giving as the
predominant products the aldimines formed by hydrogen migration.‘ﬁ
The direct photolyses of triarylmethyl azides were investigated26
and since no preferential group“migration‘mas'observed it was
concluded that a highly reactive nitrene intermediate was involved,
with no alkyl or aryl participation, o’ '

In recent studies, Moriarty and Reardon” ', and Abramovitch
and Kyba28; have detected non-statistical migration, which these.
authors suggest proves that a discrete nitrene intermediate is not
formed and that migration starts before the N-N bond is completely
broken.~ A mechanism has been proposed which involves the preferred
ground-state conformations of the azides and the geometry of the
orbitals in the photoexcited state of the azido=-group,

I

(b) Aryl Azides

The kinetic studies by Smith and Ha1129 and Walker and
Watersso on the thermal decomposition of aryl azides in inert
media have shown that the decomposition rates are first-order and
that the rate-determining step is the cleavage of the azide to form
the nitrene.‘ . ' »

' The presence of a nucleophilic substituent ortho- to the
azide function can so assist in the decomposition of the latter that
a discrete nitrene intermediate is‘never formed. The thermal
decompositions of 2-nitrophenyl azide 3 to give benzoi‘uroxan.g}“"32
(Scheme 4), of 2-azidobenzophenone 5 to 3-pheny1anthranil.§33. -
(Scheme 5) and the first elimination of nitrogen in the double
cyclisation of 2,2'-diazidoazobenzene 7 to 834’35 (Scheme 6)

Probably do not involve nitrene intermediates.«f
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Neither are nitrene intermediates involved in the
thermolysis if the azide can undergo 1,3-dipolar addition to the
substrate nor if the substrate participates in the rate-determining

state19’30. (scheme 7)

SCHEME [
i \ /
—~C—C—  \a_/
l\r N / \ C>“(:\\
- N-N+/C_C — NN TN
! N Ar-

i Thermolysis generates the nitrene- 1n its’ singlet state,
reaction with the substrate or intersystem crossing to the triplet
state w1th subsequent reaction then follows. The nature of the
products obtained upon the decomposition of the azide has been used
to infer the electronic state of the nitrene, HydrOgen abstraction

36

whereas stereospecific

37

is characteristic of a triplet nitrene
C-H bond insertion is due to the singlet species
The:decdmposition of the optically active azide 9 gives the
indoline 10 (Scheme 8) but the degree of retention of optical |
activity depends upon the reaction conditions., The vapour-phase
pyrolysis of the azide gives almost complete retention, 1ndicating
the intermediacy of a singlet nitrene, however, in solution, where
the presence ‘of solvent molecules facilitates the singlet triplet
trans1tion, only 60% retention of optical activity is observed38

SCHEME 8 |

. Me
Et

I3 ==
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Intramolecular insertion of a nitrene into a saturated
C-H bond is favoﬁred over the corresponding bimolecular reaction,
This type of cytlisation shows a strong preference for five-membered
ring formation and a selectivity for tert. C-H > sec, C=H > prim, C-H,
This preference is i1llustrated in the decomposition of 2-butylphenyl
azide 11 (Scheme 9).

SCHEME 9 PRODUCT
RATIO
m\ 43
N
_ H |
— QL -
N
" w LS
11 i C '* ‘
. — o [::::]::j 4 g‘ 467
. N H .

Aromatic azides readily undergo intramoleouler, but not

29,40

intermolecular, aromatic substitution . Thus, the'thermal

41

diphenylamine but aniline and azobenzene (Scheme 10), the 1atter

decomposition of phenyl azide in benzene does not give"

, caused by dimerisation of the triplet nitrene or reaction of the
42 - ,

nitrene with unreacted azide ",
UCHFNE 10

| hla | : 2
@ V | +
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The failure of phenylnitrene to undergo intermolecular
attack has been explained43 by the delocalisation of the electron
deficiency resulting in a negative charge i,e. decreased
electrophilicity, on the nitrogen atom 12-13 (Scheme 11),

SCHEME 11

The introduction of an electron-withdrawing substituent
in the aromatic nucleus causes the destabilisation of structure a3
and when the ‘aromatic substrate is sufficiently nucleophiliec then
intermolecular aromatic substitutlon occurs44 (Scheme 12).
SCHEME 12

Me Me

N\ 7 |ﬂ
<8
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A range of heterocyclic systems has been obtained by aryl
- azide thermolyses. For example, the intramolecular cyclisation of

2-a21dobiphenyl has become the basis of a general synthesis of
carbazole and its derivatives4o’45 (Scheme 13), '

SCHEME 13

Replacement of the phenyl group by pyridine gives entry into
the carbollne4 (Scheme 14) and pyridoindazole47 series (Scheme 15),
In the latter case N-N bond formation competes effectively with N=C
bond formation and the isomeric d-carboline is not found.

In the carbostyril system 14 this preferred bond formation
1s not observed and the isomeric products 15 and 16 are obtained in
equal quantities4 (Scheme 16). :

SCHEME 14
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SCHEME 16

H
0
N
/

Another new heterocyclic system which has been synthesised
is thieno[ 3,2-b]indole 18, obtained by the pyrolysis of
2—(2-a21d0pheny1)thiophen _1 4 (Scheme 17)

SCHEME 17 A e
4 : S
Y —s
11 BT

Cyclisation to form six-membered ring systems by insertionv
into an aromatic C—H bond has been reported for azides ‘of type 19
(Scheme 18) “ . .

SCHEME 18
Y Rer; Y-
S 49,50 o
- 80, 49 "N~
0 :49 }'-I ;

v
N
Q



12,
However, the decomposition of 2-azidodiphenylmethane
(12,fY=CH2) did not give 9,10-dihydroacridine (20, Y=CH2) but rather
an isomeric substance 21 corresponding to insertion of the nitrene

into an aromatic C-C bond51’52 (Scheme 19).
SCHEME 19

This illustrates again the preference for the formation of
S a five-méﬁbered ring, The decomposition of a number of substituted
2-azidodipheny1ﬁethanes has been studiedss; Compounds .of type 21
are usually obtained but the formation of acridines and dihydro-
acridines has been repoited54.
The decomposition of substituted 2-azidodiphenyl sulphides
22 has been extensively stud1ed”??29757, hege cyclise to give
substituted phenothiazines of type 2% (Scheme 20), and in some
éases,‘phenothiaziﬁés of type 24564 ' =
SCHEME 20

| S R
L — QX
) N |
N, R R T o

n

R =
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The formation of 24 can be considered to result from direct
insertion but the formation of 23 requires a molecular rearrangement,
A mechanism has been proposed which involves the spiro-intermediate
25+ This undergoes a 1,2-sigmatropic shift of the sulphur atom
which, followed by prototropy, leads to the observed product57ﬂ
(Scheme 21),

SCHEME 21

N:

s — QX
: o N

The blocking of both ortho-positions can effect the

O U=

formatlon of a seven-membered ring, This has been observed in the
decompositions of 2,6=dimethyl- and 2 v446=trimethylphenyl-
2-azidophenyl sulphide57 (Scheme 22),
SCHEME 22
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Ring expansion to form a seven-membered ring system has been
observed when arylnitrenes are generated in the presence of strong
nucleophiles., It is thought that the singlet nitrene 27 is in
equilibrium with the azirine intermediate 28; it has been shown by -
140 labelling studies that the 1H-azirine 29 is not an intermediate61.
The‘azirine 28 1is attacked by the nucleophilic reagent and the
three-membered ring opens to form a 1H-azepine which tautomerises to
the observed 3H-azepine, Thus 2-anilino-3H-azepine 30 is obtained

from the deéomposition of phenyl azide 26 in aniline58 (Scheme 23),
SCHEME 23

3 : [ X

N < SN A N- H
PhNH,
NHPh  H[! NHPh

NHPh
-~
NH —> (| N-H —>
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The photolysis of aryl azides leads to aryl nitrenes, One of
the problems that has received some attention concerns the nature of
the electronic state of the nitrene. Studies by Reiser and
co-—workers62 on the photolysis of 2-azidobiphenyl showed that the
triplet nitrene was an intermediate but that further irradiation was
needed to facilitate carbazole formation. This suggested that either .
an excited triplet or a singlet nitrene was involved in the
cYclisation;' The use of singlet and triplet sensitisers in this
Photolysis63’64 gave evidence which indicated that the singlet
species was responsible for cyclisation, ‘ ‘

65 who

" Contradictory evidence was supplied by Lehman and Berry
studied the flash photolysis of 2-azidobiphenyl in cyclohexane, They
have suggested a mechanism in which photolysis gives the singlet |
nitrene which then undergoes rapid intersystem crossing to the
triplet state, The triplet nitrene undergoes addition to the phenyl
ring, ‘There is then: fast intersystem crossing to a singlet
intermediate followed by or concurrent with hydrogen migration.

The photolysis of aryl azides in the ggs phase or in inert
’

media leads to the formation of azo-compounds except where
intramolecular cyclisation can occur. The presence of strong
nucleophiles causes ring expansicn and reasonable yields of
2-gubstituted-3H-azepines can be obtained60’67’68. This ring

expansion reaction will be discussed in detail in a later section,

(0) Carbonyl Azides

These include the azide types R—CO-N and R-O-CO-NB, where

R = alkyl, aryl, 3.3
| The thermal decomposition of azides of the type R-CO-NB, the
Curtius rearrangement has been shown to give no nitrene products and
the reaction evidently proceeds in a concerted manner with the
elimination of nitrogen and group migration to form the isocyanate69

(Scheme 24).
SCHEME 24

R/\,\NwEN —>  R=N:C=0 + Nz
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Thermolysis of the alkoxycarbonyl azides leads to nitrene
intermediates, These nitrenes are more reactive than the aryl-

nitrenes and undergo a wider range of reactions9fzo=-r

N

(i) Stereospecific insertion into C~H bonds to give carbamates,
(ii) Insertion into 0-H bonds to give alkoxycarbamates,

(iii)n Insertion into N-H bonds.to give substituted hydrazines.

(iv), Stereospecific addition to C=C double bonds to give aziridines.,
With 1,3;dienes e.Z. isoprene, only 1,2-addition is observed but the
Primary products can be thermally rearranged to.the apparent:

1y4~addition products (Scheme 25)
SCHEME 25 .

W L

‘Nco,et - N

COEt co2 Et CO,Et
(V), Ring expan31on of benzene and its derivatives to form
N~alkoxycarbonyl azepines (Scheme 26). :
SCHEME 26 SN
S~

+ NCO,Et —> [| Nco,Et

(VI) Reaction with heteroaromatics to form substituted pyrroles
possibly via e 1,4-bridged intermediate (Scheme 27).

SCHEME 27 gf’ e E oy
NCO,Et| i

e

"'“_;‘,.ﬂ '

S . ee 2
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Photolysis of the alkoxycarbonyl azides produces both
singlet and triplet nitrenes,. Lwowski and co-workers have examined
the photolysis of ethoxycarbonyl azides in the presence of cis- and
trans-4—methylpentene-27o’71. From their observations they concluded
that the system ﬁbozEt / olefin behaves according to the model

72, i.e. singlet species give

introduced by Skell for carbenes
stereospecific addition, triplet species give non-stereospecific
addition, They further postulated that 30% of the photolytically
formed nitrene was in the triplet state.

The reactions of the singlet nitrene have already been
listed, The triplet hitrene can also undergo intermolecular
reactions, é;g; additions to double bonds, hydrogen atom abstraction
to form urethanes and reactions with polycyclic aromatic systems to

73,
Alkanoyl- and aroylnitrenés produced by photolysis undergo

form N-arylurethanes

all the reactions observed for the alkoxycarbonylnitrenes but the

Curtius rearrangement of the azide always occurs and substantial

69 L '

Yields of isocyanate are obtained 7,

(d) Sulphonyl Azides
‘The thermal decomposition of sulphonyl azides to give
sulphonylnitrene intermediates and nitrogen is first-order74 and is
independent of solvent75. The sulphonylnitrenes undergo most of the
reactions observed for the carbonylnitrenes, They will insert into

_the C-H bond of saturated hydrocarbons to yield N-substituted

sulbhonamidés76 and undergo intramolecular C-H insertions to give
sultams77’78'(Scheme 28).,
SCHEME 28

Me | Me .

Me \Mé, ‘ Me Csz'_
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Thermolysis in the presence of aromatic substrates leads to
the formation of N-arylsulphonamides79_81. The mechanism is thought
to involve the addition of singlet sulphonylnitrene 31 to the
aromatic nucleus to give a benzaziridine intermediate 32 with ring-

opening of the latter to form the observed sulphonamide 33 82
(Scheme 29),

SCHEME 2

o ‘ RSON
RSO, N -> RSO N@ @

The benzaziridine is in equilibrium with the sulphonylazepine
34 (Scheme 36)" Azepine 34 (R = CH ) has been. isolated in very low
Yield from the thermolysis of methanesulphonylazide in benzene at
90°, A% higher temperatures it was converted to the sulphonamide jﬁ
(R = CH3)82

SCHEME 30

——

The use of pyridines and substituted pyridines as substrates
in the decomposition of the sulphonylazides leads to the formation of
FN‘PYTidylsulphonamides and pyridinium ylides83 85 (Scheme 31)
: Decomposition of suitably substituted benzenesulphonylazides
. can’ result in ‘intramolecular aromatic substitution7 {Schemes 32,33).



1.

SCHEME 31

NHSO,Ph
o) — O+ Q)
~NSQ,Ph

SCHEME 33 - . ' r

A0 — AP

SO-NH

In contrast ‘to the thermolytic decompositions of sulphonyl
azides the photolyses of aliphatic~ and aromatic sulphonylazides in
a variety of solvents produce only 1nsolub1e, high-melting materials
which have not been characterised, There is no evidence of nitrene

formatioﬁ.
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(e) Cyanogen Azide

Unlike most azides, which require temperatures in excess of
100°ffor decomposition to the corresponding nitrene, cyanogen azide
smoothly evolves nitrogen when heated to 40—56’86, to give the
symmetrical cyanonitrene (Scheme 34), The equivalence of the

nitrogen atoms has been shown by 15N labelling experiments86’87.

SCHEME 34 -

NCN, —> [Nzc—ﬁ <—> :N=C=N: <> N-C=N

-~ Though the chemistry of cyanonitrene has not been fully
explored some reactions are known, Insertions into aliphatic C=H
bdnds.to give cyanamides86 (Scheme 35) and reactions with benzene
and substituted benzenes to give N—cyanoazepines88 (Scheme 36) have
been studied and are believed to'involve a discrete nitrene., However
the reaction with olefins to form N=cyanocaziridines and

. 1=alkylalkylidenecyanamides (Scheme 37) probably involves a

1935dipolar addition followed by loss of nitrogen89.
SCHEME 35 | | ‘
06H12 + N3CN _— 06H11NHCN |
SCHEME 36 - |
R =
+ NCN, —> NC-N
SCHEME 37
—  CH~ T NC -
Cri \ 3 \ Me
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Nitrenes Generated from Nitro- and Nitroso=Compounds

That deoxygenation of a nitro- or nitroso-group may generate
8 nitrene intermediate is an assumption often supported by
similarities with the same intermediate which may be derived from
the structurally related azide on elimination of molecular nitrogen,
These similarities includé inter- and intramolecular insertions ang
hydrogen abstraction; Deokygenation can be brought about by the use
of metals,‘metal salté9o, free radicals and tervalent phosphorus
reagents9’91’92. 0f these the deoxygenation using phosphorus
reagents is the most useful since the starting materials are more
readily available and the reactions are cleaner with less tar

formation.

Examples of reactions in which nitrenes are likely

intermediates includes

(1) . The formation of 2-methylindoline 36 from
2-nitro—n—propy1benzene}593The products of hydrogen abstraction and
Coupling with the phosphorus reagent have also been isolated from

this reaction (Scheme 38),

VC§EME 38

v , 3

- N “N=P(OEY),
CHCHCH, 16

——>
NO P(OEt) + ‘ +
2 ' ;
SO o CH . Cl'g—CH_CH
, FRR 3’7

NH N,
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(ii) The formation of 2-ethylindoline, 2-methyl-1,2,3,4-
tetrahydroquinoline and 2-n-butylaniline from 2-nitro-n-
butylbenzene93. These compounds are obtained in similar yields from

the decomposition of the corresponding azide’’ (Scheme 9),

(1ii) The deoxygenation of 2'-nitro-2,4,6-trimethylbiphenyl which
gives the products of hydrogen abstraction, C~H bond insertion and
coupling with the reagent94 (Scheme 39)

SCHEMR 29
AerH
+
ArN= P(OEt)

(iV) Azepine formation from the deoxygenation of aryl nitro- and

nitroso-compounds in primary or secondary amines94-97.

' (V) - The formation of phenothiazines by the deoxygenation of -

2
2-nitropheny1 phenyl sulphldes9 .

(Vi) The deoxygenation of N-nitrosobenzotrlazole 37 to give
Products derived from benzyne 52. »An intermediate N-nitrene 38
is postulated. (Scheme 40). 4 '

SCHEME 40 -

I N B | }-ﬁ _ iw*ff; 7
‘: N > @l —> PRODUCTS

| : :
‘N: —
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In aromatic nitro- and nitroso-compounds which have an
A p~unsaturated group in the ortho-position there is a strong
99,100

tendency for cyclisation on deoxygenation Though a nitrene

intermediate can be postulated cyclisation by a concerted process
cannot be ruled out. For example two mechanisms have been proposed

for the formation of carbazole from 2-nitrosobiphenyl99 (Scheme 41),
SCHEME 41

Nitrene Mechahism:

NO | N:

I~
N
e ‘ H

+ OP(OEt)3 |

Non-nitrene Mechanisms

POEY, . L
= OrO-Cr

N- N

| I~

CP(OEt) P(OEY)
: 3+
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Other Routes to Nitrene Formation

(i) The base-catalysed decomposition of N-arylsulphonoxyurethanes3?
The reaction involves initial loss of a proton followed by

K ~elimination of the sulphonoxy group (Scheme 42). The carbonyl-
nitrene produced behaves like that generated by thermolysis of the

azidoformates,
SCHEME 42
oH™ _
ATS0 ~0-NEGO Bt —> ArS0 -O-N-COQEt ~——~>Etc02-Nz +  Arso;

2. 2 2

A nitrene intermediate was also ‘postulated in the base~
catalysed decomposition of 1 1-dibenzy1-2-benzenesulphonylhydrazine
from which bibenzyl was isolated (Scheme 4%), :

SCHEME 43
0):
— -R- ——> Bz, N-Nt ——> Bz~
BZZN-NH80206H5 Bz, N i S°2C6H5 2, N-N2 Bz-Bz + N,

(ii) The oxidatioh of unsymmetrical disubstituted hydrazines

- Tesults in a variety of reactions including fragmentation102 103,

105 106

ring ingertion 04, de—amination and tetrazene formatibn e

Aminonitrenes have been proposed as intermediates in many ‘of these

Y

Teactions,’ . i
The lead tetra-acetate oxidation of substitutedlhydrazines

has received considerable attention in recent years. The oxidation
°f the hydrazines 40 (a-d) produces the nitrenes 41 (a-d) which can
be intercepted with olefins1o7’108’109 and dimethylsulphoxide110.

(Scheme 44),

SCHEME 44 | Pb(0Ac), Lo
| Z -NH, —> Z-N ‘
Y A_Q ,. 4
- O :
= 0 -
N ™0
) b 0 4
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Phthalimidonitrene 41b reacts with alkynes to give 2H-

111

azirines 43 presumably by the rearrangement of an initially

formed 1H-azirine 42 (Scheme 45),with simple furans to give ring-
opened compounds112 (Scheme 46) and with benzofurans to give

aZiridines113 (Scheme 47)

SCHEME 45
S - -1 o
ov 3 ‘,‘ o % B .vv~nﬂ*’ ” 
!!'f'z IR | X 4 N
o LA VA
— , R™ R o R
R—C=C—R | R B\ = R
| o o a
. SCHEME 46 .
ﬂ + N2 —> R'<_>"R |
R M R | 0 f;l
Lo Z
séHEﬁE gj.uz
N—Z
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(iii) The thermolysis of aziridine 44114. The aziridine 44 is simply
prepared by the oxidation of N-aminophthalimide in the presence of
2-acetylbenzofuran, In boiling benzene it dissociates to 2=acetyl-
benzofuran and phthalimidonitrene 41b (Scheme 48)

SCHEME 48
N—Z
— M-cocH,
0" COCH, . o 23
44

.The phthélimidonitrene generated by this route undergoes all
of the reactions observed for the nitrene generated by oxidation, 1In
addition it reacts with nucleophilic aromatic substrates to give
3H-aiepineét15Azepine formation is postulated as occurring via a
benzaziridiﬂe intermediaﬁé;"Tﬁéré is ring expansion to form a
1-aminoazepine which then undergoes rearrangement to the observed
3H~-azepine (Scheme 49). ~. ‘

The nitreneﬁgeneréted by lead tetra-acetate oxidation does
not give riﬁg expanded.products. The acetic acid produced during the

‘reaction causes the initial benzaziridine intermediate to open to

g8ive C-H insertion products.

SCHEME 49
R o R R ~

+ N—Z —> N-Z —> b;\z

R
R . R R "R .







27.

INTRODUCTION

An extensive ihvestigation into the syntheses and reactions
of the aza-analogues of the aromatic ten TV —electron systems
naphthalene and azulene has been conducted at this University by
52-54, 116—123

Gurnos Jones and co-workers
‘ The success of these investigations has encouraged further

studies into iso-al—electronic analogues and the aim of the work
Presented in this section was to prepare derivatives of the aromatic
Cyclopentazepines 45-47 and the potentially aromatic azabicyclo[ 5,2 »0]
honatetraenes 48-50. '

1 .
2 N 8

3 (/ O 7
o,
4 5 6
45 46 47
3 ZNI | N
1 g N-
\ com—
4 /\, l \ | -N [ |
i 7 8 =
6
s s s

There‘a}e no réports of cyclopentazepines in the literature
Prior to 1950 but preparative routes to derivatives of 45 and 46

have since been’ reported.
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Cyclopent[blazepine

6,7, 8-triphenylcyclopent[b]azepine 23 was reported by
Conner and LeGoff‘lz4 in 1970. Treatment of pyrrolidine 51 with
4~hydroxy-2,3,4-triphenyl=2-cyclopenten~-1-one 52 in toluene-

containing a catalytic amount of p-toluenesulphonic acid gave, after

Chromatography, the cyclopent[b]azepine 53 (Scheme 50).
QCHEME 50

| | N
() +pPr [ —send 7 N\

N |
r'i PR oH Ph
52 éf,, ';,i wﬂ5i

Though this synthesis was reported as being the first
‘~Prepafétive=route to arcyclopent[b]azepine thg;e is an earlier
Tépoff 6§1Treibs ané co-i«vorkers125 of a dark blue 0ill presumed to

be 4—azabenz[c]azu1ene 56 obtained from 6—ethoxycarbonyl-4—aza-
benz[c]azulene 55 by treatment with methanollc ‘potassium hydroxide.‘
The ethoxycarbony1-4-azabenz[c]azulene 55 was obtained by heating
4-azafluorene 54 with ethyl diazoacetate at 130° (Scheme 51),

- SCHEME 51

‘{”fnark Blue 011

C13H9N
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‘prlopentrc]azepine
: ' The first synthesis of cyclopent| c]azepine 61 was reported

in 1961 by Hafner and Kreuder126 The reaction between:
6-dimethylaminofulvene 51 and N,N—dibutylaminoacraldehyde 58 in
the presence of oxalyl chloride and sodium perchlorate gave the
salt 59, Hydrolysis of the salt gave the aldehyde 60 which when

treated with ammonia was converted to the cyclopent[c]azepine 61

(Scheme '52), -
_ SCHEME_ 52
D 2 com CH=CH- CH N«ZH)f
HQ;N—CH c;i CHO P J/NQOH I
B NH, o
-3 CH- CH-CH ONa

CHO 60

| The synthesis of a substituted cyclopent| c]azepine has

127, 128 The reaction between the fulvene

"since been reported
aldehyde 62 and acetamidine hydrochloride 63 gave the aldehyde 64

which underwent ring closure to the 3=-substituted cyclopent[c]aZepine
&5 (Scheme 53) .

A similar reaction has become the basis of a patent1?9 N

.SCHEMF 55 ;‘aw’

l\ CHO /@il b o




30,

There have been no reportgs of the synthesis of the
azabicyclo[ 5,2,0]nonatetraenes 48-50 though dihydro- derivatives
are knownj 4-methoxycarbonyl-j-azabicyclo[5,2,0]nona=2,5,8=-triene
- 69 was first reported by Masamune and Castelucel in 1964130. I%
was prepared by the thermal rearrangement of the 9éazabicyclo[6,1,o]-
nonatriene 68 which was itself obtained by the addition of

methoxycarbonylnitrene 66 to cyclo-octatetraene 61 (Scheme 54)
SCHEME 54 ' : : e

.OZN—@_SO 0- NHCO CH, —= 0 N-@-so HNEt

+ CH (I() bd
. =/ . 3
éétf?f él BRSNS A §§‘ ,,: é : 69
Similar nitrene additions have resulted in the formation of
131, 132

the 4-ethoxycarbony1- and 4-cyano- derivatives
A variety of N-substituted derivatives ZQa-zze have ‘been
Prepared 133 from the 4—ethoxycarbonyl compound 10 via the lithiumﬂ«'i‘

| derivative 1_ (Scheme 55), {i}ycf
SCHEME 55 By
H DUTEPREN - G H
= GHgt ~\- 4+ RT -~
l CO Et —— | : NLi —— | N-R
H™ 2 "H H
70 11 , - J2 K
) ‘b. R = CONMe,
on o . c. R=COMe
e. R = COCH
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The parent compound J2a is an air-sensitive oil which
readily resinifies, There have been no reporis of attempts at
dehydrogenating this compound or any of its derivatives. This is
, Possibly due to the ease of thermal isomerisation., When warmed to
56 in benzene 4-acetyl=4=-azabicyclo[ 5,2,0]nona~-2, 5 8-triene T2e
produces a two-component equilibrium mixture consisting of 95% 123
and 5% 73, An increase in temoerature to 76 results in the "
formation of the dihydro-indole 74 and the 2-azabicyclo[5,2,0]nona-
triene 12 which at higher temperatures isomerises to the dihydro-
indoles 74 and 1__ (Scheme 56)

SCHEME 56
H
I NCOCH, 14
S R
6 L -——-——-) ' +

Z
O
O
@)
I.‘
N

L H | "o _/ \\\“‘\
o ;Jz:HCOCH3 | HHH

The only . non—nitrene route to this system was reported
Tecently by Martin and Hekman135. The reaction between the Dewar
benzene derivative J7 and the meso—ionic compound 18 gave the .
highly substituted 4-methy1—4-azabicyclo[5 2 O]nonatriene 12

Y(Soheme 57)
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SCHEME 57

Ph

E Ph

E o 5
— —_— -
]+ CH, || N-CH,

e O E Ph

Ph

E= -COZCH3
11 18 | 12
There have been no reports of attempts to prepare these
systems by the nitrene-induced intramolecular ring expansion of a
benzenoid precursor, though this is an established route to azepines,
The first synthesis of an azepine was in 1912 wvhen Wolff58
Studying the decomposition of phenyl azide in: aniline at 150
isolated in low yield a compound C12H12N2 which he named "dibenzamil",

Several incorrect structures were proposed initially for this
compound until Huisgen and co-workers59 obtained improved yields _
and suggested the structure 2-anilino-7H-azepine. With the advent
of nuclear magnetic resonance spectroscopy the structure was

. modified to 2-anilino-3Hfazepine60 80 (Scheme 58),
SCHEME 58

CE;HS,N3 + CGHSNHZ ———>

80

The mechanism of the ring expansion has been proposed to
involve the formation and subsequent intramolecular cyclisatiOn :
of Pbenylnitrene followed by reaction with the amine59 =61 B
(See Scheme 23)e - Support for the existence of a 1H-azepine -
intermediate has'éome from the studies by Sundberg and co—worker367'
on the photolysis of ortho- substituted aryl azides in diethylamine,
JThe Photolyses were shown to lead mainly to oxygen-sensitive.
meta-sta’ble intermediates rather than directly to the
2-diethylamino-}H-azepines and n.m.xr, spectral data indicated that

“these intermediates were 2-diethylamino-1H-azepines,
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Although the thermal and photochemical decomposition of
aryl azides in amines appears to provide a facile route to azepines
failure %o undergo ring expansion has been noted for certain azides,
These include the naphthyl azide559 61 ’ p—nitroPhenylazide136,
4-azidobenzo[b] thiophen 37 and 5-azidobenzo[b]thiophen 37. The
ylast case is of. interest in that a derivative of o—phenylenediamine

is formed (Scheme 59)

SCHEME 59

‘ - The formation of the diamine 82 has been rationalisea as
shown in the previous scheme. The ring-opening of the aziridine
intermediate 81 to give the thienoazepine 83 would ‘be thermo—
dynamically unfavourable since it involves the loss of

aromaticity in both. rings. iﬁ ‘f ,th &

. Other routes to 3H-azepines will be summarised briefly;

(1) The -deoxygenation of ‘nitro- and nitroso-benzenes in the

{Presence of primary or secondary amines94 97 T \"f; S

(ii) Reaction of phenoxide ions with chloraminet

.~ Treatment of a hot solution of sodio-2 ,6-dialkyl- and
4 6—tria1ky1 phenoxides with chloramine leads to the formation .

of 1 3-dihydro—2H—azepin-2-ones13 (Scheme 60). ‘
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SCHEME 60

ONa H
H.C CH_  CINH, H3C N__O
Pe—— [ Cn
PhOH —
Cfia

These dihydroazepinenes when treated with triethyloxonium
" fluoroborate afford the 2—ethoxy—3H-azepines which can be readily
! converted to the amino-derivatives 139 (Scheme 61)

SCHEME 61, ‘

H
|

(iii) Cyclisation of dinitriless ,
The action of hydrogen halides on a dinltrile quch as 84

in which the cyano groups are in close proximity with each other
leads to cyclisation and formation of the 3H-azepine derivatives
85 and 86140 141 (Scheme 62) :
- SCHEME 62
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(iv)  Photo-rearrangement of anthranils:

-Irradiation of anthranils -in methanol leads to ZHe
azePines142 143 ‘A mechanism for this’ rearrangement‘involveé N-0
bond cleavage to give an aryl nitrene which undergoes aziridine

formation, addition of methanol and ring expansion to the

azepine (Scheme 63),
SCHEME 62

' (V). Ring expansioﬁ of 1-azirines via cyclo—addition: ' ,
Treatment of 2-pheny1-1—a21rine 87 with the cyclopentadienone
88 in refluxing benzene gave the azepine 8 ”2144’145 (Scheme 64)

'SCHFME 64
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I+ was decided to prepare azepine derivatives suitable for
conversion into compounds of the types 45-50 by the photolysis of
substituted phenyl azides in diethylamine, This necessitated the
Preparation of 4-azidoindan 90, 5-azidoindan 91, 4-azidobenzo-
cyclobutene 92 and 2-azidobiphenylene 93.

N
AR .
N3
29.'[: A
N
N IO
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DISCUSSION

PREPARATION OF THE AZIDES .

Two routes to the desired azides vere envisaged. These
: were from the aryl amines by diazotisation and treatment with
Sodium azide146 147 and from the aryl bromide via the Grignard
‘ compound148 ”‘77 ) . .

A mixture of 5-amino- and 4—aminoindan was obtained from
commercially available indan by nitration149 and catalytic
hYdrogenation.( Separation was readily achieved by crystallisation
of the fumarate salt of 5—aminoindan after the method of Rhomberg
and Berger15°. “The aminoindans were converted to the azides vy
diazotisation and reaction of the diazonium salt with sodium azide,
Following a procedure used at this 1aboratory all diazotisations
vere carried out in sulphuric acid containing 50% by volume of
Purified. 1 4—dioxan vhich had. the effeot of keeping ‘the amine salt
in solution even at -5 . 4-azidoindan vas also obtained in low

Yield ‘from 4-bromoindan151

. Benzocyclobutene vas prepared by .the methods of Oliver and
| °n81ey152 and Sanders. and. Giering 53., Bromination154 ve
4-bromobenzocyolobutene in reasonable yield (54%) but attempts to |
Prepare the azide gave poor yields and the product was conteminated
with unreacted starting material.‘ Nitration 55 gave a 1ow yield of
the 4-nitro derivative but conversion to the amine and thence to the
azide was? accomplished in a much higher overall yield.

Biphenylene vas prepared by the method of Logullo, Seitz
and Friedman'9° and converted to the azide via the bromide!®7, 1n
this case reasonable yields of hoth the bromide and the azide were

,obtained.
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'DECOMPOSITION OF THE AZIDES

e e e — o e )

Each azide was decomposed in diethylamine solution at room

- temperature by irradiation with ultra-violet light from a Rayonet
‘Photochemical reactor‘edﬁipped with 300-nm lamps. The assignment

of structures to the,décomposition products was based largely on

-the interpre£ationvof their n.m.r, spectra and these are
; extensively>discussed throughout this section, The mass spectra

- are discussed collectively at the end of this section.

No attempts were made to characterise all the products of

- the decompositions. The crude decomposition mixture was examined

by gas chromatography (g.l.c.) and linked gas chromatography-mass

- spectrometry (g.l.c.-m.s.) for azepine products which vere then

isolated and characterised.

. The decomposition of 4-azidoindan 90 gave a black tar

which vas shown on examination by g.1.c. to comprise at least

sSeven - components. Linked gelsce~mes, indicated that three of these
components had & molecular ion and fragmentation pattern consistent .

wWith a cyclopentazepine structure,

_ An initial ‘separation of the products was obtained by

- ¢olumn chromatography on alumina, Each fraction was then separated

by extensive preparative layer chromatogra?hy until samples of each
°Yclopentazepine wvere isolated.

The structure of one of these cyclopentazepines was
assigned as 1-diethylamino-6,7,8 Ba-tetrahydrocyclopent[c]azepine s
94 on the basis of its n.m.r. spectrum (Figure 1), ‘ :

EtN
N=
\%>

H :

24

‘The low=field doublet (J='e.Hz)‘ centred at 86,90p,p.m. is in
accord with the partial structure =N=CH~, This doublet is coupled
to the signal at $5.68p.p.m. which has secondary coupling (J=6Hz) |
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-FIQURE 1

Et,N

to the broadeged doudblet at 56.10p.poms ‘These chemical shifts ang
coupling constants are in good agreement with those observed for 61
the structurally related 2—diethy1amino-3,4-dimethy1—3H-azepine 22 ”.

Chemical Co&pling
Shift (&) Constant (J)

.'BA 6.93 - -8 Hz
By 5.8  648H:
B, 6,02 ' 6 Hz
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v The assignment of structures to the other isomeric.
°Y¢10pentazep1nes proved more difficult. The n.m,r. spectrum of
each compound shows two signale in the olefinic region: a doublet
(J=8Hz) centred between 86,0 - 6.5. and a 1533331 quartet centred
‘ betweén 84.,5=5.,0p.pem. These signals are compatible with a cérbdn
framework comprisiné a methylene group attached to a vinyl

siructure possessing & and @ protons i.e, ~CH,~CH=CH-,
A study of the proposed reaction mechanism reveals four

cyclopentazepines 99a=99d4 which have this carbon framework. These
derive from the azirines 21 and‘g_ with which the nitrene 2_ is in
eQuilibrium (Scheme 65). :

SCHEME 65
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Structure 99a can be excluded on the basis of the chemical
shift of the azepine methylene protons which occurs at $2,5p.p.m,
This shift is too small for the methylene situated between a
nitrogen atom and a double-bond system as can be shown by reference
to the 2H-azepines 100 and 101158 ‘ : '

NEt,
6325 . H
H N= H
H §238

OCH,

R = Nephthalimido=

o—— m———
—— :

10 o 101 102

A further argument is based on the fact that the two ﬂ“:mg;
methylene groups adjacent to the C=N group of the amidine 102 give
8ignals at 52,38 and 3.2=3+3peDel 0052 S ‘

Though the n.m.r, spectra of the pure cyclopentazepines -

- 29b-994 would be similar, marked differences could be expected to
result from the addition of a lanthanide chift reagent.,
| This reagent consists of a six-co-ordinate metal complex
vhich readily expands its co-ordination in solution to accept:
further 1igands, The substrate co-ordinates to the reagent through
& heteroatom which exhibits some degree ‘of Lewis basicity. Addition
of the reagent to the solution of the substrate leads to the
formation of the equilibrium SRR R
AR SR B ¢
s L+ 5 T— [18] ,
~Where I, +S,[LS] are: ‘the concentrations of the reagent, substrate and
complex respectively and X 1is a constant, Owing to the magnetic
inter-action with the metal ion in the complexed substrate the -
Rem,r, positions of associated nuclei in the substrate differ from
. those in the uncomplexed state and since the equilibrium is rapid
in the n.m.r, timescale only a single average signal is recorded
for each nucleus in the different environment, The magnitude of
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the lanthanide induced shift is proportional to the distance from
the metal ion and thus a differential expansion of the spectrum ig
observed159

The z-diethylaminocyclopentazepines could be expected to
co~ordinate to the reagent through the amidine function, The '
Protons most affected by the magnetic inter-action with the metal
ion would be those on carbon atoms alpha to the amidine function
(Figure 2), protons further along the carbon chain would experience

lesser shifts. S : /” h

FIGURE 2

= @Y

 Pigures 3 and 4 show the effect of the shift reagent '
Fu(fod), [tris=(1,1,1,242,3,3-heptafluoro=7,7-dinethyloctane-4,6-
dionato)-europium(III)] upon the n.m.r. sPectra of the

°¥clopentazepines. f :

| In Figure 3 the 1argest down—field shifts ere observed for
the signals attributed to the diethylamino—group end the olefinic
Proton signal at 56, 40p.p.m. This latter observation enabled the
assignment of the 4H~-azepine structure 99b to one of the

cYclopentazepines. o ‘
In Figure 4 resolution of the spectrum has been achieved

due to the large down-field shifts of the diethylemino-group
8ignals and the Cq methylene signal. Both the 06 and ce‘methylene
8ignals are clearly vigible as triplets and the azepine methylene
&ppears as a doublet (J-7Hz). The eignal due "to the methylene3, f
prctons has undergone a greater shift than the eignals due to the

- Olefinic protons. This would be expected for g, structure such as
. 29¢ where the methylene group is nearer to the co-ordination site -
than the olefinic protons,
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C 44
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The formation of the 4H-azepine 99D, thm_{lsh unexpected, is
not without precedent as Sundberg and co=workers: have observed the
formation of 7-diethylamino-3methyl-6~(2,4,6~trinethylphenyl)-4x-
azepine 104 from the decomposition of 2-mesityl=5-methylphenyl
azide 103 (Scheme 66), Sundberg suggested that the predicted
3E=-tautomer 1 _5_ was not formed because of severe steric interactions
introduced by the mesityl group in either conformation of this
tautomer, - ;

SCHEME 66

NE,

1_0.5.

Examinaiion of Dreiding models of the cyclopentazepines
94 eng 99b and possible precursors to these compounds revealed no
Such interaction and so the formation of the 4H-azepine 2%
Temaing unexplained.



46,

The decomposition of 5-azidoindan 91 gave a black oil from
vhich was obtained, by bulb-to-bulb distillation, a mixture of
- 2=-diethylamino-1,6,7,8-tetrahydrocyclopent[ d]azepine 106 and
3-diethylamino-4,6,7,8-tetrahydrocyclopent]c]azepine 107.

)
EtN
i H
106 107

The assignment of the cyclopent[d]azepine structure 106’
to the major product was based on the chemical shifts of the olefinie
‘Protons H—4 and 5 (Figure 5) These occur as a pair of doublets
(J = BHz) at 66.77 and 5,56 pepem. in good agreement with the
chemical ghifts and coupling constants of the corresponding protons
1 3-acetyl-2-piperidino-3E-azepine 108143 and 2-diethylanino-3,5-
dimethyl-}H-azepine __26 x

- . J 8Hz

Separation of theée igomeric cyclopentazepines‘was not -
- achieved and the assignment of the cyclopent[c]azepine structure
207 to the minor product was based on the spectral data of the
Dixture, Linked g,1.C.- m.8% gave, for both compounds, the same
~Wolecular ion and similar fragmentation patterns while close
eXamination of the n.m.r. spectrum revealed an ill-defined triplet
2% 84,73 p.pem, and an anomalous enlargement of the down-field peak
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of the doublet at 56,77 pepem. Treatment of the n.m.r. solution
with the Europium shift reagent Eu(fod) caused a down-field shift
of the doublet at 86,77 pepem. with resolution into two signals
comprising a singlet and a doublet, Similar resolution into two
quartets was observed for the signal at 83.5 p.pem. attributed to
the methylene protons of the diethylamino residue (Pigure 5).

~ Structure 107 satisfactorily accounts for these observea
signals with an adequate comparison provided by 2-diethylamino-

3y 6gdimethy1-3ﬂ-azepine 110 and 2-diethylamino-S-methyl-}H-azepine.
111 1 , ;

§ 6,91
§ 7,01
H e N 3
H - N H
A BN Y
EtN o EBLIV
T\ Aoy - Nz
H 3 \ H
H:AH $ 4.9 ~,: s CHs
111 | 110

_ The decomposition of 4-azidobenzocyclobutene 23 gave one
major™ product, isolated after chromatography, which had n.m,r,

Signals (Figure 6) at 86.75 and 5.36 pepem., both doudblets (J = 7Hz),

8nd a two-proton singlet at 52.69 pepem. The similarity with the

SPectrum of the cyclopentazepine 106 was striking and the product

¥as formulated as 3-diethylamino-ZH-4-azabicyclo[5 2,0]nona-

’5:7(1)-tr1ene 112,

Et,N

S
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'FICURE 6

; ~ of an isomeric , _
trace qua.n‘b ities y .

 The preeenceo in ctrum of the crude _
’azabicyclononatriene vas noted in the n.m.r. spe _

isolated T
deéompésition’product. Thia isomer was not . -},

v d 'dgﬂfroduct obtained from the decOmpositiOF of _“”“”f
v ; The cru e 1a er';ff'j;‘ -
2 azidobiphenylene‘zi was subjected tp preparativ yer .

observed. Th
b n One major and several minor bands weref 1iteratur
, . om |
. chromatographys moved to yield a compound identifiedo *
.. major. band was re

a dat160, as 2-aminobipheny1ene 5.

m U
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Removal of one of the minor bands yielded a small amount
of a coloured material which was identified from its mass spectrunm
as an azobiphenylene 114, No other products could dbe identified,

DE@
P N N=
« |~5\ 7
a4

YASS SPECTRA OF THE AZEPINES

ﬁTﬁe(differences in structure observed for the various
°Y010pentazepines appear. to have little effect upon the mass
8pectra of the individual compounds, The predominant features are
"~ Peaks at /e 204, 189, 175 and 132, which correspond to the molecular
ion ang to the loss, from the molecular ion, of a methyl, ethyl and
: diethylamino fragment respectively (Scheme 67, path a). -
B A minor breakdown pattern, which eives peaks-at "/e 161 and
147, could arise by the sequential loss of an ethylene and a methylene
rraSment from the fragment of /e 189 (Scheme 6Ty path-b),
The fragmentation of the cyclopentazepine ring system
( /e .132) may proceed by the sequential loss of HON (27 mass units)
&nd ethylene (28 mass units), since peaks at "/e 105 and 77 are
'°bserved (Schemesa) A similar type of fragmentation of the ion at
/9 147 may have occurred to give peaks at /e 120 and 91, -
. The only other significant peak is that at ,/e 72,which‘
Corresponds to the diethylamino~£ragmeht (Scheme 67, path c),



SCHEME 671

/CHZ ' path a R_N

O+ r T 't//” R I
T R N L LY :
LCH, [ A ‘/e132

s ‘ —t  —— el

e 161 - - Bre 147

Note: Direct loss ofycaH5 and N(02H5)2, rather than sequential
loss will also occur,

R = tetrahydrocyclopentazepine' nucleus
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«m/ev 77

,K';gThe mass spectrum of the azabicyclo[S,Z O]nonatriene 112 .
differs from the mass spectra of the cyclopentazepines in that the ‘
basge peak is formed by the loss of one hydrogen atom from the
‘molecular ion, In other respects the fragmentation pattern is
similar, | ; : | AR : o Sl
e The loss of a methyl, ethyl and diethylamino fragment giveé’
rise to the peaks at /e 175, 161 and 118 whilst a further loss of
“HCN (27 mass units) results in the peak at /e 91, , Lai

'+ - > The only other significant peak is that at /e 72 which is ‘
due to the fragment [N(CZES)Q]
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MECHANISM

The review showed that the photochemical decomposition of
aryl azides in a strong nucleophile 1eads to the formation of
3H-azepines. In particular the elegant research by Sundberg and
co-workers67 has demonstrated the intermediacy of 1H-azepines,
However, in one respect, the directional specificity of..the ring
expansion, Sundberg's observations differ from those of other workers,

In theory the decomposition of an asymmetrically
substituted aryl azide should result in the formation of two isomeric
azepines, but Sundberg found that certain aryl azides, having only one
ortho substituent, underwent ring expansion with exclusive migration .
of an unsubstituted ortho carbon atom in preference to a substituted
one®7 (Scheme 69) ‘ ’ '

SCHEME 69 -

Contradictory observations were recorded by Berwick 143 for
the decomposition of 2—azidoacet0phenone in both methanol and
Piperidine.- Both decompositions gave two isomeric azepine products

and in one case, the decomposition in piperidine, the isomeric
| azepines were obtained in statistical quantities. i , o

Similar results were obtained during the course of this
work, The decomposition of 4-azidoindan 90 gave a mixture from
which three isomeric tetrahydrocyclopentazepines were obtained. In
Partial accord with Sundberg's observations insertion had occurred
- Predominantly away from the ortho substituent (80% of ‘azepine formed).
Mixtures of isomeric azepines were also obtained from the

decomposition: of '5-azidoindan 91 and 4-azidobenzocyclobutene 92 and
'In each case the. predominant isomer was the one in which insertion
had occurred between C-4 and C=5 (Scheme 70),
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SCHEME 170
3  Yield
N & CH, x=1 sy
5 Cl.{iCHz)x X = O 95%
6 2

There is a limited knowledge of the factors which govern
the directional specificity of the ring insertion. Recent work2!?®28
vith alkyl azides has indicated that the ground state conformation
can be important in determining the migratory aptitudes of groups in
the molecule but an attempt to adapt this model to the ring expansion
Problem met with failure67. o ‘

‘ ‘The deoxygenation by tervalent phosphorus reagents of
aromatic nitro compounds has also been used as:-a route to ZHe
azepines’4™97, 1n o recent paper Atherton'and'Lambert97fdescribed
the deoxygenation of a number of mono- and di-substituted nitro-
cOmpounds»by alkylphosphorus triamides. TFor example, the reduction
of 3, 4-dimethy1nitrobenzene gave two isomeric products ag shown in

 Scheme 71, -
SCHEME 71

ON

Total yield of azepine = 31%
The reduction of a range of meta-substituted nitro- -

“°°mpounds, which gave the results shown in Scheme 72, led Atherton
and Lambert to suggest that electron withdrawing groups in the meta
Position favoured the production of 6-substituted-3H—azepines and
‘that electron releasing groups, in the same position, favoured the
formation of the 4-substituted isomer (Scheme 72).
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SCHEME 12
NC, N._-NEt
P(NEtz); / N H
R EtzNH ; H
R
R . 4=Isomer , 6-Isomer
1. ... Lot 5% o 28%
P . . B 18%- 3%
4-pyridyl - 1% oL 30%
CCH, . . . 4 28% ,,v19%

3

_ One factor which might have governed the isomer
diStribution of the azepines derived from S-azidoindan and
4—azidobenzocyclobutene is the strain effect of the fused ring, An
extengive study of the reactivity of aryl positions X and /3 to a
fused strained ring has been made during the last 45 years, Most of
the work on tetralin and indan has been directed towards supporting
or disproving the possibility of bond fixation in the aromatic part of
- the molecule. This idea was first postulated in 1930 by Mills and
Nixon161 and disproved soon afterwards by Kistiakowsky 162 vhose work
on the heats of hydrogenation of " alkyl benzene derivatives showed
that the benzene ring was stabilised by resonance, thus Precluding
any bond fixation.

Although the Mills—Nixon theory was soon disproved their
°bservations still stand, These were-‘ « :

(1) © that S5-substituted indans underwent electrophilic‘

Substitution predominantly in the 6-position,

-

_i_E+
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(ii) that 6-substituted tetralins underwent electrophilic
substitution predominantly in the S5-position,
RV

A recent p:auper163 concludes that both strain and
hybridisation effects co-operate to determine reactivities in aryl
groups bearing fused strained rings. Vaughan, Welch and Wright1 51\, _
have shown that in electrophilic reactions the ratio of « to Je)
substitution decreases in the orderj indan, o-xylene, tetralin, 1In
expla.nation of this they pointed out that in the Wheland intermediates
for o and B substitution, the bond common to both rings has /3 and

/3 double bond character respectively (Scheme 73).

X H X H

o¢ - substitution

X | X
H g H

/5 - substitution

s In the case of -indan this will lfea.d to ihcreased-etrain G
in the fused ring for = and decreased strain for thep-substitution
~and thus the. latter will be favoured. In tetralin, any strain will
"be increased in the formation of the transition state for:
o-substitution and decreased in the case ofp-substitution so-that -
_the latter will be . favoured. The corresponding but much larger
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effect would also account for the almost completels-orientation
observed with benzocyclobutene154’164.

A different explanation of the observed reactivity has been
advanced by Streitweiser and co-workers165. They postulated that the
atomic orbitals of a fused-ring aryl carbon atom used to construct
the strained ring have higher p character than usual so that the
remaining orbital used in bonding to the adjacent aryl carbon atom has
more s character, The X carbon is thus bound to an orbital of higher
electronegativity than usual and the ccnsequent electron withdrawal

from this carbon atom will lower the reactivity towards electrophiles,

- H

® increased p character

O increased s character

The observed ratios of the isomeric azepines obtained from
3y4=-dimethylnitrobenzene, S-azidoindan and 4-azidobenzocyclobutene
fall into the pattern previously set by the electrophilic
substitution reactions discussed above (Scheme 74). |

SCHEME 14‘;
(ON)N

bi,S-Isomer'\‘ ' ii 5.64130mef
v.394-dimethy1nitrobenzene “ 7°i‘ v ”
S5-azidoindan 85:1 L
Vx4-aZid°b§nz°°Y°19butene ' | ;‘ 95 ' ;w‘--, v 51_

-

: It thus appears that: the nitrene is acting as an’ -
electrophile and that the strain effects implicit in the fusion of a
¢ycloalkane ring to the aromatic ring are affecting the isomer
distribution, Ll : o
‘ .. The previous discussion suggests that the decomposition of
G-azidotetralin would‘give two isomeric azepines with the 5;6-isomer

as the major product.
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~ Further work in this field could be directed towards
proving this hypothesis and making a thorough study of this area of
nitrene chemistry.

It was hoped that the decomposition of 2-azidobiphenylene 93
would give ring expanded products analogous to those obtained from
the decomposition of 4-azidobenzocyclobutene. These products would
have the extra degree of unsaturation that could not be introduced
into the azabicyclo[5,2 O]nonatriene 112 (Scheme 75).

- SCHEME 175

‘ H
N . EN HH, BN TH
; o |
1O — N_| /e N ]
112
Ns N EtN H
S~ N NN L _
12 I'—>Et,Ng\// )+ N_IIIZ
93 H

. The decomposition gave no ring expanded products, only a
moderate yield of the hydrogen abstraction product 2-aminobipheny1ene.7
In this, biphenylene is following the pattern set by other polycyclic
aromatic systems. The naphthyl azides59 61 and 4= and 5-azidobenzo-
[h]thiophen 37, under the same conditions, do not decompose %o give
azepine products and no ring expanded products are observed in the
,reaotion b;;ween ethoxycarbonylnitrene and naphthalene, anthracene

‘fa‘ The mechanism of azepine formation was discussed in the ‘
- Review, Briefly, the aziridine intermediate which arises’ from the
m‘singlet nitrene undergoes addition of diethylamine and ring opening
(Scheme 76)e |

f{and pyrene
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“milwnThexﬁ;ffier to ring expansion in the polycyclié;aromafid“

systems is probably the loss of aromaticity which must be incurred
  during therexpansion. For example, the postulated mechanism of the
transformation of 2-azidonaphthalene to a benzazepine must include’
a transition state in which all of the naphthalene resonance energy
is lost. Thus the reaction does not proceed and other processeske
Occur which give rise to the observed products (Scheme 77) .
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A similar type of energy dbarrier is probably operating to
diveft‘24nitrenobipheny1ene from undergoing the insertion reaction,
In this case however the strain effects could be due to the formation

of a butadiene system (Scheme 78).

SCHEME 78
| Nt _ _
ST RN L RN
T\ 1~ ;4, - N0 /. -~
N LI 7> N LIS ~ "{:/' 9

A communication by Iddon, Pickering and Suschitzky166 on

_the photolytic decomposition of certain 6-azido[ b]thiophens 115 (a,B)
in diethylamine has recently been published, In this paper the
~ authors report the isolation of 6-diethylamino;SH-thieno[2 3mc]=
~azepine derivatives 116 ga,bl from the reaction mixtures and claim
these reactions to be the first photolytioally initiated ring
expansions of fused bilcyclic aromatic azides to azepines. These
compounds are unusual in that they are 2H azepines; the only other
example of 2H-azepine formation is from the reaction between
phthalimidonitrene and activated benzene derivatives158
< The propOsed reaction mechanism is shown in the following

scheme, }
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PO /@\g—R':——é \ R', —_ @\/S\
N S
N . ,
Et NC\)\/&R" EtN—%R m
S

. -

The thiend-azepines 116a and 116b have the following n.m.r.
datas

H ; 5 7411 ; J =120z H, 5 6.60
Hy, 5 4.20 5 .
By 8 4.25
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_ - The chemical shifts recorded for the protons H-4 and H-5
seem high for an alkene system isolated from the conjugated nitrogen
function and are more in accord with the partial structure

=N« CH =CH -, An alternative mechanism to that shown in Scheme 79
"leads to a molecule 117 Sa,b[ containing this partial structure
(Scheme 80). ~

SCHEME 80 :

" The down=field position of the azepine methylene signal
which, it was inferred, vas due to the: proximity of the methylene.
group to the ring nitrogen atom, could also be due to the combined
effects of the diethylamino group and the thiophen ring,:

In conclusion, though it may.be argued on mechanistic
grounds that the. proposed structure 116 is correct, the available
evidence‘'is such that structure 117 cannot be rulgd out as a

Dossible alternative.
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ATTEMPTS TO PREPARE AZEPINIUM SALTS AND AZA—AZULENES FROM THE

‘ ‘AZEPINES

The formation of an aza-azulene from the,tetrahydrocyclo-
pentazepine system requires the removal of two molecules of hydrogen,
A’reagent,wﬁich has been used for the introduction of unsaturation,
is 2,3=dichloro-5, 6-dicyano-1 4~benzoquinone (DDQ). For example,
the partially saturated [10]annu1ene 118 was dehydrogenated by DDQ -
in refluxing dioxan to 1 y6=methano[ 10]annulene. __2 (Scheme 81).
SCHEME 81 ' :

‘Similarly, in boiling benzene, this reagent converts
tetralin ‘into naphthalene and acenaphthene into acenaphthylene
Accordingly, cyclopent[d]azepine 106 was reacted with DDQ
in boiling benzene, Removal of the solvent gave a black tar which
resisted. attempts/atrpurificatiqn and identification, No starting

168

material was recovered, R P S .
Dehydrogenation of hydro-aromatic compounds has also been' v

- achieved using palladium—on—charcoal. Tetralin and decalin have

been deﬁ&drogenated to naphthalene169

and octahydroanthracene gave the aromatic compounds on similar

treatment169. The hydro-aromatic ketone 120 gave 1=phenanthrol 1 __1

in naphthalene containing the palladium catalyst 170 (Scheme 82)

~ SCHEME 82

S —————

end octahydrophenanthrene

|_s
N
lo]
ry
N
-
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Treatment of the cyclopent[d]azepine 106 with 10%
ralladium-on-charcoal in a sealed tube at 250° gave a green oil
which did not have analytical figures consistent with
2~diethylaminocyclopent[ d]azepine, the expected product. Examination
of the n.,m.r, spectrum showed the presence of aliphatic protons only,
Because of the limited quantities of the available
tetrahydrocyclopentazepine no further experiments were tried,

.~ Attempts were also made to dehydrogenate the azabicyclo-
| ‘[5,2,0]nohatriene 2. It was hoped that removal of a molecule of
hydrogen, to give the tetra-ene 122, could be induced and that the
further loss of a hydride ion could also be achieved (Scheme 83),

SCHEME 83

BN HH . EtN HH ELN
/. l REEN{4 l l ' o N(+
~ : = ‘
e 122

: ! A reagent which has been used to effect double-bond
ok formation is N-bromosuccinimide (NBS). - This dehydrogenation is ,
achieved by allylic bromination followed by loss of hydrogen bromide,
"as for example, in the production of cortisone17 (Scheme 84).~
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The reaction of the azabicyclononatriene with NBS as

described by the above author 111,172 gave, instead of a white

Precipitate of succinimide, a brown, intractable tar which could not
be identified., Examination of the liquor revealed the absence of
both starting material and the expected product.

The formation of the azepinium system requires the removal
of a hydride ion and a reagent which has been used for this purpose
is triphenylmethyl fluoroborate, Dauben and co-workers 3 have
Prepared a tropylium salt by reaction of cycloheptatriene with
triphenylmethyl fluoroborate in solution in acetonitrile at -20°

(Scheme 85).
SCHEME 85

"+ phC BE — @ BF + Ph,CH

The reaéfion between the azabicyclononatriene 112 and
triphenylmethyl fluoroborate under the conditions described by
Dauben1T4 did not give an azepinium salt, Instead only tarry
Products were obtained, These could have been formed by the
Polymerisation of a reactive intermediate which, in view of the
instability of related systems130—134, would not - be unexpected.
No further attempts vwere made to dehydrogenate this

compound, -
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INTRODUCTION

The failure of 2-azidobiphenylene 93 and other polycyclie
aromatic azides to undergo ring expansion to azepine derivatives

59,61,137

anﬁelationf upon the mode of the nitrene insertion reactions,

upon defomposition prompted a study into the effect of

The system chosen for this study was 2-azidodiphenyl-
methane 19, The thermal decomposition of this compound was first
reported in 1968 by Krbechek and Takimotost who proposed the structure
11H-azepino[1 2-a]indole 124 for the major product.; The decomposition
was thought to proceed by the attack of a nitrene" iﬁtermediate on the
‘adjacent aromatic ring giving an azabicycloheptadiene intermediate 123
which underwent ring expansion to the azepine (Scheme 86),
SCHEME 86 |

* ag used by Clar 75to indicate the enlargement of an
aromatic system by the fusion of a benzene ring. . '

¥
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i
s in the course of their studies

52-54

Jones and co-workers
of the azonia-azulenium system 125, re-examined this decomposition
and amended the structure of the isolated product to the isomeric
10H-azepino[ 1,2-a]indole 21 on n.m.r, evidence.

Several substituted 2-azidodiphenylmethanes have since

453
10H-azepino[1 2-a]indoles and 6H~- or 8H-tautomers. In azides having

been prepared and decompose « The usual products were

a 2'-methoxy1 group, appreciable quantities of 9,10—dihydroacridines
and acridines were isolated54

In order to study the effect of annelation upon the mode
of the nitrene insertion reaction it was decided to investigate the
decomposition of the simplest annelated systems derived from 19, the
azidobenéylnaphthalenes 126 and 127. To provide a direct comparison
the non-annelated systems 128 and 129 were also synthesised and
decomposed, ‘
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i

DISCUSSION

PREPARATION OF THE AZIDES

' The azidobenzylnaphthalenes and tetralins 126 - 129 were
prepared fron the aminobenzoyl derivafives by reduction of the
carbonyl group followed by conversion of the amine to the azide.,

The known aminobenzoylnaphthalenes were isolated from the
reaction between 2-methy1—3 1-benzoxazin—4—one (acetanthranil) 130
and the»naphthyl Grignard reagents (Scheme 87), a synthesis first
employed by Lothrop and Goodwin176. This reaction suffers from the
reported disadvantage that acetanthranil is unstable and only
moderate yields of ketone are obtained dut during this work it has
been found that distillation of the acetanthranil, prior to use, B

results in higher yields. The preparation of 5-(2-aminobenzoyl)e
tetralin was achieved in a similar manner-from 5-bromotetralin 77.

SCHEME 87

COOH

' The Friedel-Crafts aroylation of tetralin with [0
2-nitrobenzoy1 chloride gave a poor yield of 6-(2-n1trobenzoy1)- B

tetralin° ‘this compound, on catalytic hydrogenation, gave
6-(2-aminobenzoyl)tetralin . .
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A simple method of reducing benzophenones to diphenyl-
178, put this method
could not be used because of the ease with which the reagent

methanes is by dissolving sodium in ethanol

reduces naphthalene to 1,4-dihydronaphthalene, Of the other methods
available for the reduction of ketones to methylene groups172'179
the Wolff-Kishner/Huang-Minlon reduction189 seemed the most
promising, | '

Initial attempts at the reduction of 1-(2-aminobenzoyl)=-
naphthalene gave low yields of 1=-(2-aminobenzyl)naphthalene and a
high recovery of starting material, = Examination of the reaction by
gas chromatography revealed that hydrazone formation was extremely
slowubut when complete high yields (90% +) of the product could be
obtained. i , | _j‘ L A _
- All the amines were converted into the corresponding ,
azides by diazotisation in a mixture of 4N-su1phuric acid and
| ,4-dioxan and the reaction of the diazonium salt with sodium azide.

DECOMPOSITION OF THE AZIDES

Each azide was decomposed under nitrogen in 1 2,4-trichloro-
‘benzene solution at 180 = 200°,

The assignment of structures to the decomposition products
was based:.largely on the’ interpretation of their n.m,r,.-and
ultra—violet spectra and these are extensively discussed throughout
this section. The mass spectra are discussed” collectively at the
end of the section,

The decomposition of 1~ (2-azidobenzy1)naphthalene 126 in
trichlorobenzene at 195 gave a mixture which was shown on examination
; by gas chromatography to comprise five components of which two made
up the major proportion. ' '[ e

© Acid washing of a portion of the crude produot removed one
of the major products. Subsequent treatment with aqueous ammonia
" and ether extraction gave a compound identified as benz[a]acridine

1320 from literature data181. The other major product was isolated

from the residue and identified as 7,12-dihydrobvenz[a)acridine 121182.

s
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5

 An initial separation of the decomposition products was
obtained by column chromatography. Further separation was achieved
by preparative layer chromatography and samples of each of the minor
products were iéolated. These were identified as 1-(2-aminobenzyl)=

naphthalene 132 and two isomers of molecular formula C17H On

N,
13
the basis of their n.m.r., mass and ultra-violet spectra these
isomers were assigned the structures: TH-indolo[1,2-a][1]benzazepine

133 and 7H-indolo[2,1-a][2]benzazepine 134,
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FIGURE T

In the former, for which 10H—azepino[1 2-a.] indole 2153
provides an adequate comparison, the n.m,r, spectrum (Figure T7)
" contains a poorly resolved methylene doublet at & 3,2 = 3¢5y two
' _one-proton signals at & 6, 54 (doublet J = 10.5Hz) and & 5,9 --{f
6.4 PeDPolle correeponding to the olei‘inic protons H~5 and H~6 and a.
one-proton Ia-indole singlet at 5 6.21 PePems In addition, the
‘ultra-violet spectrum shovs the absence of eztended conjugation

’(}\ma;x 263.5: nm). o

0%
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FIGURE 8

y ;u

In the latter, the extended conjngation (}‘max 275 5y 312mn)
and the n,m.r, spectrum (Figure 8) vhich containe a methylene doudblet
( J = 6.5Hz) at 5 4458 pepems, two olefinic one-proton eignals at
8 6.8 (doublet J = 10.5Hz, Ha5) and & 6,0 = 6,5 (H—&) and a one-proton’

p-indole singlet at & 6.71 p. p.m., .can be compared with the apectra
- of 6,8 10-trimethy1-6H-azepino[1 2-a]indole53 coe

Decomposition of the isomeric 2-(2-azidobenzy1)naphthalene-
127 at 180° gave a red oil which consieted of one major and two
- minor components, - Trituration of the crude product with ethanol

’,vprecipitated 7,12-dihydrobenz[c]acridine 135 identified from e

literature data181. The residue was separated by column chromatography

and the remaining components identified as benz[c]acridine } 181 and
2-(2—aminobenzy1)naphthalene 127
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Wheréés‘fhé tﬁérholysis of the azidobenzylnaphthalénes -
gavé predominantly acridine.and dihydroacridine products the
decomposition of 6-(2-azidobenzyl)tetralin 128 gave as the major
product 7,8,9,10-tetrahydro-12H-indolo[ 1,2-b][2]benzazepine 138, -

The ultra-violet spect:umvof the compound showed the
abgence‘of4exténdéd conjugation (A'maz 270 nm) and the n.m,r,
spectrum (Figurg\9) ghoved a /a-indole singlet at & 6.07, a
broadened methylene doublet at & 3,26 ( J = 7Hz) and a one-proton

triplet at & 5.63 p.pem. (H=11); all spectral data agree well with
those of the 10H-azepinoindoles’>,
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A numbefaof minor products were also formed during the
decomposition but only one was isolated and identified, From the
' characteristic ultra-violet absorption and the n.m.if; ‘gpectrum
this product was ‘identified as 1,2,3,4-tetrahydro'ben_z[c]acridine 139,
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3

~ The decomposition of 5-(2-azidobenzyl)tetralin 129 in
1,2,4=-trichlorobenzene at 183° gave a product mixture which, on
examination by géé chfomatography and thinelayer chromatography,
appeared fo contain at least eight components. Partial separation
of the mixture was achieved by column chromatography on alumina,
Each fractidn was then separated by preparative layer
chromatography until pure samples of five products were isolated
and charé?térised.

;;The isolated products are recorded below in order of

elution fiom the column.
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FIGURE 10 12

The 13bH—indolo[2,1-a][2]benzazepine _4__ was an unstable ;
oil and its structure was assigned on limited spectral data..

The nemeTe spectrum (Figure 10) showed a multiplet at
8 544 = 5. 9 due to the olefinie protons H=5 and H-6, ap-indole
singlet at 6 6412 and a one-proton triplet (J = 7Hz) at & 3 33 p.p.m.v»
ascribed ta the methine proton, He~1 3'b. - '

Additional evidence for this structure was provided by the
ultra-violet spectrum which showed the absence of extended

conjugation (Amax 271.5 nm). 2
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FIGURE 11

_ ' The gtructure of the TH=-indolo[ 1,2-a][ 1]benzazepine 141
'waé readily assigned on the basis of its n.m.r. spectrum (Figure 11).
The two-proton doublet at & 3,20 and the sharp singlet at
8 5,99 p.p.m. were both indicative of the 10H-azepinoindole ring
system and the chemical shifts of the remaining seven-membered ring
protons ( & 5.5 = 5.9 PePols ). Bhowed them to be isolated from the
bnitrogen atom thus indicating the.preéénce'of the [1]benzazepine
structure, Confirmation was provided by:the ultra-violet spectfhm
vhich showed no ezténded conjugatidn (A maxu268 nm),
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 PIGURE 42

The presence of extended conjugation (}\ nax 325, 348 nm)
in the ultra-violet spectrum of the third compound eluted from the
| column indicated the TH-indolo[2,1-a][2]benzazepine structure 142,
This was confirmed by the n.m.r, spectrum (Pigure 12) which showed
- a broadened methylene doublet at b 4.5, a two-proton multiplet at
5 5.8 = 6,2 (H—S, n-e) and a/s-indole singlet at 8 6 48 PeDelle.
"The fourth product eluted from the column was a second;ry :
amine with a molecular formula 01 }11 N and was assigned the structure ;
4,5,6,62,7, 12-hexahydrona.phtho[1 8-bc][1]benzazepine _A_} after an
analysis of its 220 MHz n.m.r. spectrum (Figure 13) ) ’
Nitrene attack at the peri—methylene group must have
occurred to give this compound. ’ :
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FIGURE 1

220 MHz PMR SPECTRUM

BRI i 3 o)

The most striking feature of this spectrum was: the pair of
Vone-proton doublets ( J = 15.2 Hz) at 3,36 and 5 4.92 p.p.m.v
" These signals were attributed to the methylene group protons of the
"seven-membered ring. The constraints applied by the tetralin ring
v system hold the moleoule in one. conformation, thus reatricting ring
1nversion and making the methylene group protons non-equivalent.=~v
~Similar conformational effects are seen in the n.m.r. . -
spectra of the dibenzo- and tribenzocycloheptatrienes 145 and_46183

R= c(caB)zon, ”JMI3 = 12,2 Hz "%n -H, 7. ,Jm = 12,5 Hz

'JA = 12, 5 Hz
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FIGURE 14

—

- Other signals include a bioadened one-proton\singlef at
d 3.3 which undergoes deuterium exchange and is due to the amine
proton and a one-proton signal at & 5.1 -~ 5, 2 p.p.m. ‘which is
‘assigned to the methine proton He6a, .

The latter signal is split, superficially, into a quartet
by vicinal coupling with the methylene group at C-6 (Figure 14). The
qﬁartet results from equatorial-axial and equatorial-qquatorial v
interactions with the non—equivalent protons of the méthylene group;
~ the non-equivalence is caused by the inflexibility of the’molecule.

The n.m,r, spectrum of the hexahydrobenzacridine 144
contained a two=proton singlet at 5 3,94 and a one-proton, D20-
A Rapid oxidation of this compound nade it necessary to
characterise it as the teirahydro- derivative 147. This compound
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showed the typical spectral properties of the acridine system,

N
B

144 147

MASS SPECTRA OF THE INDOLOBENZAZEPINES

i*Two ireakdown patternsﬁhave been observed:

In the indolobenzazepines 133 and 134 the loss of one mass
unit from the molecular ion and base peak at /e 231 gives an ion
corresponding to the fully aromatic indolobenzazepinium system, A
Further loss of 26 mass units (HC==CH) gives the only other
significant peak in the spectrum, at /e 204 which could correspond
to the azapentalene systems 148 (from 133) and 149 (from 134).

_ A peak at /0 115.5 is due to the doubly charged-
indolobenzazepine system. R R S RNV TS U ST AR S
" The tetrahydroindolobenzazepines 138, 140, 141 and 142
show a similar pattern. In each case the first loss is of one mass
unit from the molecular ion and base peak which’again'represénts the
aromatic system, A°'second loss of 28 mass units (CH = CH2) gives
the other major peak at /e 206, : 1
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MECHANISM -

The Review showed that the thermal decomposition of aryl
azides proceeds via an electrophilic singlet nitrene intermediate,
The reaction must then continue with an attack by the nitrene on the
adjacent aromatic ring. The nature of the species thue produced is
in questionj: . both a spirodienyl system,_§_184
azanorcaradiene _j_ 1933 nave been proposed as intermediates
(Scheme 88).

and the isomeric

SCHEME 88
H 4 H H
— Q= “
N : |
150 ,_;lﬁl)

eff”;,The‘epirediene intermediate was proposed to explain the-
rear:angemente observed in the decomposition of substituted
2-azidodiphenyl sulphides (Schemes 20 and 21) and related compounds

- and an azanorcaradiene intermediate was postulated by Krbechek and

Takimoto in their paper51

on the decomposition of 2-azidodiphenyl-
methane, : . ' |
Although there is no direct evidence for either form, for
simplicity of discussion, the azanorcaradiene intermediate will be
used throughout this section, '

: The experiments described earlier in this section suggest
explanations for the fallure of annelated systems such as'naphthaiene
. to undergo ring expansion following nitrene insertion, The ‘
decomposition of the tet:alins 128 and 129 shows that the geometry
of the naphthalene systems 126 and 127 is suitable‘for'ﬂ;;bond

insertion and that the preferred reaction is ring expansion to

azepinoindole derivatives.

The loss of aromaticity inherent in the ring expansion of
the naphthalene derivatives must be the factor that influences the
reaction pathway., In the decomposition of the 1~-naphthyl derivative
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126, two intermediate azanorcaradienes 152 and 153 are possible
(Scheme 89), The formation of 152 requires the complete loss of
resonance energy of the naphthalene system and so is disfavoured
relative .to intermediate 153 in which the resonance energy of only
one ring is lost. However, if this intermediate proceeds to the
necessary precursor for indolobenzazepine formation 154, the
remaining resonance energy is lost; hence ring opening to give

benzacridan 131 is favoured,

SCHEME 89

* Similarly the decomposition of 2-(2-azidobenzyl)-
naphthalene 127 gives two azanorcaradienes (155 and 156) and the more
energetically favoured path is through intermediate 156 to the
benzacridan _15_ (scheme 90) )
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The decomposition of 6-(2-azidobenzyl)tetralin 128 gave,
as the major product, 7,8,9,10-tetrahydro-12H-indolo[1,2-b][2]=-
benzazepine 138, No isomeric indolobenzazepine was isolated from
the reaction althdugh the formation of two ring expanded products is
mechanigtically feasible (Scheme 91).

SCHEME 91 '
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In this behaviour the system is acting normally, as
reactivity studies have shown that tetralin is activated towards
electrophilic attack in the 5= position. (The reactivity of aryl
positions ot and /3 to a fused strained ring was discussed in Part I,

page 53).

The direct 'opening of the azanorcaradiene intermediate, as
shown in Schemes 89‘ and 90, leads to an intermediate which must
undergo a hydrogen shift to produce the final product. Experiments
to determine the nature of this shift will be discussed in Part III.



PART III
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INTRODUCTION

The decomposition of the naphthalene systems described in
Part II gave an insight into the reactivity of nitrenes towards
polycyclic aromatic species. The work described in this part of the
thesis attempts to correlate the reactivity of the nitrene
intermediate with the electron availability of the aromatic nucleus
into which it inserts and to elucidate the mechanism of the insertion.

During the course of their studies into the synthesis of
the azonia-azulene system Cliff and Jones5 »53 examined the
decomposition of 2-azidodipheny1methane _2;' This ccmpound deccnposed
at 180° in an inert solvent to give a single product, identified as
10H-azepino[ 1,2-a]indole 21 (Scheme 92). These authors also showed
that replacement of one of the methane protons by a methyl group 156
did not affect the course of the reaction; in this case a moderate
yield of 11-methyl-10H-azepino[1,2-a]indole 157 was obtained, '

‘ The replacement by a phenyl group of one of the methane
protons in 2-azidodiphenylmethane might also be envisaged as having
no effect upon the reaction mechanism; however, both phenyl groups
would be vulnerable to attack from the nitrene intermediate. In the
simplest case,'with two unsubstituted phenyl ringshlig, the expected
product would be 11-phenyl-10H-azepino[1,2-a]indole 159 but the
Presence of a substituted ring with a differing electron availability
might cause preferential attack of the nitrene:intermediate and the
predominance of one expected product over the other.

SCHEME 92
R H R
H )

N

N, Q
19 R=% 21 R=H

136 R = CH, 151 R = CH,

j58 R = CGHS 159 R = CGHS
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Accordingly it was decided to investigate the decomposition
of substituted 2-azidotripheny1méthanes. The compounds chosen for

investigation were:

5

=H’ Y=H

-
o
(o]

=0CH,, Ye=8§H

Py
(o)}
-

L TR BRI
|

= CO,CHyy Y = H

b
N
n

=-C0 CH ¥ = OCH

3,

(1) éfazidotriphehylmethane 158
(ii)' ”é;azido-4'-methoxytriphenylmethane 60
(i1i) the methyl ester of 2-azido-4'-carboxytriphenylmethane 161

(iv) - the methyl ester of 2-azido-4'-carboxy-4'-methoxytriphenyl-
methane 162. : Cat i



88,

DISCUSSION

PREPARATION OF THE AZIDES -

‘ f The first synthesis of 2-aminotripheny1methane was achieved
‘ by Baeyer and Villiger1§5 in 1904., The reaction between ethyl .
anthranilate and excess phenylmagnesium bromide gave 2-aminotripheny1-
carbinol __1 which” on treatment with zinc dust and acetic acid, gave
Z;aminotriphenylmethane 164 (Scheme 93),

SCHEME ' -

@C ()2 CZHS

H Csﬂ MgBr

A second synthesis was reported by’Kliegl186 a few years

1etef."This worker reacted 2-nitrobenzal chloride 165 with benzene
in the presence of aluminium chloride and obtained 2-nitrotripheny1-
methane 166 which he reduced to the amine using alcoholic stannous

chloride (Scheme 94).

SCHEME 94 . . . .
@: CHCL, | SnClZ/HCl |
: -_—> —_— 164
| NOz__ C6HG/AICI3: C,H;0H e
. iéi' ,,q .:1u. S e -w_é_

A third reaction, which has been used with some success.
is the Lewis acid catalysed condensation of 2-nitrobenza1dehyde with
activated benzene derivatives. Tanasescu and co-workers187’188

prepared the 2=nitro=-4',4"=diamino derivative:from aniline in the
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presence of anhydrous zinc chloride and the 2-nitro-=4!,4"-dihydroxy
compound from phenol and phosphoric acid, The latter compound
underwent a number of reactions including benzoylation, -acetylatiom
and methylation, Reaction with benzene in the presence of aluminium
chloride to give 2-nitrotriphenylmethane has also been achieved189.

~ The preparation of 2-acetamidotriphenylcarbinol 1 ;_warom
2-methyl-3,1-benzoxazin~4-one 130 and excess phenylmagnesium bromide

wvag first reported by Lothrop and Goodwin17 (Scheme 95) This
reaction has been used by Sisti and,Cohen12Q to prepare a number of
substituted 2-aminotriphenylcarbinols.

SCHEME 95

191 have also used the reaction between

- Stiles and Sisti
methyl anthranilate and an excess of a Grignard reagent te prepare

various substituted 2-aminotriphenylcarbinols (Scheme 96). B

SCHEME 96 °~ ~ - . .. o . . . ... R e
g STRET RIS A o - p-anisyl ;
Clmaad b0 BT N T SN - o=anisyl- -
~_COCH, ~ ~ _CR,OH  otoiy
_ 2 2,4-dimethylphenyl
RMgBr 2,6=dimethylphenyl
> 2,6-
NH NH

2 2 - 2=ethoxyphenyl

R )
. .

L The reduction of triphenylcarbinol to triphenylmethane

. has been achieVed by a variety ‘of reagents including zine dust and
acetic acid185, a solution of sodium borohydride/boron trifluoride']
in diglyme/tetrahydrofuran 192 98% formic acid193 and isopropanol
and aqueous sulphuric acid 94. In this work most of the triphenyle

carbinols were reduced, in good yields, using formic acid, -
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The preparative procedures listed above have one common
feature in that they introduce two identical aromatic groups into the
molecule, No procedure for the introduction of two different groups:
into the molecule could be found in the available literature,

- The preparation of 29acetamidotriphenylcarbinol 167 was
achievedlin good yield (60%) from 2-methyl-3,1-benzoxazin-4-one 130
by the method of Lothrop and Goodwin176. The 4'-mefhoxy derivative
vas obtained using commercially available 2-aminobenzophenone.
Several experiments were tried to achieve optimum results.

"The reaction between excess p-anisylmagnesium bromide and
2-aminobenzophenone in tetrahydrofuran at 0° gave, after hydrolysis,
a mixture of product and starting material which could not be
separated by column chromatography. ‘

A repeat of the above experiment using 2-acetam1dobenzo-
phenone gave. better results. A mixture of the acetamidocarbinol and
2-acetamidobenzophenone was obtained but this was readily separated
by column chromatography. , : : " : ~

- A third experiment involved the addition of a solution or :
2-acetamidobenzophenone 168 in tetrahydrofuran to a refluxing
solution of the Grignard reagent in ether, Work-up gave an oil
which on trituration with methanol gave 2-acetamido-4'-methoxy~
triphenylcarbinol 169 in good yield, Both 2-acetamidotriphenyl-
carbinol 167 and 2-acetamido-4'-methoxytriphenylcarbinol 169 were
reduced in high yields by treatment with formic acid and were . ‘
hydrolysed to the amines 164 and 170 by a refluxing mixture of
concentrated hydrochloric acid and methanol (Scheme 97)

SCHENME

' x06H4MgBr

(1) HCOOH

— S

_..> 0 (ii) HC1
NH X X

. X =H, 167 X = H, 164
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, . The preparation of the methyl ester of 2-amino=4'=
carboxytriphenylmethane 172 proved difficult and the synthesis
remains incomplete. Two synthetic routes were tried (Schemes 98,99),

SCHEME 98 . -

K C.C6H

MgBr -
4 T
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Theifirst scheme makes use of the resistance of the
2=0xazoline ring system to attack by Grignard reagents. The
synthesis of the carbinol 171 was achieved but treatment with formiec
acid gavefa large number of products and the examination of the crude
mixture by n;m.r; spectroscopy revealed the absence of a methine
proton and‘hence of triphenylmethane,

The second route appeared more promising. A"good vield of
carbinol _11 was obtained and this underwent reduction and hydrolysis
to give 2-amino-4'-methyltriphenylmethane A174. Oxidation with neutral
potassium permanganate gave the 4'-carboxy derivative:175 in good
yield though a high yield of starting material was recovered. This
synthesis is being continued but is not yet complete.

The synthesis of the methyl ester of 2-amino-4'-carboxy.4n
methoxytriphenylmethane was not attempted. ‘

- The amines were'converted to’the'azides By diazotisation.-

in solution in a mirture”of 4N ‘sulphuric acid 'and dioxan and
subsequent reaction of the diazonium salt with sodium azide,

DECOMPOSITION OF THE AZIDES |

Each azide was decomposed under nitrogen in 1,2,4-
trichlorobenzene solution at 180 - 200°,

The assignment of structures to the decomposition products
was based largely on the interpretat101 of their n.m.r. spectra and
these are extensively discussed throughout this section, The mass
spectra are discussed collectively at the end of the section,

The decomposition of 2-azidotriphenylmethane 158 gave a
mixture which was shown, on examination by gas chromatography, to
- comprise two major and two minor products, Partial separation wasg
achieved by column chromatography in benzene when two fractions were
obtained, - Evaporation of the first fraction gave an 0il- which, vhen -
triturated with. petroleun, precipitated a compound identified from
literature data 135 as 9,10-dihydro=9=-phenylacridine 176, : The second
fraetion_was.evaporated to yield a yellow solid identified as
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‘9-pheny1acridine 111195.

N
H
116 111

The residues from the crystallisations were chromatographed
on alumina in petroleum to give, in the first fraction, 11-phenyl-
10H-azepino[ 1,2-a]indole 178, The structure of this compound was
assigned on the basis of its n.m.r. spectrum (Figure 15). The
two-proton doublet at & 3.5 and three-proton multiplet at & 5. 6 =
6e3 DeDems (H=T,8 and 9) were both indicative of the 10H-azepino-
indole system and the absence of a sharp singlet at & 6,0 revealed
the presence of a substituent at C-11,

The residue from the column was separated by_préparative,
layer_chromatography.t Two previously unidentified compounds were
isolated from dbands on the plates, One was identified as 2-amino-
triphenylmethane 164, The other product had peaks in its mass
spectrum at 514, 512, 257 and 256 mass numbers and was identified as
2,2'«bis(diphenylmethyl Jazobenzene 179.
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FIGURE 15

(C,H,),CH

"Azo-Compoﬁnds ﬁave-frequently been répq;ted'iﬁ the
‘decomposition of ézideé and their formation has been‘explained in
the azide, dimerisation of the
terms of attack by the nitrene on ‘1 ti°n15:42.' 'is
Ritrene being unlikely in dilute so u |
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The decomposition of 2-azido-4'-methoxytriphenylmethane 160
gave a product which, on examination by gas chromatography, appeared
to contain five components, Separation of thekdecomposition products
was achieved by column chromatography on alumina, Pure samples of
five products were isolated and characterised but another two
products could not be isolated in a pure state.

Nost of the material chromatographed on the column was
recovered ‘and this enabled the yield of each product to be calculated
from a combination of the direct weighing of pure materials and the
estimation, by n.m.r. spectroscopy, of the proportions of components
of mixtures, :':"

The isolated products and yields are recorded below in

order of elution from the column,

OCH,

180 - sk 181
17% yield 34% yield
OCH,

H
182 U 183
12% yield 14% yield
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170 | 184

T% yield 1 6% yield

185
10% yield

| The structure of 11- (4-methoxypheny1)-1OE-azepino[1 2-a]-
indole aso was determined on the basis of its n,m,r, spectrum )
(Figure 16) This spectrum, which is similar to that of the
11-pheny1 analogue 178 (Figure 15), has a two-proton doublet, I = SHz,
'at 813, 44 and a three-proton multiplet (H-7 e and 9) at 8 5. 5 -r
641 Do p.m.;f“
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FIGURE 16

- The pyrido-indole i81 was obtained as an. air-stable white
solid and identified from its n.m.r. spectrum (Figure 17) ’
o The triplet at & 0.59 was shown on close examination to e
be a pair of doublets with coupling constanis of 4.8 and 5, BHz. The
high up=-field shift of this proton (H=11a in Figure 17) is due to the R

geometrical restraint of the three-membered ring forcing it into the o

strong diamagnetic shielding region of the Tr-electron system, -
'; The signal at & 1.83 corresponds to the proton H-11b.-;e¢;="

Geminal coupling (4. 8Hz) with He11a and cis coupling (10 2Hz) with'

H-9 accounts for the observed'splitting pattern.

: , Theee figures are in good agreement with those observed
for the diazanorcaradienes 186 and 18719
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FIGURE 17
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o : In addition to the expected cis and trans coupling with theA
protons HE-11b and E-11a the signal at & 2.7 (H~9) has a minor :
coupling of 2Hz which is due to long range coupling with proton H-T. L
This long range coupling or "W“ coupling between hydrogen atoms197
separated by three carbon atoms,, occurs when thb five atoms are . ‘

co=-planar, Examination of a Dreiding model of this compound showed
the co-planarity of the atoms involved. e o
‘The signal at & 5.65, due to the olefinic proton H-7, has
the long :ange-coupling to H-9 discussed above and is‘also coupled toh'
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proton H-6, The signal from H=-6 is iix the aromatic region and is not
discernible,

The change from the aromatic: to the tertiary aliphatic
system has also resulted in an up-field shift (0.5 pepem,) of the
signal due_to the methyl group.

i;_ The dihydroacridines 182 and 183 which were eluted from the
column together, were partially separated by fractional o

crystallisation, A pure sample of the dihydroacridine 182 was ,
isolated and characterised, The n.,m,r. spectrum of this compoundbwas
very similar to that of 9,10-dihydro-9-phenylacridine 176. The
signals due to the methyl and methine (H—9) protons appeared as sharp
singlets at & 3,73 and & 5.24 respectively and the amine proton
signal as a broadened singlet at & 6e1 Pepom, B

The signal in the aromatic region (& 6.6 = 7. 2 DPeDelle ),
integrated, as expected for twelve protons and showed ‘the splitting
pattern of a para-substituted benzene derivative in the fine structure.

Further evidence in support of this structure was obtained -
from;the mass spectrum which gave as the base peak an ion at /e 180, |
This corresponds to the loss of 107 mass units i.e, CH3006H4 from.
the molecular ion.

: Continued elution of the column gave, in quick succession,
2-amino-4'-methoxytriphenylmethane._1_ which was identified by
comparison with an authentic specimen and avmixture of the acridines
184 and 185, R SR
* Complete separation of these isomers proved impossible but
a pure sample -of 9-(4-methoxypkenyl)acridine 184 identified from o
literature data198 was obtained by fractional crystallisation of the
- mixture of isomers. , o
The assignment of the structures 183 and 185 to the
- uncharacterised products must be examined in view of the discussions
over the mechanism of the reaction,” o

The mechanism postulated by Krbechek and Takimoto51

and
used by Jones and co~ workers5 ’53, predicts the formation of the
dihydroacridines 182 and 183 (Scheme 100).
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SCHEME 100 - - -

; The spirodienyl mechanism used by Cadogan and co-workers184

predicts the formation of the .dihydroacridines 182 and 186 (Scheme 101).
SCHEME 101 - ' ’ '
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The n.m.r. spectra of compounds 182 and 183 differ only in
the fine structure of the aromatic proton absorption.. The splitting
pattern of a para-substituted benzene ring is visible in the spectrum
of 182, while in the n.m.r. spectrum of a mixture of 182 and 183, a
large singlet due to the absorption of a vhenyl group is evident,

_Evidence for the 3-methoxy strﬁcture was obtained from data
on the decomposdition of?2-azidoa4',4"-dimethoxytripheny1methane~1§1199.
This compound undergoes thermal decomposition to give, amongst other
products, a compound identified as 3-methoxy—9—(4-methoxypheny1)_
acridine 188. R ' ‘

OCH,

] The use of a chemical shift reagent on this compound
results in a down-field shift of the signals due to the protons H-4
and H-5 and shows them to be doublets with coupling constants of 2
and 8Hz respectively. The meta—coupling observed in the signal due
to H-4 confirms the presence of a substituent at C—3.
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MECHANISM

The formation of the 10H-azepino[ 1,2-a]indoles, according
to either of the proposed mechanismss1”53’184, requires the shift of
a hydrogen atom from C-11 to C-10. A suprafacial [1,3] hydrogen
ghift is forbidden according to the principles of the conservation

200 and so other factors must be operating,

of orbital symmetry
" The formation of the 6H and 8H isomers 189 and 1 _ﬂ_sscould be
explained in terms of the symmetry-allowed suprafacial [1,5] hydrogen
shift, as shown in Scheme 1023 the formation of the 10H isomer 191
could then result from a [1 5] hydrogen shift from the 6H-isomer._

SCHEME 102

R
\ H
N
\/R
R
a9
190

To test the validity of this hypothesis it was decided to
synthesise and decompose c(-(2-azidopheny1)-oc,ur—dideuteriotblgéne
192, The decomposition of this compound should result, if the above
argument is correct, in a distribution of deuterium around the sevenw

membered ring,
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192

Preparation and Decomposition of of=(2-azidophenyl }=ol! o™=

dideuteriotoluene

" The synthesis ofcxé(Z-aminophenyl)eoc;d&-dideuteriofoluene
vas achieved in high yield (93%) by the reduction of 2-aminobenzo-
.~ phenone by iithium aluminium deuteride and aluminium chloride in a
manner analogous to that of the hydride reduction2°1-203

The azide 192 was prepared from the amine by diazotisation
and reaction of the diazonium salt with sodium azide,

The deoomposition of azide 192 in trichlorobenzene at 187°
gave a black solid which recrystallised from petrolenm to give the
dideuterio derivative of- 10H-azepino[1 2-a]indole,

‘ The 220. MEZ NeM.Te spectrum of this compound revealed the
absenee of the H-11 proton which, in the non—deuterated compound,
glves rise to a sharp singlet at 6 6 20 end the presence of a one- .
proton multiplet at & 3.37 p. p.m., the C=10 methylene group in
10H-azepino[1 2-a]indole 21 gives a two-proton broadened doublet

at & 34,55 p.p.m.55.

The remaining signals integrated correctly for
10 11-dideuterio—1OH—azepino[1 2-a]indole _21. '

D
A,
N
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It thus appears that a regiospecific hydrogen atom transfer
is occurring in these systems, ' Whether the transfer is concerted or
non-concerted with ring expansion or whether intermolecular hydrogen
shifts are occurring is not known, The latter process seems unlikely
at the dilutions used in the decomposition,

.The trangition from a disubstituted methane to a
trisubstituted methane resulted, in both the cases studied, in a
large increase in the yield of acridan/acridine products (a trace of
acridine was noted in the decomposition described above), " |

‘The simplest explanation of this is to assume that gsinglet-
triplet transitions had-occurred.and-that-the.triplet nitrene,in-the
~absence of a proton-donor solVent;underwent intramolecular hydfogen
' abstraction followed by radical coupling to give the acridan

produets, The acridine products can be explained in terms of nitrene
attack on an acridan or by atmospheric oxidation of the acridan,

" A second mechanism considers the stereochemistry of the

" reactive intermediate (Scheme 103)
SCHEME 10} k )

The insertion of the aryl nitrene 194 into the W=system of
the adjacent benzene ring A results in the formation of two stereo-

isomers 195 and 196 in equal proportions:

Isomer 195 has Hc and ring B-in planes parallel and
perpendicular to the plane containing ring A,
© Isomer 196 has E, and ring B in planes perpendicular and
parallel to the plane containing ring A. A e
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In the ring expansion to‘an azepinoindole derivative there
is a transfer of the methine hydrogen Hc to C-6 of ring. A, 1In
isomer 196 this transfer will be facilitated because Hy is in the
same plane as the p-orbital of C=6, Thus the fission of the bond
between C-1 and C=-2 (ring A) results in an electron deficiency at C-1
which is filled by an electron flow from the C-HC bond and the
transfer of the hydrogen atom H, to C-6,

In isomer 195 the benzene ring B is in the same plane as the
p-orbital;  hydrogen transfer cannot occur and ring opening to'au

acridan is observed,

.- ... This mechanism could account for the equality in yieldsv;
observed for the acridan/acridine and azepinoindole products obtained
from the decomposition of 2-azidotriphenylmethane and for the
regiospecific deuterium transfer observed in the decomposition of

the azide 192, .

: .- The decomposition of 1-(2-azidopheny1)-1-phenylethane _j_
would give, according to the above mechanism, equal yields of
11-methy1-1OH-azepino[1,2-a]indole 157 and 9+10-dihydro-9-methyl= -
acridine 197 (Scheme 104). . -

SCHEME 104
HOCHy ; H cH,
0 — - acn
N, N
156 3 H 191

Jones and Cliff53 examined the decomposition of this
compound and: obtained the azepinoindole 157 in 38% yield from the
crude product by column chromatography., No other products were
isolated from the mixture, probably because, at the time the
experiment was performed, the main interest lay in confirming the
structure of 10H-azepino[1 2-a]indole.4 The acridan and acridine
products would have a much longer retention time on the column

‘than the azepinoindole ;21, particularly with petroleum as the |

eluant ‘and would not be observed.
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The product distribution obtained from the decomposition
of 2-ézido-4'-methoxytriphenylmethane 160 tends to agree with the
theoretical distridbution of products discussed above,

" The reaction pathway favoured the anisyl ring to an extent
of approximately 65% and the ratio of ring-inserted to acridan
products vas again approximately 50:50,

""" The mechanism of the formation of the pyrido~indole 181

derivative is unknown.

The features which'aré‘known about the formation of the
pyrido-indole 181 are as follows:

The formation must be due to the presence of both the phenyl
group and the methoxyl groﬁp;since the absence of either results in
‘normalt, azepinoindole,'pioducts being obtained,

Although theimethoijéiepino[1,2-a]indole 198 was not detected
amengst the decomposition prodﬁcjs, the pyrido-indole céannot be an
sbnormally stabilised intermediate in its formation because:

(a) Jones and McKinley199 have observed the presence of both
the azepinoindole 199 and the pyrido-indole 200 in the decomposition
of 2-azido-4,4“;dimethoxytriphenylmethane a87.
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and (b) the pyrido-indole 181 on prolonged heating at 195° in
trichiorobehzene does not give the azepinoindole but a complex
mixture of products.. Some of these products had g.l.c., retention
times which were similar to those observed for the acridan and -
acridine products obtained from the decomposition of the azide 1§_.
The decomposition of the dimethoxy pyridoindole 200 also
gave a mi;turg of products, one of vhich was isolated'and - . _.. -

1
characterised as the azepino[1,2-a2]indol=8-one 201 99._
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MASS SPECTRA

In the mass spectrum of 11-phenyl-=-10H~azepinoindole 118
the loss of one mass unit from the molecular iom and base peak at
/e 257 gives an ion corresponding to the aromatic azepino=-
indolium system. Other significant peaks in the spectrum are at
m'/e,180 which represents the loss of a phenyl group and at m/e 128,5
which is due to the doubly charged 11-phenyl=10H-azepinoindole
system, .
The mass spectrum of the 11=(4-methoxyphenyl)-10H-
azeﬁinoindcle 180 is domineted by the breakdown pattern of the
anisyl group. The major fragmentation is loss of CH; to give an
ion at /e 272, The peak at m/e 242 could then be produced by loss
of CO and H, Other minor peaks occur at /e 180, which represents
thellbss of the anisyl group and at /e 143.5 which is due to the
doubly charged 11-anisyl-=10H-azepinoindole system,
| The principle features of the mass spectrum of the
pyridoindole 181, excluding the molecular ion and base peak at
’,m/e 287, are peaks at m/e 274,..256 and 242, The first two peaks are
due to the loss of CH3 ‘
ion, The third ‘peak corresponds to the loss of 14 mass units (CH )
. from the peak at /e 256 and could be due to the cleavage of the

" and CH30 respectively from the moleéular

eyclopropane ring methylene group.

FURTHER WORK ON THE AZIDE DECOMPOSITION PRODUCT§

Reduction of 11-phenyl-10H-azepino[1,2=alindole

L _ -HTheycatalytic redﬁction of the azepinoindole 178 gave #
high yield of a compound identified as 6,7¢8r9-tetrahydro-11-phényl-
10H-azepino[ 1,2-a]indole 202 from its n.m.r. spectrum (Figure 18),
This spectrum is very similar to that of the corresponding 11-methy1 -
52453, ‘ S

derivative
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derolxsis of' the pyridoindole 181

_ The pyridoindole 181 ‘dissolved readily in concentrated ;

, hydrochloric acid with hydrolysis of the methyl ether, A high
Yield of the expected product,, 9,,1O-dihydro—11-pheny1azepino[1,2-3.]-
indol-8-one 203 was obtained, 'Its structure was confirmed .by the
examination of its n.m.r. spectrum (Figure 19), k
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FIGURE 19

_ Trhe! ‘xn‘;s's“spe‘ctru:ﬁ‘ of this‘cdﬁlbéuﬁd shows, in additi&n to
:hhe molecular ion and base peak at m/e 273, two major peéks at

.m/e 245 and 244, These are due %o the‘vloss of CO' and CHO from the
molecular: ion.’ '

S



111,

CONCLUSION

The experiments discussed in Part II clearly show the
effect of annelation upon the nitrene insertion reaction, The
normal reaction towards a benzene ring is insertion and subsequent
ring expansion and the formation of an azepinoindole as illustrated
by the decomposition of the tetralin derivatives, In- the-annelated
systems ring expansion either does not occur or occurs only to a
very slight extent,

Since the geometry of the naphthalene and tetralin systems
is:similar the different stabilisation pathway of the (2-nitrenc-
phenyl)naphthalene derivatives must be due to the inability of these
systems to overcome the energy barrier associated with the loss of
aromaticity of the naphthalene molecule,

Part III describes experiments to determine the nature of
the nitrene insertion and hydrogen atom transfer in the formation of
the azepinoindoles, A mechanism is postulated to explain the regio-
specificity of the hydrogen atom transfer and the formation of both
acridan and azepinoindole products. _

A series of experiments to determine the reactivity of the
nitrene towards phenyl groups bearing different substituents was
‘Planned but not 6ompleted. The available data indicates the tendency
of the nitrene to favour the anisyl group in preference to the phenyl
group dbut no general conclusion about the correlation of nitrene
reactivity and eléctron availability can be drawn from this evidence,

Other work in this area of nitrene chemistry could bve
directed towards completing the series of experiments and widening
its scope to include other electiron donating groups in order to
determine whether the formation of the pyridoindole derivative is
Primarily a function of the methoxyl group.



 EXPERIMENTAL
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EXPERIMENTAL

PllELIMINARY NOTES

) Melting points were determined on a Kofler hot-stage
apparatus and are uncorrected.

" Infra red absorption spectra were recorded on a Perkin
Elmer 257 spectrophotometer.' The spectra of solids were
determined in nujol mulls (mull) or in solution (e.g. ccl ) The
spectra of liquids were determined as 1iquid films (film) or in

solution.
‘ Ultra violet and visible absorption spectra vere recorded

on a Unicam SP 800 instrument.

Nuclear magnetic resonance (n.m.r.)'spectra'uere recorded
on'a Perkin Elmer R10 60 MHz instrument, Hitachi-Perkin Elmer R24
60 MHz instrument and HR - 220 MHz instrument (p. C.M U., Harwell)
The chemical shifts are quoted as 'delta' (%) values in parts per
million (p. p.m.) using tetramethylsilane as an internal standard,
The following abbreviations are used: s = singlet; Ad = doublet;
t = triplet; q = quadruplet; m = multiplet; br =bbroadened; ‘and
ex = exchanged. i i TaETE T T

" Micro-analyses were carried out on an F and M carbon/
hydrogen/nitrogen analyser and Perkin Elmer Elemental Analyser 240
at the University of Keele, /

Mass spectra were recorded on a Hitachi-Perkin Elmer RMU-G
instrument using a heated inlet, For the determination of the mass
spectra of the components of mixtures the inlet system of this
instrumentvwas cannected via a Biemann separator and an all glass
line to a Pye Series 104 gas chromatograph equipped with a2 1.5 n x
2 mm glass column, Helium was used as carrier gas, Mass spectra
were. scanned as the 1eading edge of each . peak appeared on the total
ion monitor recording from the mass spectrometer,

Gas liquid chromatography was performed on a Pye Series
104 instrument equipped with a 1.5 m x 4 mm glass column packed with -
a support material coated with 3% loading of stationary phase, The
stationary phases weres OV101 (dimethyl silicone fluid) and 0V17
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(phenyl methyl silicone fluid). Detection of the eluted components
of a mixture was by a hydrogen flame ionisation detector. The chart
speed was normally 1 cm/min, | :

Thin layer chromafography was carried out on microscope
slides (7.5 x 2.5 cm) coated with silica gel (Merck Kieselgel PF254),
The components were visualised under ultra violet light or developed
in iodine vapour.

Preparative layer chromatography was carried out on glags
plates (40 x 20 cm) coated with a 1.5 mm layer of silica gel (Merck
Kieselgel PF254). The separated components, visualised under ultra
violet 1light, were isolated by scraping off the silica and extracting
with methanol, The filtered methanol soluilion was evaporated to leave
a residue which contained silica., The residue was dissolved in
chloroform, filtered and evaporated.

Alumina for column chromatography was Woelm or Fluka neutral
grade and was deactivated by’the addition of water, The activity
values quoted refer to the Brockmann scale, ’

i Where reactiéns were carried out under nitrogen the nitrogen
used conformed to BsS. 4366, Industrial Nitrogen, Type 2, which
permits a maximum oxygen content of 10 p.p.m. by volume,

The photolytic work was performed using a Rayonet
Preparative Reactor with 16 RUL-3000 A lamps of maximum intensity
at 300 nm, The éolutions were contained in a quartz vessel (capacity
650 ml) and kept at room temperature by means of a 'cold finger!

apparatus,



"PART I
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SECTION 1

PREPARATION OF 4= AND 5-AZIDOINDAN

4= and S-nitroindan

A mixture consisting of ", 40% 4-nitroindan and Nu 60%
S-nitroindan was obtained from indan by the following procedure
vhich is a modification of the reaction originally described by
Lindner and Bruhin149 . : :

“A solution of fuming nitric acid (50 g) 1anu1phuric acid
(150 g) was added dropwise to vigorously.stirred indan (100 g)
maintained at -5°. When the addition was complete (5 h) the
mixture was poured on to crushed ice, The red oily product was
separated, washed with saturated aqueous sodium carbonate (3 x 100 ml)
and water (3 x 100 ml), dissolved in ether and dried (Mgso )e The
solvent was removed and the oil eluted down a column of alumina
(300 g, activity IV) in petroleum (b.p. 60-80°), From the eluate
waé obtained 45 g of the mixed 4- and 5-nitroindans.

"4~ and 5-aminoindan

" 4 solution of the mixed nitroindans (16.3 g) in methanol
(150 m1) containing 10% palladium-on-charcoal (1.0°g) in’ suspension
vas hydrogenated at atmospheric temperature and pressure until
absorption had ceased (3 molar-equivalents Hz) The filtered
solution was warmed to 60° and treated with fumaric acid (6.1 g)

as described by Rhomberg and Berger15°.. When the acid had dissolved
the solution was cooled to. 0° and kept at this temperature for four
hours to- facilitate crystallisation of the S-aminoindan fnmarate.
‘The salt was filtered off and vashed with cold methanol until it was
colourless, - '
The filtrate and washings were evaporated to dryness and
the residue stirred with ether (56 ml) and petroleum (b,.p. 60-800)
(50 ml)., The mixture was kept at 0° for one hour and then filtered.
The residue was washed with ether/petroleum (100 ml 1:1) and then
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discarded., The combined ether/petroleum solutions were evaporated
to small volume and cooled, The mixture was filtered, the residue
washed with ether/petroleum (100 ml 131) and discarded, The
combined washings and filtrate were evaporated to dryness to give

4-aminoindan (4.5 gy 33%).

4~-sminoindan

Bopo ) 7650’ 001 mm Hg

Nemere (cc1,)

6 1o7 - 2.25 p.p.mo m 2H H on 0-2
2435-=_3.0 m 41 Hon C=1 and 3
3¢55 - br s 20 -NH, (ex. with D,0)
6423 ' d 1H H on C=5 J5,6 = 7.5Hz
6.52 d 1H H on C=T J6,7 = T,5Hz
. 6.84 t 1H H on C=6
I.r.  (film) |
Vo, 3450, 3362, 1620 cp“ |
Uove  (95% ethanol)
)\mox 231 nm 1logyq € 3.8
283 319

Mass spectrum
/e 134 (23%), 133 (M*)(100%), 132 (84%), 131 (12%), 130 (14%),
120 (7%), 119 (5%), 118 (9%), 117 (23%), 116 (10%),
115 (21%), 106 (7%), 105 (6%), 104 (5%), 103 (T%), 91 (6%),

79 (6_%)

a The fumarate salt was shaken with a mixture of saturated
aqueous sodium carbonate (75 m1) and chloroform (30 ml) for one
hour. The chloroform vas separated and the aqueous layer vashed
with chloroform (2 x 30 ml) The combined chloroform solutions
were dried (Na 504) and evaporated to give S-aminoindan (5.3 g, 40%),
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S=aminoindan
M.p. ‘(petroleum b.p. 60-80 ) R

11t,190 33 - 34°

Nem,r, ‘ (0014) , ‘

6"1.8”‘? 2.2 p.p.m. . m 2H.‘E_0n 0-2
2,73 br ¢+ 44 H on C=1 and %
3,25 s 2B -NH, (ex. with D,0)
6.28 dofd 18 Hon Ceb

. - | JG’T = BHZ, J4'6 = 2H%2

6.37 br 8 1H H on C-4 B ‘

- 6,84 S d 1H H on 0-7 ‘.¢J6'7H- 8Hz

I.re  (film): 1

vm;; 3420, 3345, 1616 cm

U.v, (95% ethanol) . |
f.Amax 236, 5mm 10849 C 5.88
- 293): B 339

Mass spectrum
/e 134 (13%), 133 ( ") (89%), 132 (100%), 131 (15%), 130 (19%),
C 11T (22%), 115 (19%), 106 (9%), 105 (8%), 104 (6%),
103 (8%), 102 (6%), 92 (6%), 77 (16%)

fgébromoindan;”. 

A solution of 2=-bromotoluene (243 g) in carbon tetra-
chloride (1 1) was refluxed for five hours with N-bromosuccinimide
(252 g) to give 2-bromobenzyl bromide (292 g 82%). This was added
dropwise over two hours to a refluxing solution of diethyl
_malonate (264 g) end sodium (34.5 g) in dry ethanol (750 ml).” The
solution was rerlﬁxed for a further five hours and‘then'ethanol‘
(600 ml) was distilled out and water (1 1) addeds The
‘2-bromobenzy1'malonie ester was separated and dissolved in aff'
refluxing solution of potassium hydroxide (300 g) in water (1 1),
Addition of hydrobromic acid (500 ml) to the cooled solution
precipitated.the 2-bromobenzyl malonic acid which was filtered off

o



and heated to 170° to effect decaiboxylation to give

2-bromobenzyl acetic acid (194 g, T3%). , -
:» Treatment of the acid with thionyl chloride (165 g)

followed by aluminium chloride (248 g) in carbon disulphide (250 ml)
gave after hydrolysis and removal of the solvent
4-bromoindan-1-one, Clemmensen reduction using ethanol as

co-solvent gave 4-bromoindan (63 g, 38%).

4=bromoindan

Bepe i,109°, 13 mm Hg .
11t,191 g0°, 0.1 m g

N.m'\.i'. | (CCI )

51,9 - 2.4 PePole m 2H H on C=2
2.7 = 3.2 - , m 4H H on C=1 and 3

6.7 = Tod ' m 3H arom,’

Lr. ' (filn) N
v Vmax '3055: 1597( »1566 em

Ueve  (95% ethanol)x
}\max ‘219 om sh
e 228 - . sh : o
251 3oy € 3,34

Mass spectrum

“T/e 198 (1*+ 2) (30%), 197 (6%)y 196 (") (35%), 195 (3%),
0118 (25%), 117 (100%), 116 (40%), 115 (96%), 114 (1%),,
91 (14%), 89 (12%)..

4-azidoindan 20 |
" Method At A solution of 4~aminoindan (5.85 g, 0. os‘m) o
in a mixture of 4N sulphuric acid (250 ml) and purified
,4-dioxan (250 ml) was cooled to =5° and a solution of Bodium:m
nitrite (3.8 g, 0,055 M) in water (50 ml) vas added with stirring,
After 15 minutes a golution of sodium azide (3.6 g, 0,055 M) in
vater (50 m1) was added and the solution was warmed gently to 30°,

eame Tt e
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The azide was extracted with ether (3 x 200 ml) and the combined
ethereal .extractes dried (Mgso4) The solvent was removed under
reduced pressure at 30 and the residual oil was percolated

through a column of alumina (200 g, activity IV, column length 0,2m)
in petroleum (b.p. 40-60°) Evaporation of the solvent, under
reduced pressure at 30 s left the azide as a pale yellow oil

(408 8'7 60%)

Aeaq;goindan 90

Analysis ‘ o
Foundt - Cy 6753 H, 6.1%
Cq EgNy requiress Cy 6793 H,y 5.7%
Nem.r.  (CDCL,) | |
5 1,8 = 2.4 pepeme m 2H H on C=2
2.6 - 3.1, m {4 H on C=1 and 3
o 6,7}- 742 | . m. 3H arom

Ir.  (film)
5 2105, 1295 cm™ !

Uov. . (95% ethanol)

ALy 252.5mm  logy, € 4.0 :
278.5 347

288 ‘ 338

Mass spectrum

/e 159 (M%) (20%), 132 (15%), 131 (100%), 130 (20%), 102 (20%)

Method B ¢ The Grignard reagent from 4-bromoindan (29.3 g)
end magnesium (7.41 g) in dry ether (200 ml) was added at =5° to a
stirred solution of p=-toluenesulphonylazide (32,3 g) in dry ether
(500 ml), The precipitated triazene salt was filtered off, washed
with ether and vacuum-dried, A saturated aqueous solution of _
- sodium pyrophosphate (500 ml) was added dropwise to a cold (-5°),
stirred, suspension of the dried triazene salt in dry ether, The
mixture was stirtéd (24 h), the ether layer removed.and the aqueous
layer extracted with ether'(2 x 200 ml).' The combined ethereal
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extracts were dried (Mgso4) and evaporated at 30° under reduced
pressure, Purification as in Method A gave 4-azidoindan 90
(6.5 g, 27%) identical with that prepared as in A,

§-azidoindan 2_

Prepared by Method A,:as: above, from S-aminoindan in 22%
yield, S-azidoindan 91 was a yellow oil,

Nemerse (0014) S ; . 3
5 1.8 = 2,2 popems m 2H H on C=2
2.5 = 2,9 _— m 4H H on C=1 and 3
6.8 = 7.2 m 3H arom
I.re (film) o R
5 "an. 2105, 1298 ™'
Uev. . (95% sthamol)
Appy 250mm  logyy € 4.0
280 . 3.5
-vzso,;v : 3.3

Mass spectrum

/e 159 (m*)'(1o%). 132 (20%). 131 (100%). 130 (10%). 102 (1ﬂ%)
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PREPARATION OF A-AZIDOBENZOCYCLOBUTENE

Benzocxciobutene

Benzocyclobutene was prepared by the following methodss
i. The vapour phase pyrolysie of 1,3-dihydroisothianaphthen-2,2-

dioxide as deseribed by Oliver and 0ngley152.

i4, The reduction of 1,2=-dibromobenzocyclobutene with tri(n—butyl)tin
hydride as described by Sanders and Giering153.

4=bromobenzocyclobutene

©1.. .. A solution of benzocyclobutene (8.6 g) and iodine (0.2 g)
in acetic acid (100 ml) was cooled t0 0° and a solution of bromine .
(14.6 g) in acetic acid (10 ml) added dropwise. The mixture was
left.for 48 hours and then water (1 1) was added, The oily product
wvas extracted with petroleum (b.p. 40—60°3¢4 x 100 ml)j the extracts
were washed with saturated aqueous sodium sulphite (2 x 50 ml),
satﬁrated'aqueqns sodium carbonate (2 x 50 ml) and water (2:¢x 50 ml)
and then dried (Mgso 4) .

Evaporation of the solvent gave a yellow oil which was
. shown by thin ldyer chromatography to comprise two components,
Chromatography on alumina (260 g, activity IV) in petroleum
(bepe 40-60°)‘gave in the first fraction 4;bromobenzocyclobutene

(1.2 g, T4%)

A-bromobénioéxclbbutene

max

Bupo = 110 = 120°, 16 mm Hg Br.
Lit.‘?f 18 - 119°, 20 on Hg o <|
. 5 3.08 pepem, ‘ 8 4H H on C~1 and 2
:": 6.6';.7.4 ... - ~ m 30 arom
I.r, J\(film): |

Voax 15'{0@:@'1
Ueve o (95% ethanol) S

Npax 213 mm log,y € 3.34
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Mass spectrum’
fe 185 (22%), 184 (M*+ 2) (84%), 183 (24%), 182 (M*) (84%),
104 (51%), 103 (100%), 102 (27%), 77 (54%)

4=nitrobenzocyclobutene

Benzocyclobutene (25.8 g) was added dropwise to a stirred
mixture of fuming nitric acid (103 ml) and acetic acid (52 ml) ‘
maintained at/10°. When the addition was complete the solution was
allowed to warm to room temperature and then diluted with water
(1 1), The organic material was extracted with ether (3 x 200 ml),
the ethereal extracts were washed with water (2 x 100 ml),
1N~sodium hydroxide solution (100 ml) and water (2 x 100 ml) and
driedg(MgSO4). Column chromatography on alumina (200 gy activity IV)
in petroleum (b.p. 40-60°)/dichloromethane (411) gave a mixture
from ;ﬂich 4-nitrobenzocyclobutene was obtained by distillation,,

(10 g, 26%).

. A-ﬁitrobenzocxciobutene

| ° | ON
BQPQ 70 - 85 ’ 0.1 mm Hg ’ 2 ,/’l
114,199 60 - 85°, 0,05 mm Eg NS
Nomorf ' (0014)
5 3.22..p.pem. 8 46 HonC-1emd2
7.08. ¢ 18 HonC-6' '~ J . = ez
T.72 g 1E Hon Cc=3" -~ 7
7.96 dof & 1E H on C=5
J5,6= 8Bz, I, o om 2Hz”

I,r. (film)

 vpap 1515, 1345 en™ !
Ueve (95% ethanol)
Amax 221 nm ~ logy, £ 3.92

275 3,82
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Mass spectrum
/e 150 (10%), 149 (M) (100%), 103 (40%), 102 (20%), 91 (32%),
78 (8%)s 77 (T6%)y 76 (10%), 75 (10%), T4 (10%)

4-aminobenzocyclobutene

A‘solution of the nitro- compound (9 g) in methanol (250 ml)
containing 10% palladium=on-charcoal (1 g) in suspension was
hydrogenated at atmospheric temperature and pressure until
absorption ceased, Evaporation of the filtered solution gave
4-aminobenzocyclobutene (6.9 g, 98%) as a brown oil,

A—aminobénzbcyclgbutene

o  HN_
?.p. ,85 ';900' 0,15 mm Hg v :::'
N.m,x, (0014) |
5 341 pPepems - 8 4H H on C=1 and 2
3,32 ’ e 2H ~NH, (ex, with D,0)
642 = 6,8 © m 3H arom

I.re  (film) - 1

Vnax 3420, 3340, 3200, 1605, 1590 cm

' Teve (95% ethanol) |
_ )‘max 236 nm logy, £ 3.76
293 3.35

Mass spectrum

B/e 120 (9%), 119 (M%) (100%), 118 (51%), 11T (15%). 104 (7%),
93 (8%), 92 (&%), 91 (35%), 65 (10%), 59 (10%)
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4-azidobenzocyclobutene 92

Method A ¢ Prepared as described for 4-azidoindan 90 in
T4% yield, the azide 92 was a yellow 0il,

Nem,rs (001) | - | Na"/ '
5 3.1 p.p.m. | n 's‘ 48 'E on C-1 and 2 ~ |
6 6 - 7 0 "i;i> 'm BH arom
I.r. (film) “ o -
vgy 2109, 1292 cmf1
Ueve (95% ethanol) |
Aoy 2515 0m - logyy £ 4.01

- 282,5 T T 13,56

Mass spectrum

/e 145 (") (18%), 120 (26%), 119 (100%), 118 (89%), 117 (44%),

h 115 (27%)’ 104 (13%)0 103 (15%)’ 93 (13%)9 92 (21%)v 91 (49%)9’

90 (37%). 89 (37%). 77 (27%). 65 (27%). 51 (29%)

Method B 3 Prepared from 4-bromobenzocyclobutene via the

Grignard reagent and tosyl azide in 11% yielad, the B .
4-azidobenzocyclobutene 92 was identical with- the material derived

from the amine..‘
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PREPARATION OF 2-AZIDOBIPHENYLENE

Bighenxlene

Biphenylene was prepared by the thermal decomposition of
benzenediazonium-2-carboxylate in boiling 1,2-dichloroethane
according to the method of Logullo, Seitz and Friedman156. Eight

decompositions yielded 23 g (13%) of dried biphenylene,

2—bromob12henxlene

, A solution ofvbromine'(S.S ml) in carbon tetrachloride

(25 ml) was added dropwise to a stirred solution of biphenylene |
(10 g) in carbon tetrachloride (100 ml) and pyridine (0.1 ml),

After refluxing for 0.5 hours the solution was cooled, washed with
saturated aqueous sodium bicarbonate (2 x 50 ml):and vwater (2‘1 50 ml),
dried (Mgso ) and distilled. The fraction boiling between

120 - 150 ’ 2 mm Hg gave 2-bromobipheny1ene157 (7.6 g,- 50%).

it 'iér
| ISTTZ1T
 Map. 64 - 65° (petroleum b.p. 40 - 60°) ZERN
16,197 64 - 65° | | o
Analysis !>‘ o
Found: S Cy 61.93 Hy 3.2%
| 012H7Br requiresz Cy, 62.3; H, 3 0%
Nomoro (CCl ) o
663-70pp-m- ’ n
I.r. (mu11) - ":i
o 3065, 3040, 1570 ™ e
T Uuove  (95% ethanol) e |
N ey 245.5 nm - logyp € 475
326 - sh .. s
45 .- 3.M

359 | 3469
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Mass spectrum
Ble 233 (16%), 232 (M 2) (100%), 231 (16%), 230 (M*) (100%),
152 (18%), 151 (68%), 150 (43%)

2-azidobiphenylene 93

.~ - . The Grignard reagent from 2-bromobiphenylene (7 g) and . .
magnesium (0,88 g) in dry tetrahydrofuran (200 ml) was filtered and
added dropwise to a stirred solution of tosyl azide (13 g) in dry-.
ether (250 ml) maintained at 0°. When the addition was complete,
petroleum (b.p, 40—60 s 250 ml) was added and the mixture stirred
(0.5 h) until precipitation was complete. The triazene salt was
filtered off, washed with dry ether, and vacuum=dried,
Decomposition of the triazene with aqueous sodium pyrophosphate as
described for the preparation of 4-azidoindan (Method B) gave,,
after percolation through alumina, 2-azidobiphenylene 93 (2.6 -

44%)

o 0 ‘ 0 N ~ N
M.p. . 80 - 81 . (petroleum b.ps 60 = 80 ) |’/, , \\\I
Analysis . ’ ‘ S i
" Founds Cy T4.55 Hy 4.055 N, 21.4%

C12H7N3 requires: C, 74.63 Hy 3.653 N,'21.75%

' Nomoro . (CC]. )

56,2 - 6, N DeDome . m

I.:.:: (CCI )

v 21oo, 1268 o™

Ueve - -~ (95% ethanol) | -

,lAmax,239nm , ‘logwa 4034
2615 4.66 e e =
o3 S 3.ee | B

1363 | . 3.88

ﬁaéaiépectrum
/e 193 (M*) (30%), 167 ('M%)v 166 (13%)' 165 (100%), 164 (84%),
139 (21%), 137 (12%)
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SECTION 2

DECOMPOSITION OF THE AZIDES

Stendard Procedure ¢ A solution of the azide in dried (NaOH),
distilled diethylamine (concentration range 2.5 - 7 g/600 m1),
contained in a quartz vessel, was irradiated in a Rayonet Preparative
Photochemical Reactor using 16 RUL = 3000A lamps of maximum
inteneity at 300 nm, Evaporation of the solvent gave an oil or tar
which was examined by linked gas chromatography-mass spectrometry
for azepine products. The products were isolated as described for

the individual azides.

DECOMPOSITION OF 4-AZIDOINDAN 90

| Irradfation of the azide 90 (6.5 g) (40 h) gave, after
removal of the golvent, a black tar which was dissolved in benzene
and chromatographed on alumina (300 g, activity IV) in the same

solvent.
‘ Seven fractions (100 nl) were obtainedz S

- Fraction 1 (0 1 g) vas not identified.

Fraction 2 (1 0g) was chromatographed on five preparative layer
plates using benzene/acetone (4 + 1) as the solvent, Two major bands
were observed. The one of lower RF was removed and extracted to |
yield 20 mg of cyclopentazepine 99¢ (eec below). 'The one of higher
R, gave cyclopentazepine 94 (110 mg) (see below),

- Fraction 3 (1.4 g) was chromatographed on seven platee in beﬁzene/
acetone (4 s 1), Four major bands were observed, three of which were
identified. 'In order of increasing RF value these were: :
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(a) . 1=-diethylamino-5,6,7,8=-tetrahydrocyclopent(c]azepine 99b

Yield = 170 mg
B.pe  90°, 0,02 mm Hg

Analysiél -
Foﬁﬁdi va 1307%7
013320N2 requires: N, 13,7%

Nomoro (0014)

6 1.11 PeDelle t GH - CH2 CH J = 7HZ
1.6 = 2,2 m 26 H on C-T ' ‘
© 242 = 2,7 m 6H H on C=5, 6 and &
3426 9 48 - CH, - CH, J = THz
4.6 ..~ br q 1H H on C-4
; "y < a4 1H H G =
ey L Y
I.r. (film)
Vo 1638, 1587 cn™?
Usve ~ (95% ethanol) J |
Muax 2250 o loggo £ 402

. Mass spectrum i- ‘ : o Lo
"Je 205 (20%), 204 (M*) (100%), 203 (20%), 202 (10%), 189 (62%),
176 (20%), 175 (98%), 161 (25%), 160 (6%), 159 (6%), 147 (18%),
134 (12%), 133 (38%), 132 (41%), 131 (12%), 130 (16%),
" 120 (24%), 105 (16%), 104 (&%), 102 (&%), 91 (15@, 15 (160,
78 (8%), 17 (20%), T2 (35%) -

(v): 2ed1ethy1amino-3,657,8-tetrahydrocyclopent[b]azepine 222‘.3¢_

- Yield - 200 mg _— ST gtz, »
Bopo " 110 ’ 0.1 mm Hg 'tli
,Analysis : : - .

Founds Cy 7713 H, 9.85; N, 13.7%

c13H20N2 requiress C, 76.45; H 9-853u Ho’13o7%
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Nemers (cn013)

5 1.1 p.peme t 68 =- CH, - CH3 J = THz
1.6 = 2.1 m 25 H on C=T
2,4 = 2,8 m 68 Hon C-3, 6 and 8
3e34 q 4H -3{2-033 J = THz
4.80 br q 1E H on C-4
| 6. 15 ' d 15 H on C=5 J4’5 = 8,5H%
Addition of Eu(fod)s Tesolved the signal at & 2.4 - 2.8 p.p.m.
fnte. .- - .%o ~ai2H HonCe3 Iy =Tz =
‘  br t 2H HonC=6 J6 7= THz
, _ rrb:: ﬁ.t 2H E on C-8 ;.J7,8 = THz
I.x. (film) R i 4
Vmax 1602, 1555 cm
Uove  (95% ethanol)
Uy L e 08"
Amax 219 mm 1o‘g10 € 4.
278 _ " © T 3485
290 ¢ gh  3.84

Mass spectrum

Mre 205 (25%), 204 (M) (100%), 203 (13%), 189 (66%), 176 (13%),
175 (97%), 161 (25%), 160 (9%), 159 (25%), 147 (19%),
134 (13%), 133 (50%), 132 (53%), 131(3%), 130 (25%), 120 (25%),
118 (13%), 117 (19%), 105 (19%), 104 (9%), 102 (9%), 91 (28%),
79 (26%), 78 (13%), 77 (28%), 72 (38%)

" (e) 1_diethy1amino-6,7,8,Ba-tetrahydrocyclopent[C]azepine 94

R

Yield 420 mg | . Et,N y
B.p.  100°, 0,1 mn Hg | N
RN.m.x. (CDCIB) \ /
® 0,7 = 1. 3 DeDelle m 6H = CH2 - C_Hl B
1.7 .= 2.5 m 6H H on C-6, 7 and 8
2.6 = 3.4 ) m 5H -‘EEQ - CH3 and H on C-8a
5.68 : dof 4 16 Hon C-4 |
6.1 br 4 1H E on C=5 J4 5 = 6Ez
1 4
6.9 | d 1H H on C=3 J3’4 - BHz’



I.xr, (£i1m) ;
v 1575, 1570 cm

max
Ueve (95% ethanol)

A oy 228 nm logyy € 3.94
250 sh i
-t 3.75

Mass spectrum
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/e 205 (6%),. 204 (M ) (41%), 203 (8%), 189 (27%), 176 (16%),

175 (100%), 161 (20%), 160 (8%), 159 (&%), 14T (8%), 134 (16%),
133 (3T%), 132 (33%), 131 (12%), 130 (12%), 120 (12%),

118 (10%), 117 (18%), 105 (24%), 104 (16%), 91 (16%), 79 (16%),

78 (14%), 17 (18%). 72 (43%)

Ffa;tions 4 - 7 (0.5 g) vere chromatographed on one plate in

benzene/acetone (4 s 1)¢ The main band was removed to give the

cyclopentazepine 99b (170 mg)

" The total yields of the cyclopentazepines isolated veres

943 530 ms. 22_5 340 ms- ‘22_;,220 mge

Yield. -

Total recovery,

009 &= 13%
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DECOMPOSITION OF 5-AZIDOINDAN 2_

The azide'g_ (2 4 g) was' irradiated for:17 hourg., ‘Removal
of the solvent and distillation of the residual black oil gave a
pale yellow oil (0.92 g, 31%) which was shown by gas chromatography
and linked g.l.c.~-m.8. to consiet of two cyclopentazepines

(estimated ratio:85 3 15). |
The major product was identified as 2-diethylamino-1,6,7,8-

tetrahydrocyclopent[d]azepine 106 o Separation of the isomeric
cyclopentazepines could not be achieved by any chromatogrgphic
technique, The following data is characteristic of the mixea ~ "

azepines, -

Bepse  8T-= 90° 0,3 mm Hg

Analysis
- Founds - - Cy T6e4s Hy 94535 N, 13.7%
Cy3Hy0N, Tequiress . C, 764453 H, 9.853 N, 13.7%
Ir,  (film) 'i\" T e R
Vpax 1620;' 1565 em
U,v, (95% ethanol) o S
i }‘ma.x 2% _'10.810,8”4'29'

Data characteristic of the maJor product 2-diethylamino=
1,6,7,8-tetrahydrocyclopent[ d]azepine 106 106 .
EtN

- | N
Ntmoro (CC14) !

) 1013 PeDells t 6 =~ CH2 - E} J = THgz
1.6 = 2,25 m 2H H on C=7 :
2.44 br t 4E H on C-6 and 8 |
2.61 8 2H H on C-1 | -
3435 q 48 -CH, - CH; J = THz
5,49 a 1H’ H on C-5 \3 3 - 8Hz
'a 15 H on C-4 445

6.79
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Mass spectrum : o B o
Bre 205 (16%), 204 (M%) (94%), 203 (13%), 189 (15%), 176 (19%),
175 (100%), 161 (13%), 160 (11%), 159 (13%), 147 (19%),,
L 134 (11%), 133(32%), 131 (13%), 120 (16%), 118 (13%),
117 (13%), 105 (11%), 104 (19%), 102 (13%), 91 (19%), T9 (13%).
, "78 (11%). 17 (19%). 72 (40%) o

., Data characteristic of the minor product, 3-diethy1amino-
4.6,7,8-tetrahydrocyclopent[c]azepine T. :

’ - L e e o N oy
Nomoro (CC]. ) 2 /
5 3433 p. pon. g 48 -cHy-cE, H ! .

. 4T3 't 1 Eem c-5
6.85 | ' s 1E Hon C-1

Mass spectrum ) e _
Mo 205 (16%), 204 (M%) (100%), 203 (16%), 190 (6%), 189 (46%),.
.. !175 (20%), 175 (92%)79 161 (23%), 160 (7%), 159 (10%),
148 (13%), 147 (19%)s 134 (17%), 133 (76%), 132 (60%),,
131 (14%), 130 (13%),. 120 (30%), 118 ( 1T%), 117 (10%),
106 (19%), 105 (39%), 104 (15%), 103 (16%), 102 (7%),
‘91 (20%), 79 (24%), T8 (1), TT (28%), 72 (4T%).
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DECOMPOSITION OFAA-AZIDOBENZOCYCLCBUTENE 92

Irradiation of the azide 92 (5.6 g) for 20 hours followed
by evaporation of the solvent gave a red oil, This was
chromatographed on alumina (200 g, activity IV) using petroleum, b,p,
40 - 60° (300 ml), then petroleum/benzene (4 : 1) (600 ml) to give
3-diethylamino-ZH—4-azabicyclo[5,2,0]nona—3,5,7(1)-triene'1ig

(4.0.8, 55%). }
Enth H
Mepe 52 =53° (petroleuq bepe 60 = 80°) 5  »”:PJ/ I
Analysis - \~
Found: Cy 75.45; H, 9.85; N, 15,0%

c12Hi8N2 requiress C, 75.8; H, 9.5; N, 14.7%

Nem,r, . (CDCIS)

6H - CH, - CH J = THz

5 1,11 p.pem. b 2
 2.54 ' s 4H H on C-8 and 9 .
2.69 s 20 E on C-2 \
3.32 4 4H -CH, - CH, J = TH
540 d 1H H on C-€ ; J5 ¢ = 750z
6.81 4 1E H on C-5 ’
Ior. (mull)
Vasx 1628 cn”
U.v, (95% ethanol) ,
max 220, 5 nm 10810 8 4016
2935 R 3.96

Mass spectrum ]
/e 190 (u*) (50%), 189 (100%), 175 (11%). 161 (22%), 120 (16%),
119 (14%). 118 (32%), 117 (11%), 106 (11%). 99 (14%),
92 (17%), 91 (43%). 78 (11%), 17 (16%), 72 (30%)

The presence of trace quantities of the isomeric compound

4-diethy13m1n0-53-3-azabicyc1o[5,2 O]nona-1,3,6-triene was noted in

the crude product. This compound was not isolated.
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DECOMPOSITION OF 2-AZIDOBIPHENYLENE 93

The azide 93 (2.6 g) was irradiated for 40 hours,
Evaporation of the solvent gave a black tar which was chromatographed
on eight preparative layer plates in benzene/acetone (1 : 1), One
majoxr and several minor bands were observed., The major band was shown

to be 2-aminobiphenylene 113 (1.0 g, 44%).

_NH
[ TL T
Mope 126° (petroleum b.p. 40 = 60°) AN
114,760 123 = 124°
Analysis ‘ :
Founds Cy 86¢43 H, 5.553 N, 8.2%
5012H9N requires: C, 86.2; H, 5.43 N, 8.4%
Nem.r, (0014) .
& 3.2 papom. br s 20 =-NH, (ex. with D,0)

5.7 = 6.6 m T arom,

" Iere (mull) ’

Viay 3400, 3320, 1660, 1603 em
Uove  (95% ethanol) S
Aoy 258.5 mm log,, € 4.57
351 sh , o
366 ! ' . . 3091

Mass spectrum -

e 168 (20%), 167 (M*) (100%), 166 (1K), 151 (10%), 83.5 (&%)

A minor band (orange) was shown by its mass spectrum to be
an azobiphenylene; /e 331 (4%), 330 (M%) (16%), 303 (26%),
302 (100%), 151 (37%)

S ./,Al
I/\

|
=z
a
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SECTION 1

PREPARATION OF THE (2-AMINOBENZOYL)NAPHTHALENES AND TETRALINS

1=(2-aminobenzoyl)naphthalene

Prepared from 1-naphthy1magnesium bromide and
2-methy1-3, ~benzoxazin=4-one, by the following procedure, which

l

is essentially that of Lothrop and Goodwin "'..

‘”'Theadiignard reageht from 1=-bromonaphthalene (41.6 g) and
magnesium (5.24 g excess) in dry tetrahydrofuran (200 ml) was
| added slowly during 0.5 hours to a vigorously stirred solution of
freshly distilled 2-methyl-3,1-benzoxazin-4-one (32.2 g) in s
mixture of dry toluene (500 ml) and dry ether (250 ml) at -5°,
Stirring wvas continued at‘0° for two hours and at room temperature
for four hours. The yellow complex was hydrolysed by the addition
of 10% hydrochloric acid and the upper, organic layer was
separated, The aqueous layer was extracted with ether (200 ml)
ahd the eifract vas combined with the toluene-ether solution, o

Evaporation of this solution produced a yellow solid which

was hydrolysed by boiling for four hours in a solution of
10N hydrochloric acid (200 ml) and 95% ethanol (500 ml) The
cooled solution vas made alkaline with 10% aqueous sodium
hydroxide lolntion and ether extracted (3 x 300 m1), The combined
ethereal. extraots were dried (MgSO4) and evaporated leaving a red
g0lid, This residue was passed down a column of alumina ’
(250 g activity IV) with toluene, Evaporation of the eluate gave

1=(2-aminobenzoyl )naphthalene (26.2 8 5?%);5ff3, -



1=(2-aminobenzoyl )naphthalene

M.p. 138 = 140"  (95% ethanol)

11t.176. 438°
204 q40.5°
Analysis
Fonnd: - 7 C, 82.7; H. 5065;
17 13NO requires: C, §2.55; Hy 5.303

Nomor. . (CDCIB) : ' :
6 642 = 6.8 PePolle m 4H arom. + NH2
7 0 - Te 6 m 6H ‘arom.

TeT = 8, 0 m 3H arom,

I.r. (001 )

o 3490, 3335, 1632, 1612 en~

vmax

U.v, (95% ethanol)

Apax 222mm  log € 4085
238~ sh
260 - 40
283 o sh EE
292 sh
378 o 3.82

Mass spectrum

T

1354
L

Arq}{2

Ny 5.6%
Ny 5.65%

~ (2H ex. with D,0)

"o 248 (24%), 247 (M )(75%). 246 (100%), 230 (20%), 218 (12%),
217 (8%)y 155 (11%), 127 (50%), 120 (27%). 101(10%),

92 (16%)
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2-!2-aminobenzoxllnaphthalene

Prepared as described above from 2-bromonaphthalene in
30% yield (1.1*:176 yield 8.3%). - " 0

JLEC

M.pe 109 ~ 110°  (95% ethanol) NH,

1it,'7% 406°
205 110 = 111

Analysis : : ,
- Founds - Cy 82,65 H, 5.50: N, 5.5%

Ci7H13NO fequires: Cy 82,553 Hy 54303 N, 5,65%

Nem,x, - * “(0014)

& 5,88 p.p.m. br s 2H -NH, (\ex. vith D,0)
6¢3 = 6.7 m 2H arom, -
. 649 = 8,1 m 9H arom,

I.re  (mull) “1
3475: 33709 1635! 1610 cm

Vnax
Ueve  (95% ethanol)’
Ama.x 218 nm 103108 4.72
236 sh 2L
255 sh
.. 281. =sh
379 - 381 e

Mass spectrum

/e 248 (11%), 247 (M*)(éz%). 246 (10%). 230 (9%). 155 (10%),
127 (30%), 120 (21%), 109 (12%), 92 (22%)
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5=(2-aminobenzoyl)=1,2,3,4-tetrahydronaphthalene

Prepared as described above from 5=bromo=1,2,3,4-"
tetrahydronaphthalene177 in 31% yield.

M.p. 121 - 122°  (95% ethanol)
Analysis ‘ o ’4 ' vf |

Found: g, 81,03 H 6. 63 ¥, 5. 5%
Ciq 17N0 requires: C, 81.25; H, 6, 38 No 5 55%

Nem,x, . (CDCI ) G :
.45 H on naphthalene C-2 and 3

6 1 5 - 109 P ePelle m .. 448
2.4 = 2.9 m 4H H on naphthalene C=-1 and 4
6e1 = 6.7 m 4E arom. + NH, (2H ex. vith D 20)
o 6087- T4 m S5H _ arOm. ,
”I.r.~e (mnll) '1

3430, 3320, 1625, 1610 em

max
U.v, (95% ethanol) -
}‘max' 220 Emn» log10 £ 4.29
PR T'233.5' . , - 4 32..
261.5 3490
374 , 3.80

Mags spectrum . . - L }
“/e 252 (31%), 251 (x* )(100%). 250 (47%), 236 (50%), 235 (39%),
234 (55%), 233 (36%), 224 (16%), 223 (58%), 222 (28%),

208 (13%), 207 (19%), 206 (36%). 158 (34%). 130 (36%),

© 110 (29%), 105 (27%) -
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Preparation of 1,2,},4-tetrahxdro-6-§2-nitrobenzoxl)naphthalene

A mixture of 2-nitrobenzoic acid (83.65) and thionyl
chloride (200 ml) was refluxed until the acid had dissolved, The
excess thionyl chloride was removed by distillation and the residue
distilled to give 2-nitrobenzoyl chloride as a yellow oil
(b.p. 85°/0.1 mm Hg, 1142°¢ 105°/0,5 ma Hg).

Powdered anhydroue aluminium chloride (135 g) was added
slowly to a solution of the aeid chloride (93 &) and tetralin (66 g)
in ary carbon disulphide (33 ml) at -5° Vhen evolution of hydrogen
chloride had ceased the mixture was boiled for two hours. :

"“The cooled mixture was hydrolysed by ice-cold dilute
hydroch1or1c acid and the organic layer separated.’ The aqueous
layer was extracted with chloroform (3 x 250 ml) and the extracts“

combined with carbon disulphide solution,
o Evaporation of the organic solvent left a black tar which

was ‘chromatographed on a column of alumina (400 g, activity IvV),
‘Elution with chloroform gave 20 g of a mixture of product and
tetralin. Further chromatography (alumina 150 g, activity Iv) in
petroleum (b.p. 60-80°) gave the nitrobenzoyltetralin (13.6 g 10%)

14243.4-tetrahydro-6—(2-nitrobenzoxllnaphthalene'j.

M.p..  140,5 = 141°  (methanol)

Analysis - ,
Founds -~ .= . Cy T2.83 Hy Ded3 N, 4.9%
CyqH 15N03 requires: ‘c, T2.63 H, 5.35? ‘N'_éf?%‘:“:

Nemers | (dDCl3)

8 1.7 = 2.0 Depeme m “4H H on naphthalene C=2 and 3

m 4E H on naphthalene C=1 and 4

' 7;0 - 8.4 “o . vt 'm TH arom,
I.r, (mull) ;

Vaax 1660, 1528, 1355 em”
U.v, (95% ethanol)

A 266 nm logy, € 4434

max
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Mass spectrum
/e 282 (11%), 281 (M )(51%). 264 (9%), 236 (11%), 165 (11%),
160 (13%), 159 (74%), 148 (14%), 14T (100%), 134 (26%),
131 (35%), 130 (13%), 129 (17%), 128 (11%), 119 (13%),
116 (17%), 115 (17%), 104 (20%), 91 (46%)

Preparation of 6-(2-aminobenzoyl)=1,2 =tetrahydronaphthalene

A solution of the nitro-compound (9.3 g) in 95% ethanol
(250 m1) containing 10% palladium-on-charcoal (0.5 g) in

suspension was hydrogenated (60 1v. 1n.'2) until absorption
ceased, Evaporation of the filtered solution gave a red oil which

vhen purified by column chromatography (alumina 100 8y activity IV)
in petroleum (b.p. 60-80° ) gave the aminobenzoyltetralin

(7.5 ¢ 86%) as a yellow oil,

6-(2_amin°benzcxll-1’2,5,g-tetrahydronaphthalene

- 0
B 1 160°, © 3 mm Hg @ O‘
'OPO 55 - ] 4 NH |
Analysis . :
7 Found: Cy 81,73 H, 7.053 N, 5,2%

017H17N0 requires: C, 81.25; H, 6.83 N, 5,55%

Nem,r, (c1>013)

5 145 =241 Pepols m 4H H on naphthalene C=2 and 3

2.4 = 3,0 m 4H H on naphthalene C=1 and 4
5,95 "br 8 2H NH, (ex. with D,0)
6.4 = 7.6 m 7H arom,

I.r, (CCl ) V ’ V 7 ) ) : =
v 34909 3350, 1635, 1617 °m : . ~

max



140,

Ueve (95% ethanol)

}\max 230,5 nm log,, £ 4.21
268 4410
376 3,62

Mass spectrum o - |
/e 252 (19%), 251 (M*)(75%), 250 (100%), 222 (50%), 159 (33%),
120 (28%), 106 (28%), 92 (30%)
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SECTION 2

PREPARATION OF THE (2-AMINOBENZYL)NAPHTHALENES AND TETRALINS

| These were prepared by the Wolff-Kishner/Huang Minlon

reduction of the corresponding ketones,

1—‘2-aminobénle[naphthalene

A solution of 1-(2-aminobenzoy1)naphthalene (15 g)
and hydrazine hydrate (12 ml) in dry ethylene glycol (250 ml)
was maintained at 150 until hydrazone formation wvas complete
(24h., - reaction followed by gas chromatography). Potassium
AhYdroxide (20 g) was added slowly and the temperature was raised
until dintillation of water and hydrazine had ceased, The
solution was maintained at 180° for four hours and then allowed
to cool to room temperature.

Water (1 1) was added and the solution vas ether extracted 4
fhe dried (Mgso ) ether extracts were evaporated

(3 x 200 m1),
and the residue crystallised from petroleum (b.p. 60-80 ) to give

-(2-am1nobenzy1)naphthalene 132 (12 8 g, 91%)

1-(2-aminobénzxiznaphthalene”‘ o - : oz
o o SIS TR FE N [:::::[:‘/C"'l !iill

T
NH,

-

M.p. : 101 .5 = 102, 5 (petroleum b.p. 60—80 )

Analysis" , ; '
Found: ~ Cy 87463 H, 6,65 N, 6.2%

CqqHysh requires: C,-87.53 H, 5-5? N,:6.0%
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N.m.r. (c])c1 ) - N
br s 2HA'-NH2' (ex., with nzo)

6 3 3 pop'mo
413 8 2H -CH,=
6.4 = 8,0 m 11H arom,

I.r, (film)

Yoax: 3450, 3370, 1620 cn™!
U.v, (95% ethanol)
Amax 225 . nm logm‘ﬁ "4.88
263 sh
274 gh e
283 3497
292} sh

Mass sfectrum T RN R o foor el .
“le 234 (19%), 233 (M*)(100%). 232 (45%), 218 (25y), 217 (1,A,,
215 (23%), 128 (19%), 116 (13%), 106 (15%)

2-(2-aminobenzyl lnaphthalehe

Prepared as described above from 2-(2-aminobenzoy1 Yo
‘:CH {
7 SNH.
i ' 2
Analysis

Fownds G, 8T55 By 6455 X, 5.7
17 15N requires: Cy 87.53 H, 6.5; N, 6.,0%

naphthalene in 90% yield. —

3-p. 160 = 170° ’ i0,05 mm Hg,
11t295 450 - 160° , 0,001 mm He,

T e
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Nem.r, (cnc13) :
3.39 popome  br & 2H -NH, (ex. with D,0)

‘3.95 B s 2H -CH,-
6.5 &77.9 ’ m 11H arom,
I.r, (£ilm)
Vmax' 3430, 3365, 1620 en™)
Usve - (95% ethanol) |
J\max 226.5 nm logy, € 5.00
269 sh
276 - 3,85
279 gh ' N o

Mass spectrum

“le 234 (20%), 233 (M*)(100%), 232 (54%), 231 (9%), 230 (19%),
218 (20%), 217 (17%), 216 (9%), 215 (29%), 141 (9%),
128 (22%), 115 (21%), 106 (26%)

-tetréh drona hthalene

- 2-am1hbbeﬁz 1)=1,2

Prepared as described above from 5-(2-aminobenzoy1)tetralin

in B}A yield.--*@-

M.p. - .68, 5 - 69 " (petroleum b,p. 40-600)15 PR
Analysis ' |
Found: © -+ Cy 86443 Hy Bu253 N, 5.,8%
Cyqg 19N requiress C, 86.,05; H, 8,05 N, 5.9%
Nem,r, (cpe1,) e T M
- 4H H?on'naphthalene C-2 end 3

616-20p.p.m. m :
2,5 = 3.0 m 45 H 6n"naphtha1ene'0-1 and 4
3.4 br. s 2H -NH, (ex. with D o)
“13,73'“ o s 2H 'CHZ'
m TH arom,

6¢5 = 741
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Iers. (CHCl )
v 3450, 3375. 1619 cm™

max
U.v, (95% ethanol)
A nax 219 sh
234 sh
285 10510 8 5.31 |

Mass épec{iuﬁ ,
“le 238 (19%), 237 (M*)(7¢%). 158 (26%), 146 (17%), 145 (30%),
144 (85%), 143 (32%), 142 (50%), 141 (65%), 132 (20%),
131 (69%), 130 (24%), 129 (100%), 128 (58%), 127 (17%),
118 (19%), 117 (17%), 116 (17%), 115 (46%), 107 (35%),

106 (76%), 93 (50%), 91 (43%)

6=(2-aminobenzyl )=1,2 -tetrahydronaphthalene

Prepared as described above from 6~(2-aminobenzoyl)tetralin

_CH |
YN9YS
NH
2 .
Analysis

Found: C, 85.93 H, 7.753 N, 5.8%
Cyqg 19N requires: C, 86,053 va30953 Ny 5.9%

in 94% yield.

BOP. 165 - 170° » 0045 mm Hgo

N.m.r. (CDCI ) .
4H H on naphthalene C=2 and 3

6 1.6 = 1, 9 p Pelle n
2.5 = 2.9 m 4H H on naphthalene C=1 and 4
3,39 br & 2H -NH, (ex. with D,0)
3,78 B8  2H -anf ’
6.4 = 742 'm TH arom. , -

I.r. (film)

Vpay 3440, 3360, 1620 cm
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Ueve  (95% ethanol)

A 224 mm sh
237  sh

289 sh

Mass spectrum
T/e 238 (25%), 237 (M")(100%), 236 (33%). 208 (13%), 194 (13%),
180 (11%), 144 (28%), 131 (21%), 129 (14%), 106 (52%),
- 91.(14%)
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SECTION 3

PREPARATION OF THE (2-AZIDOBENZYL)NAPHTHALENES AND TETRALINS

1-=(2-azjdobenzyl )naphthalene
A solution of 1-(2-aminobenzyl)naphthalene 132 (11,7 g,
0.05 M) in a mixture of 4N sulphuric acid (250 m1) and purified
1,4-d10xan (250 ml) was cooled to =5° and a solution of sodium |
nitrite (3.8 g, 0.055 M) in water (50 ml) was added with stirring,
After 15 minutes a solution of sodium azide (3.6 g, 0.055 M) in

water (50 ml) was added and the solution was warmed gently to 30°,

The azide was extracted with ether (3 x 200 ml) and the combined - -

'ethereal extracts: dried (MgSO )e The solvent was removed under

redueed pressure at 30 and the residual oil was percolated

through a column of alumina (200 g, activity IV, column length 0.2m)

in petroleum (b.p. 40-60 )e Evaporation of . the solvent, under

reduced pressure at 30 s left the azide as a pale yellow oil

(1008‘81 84%)0

o
i e

1=(2-azidobenzyl)naphthalene 126 ‘ o @

Anélyais g E ' :
Founds - C, 784 53 ‘Hy 513 N, 15.6%

®17%15% requiress C, 78.755 E, 5.05; ¥, 16.2%
Nemer, (cc14) ” |

6423pp.mo“
69-7.

s 2H =CHy- .
C.om. 11H arom._"‘
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I.r. (£ilm)

v 2125, 1285 om™ |

max
U.ve, (95% ethanol)
)\mx 221,5 nm log,, € 4.92
253 4,08
260 sh
271 sh
281 | 4,01

Mass spectrum
/e 260 (4%), 259 (M*)(13%), 232 (29%), 231’ (100%). 230 (12%),
229 (7%). 202 (6%), 115 (11%) :

: (2-azidobenleZnaghthalene 127 -

Prepared as above from 2—(2-aminobenzy1)naphthalene iZ in

56% yield as a yellow oil,
CH ‘
QI *
N -

"Nomoro ' (CDC]. ) 3

Y 3. 98 p.p.m." . s 2H ~CH, -
“ri 649 = T8 m 11H arom,
Iore (film) e SIS
v,y 2125, 1290 em™"
U.v. (95% ethanol)
Amax 228 nm - 10810 8 4093
253 | 4,15
- 275 : sh
285  sh -

Mass spectrum :
/e 259 (M*)(e%), 232 (30%), 231 (100%), 230 (60%), 229 (20%),
202 (20%), 115.5 (18%), 115 (20%), 114.5 (10%). 101 (13%)
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6=(2~azidobenzyl)=1,2 -tetrahydronaphthalene 128

Prepared as above from 6-(2~aminobenzyl)tetralin in 62%
yield, |

CH
" JEN9Y®
M.pe 44 = 45° (95% ethanol) | bd3

Analysis
Founds Cy TBe13 H, 6,755 N, 15.9%
CyqHyq¥y Tequires:  Cy TT.55; H, 6.5; N, 15.95%

N.m.T. (CDC13)
4H H on naphthalene C-2 and 3 -

d 106 - 109 PeDoe m
2.5 = 2,9 m 4H H on naphthalene C=1 and 4
3083 g 2H -CH2..
6.8 - 7.2 m 7H arom.
I.re  (mull) - o
Voax 2118, 1288 em
UeVe (95% ethanol)
N oy 251.5 nm logys € 3499
279 . sh
289 sh

Mass spectrum : : : ' ‘
Mre 263 (MY)(9%), 235 (40%), 234 (100%), 207 (21%), 206 (48%),
194 (13%), 192 (25%), 191 (23%), 180 (10%), 115 (11%)

e
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S=(2=-azidobenzyl )=1,2 =tetrahydronaphthalene 129

Prepared as above from 5-(2-amin6benzy1)tetra11n in 90%

yield, .
4@
2
L ° o N
Mepe 48 = 50 (petroleum b.p. 40-60 ) 3
Analysis
Founds Cy. 78413 H, 6.85;5 N, 15.,6%

C17H17N3 requires: c, 77055’ H’ 6058 N’ 15095%

NemoTo (cnc13)
4E H on naphthalene C=2 and 3

© 5 145 = 149 PePems 'm
243 = 2,9 m 4H H on naphthalene C=1 and 4
3.81 s 2H ~CH,-
6. 6 - Te2 m TH arom,
i;r. (film) | |
Vmax' 2130, 1290 cm.
UeVe (95% ethanol)
A pay 2515 mm log,q € 3.99
278 - gh
288 sh

Masse spectrum
Bfe 263 (MT)(2%), 236 (50%), 235 (100%), 234 (25%), 207 (54%),
206 (76%), 205 (15%), 204 (32%), 193 (32%), 192 (37%),
105 (22%)
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SECTION 4

DECOMPOSITION OF THE (2-AZIDOBENZYL)NAPHTHALENES AND TETRALINS

All azides were decomposed thermally in
1,2,4=trichlorobenzene by the following procedure:

A solution of the azide (9.5 g) in 1,2,4=trichlorobenzene

(100 m1), was added dropwise during 45 minutes to trichlorobenzene
(1 1) maintained at a specified temperature in the range 180 - 200°,
The trichlorobenZene vas stirred vigorously during the addition of
the azide and a slow stream of dry nitrogen was passed through the -
sblﬁtion dﬁring the entire decomposition, ‘ ‘

' After four hours the solution was cooled and the solvent
removed by distillation under reduced pressure (1 mm Hg). The
residue was treated as described for the individual azides.
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DECOMPOSITION OF 1-(2-AZIDOBENZYL)NAPHTHALENE 126

‘The azide (9.5 g) ﬁas deoomposed at 195° for'four hours
and the trichlorobenzene removed under reduced pressure,

Gas‘chromatography (3% OViT on Supasorb AW, 50 ml/min
nitrogen; 244°) of the residual yellow solid showed the presence
ofkfiveicomponents of which products 4 and 5 (in increasing -
retention time) made up the bulk of the material,

A solution of the crude decomposition product (100 mg) in
ether (25 ml) in e 50 ml separatory flask was shaken for one minute
with 4N sulphuric acid: (10 ml), Examination of the ethereal
solution revealed that product 4 had been removed completely.

Similar treatment of 2 g of the crude product gave after basification
of the acid extracts a solid crystallising from petroleum (bep. 6 O-SS)A
which vas identified as benz[a]acridine 130 (0.5 &, 25%)

, Evaporation of the ethereal solution after removal of
product 4 gave a solid residue; product 5 crystallised from .
petroleun (b.p. 60-80° ) and was identified as 7,12-dihydro-
benz[a]acridine 131 (1.0 g, 50%).

e The crude decomposition product (4 g) was chromatographed
on a column of alumina (300 g). The column was eluted with ‘
toluene and four fractions were collected. The third fraction
‘gave pure product 2 identified as 1-(2-aminobenzyl)naphthalene 132
, by comparison with material previously prepared. |

The first fraction which contained produote 1 3 and 4 wae
evaporated and the reeidue spread on to two preparative layer -
plates.f Elution with toluene produced two clearly defined bande.

; The upper band gave a yellow oil whiéh was ehown by gas ;

' chromatography to be a mixture of products 1 and 3 Separation of
this mixture was achieved by column chromatography (alumina, 100 g;
petroleum b.p. 60-80 ) and producte 1 and 3 were obtained as pale

’ yellow 0ils which were identified from spectral data as
'7H-indolo[1 2-a][1]benzazepine 133 and 7H-indolo[2 1-a][2]benz-'f
,azepine _ﬂ respectively. |



Properties of the compounds isolated:

enz]alaoridine

(Product 4) 130

M.p. 130 5 - 131° (petroleum b.p. 60-80")
Lit.181131
Analysis ,
Found: C, 89.5; H, 5.103
17H11N requiress C, 89,05; Hy, 4.85%
N.m,r, (c3013)
$ 743 = 8,0 pepeme m 8H _ arom,
8.0 = 8.6 m 2H . arom,
o .96 , 8 1Hv H on C=12
TeVe (95% ethanol) , |
A oy 222.5 mm ‘log, o€ 4.59
234 - 4.52
276.5 4.73
L 285~ ', sh ... '
345 3,81

Mass spectrum

/ 230 (28%), 229 (M*)(wO%). 228 (20%). 227 (13%). 202 (5%).
201 (7%), 200 (7%). 114 (13%). 101 (9%), 100 (9%)

1,12-dihxdrobenz|alacridine (Product 5) 131

Mopo o
‘L1t332 166 - 168°

Analysia
Found:

17 13N

requires: .

166 - 16& (petroleum bepe 60-80 )

¢, . 9
C, 88033

Ho 5 653
E' 5 658

N' 6.2%
N, 6.1%

ﬁ, 60%
No 6 05%

152,
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Nem.r. (cnc13)

o 4.4 DeDom, g 2H s CH2 -
549 bres 1H NH (ex., with 1320)
6.5 - 709 m 10H arom,
I.r. (mull)
vmax ,34OQ>cm-1
U.ve (95% ethanol)
A pax 223 mm log,y € 4457
26T 4433
. 27645 4.35
{;367-5 3453

Maés‘spectrum -
e 232 (56%), 231 (M*)(100%), 230 (30%), 229 (%), 202 (T%),
115 (€%), 114 (4%), 102 (8%), 101 (9%), 100 (5%)

]H-indolof112-a1r1]benzazgpine (Product 1) }}

Nom.r, (cn01 )
$ 3,2 = 3, 5 P.p.s brd 2H -~ CH

5 -
- 59 = 6.4 m 1H H on C=6
6.21 8 1H H on C=8
6454 d 1H H on C=5 J5,6" 10,5Hz
69 = 749 m 8H arom,
I.re (film)
v, 1580, 1558 em™!
Teve (95% ethanol)
Rmu 220, 263,5sh, 291sh, 297sh. nm
Am!.n 244 nm

Mass spectrum : ' A e
Tfe 232 (21%), 231 (M')(100%), 230 (89%), 229 (14%), 228 (20%),
204 (11%), 203 (T%), 202 (12%), 115.5 (11%), 115 (11%).
114.5 (11%), 114 (15%), 102 (14%), 101 (9%). s
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JH-indolo[ 2,1~a][ 2]benzazepine (Product 3) 134

Nem.Te (cpe1,)

.8 4,58 DeDPele d 2H ~CH, = J. o = 6.5Hz
-9, 2 6,7
6423 dof t 1H H on C-6 |
iiint o Jg,7 = 6e5Hzy Jg o = 10,5Hz
6.71 s 1H E on C-13
6.79 d 1H H on C-5 Is 6'= 10,5Hz
7.0 - 7.9 l m BH arom, !

I.r. (film) : o
1

- Vpay 1630, 1590 cm”

Ueve (95% ethanol)
A_,. 230.5, 253sh, 262sh, 275.5, 312 nm

max
: Amint\ ,?72’ 284 nn

Mass;épéétm . : B ,
"fe 232 (19%), 231 (M")(100%), 230 (63%), 229 (&%), 228 (14%),
» 204‘(21%)9 203 (6%)0202 (8%), 201 (4%)
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DECOMPOSITION OF 2-(2-AZIDOBENZYL)NAPHTHALENE 127

" The azide (3.2 g).wgé'dédomposed”at 180° for four hours,
Evaporation of the trichlorobenzene gave a red 0il which
crystallised on cooling; Gas chromatography (3% OV17 on Supaserb'iW,
50m1/min nitrogen, 243 ) showed the product to consist of one major
and two minor components,

Trituration of the crude products with ethanol (95%) gave
Ts12-dihydrobenz| c]acridine (1.0 g 35%).

”12-dih drobenz[ clacridine 135

M.De 140 - 141° (aqueous ethanol)

1it, 181 140°

Aﬂﬁlfﬂie' o ;
Founds @ C,y 87.93 H, 5.60; N, 5.8%
CyqHy5N Tequizess C, 88.33 H, 5.65; N, 6.05%

Nem,r, (CDCI3)

6 4.12 popem. s 2H ~CH, -
- 6.41  br:s 1H FE (ex. with D,0)
645 = Te8 . m 10H arom,
I.r. (mull) -
Voay 0420 cm'f.
Ueve (95% ethanol)
)\mu 223 no log, £ 4'70;
259' 4026 )
278 °  sh TS
346 | 3.94

Mass spectrum
T/e 232 (9%), 231 (M')(47%), 230 (100%), 229 (97%), 228 (32%),
227 (14%), 226 (9%), 216 (7%), 215 (5%), 203 (9%), 202 (12%),
201 (9%), 200 (%), -115.5 (10%), 115 (18%). 114.5 (19%).
- 114 (24%), 1135 (10%). 113 (9%) - TR ¢
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, The filtrate after trituration was evaporated and the
residue absorbed onto alumina, Elution with petroleum (b.p. 60-800)
gave two fractions. The first fraction contained a small amount of
material which was not identified. The second fraction gave
benz[c]acridiiu _1_3__6, (1.0 g 35%). | -

Ben fc]acridine 136,

—

M.D. 108 = 109 (petroleum b,p. 60-80° )

114,181 107 - 108°

Analysis
Pound: C, 8809; H’ 4.803 N, 6.1% S ‘
017H11N‘:equires: . Cy» 89.053 H, 4.85; N, 6.,1% o

Nem,r. (CDCIB)

8 Te4d = 8.1 Depole m 8H arom, o
- 8.34 d 1HE HonC-11 ~ J = 9Hz
8.5 e 1§ HonC-] ~
93-9.7’ m 1H H on C-1
Tov, (95% ethanol) ' ”
)\ma ‘220 nn sh _ -
© 225 logyg € 456
235 eh :
256 sh
d<266 sh
27445 | 4.78
289.5 ” 4,67
363.5 3.75
378,5 . . 3.68

Mass spectrum

Bre 130 (21%), 129 (100%). 128 (29%). 14,5 (13%) LT

| Elution with toluene gave two fractionsj  the first was '
‘identified as 2-(2-aminobenzyl)naphthalene 137 (0.3 g 10%) and the -
second as T,12-dihydrobenz[clacridine 135 (0,1 g)e
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DECOMPOSITION OF 6-(2-AZIDOBENZYL)TETRALIN 128

The azide (5 g) was decomposed at 185° for four hours and
the trichlorobenzene was removed under reduced pressure,

Gas chromatography of the residual oil (3% OVAT on
Supasorb AW, 50ml/min nitrogen, 2210) showed the presence of one
major an;l four minor components., Trituration with ethanol (95%)
precipitated the major product (3.1 g 70%) which was identified as
T+849, 10—tetrahydro—12H—indolo[1,2-b][2]benzazepine 138, .

1,8,2,10-tetrahxdro-1 2H-1ndolo| 1,2-b]f2 lbenzazepine 38

H
_ . H
M.D. 125,5 = 126.5 (95% ethanol) N /
Apalysis ,
Founds C, 87¢13 H,y To 40; N, 6.0%

17 17}1 requiress C, 86,753 H, Te 38» N, 5.95%

‘N.m.r. (CDCIB)

4H on C-8 and 9

8 1.5 = 1.9 DeDole m H
| 2.0 = 2.6 m 4H H on C-T and 10
U 3,26 d 2 H on C=12 }
‘ : J = T .
5,63 t ‘1E H on C-11 1,12 = T8
- 6.0T g 1H H on C-13
T+0 = Teb m 5H H on C-1,2,3,4 and 6
I.x, (mull) o |
Vpax 1649 1620 en”!
U.ve (95% ethanol)
A max 231.‘5 nm 10310 8 4439 ,
' 270 ’ 4.29 ‘

288 -~ sh ﬁ : , -

Mass spectrum
Ble 236 (17%). 235 (M“)(wO%). 234 (33%). 220 (8%), 218 (&%),
207 (10%), 206 (15%), 205 (%), 194 (6%), 193 (6%), 192 (6%).
180 (5%), 167 (5%)
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The residue from the irituration was washed with aéid, the
acid extracts neutralised and extracted with ether, Evaporation of
the etheregl‘e;tracts gave brown needle~liRe crystals of
1,2,3,4-tetrahydrobenz[c]acridinéuljg (60 mg, 1-2%), .

1,2,3,4-tetrahydrobenz[ c]acridine 139 |

M.ﬁ; 79 1-’ 80°7 (aqneoﬁs eihanol)‘r

Analysis - S
Founds =~ - Cy 87.53 H, 6,53 N, 6.,0%
017315N requiress Cy 87453 Hy, 6.5 N, 6.,0%

N.m,.r, (cne1,) B

K- 1.3‘- 2.1‘p.§.m.';' n H on26;2 an&l3"¥fx:
246 = 3.1*"' ‘ m ?E. H‘?n=c-4
342 = 3.6 m 25 HonC-1 =
7.0 = 8,0 ‘m S5E Hen C-5,6,8,9 and 10
8426 d 1H E on C-11 J = 8Hz
8453 s 15 H on C-T | S
I;f, (mu11)
Viax 1630, 1615 en !
TUeve (95% ethanol)
}‘max 250 nm sh
257 logyn € 5.23
343 sh
35T 3.90

Mass spectrum

e 233 (*)(100%), 232 (72%), 218 (56%), 217 (33%), 204 (19%),

Addition of the lanthanide shift reageht7ﬁu(f6a)3‘to&£h,
n.m.r, solution causes large doyg—field shifts in the signals at
) 3.2 - 3.6‘i.p.m. and at & B.26§pgp.m.
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pmcomposxr;pn OF 5-(2-AZIDOBENZYL)TETRALIN 122

The azide (5Se 3 g) was decomposed at 183 for six hours,
The trichlorobenzene was evaporated under reduced pressure and a
sample of the residual red oil was injected 1nto a gas chromatograph
(3% ov17 .on Supasorb AW, 50ml/min nitrogen, 223 ).

' The chromatogram showed that the crude product comprised
tvo major and three minor components though thin layer
chromatography indicated the presence of eight components, Theée
components are subsequentli referred to as products 1 - 5,
corresponding in order of increasing retention time to the peaks on
the chromatogram. : Co e

An attempt was made to aeparate the products by column
chromatographys the crude decomposition product (2.5 g) was
chromatographed on a column of alumina (300 g activity IV
column length in). EE TR ,

' The column was eluted with petroleum (b.p. 40-50 ) 15m1
fractione were collected and the components of each fraction vere
: checked by gas chromatography. S tre S
"' The following table (Table 1) lists the products eluted from

the column, the fractions in which they appeared and the isolated
yield of pure material:‘\ ' e s

,TABLE 1 . -
’ Product Y- Practions ' Isolated Yield
B o e
o " € 42-53 450 mg -y
,;45£;r;j,f_\,;,§?{" o2 G162 = 70 300 mg 12%

= o 8B-
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After Fraction 157 the column was eluted with methanol, the
methanol evaporated and the residue re-chromatographed on an alumina
column (100 gm activity IV).
This column was eluted with toluene and again 15ml fractions

wvere collected and analysed by gas chromatography. Table 2 lists
the products eluted from the column,

TABLE 2
" Product Fgactiong v Isolated Yield
- 1-4
3 5 - 14 5~ 14 450 mg 18%
_ 15 = 35
5 | | 3'5 - 50 36 = 50 250 mg 10%

o Product 2 was characterised only by spectral data since
1t rapidly decomposed on standing. The spectral data were
sufficient to be able to characterise it as 1 2,3,4-tetrahydro-
_13bH-indolo[2 1-a][ 2] benzazepine:140, .

' Products 1 and 4 crystallised from petroleum to give pure
samples of‘1,2,3,4ftetrahydro-7ﬂ-indolo[1,2-a][1]benzazepine'1A1
and 1,2,3,4—tetrahydro-1H-indolo[2,1-a][2]benzazepine,143‘
respectively. | -

, Product 3, & viscous oil, was identified from spectral
data as 4,5,6,6;,7,12-hexahydronaphtho[1,B-b c][1]venzazepine 143
Product 5 was identified from its n.,m,r, spectrum as -
142,34, T,12=hexahydrobenz{alacridine 144 , however, it underwent
rapid oxidation and was characterised as its oxidation product
1,2,3,4-tetrahydrobenz[a]acridine,141;

Properties of the compounds isolated:
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1,2,3,4-tetrahydro~7H-indolo[ 1,2~a][ 1]benzazepine 141 Product 1

M.p. 100 = 101 (petroleun b.p. 60-80°)

Analysis’ : :
Founds Cy 86465 H, T.15; N, 6,0%
017 17N requiress C, 86.75; Hy Te33 N, 5.95%

N mor. (CDC]. )

M Romc2ends

5 1.5 - 2, O PePoelle ﬁ H
2,0 = 2.4 m w2H H on C=4
T 2,5 = 3,05 ‘m 2 H on C-1
302 d 2 H on C-7 J67=6Hz
. 545 = 641 'm 2H: H on C=5 and 6’
5499 _ B 1H; H on C=8 o
I.r. (mull)
Vo 1640, 1618 cm1
U.v. : (95% ethanol) ;
}\max ‘232 nm logw 8 4438

a0 ghEd 4N 17 1

Mass spectrum
"o 236 (17%), 235 (M*)(1oo%), 234 (32%), 220 (6%), 219 (¢%),
218 (4%), 217 (4%), 208 (3%), 207 (17%), 206 (21%), 205 (7%),
204 (9%), 194 (8%), 193 (4%), 192 (7%), 191 (6%), 180 (6%),
167 (4%)
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1;2,3,4=tetrahydro=1 §bH-1ndolo[ 2418 ” 2 lbenzazenine 140 Product 2

N.m,x, (0301 ) ,

6 1 5 - 2.7 p p.m. m 8H H
3 33 t} 1H H on 0513\) J1'13b,—mz
544 = 5.9 m- 2H Hon C=5 and 6 -
::6.12; e ‘s~ 1H HonC=13 .. .~
. 6.9 = T.6 'm 58 HE on €-7,9,10,11.and 12
Iore - (film) |
v o 1660, 1642, 1618 en™ !
Uuve  (95% ethanol) o
}\mai  228 nm logy, € :4'1‘;%
248 sh | K
271.5 13495
310 sh : ‘

Mass spectrum
- ®fe 236 (16%), 235 (M*)(100%). 234 (26%). 220 (12%). 219 (4%),
" 218 (11%), 217 (7%), 207 (30%), 206 (51%), 205 (13%),
- 204 (18%), 194 (19%), 193 (12%), 192 (11%), 191 (11%),
181, (6%), 180 (15%), 179 (6%), 178 (11%), 167 (13%)
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4,5,6,68,7,12=hexahydronaphthol 1,8-b ¢1[1]lbenzazepine 14%

Produect 3
Analysis. O :
Founds C, 86,603 H,. 7 053 - N, 5. 62%
‘¢b917 7N requires: Cy, 86,753 H, T.30; N, 5.95%
Nem,», (cm:l3 HR-220 MEz spectrum) ;
0 1.7 = 2.2 pepem, m 4H H on C=% and 6
2,68 = 2,85 m 28 H on C=4
3.3 . brs 1H NHE (ex, with D,0)
3036 4 ) 'H on C~12 J = 15,2Hz
4.92 . d 1H ‘ T
S5el = 5.2 m 1H H on C=6a
6436 4 1 H on C-8 I =8Hs
 6.54 | 't 1E H on C-10 J = 8Hz
68 -T2 ’ ~'m 5H Hon C-1,2,3,9 and 11

I.r. (film)'
v 3490, 1604 cm

max
Ueve (95A ethanol) ‘
Mpay 235 mm  logg € 3.44

max -
260 | 3,91

1

ﬁaéé sﬁectrum L, o poo ' ' ' '
Bre 236 (13%), 235 (M )(8&%). 234 (65%). 233 (13A). 218 (15%).
208 (1&%). 207 (100%). 206 (30%), 204 (13%)
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1,2 -tetrahydro=TH=-indolo] 2,1~a]| 2 |benzazepine 142 Product 4

MeDe 103 = 104° (petroleum b.p, 40—60°)

Analysis-

FPounds- .= .~ . Cy 864535 H, Te25; N, 5,8% H
e 17N requiress C, 86,753 ‘3, Te335 N, 5.95%
Homoro (CDCI ) - o t "
o 1, 6 -2 0 PeDelle m 4H H on 0-2 and3
2,1 - 2,8 m 4H H on C=1 and 4
4.4 - 4.6 br d 2 H on'C-J
58 = 642 m 2H H on C=5 2nd 6
| 6.48 | s 1H Hon C-13
47 7,0 =78 - “m 4H EonC=9,10,11 and 12
I.r. (muil) |
 voay 1635, 1580 o™
U.v.‘ (95%‘ethanol) Errhmatene g
A, 224mm  logy, € 4.48
248 sh -
20 eb .
325 4,02
348j“;" sh

Mass spectrum ‘

/e 236 (25%), 235 (%) (100%), 234 (30%), 220 ' (11%), 219 (m%),/
218 (6%), 217 (4%), 208 (6%), 207 (25%), 206 (32%), 205 (T%),
204 (9%), 196 (8%), 195 (%), 194 (T%), 193 (7%)s 192 (6%),
180 (13A). 167 (8%)
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1,2,3,4,7,12-hexahydrobenz[alacridine 144 Product 5

o
M.D. 168 = 170 ° (petroleum b,p. 60-80°) @ N @

Nem,r., - (CDCla) H

5 146 = 2,0 pepom, m 4H H on C=2 and 3
2.5 = 2.9 m 4H H on C-1 and 4
3,94 8 2H H on C=12
5.72 br s 1H NE (ex. with D20)
6e3 = To2 m 6H H on C-5,6,8,9,10 and 11

1,2,3,4=tetrahydrobenz[ alacridine . 147

M.p. 119,5-12045° (petroleunm b.p. 60-80°)

Analysis . |
Pound: o Cy 87433 H, 6425; N, 6,0%
017H1SN requiress C, 87.53 H, 6.5; N, 6,0%

Nem,x, (CD013)

.3 1.6 - 2,0 PeDolle m 4H H on C=2 and 3
2.6 - 3.0 - m 4H H’on C-~1 and 4
6.9 = 8.3 m 6H H on C=5,6,8,9,10 and 11
8,42 - - 8 1H H on C=12
I.r. (mull)
Vnax 4, 1625 cm"1
UeVe B (95% ethanOI)
| )\max,‘zso nm sh
256 logs, € 5.15

355 V 3497

. Mass sjectrumy v ’ _ : .
/e 234 (18%), 233 (M')(100%), 232 (19%), 218 (14%), 217 (12%),
| 205 (49%), 204 (23%), 192 (14%)
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SECTION 1

PREPARATION OF THE 2-ACETAMIDOTRIPHENYLCARBINOLS

Lo e

2—acetamidotriphenxlcarbinol 161

Prepared from phenylmagnesium bromide and 2-methyl-3,1-

benzoxazinp4-one by the following procedure which is a modification
of the reaction first described by Lothrop and Goodwin

A solution of‘ZemethyIAB,1-benzoxarin-4-one~(30 g) in dry
benzene (160 ml) was added dropwise with vigorous stirring to a
refluxing solution of the Grignard reagent formed from bromobenzene
(65 g) and magnesium (10 g) in dry ether (250 ml)s The mixture was
reflnxed for 4 hours, alloved to* cool ‘and - then hydrolysed with a
saturated eolntion of ammonium chloride in ammonia (s.g. 0.880)
(500 ml) The upper organic layer was separated and theiaqueous
layer extracted with ether (3 x 150 ml).v The oombined ethereal
extracts were dried (MgSO4) and evaporated to give a red oil which,
when triturated with methanol, gave 2-acetamidotriphenylcarbinol‘__Iﬁ

(35 8'9 60%)

M.p. 200 - 201°  (methanol)

Lit.’ss, 192° o , COCH
17’5’, 197 - 198° - P

Analysis o
Founds - Cy 79 43 H, 6.15; N, 4, 4%

1€y gH0, Tequiress Cy 79, 45: H, 6.05; X, 4. 4%



Nem.T, (013013)

6 1.54 pepem, 8 3H = CH3

3,96 s 1H -~ OH (ex, with nzo)

6.5 - 7.5 m 13H arom,

T97 4 1H arom, J = 8Hz

8.78 br s 18 = NHE = (ex. with D,0)
I.r.  (mull) -
L Vpay . 3450 = 3000 br, 3300, 3220, 1670, 1610, 1585 em™!
Tove  (95% etmamol)
© N,y 246mm 1og1o £ 4.06

Mass spectrum
Bre 317 (M%) (2%)y 299 (20%). 283 (12%), 258 (16%), 257 (56%),
25§ (100%), 255 (16%), 254 (24%), 180 (22%), 165 (12%),
152 (14%), 105 (12%), 77 (14)

-acetamido-4 -metho;xtriphenxlcarbinol 1 2

A solution of 2-acetamidoben20phenone (44 g) in ary tetra-
hydrofuran (100 ml) was added dropwise with vigorous stirring to a
refluxing églution of the Grignard reagent from p-bromoanisole (105 g)
and magnesium (14 g) in dry ether (500 ml)., The mixture wae refluxed
for 4 hours. Work-u? as described above gavé a yellow solid which
~was crystallised from petroleum (bepe 60-80°)/carbon tetrachloride to
yield 2-a¢etamido—4'-methoxytriphenylcarbinol‘__2k(ggwg, 35%) «

| . | 7 WH Y ok
M.p. 158 = 160 (0014/petroleum beps 60 = 80°) COCH 3
Analysis s ST
. Founds . - ' :'iniv”f_;}cui73o7; ‘Hy 5.93° N, 3. 7% S
- CopllyyNO, requiress  C,x7§§05; H, 6 1; Ny 4o 05%

c22321no .iigbO requi?esz’é,FYﬁﬁif H, 6 2; N, 3 9%



N.m.r. (cnc13)
5 1.52 pepem. 8
3072 ]
4,78 8
6.5 = Te5 m
8,0 a
9.1 br s
I.r. (mull)
Vpay 3450 = 3100 br, - 1665,
Uove (95% ethanol)
A nax 212 nm
230,5
24 sh
271 . sh
i2827 ~ gh

Maes spectrum

1608,

168,

3 w COCH3
3H - OCH3
1E, - OH
12 -arom,
1H earom,
1f « NH =

Ja'{HZ

1585 —

log,, 8774.48',”_

4,26

e 34T (M*) (9%), 330 (126), 329 (47%), 315 (7%), 288 (13%),
287 (61%), 286 (100%), 285 (&%), 273 (T%), 272 (33%),.
271 (6%), 270 (8%), 256 (11%), 254 (6%), 242 (12%), 210 (17%),
180 (17%), 135 (14%), 120 (28%), 105 (20%), 77 (24%)

2-acetamido~4'-methyltriphenylearbinol

a73

- Prepared as described above from 2-acetam1dobenzophenone'
(48 g) and the Grignard reagent from p-bromotoluene (103 g) and -

masnesium (16 s) in 52% yield.rx

th ()H

" MeDe 183 - 185 ° (Cﬂzclzlpetroleum bepe 60 - 80°) COCHa |
Analysis |
Founds Cy 794953 H, 64303 N, 4.,00%
C,,Hy4H0, requires: H, 6.40;

22721

Cy 79.75%

Ny, 4.20%
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Nem.Te (03013)

) 1051 PePellle 8 BH - COCH3
2432 s 3 - CH,
4.45 8 1H = OH (ex. with nzo)
6.5 - 7.4 m 12H arom, ’
. 8,01 Looa 1H arom,
9.0 br & 1H = NH - (ex. with 320)
I.,re - (mull) e
vy 3500 = 3000 br, 1665, 1563 e
Uove  (95% ethanol) -
N,y 214.5 mo log,, € 4.41

248 ' - 4405

Mass epectrum'
/e 331 (M%) (6%), 314 (8%), 313 (29%), 298 (4%), 272 (9%),
271 (44%), 270 (100%), 269 (6%), 25T (6%), 256 (23%),
- 254 (10%), 194 (11%), 180 (14%), 120 (10%), 119 (6%),
105 (10%), 93'(6%);192 (5%)s 91 (1%), 86 (7%), 84>(11%)9
77 (11%) S

o—acetamido= 1701 1)triphenylearbinol 171

*

A solution of 2-acetamidobenzophenone (12 g) in tetrahydro=-
~ furan (50 m1) was added dropwise to & refluxing solution of the
Grignard reagent from 2-(4—bromophenyl)-4 4-dimethy1-2—oxazoline 207
(25.4 g) and magnesium (2 65 g) in tetrahydrofuran (300 ml) ‘Work-
up as described above gave a red 0il (25.7 8) which consisted of
starting material and product.' Separation was achieved by column
chromatography on alumina (300 8, activity IV). Elution with
benzene (1 1) followed by methylene chloride (1 1) gave the
carbinol (5.5 g, 27%).
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m.p." 103 = 105 (0014/petroleum 'b.p. 60 - 80°) COCH
© Pounds ’j,fi'; | 'c.,7o 5; H. 6.153 N} 6 2%
Co¢B, 6n203 requires.;, G 75, 35, H, 5 30. .75%
CogBpg203 1% H,0 requiressifpf‘79.75; Jg,NG‘SSs N. 6 %
Nemore (CD013) e wsibew rs ru T,
8 1.32 popels 8. 6H .f"HCH3 .
. 1,56 | s 3H - COCH,
5.1 ~ br s 1H = OH (ex. with D,0)
6.5 = 8.0 m 13H arom, 1; fék E¢ﬁﬁgé
8.9 | br s 1H - NH - (ex".""iiéithpnzo)l“f
’ I.r. (mull) | $
v 3500 = 2800 br, ‘1670, 1630 on~t .
Ueve  (95% ethanol) -
a5 eEg © AT

. Mass spectrum , : . -
m/e 414 (M ) (4/’)’ 396 (11%), 354 (42%), 353 (100%), 281 (12%),
274 (24%), 273 (100%), 272 (15%), 269 (13%), 258 (20%), .
- 255 (15%), 254 (15%), 197 (445%), 196 (T9%), 194 (15%),
182 (29%), 181 (26%), 180 (68%), 179 (13%), 167 (12%),
165 (25%), 120 (26%), 105 (21%), 92 (17T%), 71 (245%)
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2-acetamido-4'~carboxytriphenylcarbinol 175

A vigorously stirred solution of magnesium sulphate (16 g)
in water (450 ml), containing 2-acetamido=4'-methyltriphenylcarbinol
(10 g) in suspension, was heated to reflux,..: A solution of
potassium permanganate (16 g) in water (50 ml) was added and the
mixture was left until the reaction was complete,:: indicated by the
disappearance of the purple colouration.(4 h),

The precipitated manganese dioxide was filtered off and
washed with hot water (500 ml). The combined filtrate and washings
were cooled and acidified with 2N sulphuric acid. The product was
filtered off and dried under vacuum, :

The manganese dioxide was washed with chloroform (3 x 200 ml)
to yield 6 g of starting material,

Ph OH
JAYY
II\JH . 99
Yield 2 g (55% vased on recovered starting material) COCHB H
MeDeo 191 = 194 ° (ethyl acetate)
Analysis '
Founds Cy 73153 H, 5.103 N, 3.55%
02211191104 requiress C, 73.153 H, 5,253 N, 3,90%
~Nemers  (DMSO = d/)
5 1,56 p.pem. | s 3E - CH,
3,4 br 8 1H carbinol - OH (ex. with D,0)
6.3 = 84,0 m 13H arom, )
9.2 8 1B -NH - (ex., with D,0)
11,0 = 13.5 - br 1H -~ COOH (ex., with D,0)
I.re (muil) : |
Vo, 3600 = 2500 br, 3490 br, 3375, 1690, 1655 cm~
Ueve  (95% ethanol) h ;
A, .. 240.5 mm log,, € 4.34
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Mass spectrum .
Bre 361 (MY) (5%), 344 (%), 343 (19%), 302 (14%), 301 (62%),
300 (100%), 299 (14%), 283 (7%), 257 (10%), 256 (38%),
255 (10%), 254 (21%), 224 (17%), 180 (17%), 105 (7%),

7T (%)
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SECTION 2

PREPARATION OF THE 2-AMINOTRIPHENYLMETHANES

2-aminotriphenylmethane 164

A solution of 2-acetamidotriphenylcarbinel 167 (30 g) in
98% formic acid (250 ml) vas refluxed for 24 hours, The acid was
distilled off under reduced pressure and the residue dissolved in
a mixture of methanol (250 ml) and concentrated hydrochloric acid
- (250 ml). This solution was refluxed for 5 hours, cooled and made
basic with aqueous ammonium hydroxide. The organic material wasg
extracted with chloroform (3 x 200 ml); the chloroform solution was
dried (Mgso ) and evaporated to leave & yellow oil which when
triturated with petroleum (b.p. 60-80°) gave 2-aminotriphenyl-

methane___& (18 &, T4%).

Mepe . 12645 = 127.5° (benzene/petroleum bip. 60 - 80°%)

11,185 129 (ether)

Analysis L o R
Founds. © . . C, 87.8; H, 6.55; N, 5,2%
19 17N requires: C, 88,03 H..€:603ffﬂ;55‘4% — ,
Nemur.. (0301 ) | e . B
b 3,22 p.p.m. “ "HvA_br s 20 - NH, (ex. with ,0)
© 5 26 S e . 8> 1H. methine C - H
C 6ed - 7 z  m 14m arom,

I.r. (mull)
-1

Voax 3440, 3360, 1620, 1598 em
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Usve - (95% ethanol)

AL 213 mm o logy, € 4440
235 sh T 3.86
Te86 . DUl 3,38

Mass spectrum
T/e 260 (25%), 259 (M%) (100%), 258 (18%), 241 (7%), 183 (10%),.
182 (62%), 181 (10%), 180 (37%), 168 (5%), 167 (15%),
166 (10%), 165 (34%), 77 (10%)

.VZ:amino-4'-methoxytriphenxlmethane 70~

Prepared as described above from 2-acetamido-4!-m9thoxy_
ﬂtriphenylcarbinol in 85% yield. :

" Bup. . 170 - 180°, 0.1 mn Hg

Nem.r. (CD013) . B F
20 - NH_

5 3439 pepem. - bros o: - (exs withbnzo)
3469 ‘ 18 3H "OCH3 ~

5e 42 8 1H methine C - H

5 5 - 7 4 -.m 13H arom,

3465, 3355, 1618, 1250 cu™!

%s,mgx :
Ueve (95% ethanol). | |
A, 2295mm log,,. € 4034 e .
~ 252 gh : L .
275 . sh
286 sh

374 3440
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Mass spectrum
Ble 289 (M%) (5%), 288 (17%), 211 (5%), 197 (11%), 196 (72%),
195 (100%), 179 (17%), 167 (11%), 166 (11%), 120 (57%)y

105 (23%), 92 (3T%), 77 (48%)

2-amino-4'=methyltriphenylmethane 174

Prepared as described above from 2-acetamido=4'-methyl-
triphenylecarbinoel in 92% yield,

Ph. H
NH
., | ) i CH,
Analysis ‘
Founds C, 88,353 H, 6.,75%
020H19N requires: C, 87,93 H, T.0%

Nemer, (cnc13) |

8 2,27 pepems = 3H -CH, |
3,16 br s 2 - NH, (ex. with D,0)
5¢4 8 "1H methine C - H
665 = Ted m 13H arom,

Ioro (film)
3440, 3360, 3205, 1630, 1600 cm™)

vmax
U.ve. (95% ethanol)
J\ma: 224 nm sh
249 sh |
255 logy, € 4.16 -
285.5 3,40
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Mass‘spectrum
m/t! 274 (25%), 273 (M+) (100%), 272 (13%), 258 (19%), 196 (30%),
194 (13%), 182 (22%), 181 (20%), 180 (50%), 179 (12%),
165 (27%), 77 (10%)
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SECTION 3

PREPARATION OF THE 2=AZIDOTRIPHENYLMETHANES

2-azidotriphenylmethane 158

A solution of 2-aminotriphenylmethane 164 (5 g) in a
mixture of 4N sulphuric acid (250 m1) and purified 1,4=-dioxan (250 m1)
was cooled to-=5 and a solution of sodium nitrite (1.45 g) in water
(50 ml1) was added‘with stirring, After 15 minutes a solution of
sodium azide (1.4 g) in water (50 ml) was added and the solution was
varmed gently to 30°. The azide was extracted with ether (3 x 200 m1)
and the combined ethereal extracts dried (Mgso )e The solvent was
removed under reduced pressure at 30° and the residual oil was
percolated through a column of alumina (200 gs activity IV, column
length 0,2 m) in petroleum (b.p. 40-60°), Evaporation of the solvent
under reduced pressure at 30° gave 2-azidotripheny1methane (4 €9 73%)
as a white crystalline solid.

Mepe 9445 = 95.5° (petzoleun bup. 40 - 60°) )

Analysis ! .
\ Found: L Cy 80,45 H, 4,93 N, 14,6%
. 19 15 5 requires: Cy 80,03 Hy 5.3; N, 14.7% i
Nem.r,  (CDC1;) - |
b 5.8 pepem, .8 1H methine C - H
6.7 - Ted ' m 14H arom,

I.r. (mll) ;

Vpay 2125, 1285.em
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U.ve - (95% ethanol)

)\mu 222 nm sh -
253.5 log, € 4.03
263 sh ‘
280 sh
-289 - sh S .
Amin 235 nm 1og1o€ 3,69

Mass spect:um
/e 285 (') ( 1%), 258 (37%), 257 (100%), 256 (22%), 255 (31%) .
180 (50%), 179 (22%)

2~azido=4'=methoxytriphenylmethane 160

Prepared as described above from 2~amino=4'e-methoxy-
triphenylmethane 170 in 87% yield,

Ph H
- N, OCH,
Analysis
Found: Cy 7643 H, 5,855 N, 12,9%
Q20H17N30 requiress C, 76.23 H, 5.,45; N, 13,3%
Nemers - (CDC].3)
5 3.75 pepem. 8 3H = ('JC'H3
575 8 1H methine C - H
6.8 - 7.4 ' nm 13H arom,
I.r. (£film)
vy 2130, 1298, 1282, 1250 em? , )
U.ve (95% ethanol) '
}‘max 230 nm - sh | |
252  logy, € 4.01
264 sh
280 sh

290 sh
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Mass spectrum
- Me 315 (MY) (10%), 288 (T%), 287 (43%), 286 (100%), 285 (17%),
273 (T%), 272 (34%), 271 (8%), 256 (10%), 254 (71%), 244 (9%),
243 (15%), 242 (25%), 241 (10%), 226 (21%), 210 (21%),
198 (15%)y 197 (9%), 180 (16%), 167 (14%), 134 (28%),
133 (28%), 120 (20%), 119 (40%), 105 (40%),
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SECTION 4

DECOMPOSITION OF THE 2-AZIDOTRIPHENYLMETHANES

e

: The azides were decomposed thermally in 1 2.4-trichloro-
benzene, The general procedure for the deoompositions vas as

follows:

A solution of the azide in 1,2,4~trichlorobenzene (100 ml)
was added dropwiee dnring 45 minutes to trichlorobenzene (1 1) '
maintained at a specified temperature in the range 180'- 200° e The
triohlorobenzeﬁe was stirred vigorously during the addition”of the
azide and a slow stream of dry nitrogen was paseed through the
solution during the entire decomposition, 5

-After 4 hours the solution was: oooled and the gsolvent -
removed by distillation under reduced pressure (1 mm Hg), The
residue was treated as described for the individual azides,
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DECOMPOSITION OF 2-AZIDOTRIPHENYLMETHANE ‘158

! - Decomposition of the azide (3.8 g) gave, after removal of
the solvent, a black oil which was shown by gas chromatography to
comprise two major and two minor products, The o0il was
chromatographed on a column of alumina (200 g, activity IV), The
column was eluted with benzene and two fractions were obtained,

The first fraction (1 1) was evaporated to leave a red oil
(2425 g) which on trituration with petroleum (b.p. 60-80°) gave =
9,10-dihydro-9-phenylacridine 176 (0.41 g).-

9,10=-dihydro=9=phenylacridine 176

Mope 170 = 171°, (petroleunm b.p. 60 = 80°)  H
Lit.19% 170°  (benzene)

Analysis

Pounds ¢, 88,655 1, 5 (N N, 5.5%
| 19 15N requiress C{’88.65; Hy 5.9; N, 5345%'
N.m.r. (cnc1 ) A. | ;
6 5 28 popomo o s 1H H on 0-9
6o 1~*‘ ! ' ‘br 8 1H - NH = (ex. with D20)
© 646 = 7.3 coe A m 13H arom,.
Ir.  (mull) " | S
vy 3375, 1608, 1604, 1582 en™
U.v. (95% ethano1) |
N N o, 224mm sh | |
289 1og10 £ 4.13 U e
312 sh'._'-i,_,‘ v
N .. 246 log,, C 3,70
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Mags spectrum
%/e 258 (%), 257 (M%) (35%), 256 (13%), 255 (18%), 254 (18%).
181 (17%), 180 (100%), 179 (7%), 155 (9%), 77 (9%)

The second fraction (500 ml) was - evaporated to give 0O, 65 &g
of a yellow solid which recrystallised from petroleum (b.p. 60-~80°)
and vas identified as 9-phenylacridine 177 (0 38 g) .

9-phenylacridine 177

M.p. 183 - 184°  (petroleun b.p. 60 - 80°)

Lit,795 184°  (ethanol)

Analysis - . : : : o
Founds - = Cy 89.353 H, 5.103 N, 5.40%
19 13N requiress C, 89.43 H, 5,103 N, 5,50%
N.m.r.%, (CDC13) : :
- 85 Te2 = 8.4 popom. m arom,
I.re  (mull) ; ’
N Voax ;1630, 1608 em
Tove (95% ethanol)
A 219 nm gh
max
- 253.5 long 5.10

390 . w00

Mass spectrum : _ R s ' : ,
B/e 256 (18%), 255 (M*) (100%), 254 (66%), 253 (13%), 226 (6%),
127.5 (11%), 12T (18%), 126.5 (6%), 126 (15%)



183,

The combined residues from the crystallisations were
chromatographed on a column of alumina (200 g, activity IV) in
petroleun (b.p. 60=80°), The first fraction (500 ml) eluted from
this column gave, on evaporation of the solvent, 11-phenyl-10H-
azepino[1,2-a]indole 178 (1.05 g)

11-phenyl-10H-azepino[ 1,2-a]indole 178

Ph
H
\ H
N
<!
Mepe 74 =T75° (petroleum b.p., 60 = 80°)
Analysis |
- Founds Cy 88,93 H, 5.85; N, 5.40%
| CygBy N requires: C, 38-653’ Hy 5.95 N, 5.45%
N.m.r, (cnc13)
5 3,49 pepeme 4 20 H on C=-10 J9’10 = 5Hz
5¢6 = 643 v : m 3 Hon C=T, 8 and 9
T¢0 = TaT = m 10H H on C=-6 and arom,

I.x, (mall)
3050, 3025, 1636, 1602, 1567 cm '

Vmax ’
~ Usve . (95% ethanol) ,
N oy 23400 log,, € 4.41
270.5 | 4.24
305 sh
325 sh

Mass spectrum
Tfe 258 (21%), 257 (M*) (100%), 256 (41%), 255 (10%), 254 (16%),
241 (5%), 180 (15%), 128.5 (T%), 127.5 (11%), 127 (11%),
120.5 (T%) :
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The second and third fractions (1 1) contained a small
amount of material which was not identified. The column was then
washed with chloroform to remove some coloured bends,. This yielded
850 mg of a mixture of products which was spread on to three
preparative plates and eluted with toluene, Five fairly clearly
defined -bands (Bands I = V in order of decreasing RF) vere produced,

o Band I 19 mg ' . R

Band II 18 mg

Band III 130 mg

Band IV 260 mg

Band ° V100 mg

Band I was not.identified, . - R
Band II gave a red solid which was identified from its
mass spectrum as 2,2'-bis(diphenylmethyl)azobenzené 112;

2,2’-bis§diphenxlmethxl)azobenzene 179

CHth
AN
_ N
Mop. 119 = 122°  (petroleum b.p. 60 - 80°)
Teve (cyclohexane) , Ph;C H
N, ., 257 nm log,, € 4.66
‘ 268 sh 4.64
287 4454
310 | 4449
342 4428
390 | 3,76

Mass spectrum ; (
Tfe 514 (M%) (12%), 513 (15%), 512 (35%), 511 (&%), 510 (12%),
259 (15%), 258 (25%), 25T (54%), 256 (100%), 255 (13%),
254 (19%), 243 (30%), 180 (15%)

Band III was identified as 9,1o-d1hydro_9-phehy1_‘
acridine 176, ‘
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Band IV was identified as 2-aminoiriphenylmethane 164 by
comparison with an authentic sample.
' Band V was identified as 9-phenylacridine 177

The remaining crystallisation.liquors were evaporated and
the residue similarly chromatographed on preparative plates with
toluene to yield the azepinoindole 178 (270 mg), 9=-phenylacridan
(20 mg) and 9-phenyl acridine (8 mg),. . _

The total yields of isolated products weres Lo

11-§heny1—10H-azepino[1,Z-a]indole 118 1.05 g 319%

9=-phenylacridan - 116 0.56 & . =~ "19% -

-+ 9=phenylacridine ; - A11 . 0.49 8 -~ 14%
2-amihotripheny1methane; - 164 0426 g T o 5%
Azo compound S A19

S 0.018 g 1%
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DECOMPOSITION OF 2-AZIDO-4'-METHOXYTRIPHENYLMETHANE 160

The decomposition of the azide (9 g) at 185° for four
hours gave, after removal of the solvent, a red tar which gave five
peaks on a g.l.c. trace (3% OV 101 on Supasorb A Wey 50 ml/min
nitrogen 209 ), although t l.c. showed the presence of seven

components,
An attempt was made to separate the mixture by column

chromatography; the crude decomposition product (2,75 g) was =
chromatographed on a column of alumina (300 g, activity Iv, column;
length 1 ‘m). 7 I R - e
The column was eluted with petroleum (b.p. 40 - 60° )/benzene

50/50), 25 ‘ml fractions were collected and the fractions ‘checked by
gas chromatography and NeMeTo spectroscapy. ’

The following table (Table 3) lists the products eluted

from the column, the fractione in which" they appeared and the weight

of each fraction. o

TABLE 3 |
o * Product Fractionsk o Weiéhte(mg)‘;
1 1 -3 410
2. 45 350
S 2,3 i3 L 6T 460
3 . ..8=15 " ‘591
445 - 16 =30 S 403 L.
6 31 = 50 ; 165
7,86 s51=123 " 33

= v o "2az15
- Recovery - 99% .

Product 1 was a colourless oil and was identified from

its n,m,r, spectrum as 1,2,4=-trichlorobenzene, » P
~ Products 2 and 3 crystallised from petroleum (b.p. 60 -

80°) to give pure samples of 11~ (4-methoxypheny1)-1oH.azepino[1 2-8]-
indole 180 and 8 9-dihydro-8 9-methano-8-methoxy—1thhenylpyrido-
[1 2-a]indole 181 respectively, =~

The mixture of products 4 and 5 was dissolved in boiling
petroleum (bepe 60 = 80°) end the solution allowed to cool to room



187,

temperature, Pure product 4 crystallised slowly., It was identified
from its spectral data as 9,10-dihydro-9-(4-methoxyphenyl)acridine
182, Cooling in an ice=salt mixture promoted co=crystallisation of
products 4 and 5.

‘ ' A pure sample of product 7 was obtained in a similar manner,
This compound was identified as 9-(4-methoxyphenyl)acridine 1 184 vy
comparison of its melting point and Ultra violet spectrum with
‘ literature data, ; ;

_Pure samples of products 8 and 5 vwere not isolated but
spectral data was obtained from mixtures, These compounds were
identified as 3-methoxy-9-phenylacridine 185 and its 9,10-dihydro

derivative 83 respectively.
Product 6 was an oil and was identified from its n.m.r.

spectrum as 2-amino-4'-methoxytriphenylmethane 170.

‘The high recovery from the column enabled the yield of each
compound to be calculated. The proportions of compounds in mixtureg
could easily be calculated from the n.m,r. spectrum of the mixture,

-The methoxyl -group in each. component had a different chemical shift
80 the proportions were calculated using the area of the methoxyl

peak as measured by ite integral.

Percentage of product X = - _
peak area of methoxyl group in X -

Geox
sum of peak areas of methoxyl groups in X,Y.... o0

Properties of the isolated products:

11=(4-methoxyphenyl)=10H-azepino[ 1,2=-a]indole 180 iOCHs

Product 2

Tields  17% » ,
‘ 97 -99° (petroleun b.p, 60 - 80°)
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Analysis
Foundg» . c’_ 83.85; H’ 6.20; E" 4.7096
020H17N0 requires: C, 83,60; H, 6,00; N, 4.85% .

N.m.rT, (03015)

6 3.44 p.pem. d 2H H om C=10 J = 5Hz
3,62 s 3E -0CH, |
5¢5 = 641 m 3H H on C=T7,8 and 9
6.8 ~ 746 m 92 H on C-6'and arom,
I,r. . (mull) } : ‘
Voax 3058, 3030, 3018, 1632, 1600,cu"
U.v, (95% ethanol) . -
A pax 234:5 nm logg € 4.5
267.5 .29
296 I |
325 ~ sh
335 sh

Mass Spect?um' ‘ . 7
/e 288 (23%), 287 (M) (100%), 286 (34%), 273 ( 17%), 272 (83%),
271 (8%), 244 (13%), 243 (11%),. 242 (19%), 241 (13%),
180 (21%), 143 (12%) |

S . N T * : - -

_ B49-dihydro-8,9-methano=8-methoxy=10-phenylpyrido[ 1,2-a]indole 18

——

Product 3

,Yield: 34%

Meps 155 = 157 °  (petroleum b,p. 60 - 80°)

Analysis
Found: Cy 83043 H, 5.803 N, 4.,95%
020H17N0 requiress C, 83.63 H, 6,003 N, 4.85%4



N.m,r, (cnc13)

189.

Ha on C-11

I41a,11p =
Hb ‘on C=11
T11a,11p = 44802y Jiqy o = 10,28z
H on C=9

J11ag9 = S‘BHZ'

4 ?321 J11a'9 = 5.8HZ

709 - = 2.0Hz
-OCH3
H on C=7

J79 =20Hz,J67-80Hz

1OH H on C=6 and arom,

log,n € 441

) 0.59 PeDollis d of d 1H
1.83 dof 4 1H
2,68 m 1H
3,22 s 3H
5465 d of d 1H
6e9 = T49 m
I.re’ (mull)
v, 3062, 1650, 1600 em™!
U.v. (95% ethanol)
A nax 227+5 nm
256 .
285 gh
314

Masgs spectrum

4449

4.18

/e 288 (31%), 287 (M%) (100%), 286 (22%), 273 (9%). 272 (20%),
271 (10%), 270 (20%), 257 (16%), 256 (41%), 255 (9%), 254 (20%)
244 (%), 243 (2T%), 242 (30%), 241 (14%), 240 (18%)

9,10-dihydro=9( 4-methoxyphenyl)acridine 182

Product 4';

Yield: ” 12%

MeDo 181 = 182°

Analysis
Found:

H’ 5.70;

(petroleum b.p. 60 = 80°)

N, 4.75%

020317N0 requiress H, 5,953 N, 4.9%
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Nem.r. (cnc13)

& 3.71 p.pem, s 3H ;00H5
5e¢24 s 1H methine C=H
6.1 br s 1H -NHE- -(ex. with D,0)
6.6 - 7.2 ’ m 12H arom,
Ioro "(mull)
-
Voax 3380, 1610, 1581 cm
Usve  (95% ethanol) |
Amax 228 om  logyg 8 4.30
285.5 ' : - 415
315 sh

Mass spectrum
Tfe 288 (8%), 287 (M") (37%), 286 (14%), 285 (5%), 242 (6%),
241 (5%), 210 (18%), 181 (17%), 180 (100%), 179 (7%)

- OCH,

9~(4-methoxyphenyl)acridine 184

Product 7

Yield:s 6%
“Meps . 213 = 214° (petroleum b.p. 40 - 50°/ether)

11,198 213°

Analysis Do o
. Forund:- Hy 5.255 N, 5.65%
€0l N0 requires: H, 5.33 N, 4,90% N
Nemer.  (CDCL,) R S |
5 3.87 pepem, s 3H -0CH,  n o ot

Y649 = 8,3 . m 12H arom,



U.v.  (95% ethanol)

}\max 220 nm
' 227
253
343

. 356

. Mass spectrum

sh

sh

191,

log,, € 4.41
4,37
5.01

3497

“/e 286 (48%), 285 (') (100%), 284 (17%), 271 (6%), 270 (27%),
255 (7%)s 254 (23%), 243 (5%), 242 (28%), 241 (47%), 240 (27%),
142.5 (5%), 135 (12%), 120.5 (16%) |

10-dihydro- -methox =0Q= hen lacridine ‘185 Lo

Product 5 S

Yields . 14%

Tore (mull) t

v 3360 em™

- max ‘
NemT. (cnc13)
. 8.3.77 pepem.
' 5”24,'
5,95

':w.br ’

.185.9,u

. 3H  =O0CH,

1H methine C-H
1H &NH (ex;;withynzo)

‘5Qmé£hoxy-9-phenxlacridine

Product 8

Yield:s 10%

N.m,x, (CDCIB)

8 3495 pepom.
6.9 = 8.3

3 ~0CH,

12H: aroﬁ.
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SECTION 5

PREPARATION AND DECOMPOSITION OF (=(2-AZIDOPHENYL)eol. o=
DIDEUTERIOTOLUENE 192

. Preparation ofce-(2-aminophenyl)éd!.dﬁ-d;deuteriotoluene_

) A complex of lithium aluminium deuteride and aluminium
chloride was prepared by dissolving anhydrous aluminium chloride
(20 g, added in portions) in dry ether (100 ml) and adding the
deuteride (4 g). This gave a complex of approximate formula
LiA1D,. 1341C1,. S - *

A solution of 2-aminobenzophenone in ether was added
Adrdpwise with stirring until coagulation occurred and a solid
precipitated, Approximately 7 g of the ketone was added,

. The excess lithium aluminium deuteride was destroyed by the
addition of wet ether and eventually water (500 ml), The ether was
separated and the aqueous layer washed with ether (2 x 200m1), The
combined washings were dried (MgSO ) and evaporated to leave a brown
0l (6 1 87 93%) ’ Do

- The Nem.Te spectrum of the oil showed only aromatic signals
- and a signal due to the amine protons and the infra red spectrum
revealed the absence of the carbonyl ‘absorption., The oil was not

purified further but used directly,
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HA~(2-aminophenyl)=of ,d"=dideuteriotoluene

Bepe 114 - 116° 0.35 mm Hg

Analyéis

.Found. o, 8425 H(D), 7.205 N, T.5%
Cys Hy4D,N requirest Gy 84425 ’}’ N, 7. 55y
"FH13 for compound of . o
molecular weight 185.3 ;‘.’ - Hy T.03
Nem.To (CDCI3) S |
. 83.58 popem. 8. 2H -NH, (ex. with D,0)
. 6.5=7.3 m 9 arom,
I.r, (film) E
Vo, 3445, 3362, 1622, 2190, 2130, 2095 em™
U.Ve (95% ethanol) 3  ,i n
A max 233.5‘nm> _ log10 € 3.87 N
. 285 . | 3436

Mass spectrum

/e 186 (16%), 185 (M ) (100%), 184 (47%), 183 (11%), 182 (9%),
181 (9%), 169 (9%), 168 (9%), 16T (1€%), 166 (22%), 165 (7%),,
108 (36%), 10T (24%), 106 (9%). 105 (7%)
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Prepsration of ot—(2~azidophenyl)-da’,a"~dideuteriotoluene 192

+ A solution of the amine (6.1 g) in a mixture of 4N

sulphuric acid (200 ml) and purified dioxan (200 ml) was cooled to
0° and a solution of sodium nitrite (2.53 g, excess) in water (25 m1)
was added dropwise with stirring, After 15 minutes a solution of
sodium azide (2.55 g) in water (25 ml) was added and the solution
was allowed to warm to room temperature,

_The azide was extracted with ether (3 x 300 ml), the ether
extracts dried (Mgso4) and evaporated under reduced pressure at 30°,

The residual oil was percolated through a column of alumina
(200 g, activity IV, column length 0.2 m) in petroleum (b.p. 40 - 60°).

Evaporation of the solvent at 30° under reduced pressure

gave the azide 192 (5 18, 73%) as a - colourless oil,

cx-SQ-azidophenz )-d!,dﬁ-dideuteriotoluene 192"

Nem,r. (cnc1 )

8 6.9 = 743 P Pelle m
I.x, (film)
-1
v 2130, 1290 cm

" Mass spectrum o P e R e AL e
le 211 (M) (%), 183 (29%), 182 (90%), 181 (100%), 180 (50%),
179 (12%), 155 (6%), 154 (T%), 153 ( 10%), 152 (10%),
91 (8%). 91. 5 (9%). 90 (10%) '
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Decomposition of k=(2~azidophenyl)=d!,d"-dideuteriotoluene 192

 The azide 192 (5.0 g) was decomposed at 187° for four
hours, The solvent was removed under reduced pressure to leaVe a
black solid which was shown by g.l.c. examination to consist of one
major and several minor components, Recrystallisation from petroleun
(charcoal) gave the azepinoindole as a pale yellow solid (3.5 g, 60%),

Comparative gas chromatographic'analysis of the minor

products indicated that they were acridan, acridine and the amine
precursor to the azide 192, An attempt to isolate fhese producés
| by chromatographic separation of the residue from the crystallisation
failed. However, the azepinoindole isolated from the column was
found to’have undergone deuterium exchange on the column and a singlet
due‘to the H~-11 proton was observed in the n.m.r, spectrum, An
attempt to;reverse the exchange by elﬁtion of the azepinoindole down
a column of alumina, deactivated by D20;'met wiih only partial

success, _
" The azepinoindole was shown to be deuterated at the C-10

and 11 positions by careful analysis of its 220 MHz n.m.r. spectrum,

10,11-dideuterio41OH-azepjnof1.2-a]indole »i93,

MeDe  91¢5 = 92.5°  (petroleum b.p., 60 = 80°)

Analysis

Found: Cy 85¢33 H, 6,103 N, T.65%
C13H9DéN requiress C, 85.2 ;. N, 7.65%

H11 for a compound of ‘ _
molecular weight 183.3 H, 6,0 :
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Nem.rs (220 MHz Spectrum, 0014)

6 3 32 = 3,43 pepen. m 1H H on C=-10
5459 dofd 1H H on C-9
J9,10 = 5.5HZ,\: J8,9 = 9.0HZ
5072 = 5.86 | 'm 1E H on C-8
5490 dof & 1H H on C-7
J6,7 = 1002HZ, J7,8 = SQSHZ
6.98 = T7.09 m 2H arom. or H on C-6 and arom,
T 14 -Te25 »m_;zngarom.forjﬂ on C=6 and arom,
Te34 = To46 m 1H arom,
I.r, (mull) - \
Voay 1640s 1605‘cm“1
Ueve  (95% ethamol)
Mg 26 s €4
o 271 .1 ; P 4.20
278 sh o
314 L 3.84

Mass spectruﬁ o

/e 184 (12%), 183 (M*) (80%), 182 (100%), 181 (65%), 180 (18%),
179 (%), 156 (5%), 155 (T%)s 154 (11%), 153 (11%), 152 (7%),
129 (5%), 128 (6%), 91.5(%%), 91 (8%), 90.5 (6%), 90 (s%),
78 (%), 7.5 (6%)s TT (TH)y 76 (5%)y 75 (5%) . ' ¢
,‘\Appearance potential = 15 eV . 184(13%), 183 (M*) (100%)‘
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SECTION 6

FURTHER WORK ON THE DECOMPOSITION PRODUCTS

Reduction of 11-phenyl=10H~azepino[1,2=alindole

A solution of the azepinoindole 178 (0.25 g) in methanol
containing 10% palladiﬁm—on4chareoal (0.1 g) was hydrogenated at
atmospheric pressure and temperature until absorption had ceased.
(2 moles H2 absorbed) " The filtered solution was evaporated and the
residue recrystallised from petroleum (b.p. 60 - 80° ) to give the
tetrahydro derivative 202 (o 22 g, er%)

6,7L8.9-tetrahyaro-11-phegy;-1on-azepinor1,2-a]1ndole,'202

Mepe  107.5 = 108.5° (petroleun b.p. 60 - 80°)
Analysis

Founds ‘ Cy 874153 H, Te255 N, 5.30%

c19H19N‘:equires: Cy 874303 H, T7.35; N, 5f35%

Nemers . (CDC1;) R
6H H on C=7,8 and 9

) 1.7 - 2,0 PePelle m
209 - 3.2 m 2H H on C-10 -
4ol = 445 'm 2H Hon c-6 )
701- 7.9 m 9H arom. »
UeVe (95% ethanol) .
N oy 230 nm  logyy € 4.4
2717 sh

282,5 ' 4.12
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Mass spectrum ~
/e 262 (21%), 261 (M) (100%), 260 (20%), 246 (5%), 233 (9%),
232 (13%), 220 (9%), 218 (7%), 217 (%), 206 (10%), 205 (&%),
204 (11%), 184 (55%), 13045 (4%), 77 (5%)

\derolxsis of the pyridoindole 181

, A solution of the pyridoindole (0.2 g) in ether (25 ml)
was shaken Qith 2N hydrochloric acid (25 ml) for two minutes. The
ether was separated, dried (MgSO4) and eﬁaporated to give a residue
identified as the starting material,

The residue was treated with doncentrated hydrochloric
acid (25 ml); It readily dissolved to give a red solution., Shaking
the solution with ether4(25fml) did not remove the colouration so-the
acid was neutralised with aqueous ammonia and the neutral solution
éxtracted with ether (3 x 25 ml), The combined ether extracts were
dried (Mgso4) and evaporated to give a yellow crystalline solid
(0415 g) identified as 9,10-dihydro-11~-phenylazepino[ 1,2~a)indol=-

8-one 203,

9.10-dihydr6-11-pheny1azepinor1,2-a]indol-8—one 203

A

A . R
MePe 144 = 144.5 ' (methanol)

Analysis 4 . “ S
:’Founds" 07834253 H, 5.85; N, 5,0%
Cqg 15N° requlres‘ Cy 83503 H, 5.555 N, 5.%  °
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NemeTe (cnc13) ‘

'$ 2,82 peDem, m 2H H on C=10
 3.22 m 2H H on C=9
571 d 1H H on Ca7 J6,7 = 10Hz
Te2 = T8 m 10H arom, and H on C=6
I,r. (mull)
v, 1650, 1626, 1605 e
TeVe (95% ethanol)
}\max 227 nm log,q € 4.45
251 sh , :
27545 : 4419
279 sh
347 . 4420

Mass spectrum
Bre 274 (23%), 273 (M*) (100%), 246 (18%), 245 (75%), 244 (93%),
243 (18%), 230 (18%), 217 (15%)

Attehpted igomerigsation of the pyridoindole 181

| A solution of the pyridoindole 181 (0.2 g) in 1,2,4=- | »
trichlorobenzene (1 ml) contained in an n.m.r. tube was maintained L
at a temperature of 195° by refluxing decalin, The progresskof the 'li
'*thermolysis'was followed by NeMeT. spectroscopy. o
As time progressed the emergencé of é peak 0,2 peDoml,
down-field of the pyridoindole methoxyl group signal was observed.
This peak gradually increased in height and after 30 hours was the
predominant peak., The corresponding diminution of the pyridoindole
signals was also observed, Several other peaks in the region & 3,0 =
4,0 p.pem., a8lso appeared. . . -
After 55 hours the reaction was stopped. The signals due
to the pyridoindole had almost disappeared and a complex pattern had
- emerged in the region of & 3.0 -‘4.0 PePelle Examination of the
‘solution by gel.c. revealed the presence of six components, some of
which had retention times similar to the acridan/acridine products,
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The solvent was removed and the residue spread onto a
Elution with benzene gave five ill-déefined

preparative plate.

bands,.
1. Rp 0.72
2. 0.63
3 0.40
4. 0.09
56 0.03

red

orange

colourless/black U.V. reaction:
yellow/black U.,V. reaction
colourless/blue U,V, reaction

These bands were removed and examined by linked gas

chromatography - mass spectrometry but because of the very high
background no useful data was obtained,

The reaction was not repeated,
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