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Part One: Ortho-Hydroxylation of Phenols

Phenol and its homologues are condensed With
2-chloro-3,5-dinitrobenzophenone giving 2-aryloxy-3,5-
dinitrobenzophenones.  These are hydroxylated in concen-
trated sulphuric acid by treatment with acetic acid and
hydrogen peroxide affording 2-(2"-hydroxyaryloxy)=-3,5—
dinitrobenzophenones which, by renewed hydroxylation yield
2-(2",6"~dihydroxyaryloxy)-3,5-dinitrobenzophenones.

Scission of the mono-hydroxylated products leads to catechol
and its homologues; scission of the di-hydroxylated products
yields pyrogallol and its homologues. The requisite
cleavage is more reliably effected by phenylhydrazine than
by piperidine,.

Part Two: Dibenz (b,f) oxepins

5~-Nitro-2-phenoxybengaldehyde, prepared from phenol in
reaction with 2-chloro-5-nitrobenzaldehyde, is converted
by standard methods into 5-nitro-2-phenoxyphenyl-pyruvic
and -acetic acids. Each of these acids is cyclised by
polyphosphoric acid to the apnropriate derivative of
2 nitrodibenz (b,f) oxepin. Hence, or from modified

intermediates, there are prepared the parent compound,



namely dibenz (b,f) oxepin and its 2-nitro~derivative.
Incidentally, some aspects of the chemistry of this
class of compound have been examined and the study hsas
been extended to include members which incorporate ccrtain
structural features found in the alkaloid, cularine.

In an addendum the similar syntuesis of dibenz (b,f)~
thiepin derivatives from 5-nitro-2-fo~toljlthigbenzaldchyde
is described and some of their transformations are

discussed.
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Introduction

Aromatic compounds with two or three vicinal hydrozyl
substituents occur in a wide variety of netural products,
including alkaloids (I), pigments (II), essential oils (III)
lichens (IV), coumarins (V), tannins (VI) and hormones (VII
either in the free state or as condensates. Frequentliy,
as shown below, the hydroxyl groups are not présent as such

but as the methyl or methylenedioxy derivatives.
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~ Catechol, the simple 1,2-dihydroxybenzene, 1s presen
in coals, wood-tars, plants and vegetables, sometimes iu
the parent form (e.g. in onion scales), but more often in
cémbination as in tannins, from which it was first obteined
by dry distillation. Industrially it is produced by the
action of alkali under suitable conditions on ortho-
chlorophenol or phenol sulphonic acids. Because of its
ease of oxidation, catechol is used in photographic
developing. Its monoalkyl ethers, of which gunaiacol
(the mono-methyl ether present in beech-wood tar) is the
most important, are ma&e use of in medicine, particularly

in the treatment of congestion of respiratory passages.
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Alizvl catechols, prepared technicelly by the interaction

- o ia R

of catechol with alkyl halides, olefins or alcohols, act
as therapeutic agents, insecticides, antioxidants for Tzte
and soaps, and as agents for stopning polymerisation and
preventing gum-formation in oetrols.

Pergallgl, 1,2,3-trihydroxybenzene, occurs in

combined form in creosotes. Its chief source, however,

is gallic acid (VIII), which is widely distributed in

Ho COOH
Ho
OH
)

many plants rich in tannins. The decarboxylation
process is carried out in industry by treating gsllic
acid with water at high temperature under pressure or by
distillation from a mixture with pumice in an atmosphcre
of carbon-dioxide. Pyrogallol is useful as an ebscrbent
for oxygen in alkaline solution, photographiec developer,
antioxidant, catalyst for certain oxidation processes and
in medicine for the treatment of skin diseases. Alkyl
pyrogallols are insecticides but are generally less
powerful than the corresponding alkyl dihydroxy comiounds.

It is thought desirable at this stage to review



briefly some of the methods which have been zdonted to
introduce hydroxyl groups into the ortho position of
phenols.

Pittig and magerl and other workers®™? studied
the'effect of alkali fusion on the three isomeric bromo
(or chloro) phenols. In general, the ortho and mets
isomers gave mixtures of resorcinol and catechol. From
the para compound, resorcinol was the predominant product,
along with varying quantities of hydroguinone. The

4’10’11’12’13, however,

iodophenols by similar treatment

produced the corresponding isomeric dihydroxybenzenes

(e.g. catechol from ortho-iodophenol). Nolting and
4

Stricker  explained the formation of catechol from meta-

e

bromophenol on the basis of an oxidation-reduction system,

thus:-
2 KOH = KZO + HZ + O
OH OH OH
=5 Ha . @ + HBr
OH OH
Br 8r

With the iodophenols, the larger size of the iodine =tom
Tavours the straightforward elimination of the halogen.

The yields of the dihydroxybenzenes are for the most vart
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woor due to the v hreme conditions and i

nehability
of nolyhydric phenols tovards strong alkali. Hipriyeanov ond

4 . , . . -
1‘, however, obteined catechol in good yicld from

Suilch
@rfh}chlorophenol by hydrolysis with agueous caustic soda,
in forcing conditions, in presence of copper sulphate ae
catalyst and this method has been developed on an industrisl
scale, It may be noted also, that Freidlin and Fridman15
have reported the formation of catechol by nassing ortho-
chlorophenol at high temperature o%er silica, promoted by
cuprie chloride.

Phenol sulphonic acids have been used as starting
materials for the synthesis of dihydroxybenzenes, notably

by Barth and ooworkersl6’l7.

Fusion of phenol-2-sulphonic
acid with alkali gives only a small yield of catechol.

The 2,4~-disulphonic acid, similarly, forms bengene~l,2~di-
hydroxy-4~sulphonic acid as the main product. Mercle
showed that hydrolysis of the remaining sulphonic acid
group could be achieved under rigorous‘conditions with
mineral acid to give catechol. This method, with

modifications, has been developed as a technical process.

SO3H sO3H
> S
HO HO
5°3” OH OH

HO
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According to Fetersen and Baehrmfredarij, para-chloro-hznol-
2-gulphonic acid treated in a similaer way gave pyrogaliol,
by incorporating the two fusion methods above.

Catechol has been prepared from grtho-aminophenol by

X o0
treatment with mineral acid19 or from its diazonium galt™"

but g more convenient laboratory aporoach is by Dakin's

method21’22.

This involves the oxidation of ortho-
hydroxybenzaldehydes with hydrogen peroxide in alkali.

Dakin observed that the reaction could be extended to

CHO OH

OH OH

hydroxyacetophenones but the yleld of dihydroxybenzenes

- was poor. Baker, Jukes and Subrahmanyamza, however,

have shown that it is readily possible to oxidise such
compounds successfully, and since hydroxyacetophenones

‘are generally accessible it is evident that this provides

a valuable synthetic method. Moreover, although difficulty
sometimes arises through the formation of rather insoluble,
co-ordinated alkali salts of the grtho-hydroxyacetophenones,

this may be circumvented by the use of ammonium hydroxidcs,



cuch a8 tetramethylammonium hydroxide or benzyltrimethy -

armonium hydroxide56.

The oxidetion of monohydric phenols to dihydric

phenols by the use of »notassium persulphate in alkaline

A . .
24 and haes since been the

25

solution was introduced by Elbs
subject ;gf/numerous publications. Baker and Brown
(who give a brief review of the method) found that if the
para position to the phenol were vacant, then hydroguinone
derivatives were formed, but in the event of the bars
position being occupied g derivative of catechol was
obtained, generally in smaller yield; Forrest and Petrow26
OH Ok

_-OH

I

CH3 CH3

have shown, however, that 2 :precisble gquantities of

catechols in addition to the guinols can be isolated even

when the para position is unoccupied.

OH OH OH
—> +
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The uge of free hydroxyl radicels (obtained from

hydrogen veroxide in the nresence of a Terrous salt) in
the oxidation of shenols has been studied by many workers,
. 7 - (T, 28 o
notably Cross, Bevan and Heiberg and Goldhemmer™". It
is quite evident that ortho-hydroxylation of the aromztic
nucleus does occur, since catechol can be isolated more
easily than the other reaction products, which include
hydroquinone, pyrogallol and purpurogallin. Waters,

29,30 o
et al’ have confirmed the complex nature of the
oxidation of phenol and shown that the direct oxidation of
aromatic ring systems by free hydroxyl radicals is a proces
of no preparative value.

Of more practical application, however, is the method

31,32.

due to Cosgrove and Waters lonohydric phenols were

shown to react with benzoyl peroxide in boiling chloroform

to give monobenzoates of catechol derivatives. Pars—ond
meta-cresol, for examvle, gave tue same products. It is

considered that the substitution of the para derivetive
CH3 CH3 cﬂs

, OH OH
OH o.»co. Ph



~

invelves the woleculor rearran-crent of o beuzoyl Joovi.

From the ortho isomer, the maein product consisted of
resinous matorial, the only simbple reaction preoduct
isolated being 2-benzyloxy-m-cresol in poor yield.
From nhenol itself, derivatives of both catechol and, to
a lesser extent, hydrogquinone were obtained.

A variety of reactions involving ortho-hydroxylation

: 33=3T,23 .. .

have been devised by Baker, et al ! in the preparation

of derivatives of teteahydroxybenzene. For example,

OCH3 o onc
OcH3 ¢ro OCH — ocH
OCH3 c(Hs ST OCH3
N%Z O OAc
42

Stevens '~ heas reported the synthesis of pyrogallol
from 4-tert.~butylphenol, and it may also be noted that
Stein and Weiss'® have formed catechol in minute qusntities

by the action of neutron x—-rays on benzene.

Loudon, et al?8’39’4o observed that potassium salts

2~

of phenols condensed with 2-chloro-5-nitrobenzophenone

.
N

(IX; R = H) to form 2-aryloxy-5-nitrobenzophenones (¥X; R = H)
which with concentrated sulphuric acid afforded solutions

of the corresponding 9-phenylxanthylium sulphates (XI; R = H)



A O - w

R

() (X)

| Ph
Ph B L
’Co NOZ D HSO @
ELD < S e
R L )

(x1) (x1)

Subsequent treatment of these solutions with acetic acid
and hydrogen peroxide gave 2-(2"-hydroxyaryloxy)-5-
nitrobenzophenones (XII; R = H), which reacted with hot
piperidine to give catechol derivatives and S-nitro-
2-piperidinobenzophenone (XIII; R = H). Compound

(XII; R = H), similarly, on renewed hydroxylation yielded

"°‘©<Z/© @ >

LXH) (Xj_l)
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2-(2",6"-dihydroxyaryloxy)~5-nitrobenzophenones (XIV; 2 = ).
The latter compounds on heating with piperidine in cereral
underwent rearrangenent and cyclisation to form fluorone
derivatives (XV; R = H) rather than the normsl scission b5

pyrogallol derivatives.

Ph
to i
R R OM

(ar) (<)
y

Ph
c
NO,
0
R

o
OH

(&)

Scott4l, however, noted the ease with which 2-chloro-
3,5~dinitrobenzophenone (IX; R = NOZ) (where the chlorine

atom is further activated by the second nitro group in

the appropriate position) condensed with phenols in cold

pyridine to give the desired product (X; R = NOZ)'

Preliminary investigation suggested that oxidetion of
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(X; R = NOz) proceeded smoothly to (XII; R = i0,) and
the latter »roduct reacted with piperidine in mild
conditions. This tended to confirm the expectation
that scission of these compounds would be appreciasbly
easier that in the mono-nitro series, and if this were
‘indeed the case, the possibility of isolating sensitive

polyhydroxy compounds would be greatly increased.

In the work about to be described the reaction scheme

IX—>XV (R = NO, in all cases) has been studied and
extended and its application to a number of phenol

homologues investigated.



Discugsion

2-Aryloxy=-3,5-dinitrobenzophenones

f" Ph
co
MOy + /@ —_ No, co
c
HO
hmh sz
(1)

These compounds were prepared by adding the phenol
in slight excess to a solution of 2-chloro-3,5-dinitro-
benzophenone in pure pyridine (dried over KOH). After
standing ébout 15 hours, the reaction mixtures were
poured into dilute mineral acid. The desired products
(XVI - XXI) precipitated and were crystallised from
mixtures of benzene with methanol or light petroleum.
The yields obtained were high (75-85%). If, however,
impure pyridine is employed, the yilelds are considerably
reduced due to the formation of intractable black tars.
In this way, the following derivatives of phenol and its
homologues were prepared:-
2-phenoxy-3,5-dinitrobenzophenone (XVI)

(previously »repared by Scott4l) from phenol.
2-(3"—methylphenoxy)-3,5~dinitrobenzophenone (XVII)

from meta-cresol.



2~{4V~methylohenoxy)-3,5-dinitrobenzophencne (IVIIT)
from para-cresol

2-(2",5"-dimethylphenoxy)-3,5~dinitrobenzophenone (XIZ)
from 2,5-dimethylphenol.

2-(3",4"-dimethylphenoxy )-3,5~-dinitrobenzophenone (XI)
from 3,4~dimethylphenol.

2—(3",5"~dimethylphenoxy)-3,5~dinitrobenzophenone (XI1)
from 3,5-dimethylphenbl.

More sensitive phenols react similarly. Por ezemnle,
Scott41 has nrepared the corresponding derivatives from
a-naphthol, B-naphthol, l-phenanthrol and 7-hydroxy-
coumarin.

It was found that from dihydric phenols also, the
mono-ethers could be formed smoothly, provided a large
excess of the phenol Were‘present, 2—(2"-Hydroxyphenoxy)-
% ,5-dinitrobenzophenone (XXII) and 2-(3"-hydroxyphenoxy)—

3 ,5~dinitrobenzophenone (XXIII) were thus prepared from
catechol and resorcinol respectively.

In the nresence of rather more than 2 mols. of

2—-chloro~3,5-dinitrobenzophenone the corresponding

Ph
!

Ph
Ph
NO. cOo )
272 + Q s Mo © o NOy
q H O OH
NO

2 NG, NO,

(xxv)



diethers, catechol big-(2-benzoyl—4,6-dinitronienyl) =v . er

(XXIV) and resorcinol bis-(2-benzoyl-—4,6-dinitrophenyl)

ether (XXV) were formed. These compounds crystallised
readily from acetic acid. However, (XXV) retained the

solvent tenaciously and correct analytical figures were

only obtainable after fusion in vacuo;
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The 2-aryloxy-3,5-dinitrobenzophenones (XVI - ZXI) on
treatment with warm concentrated sulphuric acid cyclised
giving red solutions. On cooling, glacial acetic acid
was added and the solutions were titrated with hydrocen
peroxide until excess oxidising agent was prcsent. he
colour of the reaction mixtures became amber and in some
cases the products crystallised out. After standing
about half—an—hour, the entire mixture .was added to
crushed ice and the following hydroxylated compounds

(XXII, XXVI - XXX) were obtained:-



\

2—(2"-hydroxyohenoxy )=3,5~dinitrobenzo shenone (XIIL)
(identical with the mono~ether obtained from
catechol, p. /4 ) from (ZVI).

2—(2"-hydroxy-5"-methylphenoxy)-3,5~dinitrobenzophenone
(XXVI) from (XVII)

2-(2"-hydroxy-4"-methylphenoxy)-3,5~dinitrobenzophenonc
(XXVII) from (XVIII)

2=(2"~hydroxy-3",6"-dimethylphenoxy)-3,5-dinitrobenzonhenone
(XXVIII) from (XIX).

2—(2"~hydroxy-4",5"-dimethylphenoxy )-3,5-dinitrobenzophenone
(XXIX) from (X¥).

2—(2"-hydroxy-3",5"-dimethylphenoxy)~3,5-dinitrobengorhenone
(xxx) from (XXI).

These compounds crystallise easily but, as had been
observed by Loudon and Scott ) with the corresponding

type of compound in the mono-nitro series, those which

are obtained from hydrocarbon solvents (XXVI, XIVII)

retain the solvent which can be removed by heating

in vacuo to 125°.

The reaction is subject to similar limiting conditions

38,39

as in the mono-nitro series and a number of experiments
were carried out initially with the more accessible
2-phenoxy-3,5-dinitrobenzoohenone (XVI) to determine the

most suitable proportions of concentrated sulphuric zcid



and glaciel acetic acid. To obtain good yields of Thc
products it is obviously desirable for the volumes of
these reagents to be kept as low as possible and yet
sufficient sulphuric acid must always be present to
dissolve (XVI). As indicated by Table A (p.&d ) even
e slight variation in the ratio of concentrated sulpruric
acid to acetic acid produces unwanted results. If the
ultimate concentration of the mineral acid is too high,
red by-products are formed and the desired products cre
then obtained crystalline only with difficulty and in
poor yield. If it is too low, organic peroxidcs
precipitate and to prevent their local formation the
hydrogen peroxide was diluted with acetic acid and addcd
gradually from a burette. The criterion of the ideal
reaction was taken to be fading of the colour in the
reaction solution to a clear amber when a calculated
excess of hydrogen peroxide had been 2dced. The concitions
which were found to be most suitable for (IVI) were also
applicable to the other 2-aryloxy-3,5-dinitrobenzophenones
(XVII - XXI). When these ideal conditions were employed,
the reaction could be carried out swiftly and efficiently
and # high yields (80%) of the hydroxylated products

/
(XXII, XXVI -~ XXX) obtained.
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The hydroxylation of (JVIL) end (XX} cen obviously

teke place in two directions. The procduct from (XVii)

has been shovn to have in Ffact the structure (TIVI) Lo

methylation end scission experiments (see ». 3§ )

i« ' .
co '
2 Ho NDy 0 Ho CH3

CH
3 CH
NOy NO 3

) (xxix)

The product from (XX), however, remains ambiguous

although it seems more likely to have the structure

/

(XXIX).
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2-(2 207 ~Dinydroxyorylory -7, 5-dinitrobenzohenones

Ph Ph @
co !
NO NO ¢
> —> f@:oj@ H50,©
M) on NO, OH
m—— P
(xx11)
Y !
co
NG, Ho
OH
vo,
(XXX )

The 2-(2"-hydroxyaryloxy)-3,5-dinitrobenzophenones
listed on p. {7 , with the exception of (XIVIII), which
lacks the requisite free ortho-position, dissolved in warmn
concentrated sulphuric acid to give red-brown solutiors
of the corresponding xanthylium salts. On cooling, the
addition of acetic acid produced no change of colour with
(XXI1), (XXVII), but gave green solutions with (XXVI),
(XX1%), (XXX). On treatment with a slight excess of
hydrogen peroxide the colours changed in a few minutes
to clear amber. The solutions were then rapidly
transferred to crushed ice, whereupon the following

products were precivnitated:-



2-{2",6"~dihydroxy henoxy)~3,5- dinitrobenszoshenone (M1
from (XXII)
2*(2",6"~dihydroxy~5"~methylphenoxy)e3,5~dinitrobenzovhcnone
(XXXII) from (XXVI).
2-(2",6"~dihydroxy-4"+methylphenoxy)~3,S—dinitrobenzophenone
(XXXIII) from (XXVII)
2—(2",6"~dihydroxy-3H,4"~dimethylphenoxy)-3,5-dinitrobenzo-
vhenone (XXXIV) from (XXIX) ‘
2—(2",6"~dihydroxy-3",5"-dimethylphenoxy)-3,5~-dinitrobenzo~
phenone (XYXXV) from (XXX)
The comvounds (X¥XI - XXXIV) crystallised only with
difficulty, and (XXXIII) obtained pure from bengene
retained the solvent. The hydroxylation product of (XIY)
could not be induced to crystallise although it was
subsequently shown to be essentially the desired product
(XXXV) by scission to 4,6-dimethylpyrogallol (p.3] ).
The preliminery investigation of the reaction was
carried out with the apvrovriate derivative of phenol,
2~ (2"-hydroxyphenoxy)-3,5-dinitrobenzophenone (XXII). It
was observed that strict control of the ultimate
concentrations of the critical reagents (concentrated
sulphuric acid and acetic acid) was again necessary to

prevent the formation of red by-products and peroxides

(see Table B, p. 4.5 ) The most suitable conditions for



Lhiydroxylation of (MFII) were found to be esuelly
aprlicable to (XXVI), (XXVIQ)and (¥71X). Comnound
(XXX) however, required rather different proportions of
acetic acld and concentrated sulrhuric acid.

The 2-(2",6"-dihydroxyaryloxy)-3,5-dinitrobenzophenones
are much less easily handled than the corresmnonding
monohydroxy compounds. When the reaction solution is
left in contact with excess oxidising agent the originel
amber colour rapidly darkens. They decomuose culckly
on storage and on héating in organic solvents. Since
they crystallise with difficulty, they are seldom

obtained pure in yields greater than 40-50% even when

the conditions are most favourable.
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Hegctions with Sineridine

the sciseion of ortho and/or nera nitrated diaryl

B

ethers by means of “ipericdine wes introduced by lurner,

)

o} ZD RO
et a157 58 1oudon, et a1 01094

ATEER———

extendad this to a

variety of compounds of the general type (XII), which

Ph

\
(of»)
NGy Ho

(xu)

by treatment with hot piperidine split to give catechol and

5-nitro-2-piperidinobenzophenone.
T

In the presgent work, this reaction was studied in thec

first instance with 2-phenoxy-3,5-dinitrobenzophenone (xvi

o | Ph
[V co co
BB T O
O HO
Noz_ Noz
(@) (xxxvi )

The activating influence of the two nitro groups
ortho end para to position 2 of ring A, ensbled breazing
of the ether linkage with piperidine to occur under more

moderate conditions than was the case with (XII) sbove.
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more slowly in the diluent benzene even at room temveoroture
and in the presence of sufficient acetic acid to neutr:lise
the quantity of amine used. The nhenol was isolated from
the benzene solutions of the products by acidification of the
aqueous alkaline extracts and was estimated as tribromo-
phenol. The other product, 3,5-dinitro-2-piperidinobvcnzo-
phenone (XXXVI) was recovered from the residusl bengzene
solutions.

Table C (p. b ) summarises the experiments, which,
although not intended to be quantitative, did indicate
that the yield of phenol (determined by comparison with
a test solution of »henol in piperidine and benzene)
produced in all csases was high, and that the reaction was
as profitably conducted in benzene solution at roocm
temperature as in more vigorous conditions.

Extension of the reaction to the hydroxylated
derivative of (XVI), 2—(2"~hydroxyphen0xy)-3,5¥dinitro
benzophenone (XXII) gave similer results, catechol and
(XXXVI) being produced in all of the corresponding
experiments. The dihydric phenol, however, has a hicher
solubility in water and is more readily oxidised in
‘alkaline solution than phenol iteelf. Conseqguently it is

difficult to develop a completely satisFactory pnrocezgs for
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ite Lsolation (cf., Heott ). The procedure eventinilly

adopted involved alkaline extrection of the benzene
reaction mixturés. The agueous layers were then
immediately run into dilute mineral acid, which was
saturated with ammonium sulphate and exhsusted with ellexr.
The materials recovered from the ethereal solutions vere
sublimed under reduced pressure and catechol obtained

in fair yield (c. 50%).

Loudon and Scott40 by treating the-dihydroxylated
compounds of type (XIV) with hot piperidine found that
normal scission to pyrogallols did not occur. The
product isolated was 4-hydroxy-T-nitro-9-phenyl=

fluorone (XV).

t A’
(o
A =T
OH
OH OH
(’5_‘_}’) (xxxvil)
4 Ph o
< 2
Q OH
OH OH

O;\_/) XXXVt )
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Miey hed oreviously shown” 777 thet certein
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hydroxyaryloxynitrobenzophenones rearvanged in slkali

with the benzoylated nitrophenyl radicel micrating

to the adjacent oxygen atom. It was assumed that in

jAY]

this case a gimilar rearrangenent was effected by the
basic piperidine, (XIV) going to (XXXVII). Subsequent
cyclisation involving the reactive position pars to a
phenolic ion gave (XXXVIII), which oh dehydration formed
(xV).

In the »resent work, 2-(2",6"-dihydroxyphenoxy)-—

3,5-dinitrobenzophenone (XXXI) on treatment with piperidirne

Ph
c
o
O, - om No, OH
Cxxx (xxx1x )

in bengene solution in moderate conditions, siniler o
those employed with the mono-hydroxylated (XXIi) and the
non—hydroiylated (XVI) compounds, also produced the
corresponding fluorone, 4-hydroxy-5,7-dinitro-9-phenyl-
fluorone (XXXIX). Evidently the presence of the second

activating nitro group in ring A is insufficicnt to



cronote sclesion of the other 1il

’

cyclisation. In addition, vhen the reaction vas carried
out with sufficient acetic acld nresent to neutrsiise the
amine (and indeed even in the presence of a slirht excess
of the acid) rearrangement still occurred, followed by
cyclisation and dehydration. It must be noted, hrowever,
that on oné occasion & large excess of piperidine was
used (with no acid present) and although no pyrogallol was
detected, the other scission product; 3,5-dinitro-2-
piperidinobenzophehone,(XXXVI) was 1lsolated and identifiec
by melting point of admixture with an authentic specimen.
This'observation remains unexplained.

‘The fluorone (XXXIX) is purified readily from anisole.
The stout black crystals retained the non-volatile solvent

and were ground up in methanol before correct analytical

figures could be obtained.



Cedcedions withn chenylhivdrezive snd Tvivoxylemine
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Felsenkheimer, Zimnermsnn and Iummer noted the ease
with which 2-bromo-3,5-dinitrobenzophencne reacted with
hydroxylamine to form the ring struciure, 5,7-dinitro-

45 4

3-phenylbenzisoxszole. Borche and Scriba eter extended

Ph
[

Ph
ND co Ho N Cx
f@: + Y > ”°z'(>(/\\/~ + HBr
8r HO 0
N0,

AMQ

this to hydrazine and some of its derivatives. For example,
5,7-dinitro-1l,3~-diphenylindazole was readily produced from

phenylhydrazine and 2-methoxy-3,5-dinitrobenzophenone

fl’h | Fl’h
N co Ha N cN
% . 2 M N+ CHzOH
OCHy l'vn N
NOZ Ph Nol Ph

Application of this reaction to 2-(2"-hydroxyphenoxy)-—

3,5-dinitrobenzophenone (XXII) gave encouraging results.



Ph
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Ho + | Dy ‘> Ho
—> ~N +
NH N HO
qu | NO |
Ph 2 Ph
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A solution of (XXIi) in benzene was allowed to stand
overnight in contact with a slight excess of phenylhydrazine.
On extraction with dilute sodium hydroxide, the agueous
layer was immedistely run into dilute mineral acid, which
was then saturated with ammonium sulphate and extracted
with ether. The dried ethereal layer was evanorated to
dryness and the residue sublimed under reduced pressure.
Catechol was obtained. From the residual benzene solution
after the excess amine had been removed by washing with
aqueous acetic acid, 5,7-dinitro-l,3-diphenylindazole (XL)
was recovered (identical with a sample prepared from
2-chloro-3,5-dinitrobenzophenone). 2—(2"~Hydroxy—3",6"-
dimethylphenoxy)-3,5-dinitrobenzophehone (XXVIII) similarly
treated gave 3,6-dimethylcatechol. Scission of the other
2—(2"-hydroxyaryloxy )-3,5~dinitrobenzo phenones listed on

pe. {77 was not attempted.



The reaction oroceeded gmonthly also with the
2—(2“,6”—dihydroxyarylcxy)~3,S—dinitrobenZOphenones

(n. 2/ )

Ph
o "
VO, "o N#, N ¢ Ho
+ | % >
NO. lo}
() (%L

The two reactive centres in phenylhydrazine (unlike
piperidine which contains only one such group) are capable
of rapid simultaneous intersction with the carbonyl group
and reactive position 2 of the dinitrobenzoylated benzene
ring of (XXXI). This enables scission of the ether
linkage to be accomplished.unhihdered by the rearrangement
and cyclisation encountered in the reaction of (¥XYXI) with
piperidine. ’

The following pyrogallols (which were extracted and
isolated in an‘identical way to cateehdl above) were thus

prepared:-



pryrogallol from (IVXI)
4-methyloyrozallol from (X¥XIL)
S-methylpyrogallol from (XYXIII)
4 ,5-dimethylpyrogallol from (XAXIV)
4 ,6-dimethylpyrogallol from the non-crystalline solid
hydroxylation product (XXXV) obtained from (XXX).
The sublimed polyhydric phenols crystallised readily
from pure bengene or from mixtures with light petroleum.
The pyrogallols oxidised rapidly in alkeline solution, and
were avnpreciably soluble in cold water. To‘prevent further
oxidation and polymerisation, it is recommended that the
sublimétion be carried out quickly. In most cases,
howevef, the pyrogallols were isolated in yields un to
50%, ?rovided the dihydroxyaryloxydinitrobengophenones used
were pure. From the impure (XXXV) the yield of 4,6-dimethyl-
pyrogallol was considerably lower.
Hydroxylamine snd 2-(2",6"-dihydroxyphenoxy)~3,5-dinitiro-
benzophenone (XXXI) were shown to act together in a similar

way by standing for a few hours in methanol solution.

5,7-Dinitro-3-phenylisoxazole (XLI) and pyrogallol were
‘?h
co
N HO H AM N
°z = w; >
H
NOy OH oH

(=) c&')



both isolated although the polyhydric phehnol was only
obtained in poor yield.

It is apparcnt from the work described thst the
synthesis of pyrogallols by this method is perfectly
practicable. It has the disadvantage, however, of being
of use only on a small scale due to the difficulty in
preparing 2-chloro-3,5-dinitrobenzophenone in large
quéntities. In addition, the other products of the finsl
scission, (XL) or (XLI) are unreactive materials, and
preliminary attempts to regenerate the original benzophenone
or one of its simple derivatives met with no success.
Nonetheless, the reaction is likely to be of value and its
possible deVelopment,to include simultaneous double
ortho-hydroxylation of compounds of type (XXIV) and (XxV)

(p. /& ) has interesting potentialities.
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Methylation of 2-(2"-Hydroxy-5"-me thylphenoxy)-and

2-(2"-Hydroxy—4"—methylphenoxy)~3,S—dinitrobenzonhenones

It was observed that the mono-hydroxylated compounds
(XXVI) and (XXVII) had identical melting points (139°) when
obtained pure from a mixture of benzene and light petroleun.

This value vas not devressed by admixture of the two

i’ Ph
co
CH3
NG, : No,
(xxv1 ) (v )
specimens. Wonetheless, they are quite distinct eince they

give rise to different products, (XXXIL) and (XXI'T) on

further hydroxylation.

Ph Ph
)
NO, co Ho Mo, €0 4o CH3
CHj
NOZ OH v Oy OH
) (xxx )

However, on methylation of (¥¥VI) and (WXVII) with
diszomethane an identical product, 2(2"-methoxy-4"-

methylphenoxy)-3,5-dinitrobenzophenone (¥XLI1) wes obtecined.



ructure of (ILII) was rroved in each case by
scioslon with piseridine ond isolation of the oill,

A-hydroxy-3-methoxytoluene (¥LIII), which was identidl

o

Ph Ph

~CO J
CH3

(xl\./') &-I.d.‘z.Omel"haﬂe

Ph

]
NOy ce CHyo CHj

Yo (o)
l piperidine
Ph

]
NDZ Cco CH.D ﬁd”a
+ 3
O
Moy

HO
(xEnr)

. . ; . o . . . o
as its picrate, (micro) m.p. 104° (recorded m.p.'s range
’ o v o
from 96°-112°) and benzoate, m.p. 72 . ({Cosgrove and

Watersgl ~ive m.p. 73°). Comround (¥LII) is conseguently
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a derivetive of 4-hydroxy-3-methoxytoluene. The other
vossible scissicn product, 3-hydroxy-4-methoxy-toluene ha
50)

a plcrate melting at 87.5° (De Vries and benzoate at

° (Robinson, et 8151)

During the course of methylation (XXVI) has undergone
rearfangene nt to (XXVII). It has pfevioule been shown
by Loudon, et al a138 39 with the corresponding monohydroxylated
comoounds of the mono-nitro series that rearrangement
readily occurs under the influence of alkali. This is
the first instance, however, of its having occurred during
méthylation with diazomethane although Perkin and utOI@“QC
have reported similar behaviour in alizarin chemistry.

The above experiments also confirm that the strucinre

of the hydroxylation product of (XVII) is indeed (XXVI)

and not (X¥VIa). Comnound (XIVI) ie a derivative of
) Ph
¢co
CHy CH3
NO,y NO OH
_— 2 _
(’ﬁzo (X?‘V'u)

3 ,4-dihydroxytoluene and the scigsion product isolated
above was 4-hydroxy-Z-methoxytoluene. On the other hand,
(XXVIa) is a mono-ether of 2,3-dihydroxytoluene znd could
not give rise to a derivative of 3,4-dihycroxytoluene cven

by such rearransenents =g Cid occur above.

Mo JSd



Txnerimental

Petroleum as solvent refers to light petroleum, b.p.

Q -~ - - .
607807, 2-Chloro~3%,5-dinitrobenzophenone was prepared

from 2-cnloro-3 ,S—dinitroberizoic‘ acid (produced as described
by Ullmann47) by the method of Ullmann and Broido’S.

2-Aryloxy-3,5-dinitrobenzophenones: (Table D, v. 47 ).

These were prepared by dissolving the aporopriate phenol
(1-1.2 mols.) and 2-chloro-3,5-dinitrobenzophenone (1 mol.)
in pure dry pyridine, leaving overnight at room temperature
and pouring into dilute hydrochloric acid. The resultant
soii&s, (xvi), (Xvii), (XvIIii), (xx), (XXI) were crystallised
froﬁ bengene-methanol; (¥XIX) was obtained pure from benzene-
petroleum. The compounds (XXII) and (XXIII) were obtained
similarly from catechol and resorcinol respectively, by
using 6 mols. of the dihydric phenol and were crystallised

from methanol. Catechol bis—(2—benzoxl—4,6~dinitrophegyl)—

ether m.p. 160° (from acetic acid) (Found: C, 59.3;
H, 3.0. 032H18012N4 requires C, 59.1; H, 2.8%) and

resorcinol bis-(2-benzoyl-4,6-dinitrophenyl)-ether, m.p.

115° (from acetic acid) (Pound, after fusion In vacuo;
C, 58.9; H, 2.7%) were readily formed when rather less
than 0.5 molar proportions of the phenols were used.

2-(2"-Hydroxyaryloxy)-3,5-dinitrobenzonrhenones:

(Table E, p. 4-9 ). The finely ground 2-~aryloxy-3,5-

dinitrobenzonhenone (0,00027 mole) was digsolved in



concentrated sulpﬁurio 2cid (0.5 c.c.) with shzking and
gentle warming.  After cooling, acetic zcid (2.5 c.c.)
was added and the mixture was titrated with a solution

of 30% hydrogen peroxide in zacetic acid (1:2 by volume)
until a slight excess of the oxidising agent was present.
The origiﬁal red solution faded to amber and in some cases
the products crystallised out. After 15-30 minutes the
entire reaction mixture was poured into crushed ice and the
precipitate obtained was washed with water and dried.
Compounds (XXVI) and (XXVII) were crystallised from
béhzene—petroleum, the solvent being removed by heating
in vacuo to 125°.  Compounds (ZXVIII), (XXIX) and (XXX)
were crystallised from methenol, ethanol, and agueous
ethanol respectively.

2-(2",6"-Dihydroxyaryloxy)-3,5-dinitrobengophenones

(Table F, p 49 ). Comvounds (XXIT), (¥XVI), (XXVII), (XXIX
were further hydroxylated in the following way. The
2-(2"-hydroxyaryloxy)-3,5~dinitrobenzophenone, (0.00026

mole) was dissolved in concentrated sulphuric acid (0.5 c.c.)
giﬁing a red-brown solution. Acetic acid (3.5 c.c.) was
added. No change of colour occurred from (XXII) and
(XXVII), but from (XXVI) and (XIIX) green solutions were

obtained. In all cases, on the addition of a slight

xcess of the hydrogen peroxide-—acetic acid sclution, the



colour changed to-amber within s few minutes, and the
whole was at once added to ice. The precipitate which
was obtained was washed with water and dried. Compound
(XXXI) wes crystallised from acetic acid-petroleum;
(XXXII)»from chloroform; (XXXIII) from benzene (with
subsequent heating in vacuo to 125°); (XXXIV) from
methanol. The hydro;Jlation of (XXX) was best carried out
by using inecreased quantities of concentrated sulphuric
acid (3 c.c.) and acetic acid (10 c.c.), vhereupon a dark
green solution was obtained. The product (XXXV), m.p.
150—160° (dec.), which was isolated after treatment with
the oxidising agent, could not be induced to crystaellise.

Reactions with Piperidine

a) 2-phenoxy-3,5-dinitrobenzophenone

2-Phenoxy-3,5-dinitrobenzophenone Wasvtreated with
piperidine under a variety of conditions (See Table C,
p.gpb ). In all cases, a bengene solution of the reactents
was extracted with bench caustic soda. The aqueous layer
was acidified with dilute sulphuric acid and a standard
bromine solution added. The resultant precipitate of
tribromophenol was filtered on a sintered crucible, washed,
dried and weighed. The residual benzene solution, when
acid~washed, dried and concentrated, afforded 2,5-dinitiro-

2-piveridino~benzonhenone. (Pound: €, 60.9; H, 5.0.




0y gHy 70575 requires G, 60.8; H, 4.57) on trostment with
petroleun. It crystallised from ethanol, m.p. 125° and
was also prepered from the interaction of 2~chloro-3,5-
dinitrobenzophenone (1 mol.) and piperidine (2-3 mols.)
in benzene at 18° by allowing the solution to stand 3-4 hours.

D) 2-(2"-Hydroxyphenoxy)-3,5-dinitrobenzophenone

2-(2"-Hydroxyphenoxy)-3,5-dinitrobenzophenone was
reacted with piperidine in conditions corresponding to
those already described for 2-vhenoxy-3,5-dinitrobenzophenone
(Table C p. 4& ). 1In every case, the benzene solution of
the reaction mixture was extracted with dilute alkali, and
the aqueous layer immediately run into excess dilute
sulphuric acid. The acidified solution was saturated
with ammonium sulphate and exhaustively extracted with
ether. The dried ethereal layer was evaporated to dryness
and the recovered materisl sublimed at 20 m.m. pressure.
Catechol was obtained, m.p. 104° (from benzene-petroleunm).
The residual benzene solution afforded the other scission
product, 3,5-dinitro-2-piperidinobenzophenone.

e) - 2-(2",6"-Dihydroxyphenoxy)-3,5-dinitrobenzophencne

2-(2",6"-Dihydroxyphenoxy)-3,5-dinitrobenzophenone
(1 mol.) and pivneridine (4 mols.) were dissolved in benzene
and gllowed to stend at 180 for 24 hours. In two other

similar exjeriments, acetic scid (4 mols.) and (5 mols.) was

also nresgent. In all three cases, the benzene solution ves



ertracted with dilute alkali, snd the acveous leyer
immediagtely acidified with dilute sulvhuric acid. A

meroon precipitate of 4~hydroxy-5,7-dinitro-9-shenylfluorone,

m.p. 335° (decomposition) (from snisole; +the stout bleck
crystals were ground up in methanol before analysis)
(FPound: €, 60.45; H, 2.9. 019H1007N2 requires C, 6C.3;
H, 2.65%) was obtained. When a large excess of piperidine
(56 mols.) was used (with no acetic acid present) neither
the fluorome nor pyrogallol could be isolated from the
alkaline extract, but the residual solution afforded
%y5=dinitro~2-piperidinobenzophenone.

Scissions with Phenylhydrazine

The reaction was applied to'the mono-hydroxylated
compbunds (XX11), (XXVIII), the dihydroxylated compounds
listed in Table F (p. 49 ) end (XXXV), the impure
hydroxylation product of (XXX).

4 solution of the compound (1 mol.) and phenylhydrazine
(5 mols.) in benzene was allowed to stend 15 hours at 18°.
It was then extracted with dilute caustic soda and the
agueous layer immediately acidified with dilute sulphuric
acid. The acid solution was saturated with ammonium
sulphate and extracted with ether. The dried etheresl
layer;was evaporated down and the recovered meterisl
sublimed under reduced pressure (20 m.m.). The ohenolic

sublimete was further purified as required. The



following were pfepared:»

catechol (from benzene-petroleum), m.p. end mixed m.p.
105° from (ZXII)

3,6=dimethylcatechol (frpm benzene—petroleum), m.p. 1027,
undepressed by admixture with sample prepared as by
Totdon and Scott’”, from (XEVIII);pyrogallol, (from
benzene) m.p. and mixed m.p. 132° from (XXXI)

4-methylpyrogallol, (from benzene-petroleum) m.p. 142°.
(Found: G, 60.1; H, 5.8. Cale. for CoHgOx:
¢, 60.0; H, 5.7%) from (¥YXII). lajims end Okasari’”
give m.p. 140-141°

5-methy1pYrogallol, (from benzene) m.p. 120° from
(XXXIII). (Found: C, 60.2; H, 5;9%). Recorded
m.p.'s range from 119°-129°.

4,5—dimethylpyrogallol, (from benzene) m.Dp. 148° from

(xX1v).  (Found: C, 62.6; H, 6.6.  CgH;q05
requires C62.3, H, 6.5%)
4,6~dimethylpyrogallol, (from benzené-petroleum) MeDo
122-123°, undepressed by admixture with sample
:prepared by TLoudon andlscott4o, from (XXXV).
The residusl benzene solution was thoroughly washed
with agueous acetic acid (to remove excess phenylhydrazine)
and dried. On partial evaporation of solvent and cooling

O

it afforded, 5,7-dinitro-1,3-diphenylindazole, m.p. 2187,



from ethancl (bright vellow plates), undepressed by
mixture with sample prepared similerly from 2-chloro-
3,5-dinitrobenzophenone. (Found: ¢, 63.3; H, 3.5.
Cale. for CqgHy,04N,: C, 63.3; H, 3 e3%) (Borche and
Scribat? give m.p. 221-222°).

Scission with Hydroxylamine

2-(2",6"-Dihydroxyphenoxy)~3,5-dinitrobenzophenone
(1 mol.) and hydroxylsmine (1-1.2 mols.; obtained from
the hydrochloride and sodium acetate) were allowed to
‘stand in methanol solution for 3 hours. An orange
precipitate of 5,7-dinitro-3-phenylbenzisoxazole was
obtained, m.p. 244° (from benzene, undepressed by admixiure
with sample prepared from 2-chloro-3,5-dinitrobenzophencne
as described by Meisenheimer, Zimmermann and Kummer44) end
was filtered off. The filtrate was diluted with ether
and the solution washed With agueous sodium carbonste,
dilute acid and water. The dried efhereal solution wee
concentrated and the residue on sublimation at 20 m.m,
afforded pyrogellol, m.p. 126° raised to 128-130° by
admixture with authentic specimen.

Methylation of 2-(2"-Hydroxy-4"—rethylphenoxy)—

and 2~(2"~Hydroxy~5"—methylpggpoxy)—B,S—dinitro~benzophenones

gnd 8cission of Product with Piperidine

2—(2"-Hydroxy-4"-methylphenoxy)-3,5-dinitrobenzophenone

(1 mol.) in ether was treated with diazomethane (c. 10 mols.)



in ether and allowed to stand 43 hours at 18°. Removsl

of solvent gave 2~(2"-methoxy-4"-methylphenoxy)-73,5~

dinitrobenzophenone, m.n. 186° (from benzene-petroleum)

(Found, after heating in vacuo to 140°: €, 62.0; H, 4.0.
Cp1Hyg07N, requires C, 61.8; H, 3.9%). The same
product, m.p. and mixed m.p. 186°-187°, was similarly
produced from 2-(2"-hydroxy-5"-methylphenoxy)-3,5-
dinitrobenzophenone. A specimenof the product (1 mol.)
from each source was digsolved in benzene and piparidine
(3 mols.) added.  After 15 hours, the solution was
extracted with dilute sodium hydroxide and the acueous
Yayer acidified with dilute sulphuric acid. The acid
solution was then saturated with smmonium sulphate,
exhausted with ether and the dried etheresl layer evaporsted
tQ dryness. The residual oil, 4~hydroxy-3~methoxytoluene
was identified in each case by its picrete (formed in
ether solution end crystallised from water in bfight
vellow needles), (micro) m.p. 104°, (recorded m.p.'s
range from 96°-112°) and its benzoate (from treatment

with benzoyl chloride in aqueous alkaline solution),

m.p. 72° (from petroleum) (Cosgrove and Waterssl give

m.p. 73°).



TABLE A

Reaction of 2-Phenoxy-3,5-dinitrobenzophenone in

Sulohuric scid -

Acetic acid Solution with slight Excess Hydrogen Peroxide

Weight of 2—phenoxy—3,5—dinitrdbenz0phenone in each

experiment = 0.10g.

Volume of 30% H,0,/HOAc (1:2 by volume) added = 0.30c.c.

Volume of glacial Volume of concentrated
acetic acid (c.c.) sulphuric acid (c.c.)

°
Ul

T S N S S B Y " IR UC R SR
Ul n

Conclusions: . (A)

,\
(8]
~~

—
(@]
~

~N
U
pa—

0.30
0.30
0,30
0.40
0.40
 0.40
' 0.50
0.50
0.50
0.50
0.50

Observation

Red/turbidity (A)
Yellow/turbidity (3B)

" (B)
Brown/turbidity (&)
Red/turbidity (L)
Yellow/turbidity (B)
Dark red ppte. (C)

noo (o)
Red/slight - te. ()
Amber solution (D)

Amber, turbidity (B)

Total volume of reagents is low.

Proportion of conc. sulphuric acid is low.

Frovortion of conc.

Ideal conditicns.

1

sulphuric acid . nich.



TABLE B

e o eeapremma—rt—

Sulphuric acid ~ Acetic acid solution with Slight Ixcess

P

Weight of

Conclusions:

Hydrogen Peroxide

each experiment = 0.10g.

(A) Proportion of conc.

(B). Proportion of conc.
() Ideal conditions.

2-(2"-hydroxyphenoxy)-3,5-dinitrobenzophenone in

30% H,0,/HOAc (1:2 by volume) added = 0.30c.c.

Observation

Red solution (4)

Yellow/turbidity (3B)

" (B)
Red solution (4)

" (&)

" (&)

v

Amber/turbidity (B)

Yellow/turbidity (B)

Red solution (A)

Light

Amber

sulphuric

Volume of
Volume of glacial Volume of concentrated
acetic acid (c.c.) sulphuric acid (c.c.)
o 0.30
. 2 0.30
2,5 0.30
1 0.40
1.5 0.40
2 0.40
2.5 0.40
3.0 = 0,40
3.5 0.40
. 1 0.50
1.5 0.50
2.0 0.50
2.5 0.50
3.0 0.50
3.5 C.50

sulphuric

" (4)
" ( :‘; )

red soln.

(&)
" (A)
solution (C)
=cid is hirsh.

[

scid 13 low.




TABLE C

Reaction of 2-Phenoxy-3,5-dinitrobenzophenone with Piperidine

Weight of 2-phenoxy-3,5-dinitrobenzophenone used in esch
experiment = 0.5g.
Volumé of alkali for extraction = 8 c.c.; Volume of
| mineral gcid = 4 c.c.;

Volume of bromine water = 6 c.c.

Weight Vol.of Vol.of Vol.of Vol.of Wt. of
of = piper- benzene benzene glacigl tribromo-

Conditions phenol idine solvent for extn.acetic phenol
(g+) (c.c.) (c.c.) (c.cs) acid To )

(c.c.)

Blank experiment O.1 0.25 8 - - 0.15
Refluxed one hour - 1.5 - 8 - 0.17%
18° for 24 hours - 1.5 - 8 - 0.14
18° for 4 hours -~ 1.5 - 8 - .13
Refluxed one hour - 0.25 8 - ~ 0,14
18° for 24 hours - 0.25 8 - - 0.14
18° for 4 hours - 0.25 8 - - 0.14
18° for 24 hours - 0.15 8 - - 0.1%
18° for 24 hours - 0.20 8 - - 0.1%
18° for 24 hours - 0.% 8 - - 0.14
18° for 24 hours - 0.35 8 - - C.14
18° for 24 hours -  0.25 8 - 0.068 0.12
18° for 24 hours - 0.25 8 - 0.13%5 0.12




TABLE D

2~Aryloxy-7%,5-dinitrobenzonhenones

No. Subst. Source Formula M.Pt. Found Reqd.
. C H C H
XVI - phenol Gy gH; ,00N, 142° 62,6 3,2 62.6 3,3
XVII 3"-Me m-cresolCyuty 00N,  159° 63,55 3.9 63.5 3.7
XVIII 4"-Me p-cresol " 130° 63.8 3.5 " "
XIX 2",5"-Me, 2,5-di- G, H, 0N 146° 4.5 3.8 64.3 4.1
7 T2 [ 2ps 21167672
phenol
XX 3",4"-Me, 3,4-di- " 164° 64.5 4.3 " "
methyl—
phenol
XXI  3",5"-Me, 3,5-di~- " 217° 64.5 4.2 " "
. methyl—- '
phenol
XXIL 2"-0H  catechl COygH;p0,N, 160° 59.9 3.3 60.0 3.2
 XXIII 3"-0H ‘regor- " 160-163°60.1 3.2 " "

_ cinol




LTABLE &

2—(2”—Hydroxyaryloxy)-3,5—dinitrobenzophenonea

No. Subst. Source Formula  M,Pt. Found Regd.
- c H c
e o 1 o
XXIT _ XVI  CygH; 04N, 160° See Table D
+ : o »
XXVI 5"-Me” XVIL ' CpoHy 400N, 159 60.85 3.6 60.9 3.55
XXVII 4"-Me  XVIII " 1%39° 60.95 3.6 "

) . ) 1% .
XXVI;I 3" ,6"-Me, XIX 021H16O7N2 171° 61.8 3.9 61.8 3,
XXIX  4",5-Me, XX " 175° 62,0 4.1 "
XX 31,5"-Me, XXI " ©183°% 61.6 4.0 "

s Decompositiémn.

+ On one occasion (XXVI) wastobtaifed with m.p. 159°
(from benzene-petroleum) changing to 146° on heating

in vacuo (Found: C, 61.05; H, 3.8%).



TABLE F

2-(2",6"-Dihydroxyaryloxy)-3,5-dinitrobenzophenones

o
XXXIT
XXXIII

XXXIV 3", 4"-Me

Subst. Source Formuls M.Pt. PFound
C H
o",_
- HII C19H12O8N2 148 w 5706 303
, . o, ‘
AN e XXV 020H1408N2 206+ B58.5 %.4
AM-Me  XXVII " 164°%: 58.7 3.6

A
*

. ‘ 0_‘,_ )
XXIX 021H1608N2 203 "~ 5997 307

decompogition.

57.6 3.0
58.5 2.4

1" it

59.4 3.8



Wote on Frémy's Salt

Prémy's salt is the potassium salt of nitrosodigulphonic
acid, GN(SOBK)Z. Raschig52 developed a convenient method
for its preparation by oxidation of the sodium salt of
hydroxylaminedisulphonic acid with potassium permanganate

in alkaline solution.
HOH(SOBNa)z 4 ON(SOBK)2

It was purified by crystallisation from agqueous
‘caustic potash, the intense blue-violet solution producing
‘dark yellow crystals. Asmussen53 has suggested that,
in an analogous way to nitrogen peroxide (N2O4 and NOQ),
the solid yellow compound, which is diamagnetic, has the
formﬁla, N204(803K)4. In‘aqueous solution the blue colour
is due to the paramagnetic NO(SOBK)2.

Bevause of its radical characteristics, Frémy's salt
is readily reduced, and Raschig made use of this property
in the conversion of aniline to nitrosobenzene. Recently,
Teuber, et a154’55 have improved the experimental details
of the preparation of the salt and have developed its use
in the oxidation of a variety of vhenols %o the corregnonding
guinones. "Then the para position to the hydroxyl croup
is vacant para-quinones are obtained, but if the paras

position is occupied, ortho-guinones are formed. The



CH3 Cﬂ'_a,
OH o

- CHa | CHay
S
o) v

H

~reaction was considered to take place in the following way:-—

CH H
X+ zonteoyy = ST+ vovtsann)
. ,

OH
+ HN (s03K),

It was shown to be a convenient laboratory method of
synthesising quinones, the reaction being generally
completed in a few hours by allowing a methanol solution
of the phenol to react st room temperature with an excess
of Prémy*s salt in water in the presence of sodium scetate
(to prevent the formation of the unstable free nitrosodi-

sulnhonic acid).



In the preéent worl, the salt was prepared as
described by RaschigSg and Teuber54. It was found to
be a remarkable comnhound. The yellow crystalline solid
gave a vivid violet aqueous solution, both colours being
immediately discharged on the addition of dilute acid.
It is féirly stable (cf. Teuber %) being stored for several
weeks without deterioration in vacuo over caustic potash.
In crystallisation, however, from dilute potassium hydroxide
solution (IN‘strength) the violet colouration disappeared
instantaneously when heated to about 60°.

The use of TFrémy's salt as an agent for the oxidation

of the mono-hydroxylated compounds of type (XXII) was

investigated. The conditions adopted were similar to
Ph Ph
{
co co
NO
2. NO, OH
(xx11) (RXXT )

those used by Teuber and Rau55 for the oxidation of ortho-
cresol. Even'when the reaction mixture was gently hested,
compoﬁnd (XXII) remained unchanged. Similar results were
obtained when: (XXII) in ether wasg shaken with an agueous

Lade A

solution of TFrémy's salt. With the dihydroxylated comnound



(¥¥XI), however, the violet colouration of the salt

disappeared after'several minutes. Unfortunately, the
material recovered by ether extraction was resinous and
tarry and all attempts at purification failed.

It is suggested that with (XXII), the hydroxyl group
is conﬁected by hydrogen bonding to the ketonic group
and that this attraction is sufficiently strong to
withetand attack on the phenolic group by Frémy's salt.

(cf. Loudon, et g1°09

who have shown thet the sodium salts
of the corresponding type of compound in the mono-nitro
series are covalent in character and have suggested a

strainless nine-membered ring structure (XLIV)).

fh
cO—~>Na—0O

(ER )

With (XXXI), this bonding may still persist but the

presence of a second hvdroxyl group (free from any such
attachment) may enable the customary phenolic oxidation to
proceed. Whilst it se-ms certain that oxidation of (77¥I)
did, in fact, occcur, the »reliminary exneriments did not
indicate that the sensitive products would be readily
isolated pure and no further investigation of the reagtion of

Prénmy's salt on (XLYI) was attempted.



Bibliogravhy

ST TR U N S T S R S NS = NN S S Sy S I U
(SN I N « T Co T o PSS B, (ORGSR GUE U e

Fittig and leger, Ber., 1875, 8, 362.

Faust and Muller, Ann., 1874, 173, 303.
Chandelon, Ber., 1883, 16, 1749.

Nolting and Stricker, Ber., 1887, 20, 3018.
Peférsen and Baehr?Predari, Ann., 1871, 157, 121.

Tijmstra, Chem. Cent., 1908, I, 1051.

Blanksma, Chem. Cent., 1908, I, 1051.
Faust, Ber., 1873, 6, 1022. | |
N61lting, Ber., 1876, 9, 1794.

K8rner, Ann., 1866, 127, 197.

NOlting and Wrzesinski, Ber., 1875, 8, 820.

Korner, Chem. CGent., 1867, 615.

Korner, Chem. Cent., 1868, 322.

Kipriyanov and Suich, Chem. &bstracts, 1933, 27, 3824.

Freidlin end Fridman, Chem. Abstracts, 1950, 44, 444C.

Barth and Senhofer, Ber., 1876, 3, 969.

Barth and Schmidt, Ber., 1879, 12, 1260.

Merck, D.R.P. 80817; ZFrdl., 4, 116.

Meyer, Ber., 1897, 20, 2568. ‘
Gilliard, Monnet and Cartier, Chem, Cent.; 1906, I, 721.

Dakin, Amer. Chem. J., 1909, 42, 477.

Dakin, Organic Syntheses, 1923, III, 27.

Baker, Jukes and Subrahmanyam, J., 1934, 1681.



24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
14
45
46
47
48

55

Zlbs, J. Trekt. Chem., 1893, 48, 179.

Baker and Brown, J., 1948, 2303.

Forregt and Fetrow, J., 1950, 2340.

Cross, Bevan and Heiberg, Ber., 1900, 23, 2015.

Goldhsmmer, Biochem, Z., 1927, 189, 81.,

Werz and Waters, J., 1949, 2427.

Cosgrove and Wsters, J., 1951, 1726.

Cosgrove and Waters, J., 1949, 3189.

Cosgrove and Waters, J., 1951, 388.

Baker and Smith, dJ., 1931, 2542.

Baker, Kirby and HMontgomary, J., 1932, 2876.

Baker and Savage, J., 1938, 1602.

Baker and Munk, J., 1940, 1092.

Baker and Raistrick, J., 1941, 670.

Loudon, Robertson, Watson and Aiton, i,, 1950, 55.
Loudon and Scott, J., 1953, 265.

Loudon and Scott, J., 195%, 269.

Scott, JeAe, Ph.D. Thesis, Glasgow University, 1952.

Stevens, Chem. Abstracts, 1953, 47, 8093.

Stein and Weiss, Nature, 1948, 161, 650.

=

Meisenheimer, Zimmermann and Kummer, Ann., 1925, 446, 205

Borsche end Seriba, Ann., 1939, 540, 83.

‘Perkin end Storey, J., 1928, 229.

Ullmenn, Ann., 1909, 266, 79.

Ullmann and Broido, Ber., 1906, 39, 356.



49
50

51

52

53
54
55

56

57
-58

56

liajima and-Okasaki, Ber., 1916, 49, 1482.

De Vries, Recueil des travaux chimigues des Pays-Pas,

28, 289.
Graesser-Thomas, Gulland end Robinson, J., 1926, 1971.
Raschig, Schwefel und Stickstoffstudien, Berlin (1924),
-~ 5. 147.
Asmussen, Chem. Abstracts, 1933, 27, 2892,

Teuber and Jellinek, Ber., 1952, 85, 95.
Teuber and Rau, Ber., 1953, 86, 1036.
Baker, McOmie and Ulbricht, J., 1952, 1825.

Le Févre, Saunders and Turner, dJ., 1927, 1168,

~ Groves, Turner and Sharp, J., 1929, 512.



Pert Twos DIBIENZ (b,T) OXEPINS

Contents
Yage
Introduction  ceeeseetioreececennssosossosssssnsessssssan 53

Discussion
Prééaration of 5-Nitro-2-nhenoxy— and 2-(2'-Methoxy~-
phenoxy)=-5-nitro-benzaldenydes .eeeveeeevvencess 67
Preparation of 5-Nitro-2-phenoxy- and 2-(2'-Methoxy~—

phenoxy)~5-nitro-phenylacetic acids +sveveseacess 69
Cyclisations with Folyvhosphoric fLcid ..i.veeeieeea. 73
Reductions and Deaminations .eveeeeseeeonens ceeeees 7T
Preparation of 10-Amino-10,1l-dihydrodibenz (b,f)

OXEDIN  tevevvescacossensosesancasscssscssnacensans Ob
Preparation of Dibenz (b, £) 0XeDiIN siversensoenrnss 86
Oxidation of 10-Carboxy-2-nitrodibenz (b,f) oxepin . 58

Hydrogenation of 10-Carboxy-2-nitrodibenz (b,f)
oxepin and Preparation of 10~-Carboxy-10,11~-
dihydrodibenz (b,f) oxepin ....ceveecerencessenss 91
Preparation of 2-Nitrodibenz (b,f) oxepin and
cig-10,11-Dihydro~10,11-dihydroxy-2-nitro-
dibenz (b,f) OXEDIN weevssosssnennnscsssssancoes 93
Experimental c.ecececscoccccacccsssessassescanaosoncos I4
Note of Attempted Synthesis of Isoquinoline Derivatives 110
Bib1iOGTaPhY eveeueenocuorsnsenasnassusseaseaseaseness 113



> Dibenz (b,f) Oxening

Introduction

The chemistry of the seven-membered heterocyclic ring
system containing six carbon atoms and one oxygen atom has
not as_yet attracted muchAattention. For example, the
parent compound, oxepin (I) does not appear to have becn
" prepared, although the completely reduced hexamethylene

oxide or oxepane (II) and a number of its derivatives

fH=< i CHz
A A
CH CH CHy CHz
‘\\‘C>’//,
- —
(1) (1)

(e.g. monomeric adipic anhydride (III)) are fairly well
known.

‘More interest has been aroused in this type of
_heterocyclic system'by the recent work of Manske}. From

certain fumariaceous plants, including Corydalis claviculata

and Dicentra cucullaria (which are found mainly in the

Netherlands and certain parts of Worth America) he



CHZ\Cﬂz

CHy—CH
2 2 C"3° /N-CH3
e )
°°\o/‘° -
( E CH3° 0CH3 ‘ E_V:)

obtained the alkaloid cularine which was shown to have the
~structure represented by formula (IV). A portion of the
molecular structure of cularine comnrises the 10,ll-diliydro-
‘divenz (b,f) oxepin (V) nucleus, which is derived from the

parent compound, dibenz (b,f) oxepin (VI).

() | (\//)

It is of interest to note that three other possible

dibengzoxepins (VII), (VIII), (IX) cen be formulated. A



Dibenz (b, aL) oxepin Dibenz (c,e) oxepir
(vn) (vani)
Cre
CHz'_D
Dibenz.( b, e) oxepin

(%)

few derivatives of each of these dibenzmoxepins are known.
For example, dibenzohomopyran (Sieglitz and Kochz) is
related to (VII), the well-known diphenic anhydride is

derived from (VIII) and recently Baker? et al and Berti

4
have prepared compounds which have (IX) as the basic structure.
The present work, however, is concerned only with dibenge
" (b,f) oxepin (VI) and its derivatives.
Prior to the isolation of cularine, it appears that
only one compound analogous to (VI) has been prepared.

Pschorr and Knoffler5 obtained 10-carboxy-3,4,7-

\



51

trimethoxydibenz (b,f) oxewin (¥X) as a by-product in

the synthesis of 2 substituted nhenanthrene. lienske
COOH
!
CH=C CHO

CH3O

OCHs

(X) (%)

and LedinghamG, however, succeeded in preparing the
 parent compound, dibenz (b,f) oxepin (VI) by the following
"route.  QOrtho-phenoxybenzaldehyde (XI; R = H) (preparcd
in 25% yield from bromobenzene and the copper salt of

salicylaldehyde) was converted to ortho-phenoxyphenylacetic

acid (XII; R = H) via the azlactone and the drtho-pbenoxym

—Y R

(xm) ()

phenylpyruvié acid. The acid chloride of (XIX; R = 1),

|

K

on trezatment with aluminium chloride in nifrobenzene zaove

a good yield of (XITI; R = H), which was readily converted



to the carbinol by aluminium isopropoxide in isopropyl
alcohol. Dehydration of the carbinol with para-toluene-
sulphonic acid gave dibenz (b,f) oxepin (VI). L
similar series of reactions was carried out from (XI;
R = OCHB) to (XII; R = OCHB). The cyclodehydration of
(XIT;" R = OCHz) to (XIII; R = OCHz) , however, procecded in
poor yield (c. 10-20%), a large amount of resinous material
being formed.
Kulka and Manske7 continued the investigstion of
dibenz (b,f) oxepins and explored the possibility of
"gynthesising cularine. With this end in View; the model
> compounds, 2—pheﬁoxy—4,5—dimethoxyphenylacetic acid
(XIV; R = H) and the three isomeric 2-(methoxyphenoxy)-
4,5-dimethoxy-phenylacetic acids (XIV; R = OCH) were
prepared by the Ullmann condensation of the appropriate
phenol with ethyl 4,5-dimethoxy~-2-bromophenylacetate (V)
followed by saponification. In 211 cases, the yield of

compounds of type (XIV) was about 40-50%, with the

CHo Br

()




exception of 2-(2'-methoxyphenoxy)-4,5-dimethoxyphenyl—

ecetic acid (XIV; R = OCHB), which was obtained in low

yield (subsequently it was more readily prepared by en
alternative route). The cyclodehydration of comnounds

of type (XIV) to (XVI) was accomplished with hydrogen fluoride
although 10,11-dihgdro-2,3,6~trimethoxydibenz (b,f)oxe-in~

10-one (XVI; R = OCHB) could be isolsted only in noor

CHsO CHZ_ co CH30 CHy~ COOM
C&so R C%P

— _ OCH3

yield. Furthermore, when (XVII) (where e méthyl grouy
is placed ortho to the position of ring Qlosure) was
treated likewise with hydrogen fluoride cyclodehydration
’oocurred only on about 3% of the material.

From these experiments, it was evident that while the
" gynthesis of dibenz (b,f) oxepins by this method was
perfectly practicable, considerable difficulties were
encountered in at least two stages of the preparation.

The initisl Ullmenn type condensation to form (XI) or (XIV)



was generally'éccomplished only with méderate success

eand was more difficult still when the vhenol uscd

was substituted by a methoxyl sroup in the ortho
position.  Indeed, in preliminery attempts to synthesise
culerine Kulka end Manske! found that the initial
condensation of isovanillin (XVIII) with (XV) failed
completely, none of the required diaryl ether being
isolated, and subsequent similar attempts were equally
unéuccessful. There remained, therefore, little hope

for the synthesis of the alkaloid by this method. In
‘ CHO

Ho
OCHS

(xvii )

addifion, as has already been stated, the cyclodehydration
reaction from (XIV) to (XVI) was greatly hindered by the
presence of a methoxyl gfoup in position 2 of ring B

(XIV} R = OCHB), and was almost entirely prohibited
“when a methyl group as well was placed ortho to the point
of ring closure.

The difficulties observed by lanske and his

collaborators in preparing ortho~aryloxybenzaldehydes

of general type (X¥I) have also been noted by other



~
1

(x1)

8

workers (Lock and Kempter~, Ungnade and Orwoll”,

10

See also Ungnade ™ who has reviewed the synthesis and

reactions of diaryl ethers). However, patent literaturell
shows that in 2-chloro-5-nitrobenzaldehyde (XIX), the
halogen atom is sufficiently activated by the nitro

group in the para position to condense effectively with

phenol in aqueous alkaline solution to produce 5-nitro-2-

phenoxybengaldehyde (XI). Recently, Grundon and Perrylé
(x)x - (xx)

have apolied a similar reaction to a 4-chloro-3-
nitrobenzaldehyde where the halogen and nitro grounings

are ortho to one another.



The object of the work about to be described was to
investigate the reaction of (XI¥) with phenol and
guaiacol. With the products of type (XX) it was hoped
to develop a convenient method of preparing derivatives
of dibenz (b,f) oxepin (either with the nitro group still

present or after its removal) and to elucidate some of

the properties of this heterocyclic system.



~

Dreparation of 5-Nitro-2-nhenozy— and 2-(2'-llethoxy henoxy -

S5-nitro-benzaldehydes

CHO “ CHO
Noz “‘[ [: : + — NOZM
Cl }O
R . R

() (%)

These compounds were prepared when 2-chloro-5-nitro-

" benzaldehyde (XIX) was refluxed for a few hours with an
aqueous alkaline solution of the a»propriate phenol in
slight excess. (Patent literaturell had previously
prepared (XX; R = H) by a similar method). On cooling,
crystals formed in the dark reaction mixture, the whole

of which was extracted with ether (some méterial (Xx1) |
remained insdluble and was filtered off). On evaporation
of the dried ethereal layer, a semi-solid residue remsined,
- which was exhaustively extracted with light petroleumn. On
concentrating and cooling, the white crystalline products,
(XX; R = H) and (XX; R = OOHﬂ were devosited. Although
the yield of S5-nitro-2-phenoxybenzaldehyle was goold (70%),
2—(2t'-methoxyphehoxy)~-5-nitrobenzaldehyde could not be

obtained in » vield greatsr than 559, Arnarently, the



(@)
)

presence of the methoxyl group ortho to the phenolic
group was again hindering condensation (ef., Introduction,
p.éﬂ@ ). Nonetheless, the yields of both nitroaryloxy-
benzaldehydes were appreciably greater than those

6 with the corresponding

obtained by Menske and Ledinghsam
aryloxybenzaldchydes.

The sttempted purification of (XX; R = H) by
distillation in vécuo was found to be unreliablevdue to
the frequent occurrence of minor explosions and the method
above was subsequéntly adopted.

The ether insoluble residue (XXI) was produced
>in appreciable quantity during the preparation of
(XX; R = OCHB)’(G. 5% vield calculated from (XIX}) and
was 1dentical with a 1ittle material obtained from the
preparation of (XX; R = H). It was assigned the

structure (XXI). This is in sccord with analytical

(xx:

results and with the formation of a mono-oxime. Moreover,
the»same oompound was obtained from 2-~chloro-5-nitro-
benzaldehyde in poor yield by treatment with hot aqueous
alkali and in substantial yield by reaction with pre-formed

2-chloro-5-nitrobengyl alcchol in the presence of solid

notoasium carbonatee.



freparation of 5-Nitro-2-phenoxy- and 2-(2'-lfethoxyohenoxy)—

5-nitro-ohenylacetic acids

Compounds (¥X; R = H) and (XX; Rv= OCHB) were first
converted to the corresponding azlactones, 2-methyl-4-
(5'~nitro—2'—phenoxy)—benzylidené~5—oxazolone (XX1I; R = H)
and 4—[2'—(2"—methoxyphenoxy)—5~nitrobenzylidene]u2»methy1~

S-oxazolone (XXII; R = OCHB). When a method similar to

CHO

— N -©
: |
R | R CH3
(%) (X% )

that given.by;Herbst!an@vShemin;B was adopted the azlactones
were obtained pure only im 55-60% yield. However, on using
a modification of Galat'sl4 improved procedure the yields
were raised to 70-75%. The two azlactones were purified
from benzene-petrol giving lemon-yellow crystals.

‘ A preliminary investigatioh into the acid hydrolysis of
these compounds showed that when (¥XII; R = H) was treated
with ethyl alcohol and concontrated sulphuric acid, the

15>

oxazolone ring was rajidly opened (cf. Carter and ethyl



~°z CH= Cl."'-c'o ~°2 CH= ?‘-COQCHZ,CHS
N\\%/O _— NH,CO,CHB
CH
R 3 R
(Xxi) (xxui)

a—acetamido—-f-(5-nitro-2-phenoxyphenyl)-acrylate (XXIII;
R = H) was produced. By heating for a few hours with a
mixture of aqueous hydrochloric acid and acetic acid

(XXIII; R = H) was smoothly converted in good yield to

NOZ CHZ-CO‘COOH

(xx1v)

S5-nitro-2-phenoxyphenyl-pyruvic acid (XXiV; R = H).

When the azlactone (XXII; R = H) itself was similarly
treated with acid, the hydrolysis proceeded directly to the
keto acid, ond it was, therefore, unnecessary to prenare
the intermediate (XXIII; R = H). fhen (XXII; R = OOHB)
was thus hydrolysed, 2-(2'-methoxyphenoxy)-5-nitrophenyl-

pyruvic acid (XXIV; R = OUHB) was formed. Provided the



femad

azlactones wé}e pure, the pyruvic zcids were isolated
in very high yields (c. 95%). Both keto-acids were
obtained as yellow crystals, which geve a dark red
solution of the corresponding sodium salt in aqueous
caustic soda. When this solution was treated with an
excésé of hydroxylamine hydroéhioride, the dark colour
rapidly cleared to yellow. On acidification, the oxime

CHy— C — COOH
NGy 270

N-=OH
()

precipitated. Compounds (XXV; R = H) and (XXV; R = OGH3)

i

were thus prepared from (XXIV; R = H) and (¥XIV; OCHS)
respectively.

The oxidation of arylpyruvic acids to arylacetic acids
with hydrogen peroxidé in aqueous alkaline solution is
well known. By a method similear to that used by lanske and
Ledingham6 (in preparation of ortho-phenoxyphenylacetic

acid), (XXIV; R = H) and (XXIV;' R = OCHB) were conveniently
1)

)

converted to 5-nitro-2-phenoxyphenylacetic acid (XLVI; # =
and 2-(2'-methoxyphenoxy)~-5-nitrophenylacetic acid

(Xxvi; R =:OCH3) in high yield (90-95%). They were very




~°2 Cﬂz-COOH
R
(oxv) (i)

easily handled gnd crystallised readily from benzene-

© light petroleum.



Cyclisations with Folyvhosphoric Acid

Since the use of “olyphosphoric acid as & cyclising

agent was first rceported by Snyder and Werber16

, 1t has
been shown to be successfully adaptable to the synthesis
of a variety of ring structures, notably by Koo17 (who
gives other.references). In general, it has advantages over
other cyclodehydrating agents (such as sulphuric acid,
hydrogen fluoride, and aluminium chloride) in that the
experimental technique is more convenient and that the
.yields of cyclised products are usually higher due to the
}»avoidance of side‘reactions (e.g. demethylation and
sulphonetion).

In preliminafy investigations it was found that when
5-nitro-2-phenoxyphenylpyruvic acid (XXIV; R = H) was
kept in contact with volyphosphoric acid for two hours at
100° no reaction occurred. If, however, the viscous
mixture was warmed initially (to about 160°) for a few
/minutes (until a green—bfown colour developed) and
subsequently heated on a steam-bath for two hours the
cyclised product, lO-carboxy-2-nitro-dibenz(b,f) oxepin
(XXVII; R = H) was obtained. From (XXIV; R = OCHE),
10-carboxy~6-methoxy-2-nitro-dibenz (b,f) oxepin

(XXVII; R = OCHz) was likewise isoleted. A similar



COOH

-C0~=
Noz a2 COOH NO, CH= é
—_ 2
R

(xxv) (Xxvii)

type of ring closure with the ester (IXVIII) of an

a-keto-acid has been reported by Kool8, an indene

derivative (XXIX) being Fformed.

;“3 o CHZ—fH- COOEF _s CHo Ha
CHso Co~- COOEF 5“30 COOEF
OCHs DCHJ COOEF
( Xxvir ) (Xx1x)

Also, Pradsher snd Kittila™® showed that (XXX; R = S

and (XXX; R = N - OH) both cyclised to 9-phenanthroic ecid

(XXXI), but in rather poor yield using acetic acid-

hydrobromic acid as condensing acent.

c‘gz — CH
c‘.a-cooH W —cooM
R

(%) (xxx1)

on——

~l



Both nitro=dibenz (b,f) oxerin carboxylic acids were

obtained in good yield, (ZXVII; R = H) in 75%, (XXVII;

The nitroarylacetic acids (XVI; R = H) and (I¥VI;
R = OCHB) when treated similarly with polyphosphoric acid

gave the corresponding 10,11-dihydro-2-nitro-dibenz (b, )=
oxepin~10-one (XXXII; R = H) and 10,11-dihydro~6~me thoxy-
2-nitro-dibenz(b,f) oxepin-l0-one (X¥XII; R =‘OCH3).
Compound (XXVI; R = H) cyclised rather more readily

(100° for two hours) then (XXVI; R = 0CHz) which recuired

; CHy-COOH CHy—CO
| Nozm/[? — Nozw
R R

(xx1) (Xxxi1)

the more vigorous conditions adopted in the cyclodehycration
of the pyruvic acids above. Both (XXXII; R = H) and

. (Xxx11I; R = OCHB), however, were produced in high yield
(80%). They were purified from benzene-light petroleum
and readily formed oximes in pyridine solution.

It will be remembered that lanske and his coworker56’7

(see Introduction, p. bl ) had experienced difficulty in



inducing compounds of gemeral tyne (XTI; R = OCHz) to
cyelise to (¥XIII; R = OCH.) with aluminium chloride or
hydrogen fluoride as condensing sgents. The
cyclodehydration method with »olyphosphoric acid, therefore,

is obviously a comnsiderable improvement.

(xii) (ki)

It remained now to determine the most suitable way
of removing the undesirable nitro group still present
in (XXXII) and this work is described im the following

chapter.

\



Reductions and Dcaminations

The nitroarylacetic acids (X¥V1: R = H, OC?Z)
heving hcen succassfully ring closed to derivatives of
nitrodivenz (b,f) oxenin by vpolyphosnhoric acid, it was
necessary to obtein a satisfactory procedure for the
removal of the undesirable nitro group, which had been
essential for the successful formation of the diaryl ethers

(XX; R = H, OCHS) in the first stace of the synthesis.

| R

(xxv1) (%) A

The general method wag considered to be probably the
most suitable, namely the reduction of the nitro group
to aminc and subseguent renlacement by hydrogen with
hypophosphorous acid. However, initial experiments on
the catalytic reduction of (X¥XII; R = H) with palladium
blaék did not give encouraging results. Compound

(XXXII; R = H) was not sufficiently soluble in the more

CH,~CO

- R
(xxx11)



usual hydrogenating solvents (acetic acid and alcohol)

and when the reduction was carried out in distilled dioxan,
the reaction solution (although ebsorbing the reguisite
volume of hydrogen) became very dark in colour on partial
evaporation of the solvent in vacuo. The brown oil
obtained on dilution with water could not be induced to
solidify or form a solid hydrochloride. Treatment with
ether and basification of the acid extract gave no more
hopeful results. Although the desired amine (XXXIII;

R = H) was in all »robebility formed, these tests indicated
“that it would not readily be isolated pure in good rield

by this method.

CHy-CO CHq-COOH
NHy 2 Ny 2

(xxi) (Axxiv)

In view of these difiicultics, the alternative

procedure of reduction and dsamination at the stage prior

to cyclisation, (i.e. with (¥XVI)) was investigated. It
was found that while (VI; R = OOHB) was reduced with
ferrous sulphate in agueous armonisg (by method similar to

20

that adopted.by Barton, Cook and Loudon =) to (XXXIV; R = OCH%

on z test scale in a yield of T0%, when lerger guantitics



|
(sbove 5g.) were used the amino-~acid was rctained by
the sludge of iron hydroxide with consequent detrimental
effect on the yield.

However, (XXVI; R = H) and (XXVI; R = OCHB) were ]
more conveniently reduced by catalytic hydrogenation in
aquéoUé'potassium carbonate with palladised strontium
carbonaste as catalyst. Oh completion of hydrogenation,
the solution of the amino acid rapidly turned a vivid
blue qolour which subsequently darkened. This deterioration
was avoided by the introduction of a few crystals of

“sodium sulvhite (to poisbn the palladium catalyst) immediately
the reduction had ceased. On neutralisation, 5-amino-2-
phenoxyphenylacetic acid (XXXIV; R = H) and 5-amino-2-
(2*-methoxyphenoxy)-phenyl-acetic acid (XXXIV;- R = OCHB)
were precipitatéd. (Yield 90%). Both amino—acids were
colourless and they gave hydrochlorides readily on treatment
with o ncentrated hydrochloric acid. |

The deamination vroceeded smoothly (cf. method of
Kornblumzz) by diazotisation of a solution of (XXXIV;

-R = H) in aqueous hydrochloric acid. A large excess of
hypophosphorous acid. was fhen added and after stsnding
for fifteen hours at room temperature, the préduot,

2—-phenoxyphenylacetic acid (XIT; R = H) had precipitated.



CHa~COOH
()

Compound (XXXIV; R = OCHB) similarly gave 2-(2!'-methoxy-
phenoxy)—phenylacetio acid (XII; R = OCHg). The

~ phenylacetic acids were produced in good yield (70-75i)
and were easily obtained'crystallihe as white needles

5y

’from light petroleum (the melting points were in agreement
with those reported by Manske and Tedingham®).

The cyclodehydration of the deaminated phenyl-
acetic acids with polyphosvhoric acid proceeded satisfactorily
although not guite as readily as with the corresponding
nitro compounds (XXVI; R = H) and (XVI; R = OCHB).
Compounds (XII; R = H) and (XII; R = OCH;) were thus
heated (to about 160°) for a few minutes with polyphosphoric
"acid to initiate the cyclisation and then at 100° for two
hours. On adding water to the cooled reaction mixturc an
0oil separated. The whole was extracted with ether end
the ethereal layer, after thorough washing with agueous

sodium carbonate, was dried. The residue obtained from



evaporation of the solvent afforded 10,ll-dihydro-dibensze
(b,f) oxepin-l0-one (XIII; 2 = H) and 10,11-dihvdro-6-
methoxy~-dibenz (b,f) oxenin-lO-one (XIiI; R = OGHB)

as oils from (XII; R = H) =nd (XII; R = OCH.) respectively.

. “;oﬂ
c"z—co CHy—-C
R R
(Xin) (xxxv)

Compéund (XIII; R = H) was not further purified (it had
previously been prepared by Manske and Ledingham6) but was
directly converted to its oxime (X¥XV; R = H), which was
the required Startihg material for further investigations in
mind (see later chapter). The yield of (XXXV; R = H) wes
good (70% calculated from (XII; R = H)). It was readily
crystallised as white needles from benzene-light petroleum,
and its mélting point agreed with that of the sample
prepédred by lanske and Ledingham6. The oily (XIiI;

R = OCHB) was, however, purified by extraction with hot ligzht
petroieun. White cryestals of (XIXI; R = OCHB) (also
oprevicusly »nrepared by Manske6) vere denosited on cooling

in about 70% yielé. The oxime (XTXV; R = OCHE) was also

prenarcd.



Prom the results of the experiments in this =nd

1t has been shown that this method

m

preceding chapter
of prevaring derivatives of dibenz (b,f) oxepin isg
practicable. Although the synthesis is rather longer
then that adopted by Manske and Ledingham6 (due to the
necessity fér removing the nitro group), the reactions in
general, and the two critical stages in particular (namely
the initial formation of the diaryl ethers and the
cyclisation) occur more readily. Menske's observation
that these two steps were more difficult Whén a methoxyl
groﬁé is present in the ortho position to the hydroxyl
group in the original phenol has been confirmed. In this
oase; as well, however, both reactions proceeded
satisfactorily although not quite as conveniently as when
the methoxyl group was sbsent.

The method is likely to be of value, especially

if it can be succegsfully adavnted to include the preraration

of compounds of type (IXXVI; R = CHs, CHO, ete.)

R
CHy~-CO

OCH3

L)



5

wnich were shown by Kulka and Manske7 to be obteinable
only with great difficulty. In addition, the conversion
of the nitro groun to methoxyl rather than hydrogen

would be of value in future attempts at the synthesis

of cularine.

-

In the present work, however, these ideas were not
developed. The following chapters are concerned with
reactions and the preparation of a few more derivatives

of dibenz (b,f) oxepin.



Preparation of 10-imino-1C,11-dihydrodibenz (b,f) oxe.in

The presence of the gyehem (WUIIVIL) in the alkalold

...... FENp R -

cularine (see Introduction, 7.49 ) surcested that it would

—

)

(rxxvir) o (xxxvin )

be of interest to ovrepare the amine (XXXVIII), which in
future work might be adaptable as starting material in an
attempted synthesis of the fundemental structure of
cularine (XIXIX). The oxine (¥7¥V) was therefore

‘reduced catalytically with nletinic oxide in acetic
"
CH;—CH CHy~C

( XSZl_x) (Xx%Xv)

anhydride asg solveant to 1lU~zcetemido-10,l1-dihydrodibenz=

Py
3

b,T) oxepin (XL). The nydrozenaticn proceeded smoothly



'N”a CO.C.”3

(XL)

and the product was obtained pure and in high yield as
white crystals from benzene-light petroleum. On
hydrolysis of (XL) with dilute hydrochloric acid, the

amine (XXXVIII) was isolated as its hydrochloride.



navaticn of Dibenz(b,f)oxepin

ge]
=

- 2 s -

Cook, et al > discovered theat N-zcetyl-colchinol methyl
ether (ILI) on treatment with vhosphoric oxide in boiling
xylene was converted to (XLII) with eliminetion of the

24

elements of acetamide. Cook, Dickson and Loudon~ " have

¢H3o N”.CO,CH3 CH30
cuso CH30

°‘"3_ OCH4
STON (%£h )

since prepared the pure %,4,5,6-dibenzocyclohenta—~§,%,5-

OC”3 0("3

triene (XLIII) by similar means from the corresponding

acetamido compound.

G% 00

_ (1)
(xLin)

When (XL) was likewise trcated with shosphorus
pentoxldo in xylene, the parent compound, divenz(b,f)oxein
(YI) was obtained resdily as white plates (from methanol)

in a yield of 85%. This revpresents an overall yield of



about 15% calculated from the original 2-chloro-5-nitro-
benzaldehyde. The melting ooint agreed with that of the
specimen preparcd by Manske and Ledingham6 from the
dehydration of 10,11-dihydro-10-hydroxy-dibenz (b,£)=

oxepin with para-toluene sulphonic acid. .



Sxidation of 10-Carboxy-2-nitro-dibenz(b,f)oxenin

Cne of the degredation »nroducts (XLIV) of the allkalocid
cularine was shown by Manskel to be oxidised with potassium

permanganate in acetone to (XLV). A smaller guantity of

(XLVI) was also isolated. Similser resu1t36 were obtained
CH’CHZ . COOH
CH3o CH30 <oo
3 H 3 H
U
CH
COOH
Cuﬁ’ cmf
OCHS OCH3
(Xciv) o (XLy)
from dibenz (b,f) oxepin, the corresponding dicarboxylic
acid (in 90% yield) and xanthone (6-~T7%) being formed. The
COOH COOH
CH O CHy O
3 3 <o
o )
Co
. CHR®
3 OCH C“3o oc.
3 H,

o) ()



production of the xzanthone derivative (which is analogous
to the ozidation of shenanthraguinone to fluorenoneZE)

was explained by Manske by initial formstion of (XLVII
which would be‘expected to present certain instability, and
therefore, undergo the benzilic rearrangement to a

xanthydrol-9-carboxylic acid (XLVIII). Decarboxylation

and oxidation of (XLVIII) would then produce (XLVI).

NO,
¢ooH
CHLO
3 _oH - eH

C\\ A”COO
NcooH H

CQ3°

OcH3 (x:.vm) (Xxvi)

The formation of xanthone derivatives also recalls
the oxidetion of dibenzogycloheptatriene (XLIII) 1o
phenanthraguinone by sodium dichromate (Cook, Dickson
and Loudon24) and the associated contrast to oxidation
by potassium permanganate whereby compounds of type
(XLITI) afford mainly homodivphenic acids (cf. Tarbell,
Frank s=nd Fanta2l). The present work showed that this

contrast was maintained in dibenz (b,f) oxepins, since,

as main nroducts, permanganate oxidation of (XXVII)) wvielded



2,2'-dicarboxy-4-nitro~dinhenyl ether (XLIX) whereas

dichromate oxidation gave 2-nitroxanthone (L)

Noz ~°1



Hydrogenation of 10-Carboxy-2-nitro-dibenz(b,florenin and

oo e ; ] . . i
Preparation of 10-Carboxy-10,11-dihvdro-dibenz(b,f)oxcmin

A e

Preparation of 10-Carboxy-10,11-dihvdro~dibenz(b,f)oxcin

It is known that the 9,10-double bond in phenanthrene
(LI) is characteristically different from the other double
bonds in the ring system, behaving in some respects like an
olefinic bond. For example, it was reduced catalytically
to 9,10-dihydrovhenanthrene by Berger sbd losettig?®. I+t

was thought that the 10;1l—double boud in dibenz(b,f)oxenrins

was of a similar olefinic nature. This expectaticn was
! 1] 'cool-l
2 9 CH=¢C
qu
3
A g
§ 7
-y (xxvir )
) 2Vl

fully rezlised on hydrogenation of (¥IVIL) with palladised
strontium carbonate in aqueous potessium carbonate
solution. The nitro group and the 10,ll~double hond

were both reduced and the product 2-amino-lO0-carboxy-
10,11-dihydrodibenz(b,f)oxepin (LII) was obtained.

Compound (LII) was crystallised from aqueous ethanol



(G (T

and on treatment with concentrated hydrochloric acid
it gave a hydrochloride. Deamination of (LII) to
10-zarboxy-10-11-dihydrodibenz(b,f) oxepin (LIII)

proceeded smoothly..



Prhwaraojon oT 2—ﬂ1trodlbcn5(b f)oxonln end cis-10,17-

Y- o st 1 e - s

Dihydro~10,11-dihyvdroxy-2-nitrodibens(b,floxenin

10~-Carboxy~-2-nitrodibenz(b,f) oxewnin (X¥VII) was
decarboxylated by the gencral method with quinoline and

copper bronze to 2-nitrodibenz (b,f) oxepin (LIV). It

(’:—_’__‘7) (o)

crystallised as psle yellow needles from methanol, but
was only obtained in moderate yield (44%).

The olefinic nature of the 10,ll-double bond was
.confirmed by the oxidation of (LIV) with osmium tetroxide
in benzene sgolution in the presence of a little pyridine
by the method adooted by Cook, et al®! with 9-methyl-
phenanthrene. The corresponding diol, cis-10,11l-dihjdro-
10,11-dihydroxy-2-nitrodibenz (b,f) oxepin (zv) was thus
formed, but in insufficient gquantity to attempt further

oxidation (e.g. with lead tetraacetate).



Txnerimental

b.p. 60°-30°.

[ 7

Petrol as solvent refers to light petroleum,

2-Chloro-5-nitrobenzaldehyde (XIX) was obtained from

ortho-chlorobenzaldehyde by the method of Erdmann28.

5-Nitro-2-phenoxybenzaldehyde (XX; R = H). 2-Chloro-

5-nitrobenzaldehyde (40g.) and phenol (20g.) were refluxed
for two hours with a solution of caustic soda (10g.) in
water (400 c.c.). Crystals formed>in the cold dark

‘ reaction mixture. The whole was extracted with ether and
some material (XXI; see below) which remained undissolved
was filtered off. The ethereal layer was repeatedly
washed with dilute aqueous alkali, water and then dried.
On evaporation of the solvent, s semi~-solid residue
femained, which, by exhaustive extraction with petrol,
concentration of the solution and cooling, afforded
5-nitro-2-phenoxybenzaldehyde (36g.; T0% yield) as white

crystals, which were further purified from benzene-petrol.

Melting point obtained was 66° (Patent 1iteraturett gives

m.p. 68°).
2-(2*-Methoxyphenoxy)-5-nitrobenzaldehyde (XX; R = COHB)

was likewise obtained (55% yield) from 2-chloro-5-
nitrobenzaldehyde and guaiacol, as white crystals, m.p.
111° (from benzene-petrol) (Found: C, 61.3; H, 3.9;

i T B s - g L. T il
I, 5.3. CWAhll“OS recvires G, 61.5; H, 4.C; T, S5.1)
Lo



2-(2'=Chloro-5"-nitrobenzyloxy)-5-nitrobenzaldehyde (¥I)

The ether insoluble residue obtained during the prevarstion
of 5-nitro-2-phenoxybenzaldchydc was collected and dried.

On crystallisation from benzene, 2-(2'-chkoro-5*'-nitro-

benzyloxy)-5-nitrobenzaldehyde, m.p. 208°, (Found: C,50.2;
H, 258; N, é.6; ¢l, 10.75. 014H9C1N2O6 requires C, 49.9;
H, 2.7; N, 8.3; Cl, 10.55%) was obtained (Yield & 1%
calculated from 2-chloro-5-nitrobenzsldehyde).  Its oxime,
m.p.'l94° (white crystals from benzene-methanol) (Found:
¢, 47.8; H, 2.9; N, 11.9. 014H10C1N306 reguires
¢, 47.8; H, 2.8; N, 11.9%) was prepsred in pyridinec
solution.

Compound. (XXI) was also formed:— a) during the
.preparation of 2—-(2"-methoxyphenoxy)-5-nitrobenzaldehyde
in 5% yield. ©b) when 2-chloro-5-nitrobenzaldehyde (C.5g.)
was refluxed with water (12.5 c.c.) containing caustic soda
(0.25g.) for 20 minutes. The product (after crystallisation
from benzene) had m.p. 206°, undepressed by admixture with
(XXI) obtained as by-product from prenaration of
5-nitro-2-phenoxybenzaldehyde. (Yield 12%). c) when
2-chloro-5~-nitrobenzyl clcohol (O.25g.) and 2-chloro-H-nitro-—
benzaldehyde (0.25z2.) were heated to 100° with anhydrous
potassium carbonate (0.25g.) for 15 minutes. On cooling,

the solid, which had formed, was filtered and dried,



£
;O

01 crystallisation from benzene (XYI), m.p. 206°, and
mixed m.p. (with samples prepared above) 206-8°, was

obtained in 80% yield.  The 2-chloro-5-nitrobenzyl

alcohol, m.7. 78° (white needles from petrol) (Found:

¢, 44.8; H, 3,05. G7H601N03 requires C, 44.8; H, 3.2%)
was prepared;whén 2-chloro-5-nitrobenzaldehyde (3g.) in
methanol (50 c.c.) and sodium borohydride (lg.) in water
(10 c.c.) were allowed to react at room temperature for

4 hours. The solution was made agcid with dilute sulphuric
acid and‘the methanol evgporated off. On cooling, the
product was obtained as an oil which readily solidified.

Azlactones: A mixture of 5-nitro-2-phenoxybenzaldehyde

(1 mol.), aceturic acid (1 mol.) and freshly fused sodium

acetate (1 mol.) in acetic anhydride were gently warmed

until in solution and then refluxed for one hour. From

the dark coloured solution & crystalline mass was formed

on standing overnight. The eolid was filtered off,

washed with a 1little acetic acid and dried. On purification
P

from benzene (charcoal) and further recrystallisation from

benzene-petrol, 2—methyl—4~(5'~nitro~2'—phenoxy)~benzylidonem

- , O . A
5-oxazolone (XXII; R = H), m.p. 183", was obtained as fine
lemon necdles. (7ield 58%). (Found: C, 62.9; ¥, 3.0,

017H12N205 requires ¢, 63.0; H, 3.7%). 2—(2'-lethoxy-



N\ . . .
phenoxy )-b-nitrobenzaldehyde similarly afrorded

4m[2'=(2"—methoxyohenoxy)-5"'-nitrobenzylidene ]-2-methyl-

b-oxazolone (IXII; R = OCHS), m.p. 197° d. (lemon
needles from benzene-petrol) in 5%% yield. (Found:
¢, 6l.2; H, 4.1; N, 8,0. clBHi4NéO6 requires
C, 61.0; H, 3.95; N, 7.9%).

An improved method of preparing the azlactones
based on Galat’sl4 procedure was subsequently adopted.
The aldehyde (1 mol.), aceturic acid (1 mol.) and pure
potassium bicarbonate (1 mol.) in acetic anhydride were
gently warmed until the yellow colour of the azlactone
developed in the solution. Although heating was then
ceased, the temperature of the reaction mixture continued
to rise. The solution was then allowed to stand 24 hours
at 18°, by which time the szlactone had crystallised out.
It was filtered off, washed with hot water and dried.
On recrystallisatioh from benzene-petrol, (XXII; R = H)
and (XXII; R = OCHB) were obtained in 70-75% yield.

Tthyl a—acetamido~pf-(5~nitro-2-phenoxyphenyl)-acryleate

(XXIII; R = H). A mixture of (XAII; R = H) (2 g.),
ethanol (5 c.c.) and concentrated sulphuric acid (2 c.c.)
was heated gently until in‘solution. The reccticn mixivre

was then cooled and added to cold water, whereupon ¢ pole

yvellow precipitate of ethyl a-acetanido-G-(5-nitro-2-




nhenoxy;henzl)—acrylaﬁe, meD. 195-6° (white crystals from

ethenol) wag obtained. (1.8g.; 80% yield). (Found:
Ly

¢, 61.3; H, 5.0, C. ot gMp0g requires C, 61.6; H, 4.0%

5-Nitro-2-phenoxyphenylyyruvic acid (XXIV; R = H).

Compound (XXII; R = H) (10 g.), dilute hydrochloric acid
(100 c.c.; 1 part concentrated acid: 2 parts water, by
volume) and glacial acetic acid (100 c.c.) were refluxed
for five hours. (The reaction was equally successful when
(XXIII; R = H) was employed as the sterting material).

The hot solution was filtered and allowed to stand 15 hours,
by which time pale yellow crystals of the product had
developed. A further crop was recovered by dilution of the

mother liquors. (Yield 95%). The 5-nitro-2-phenoxy-

vhenylpyruvic acid was recrystallised from benzene, m.Dp.

148-9°, (Pound: €, 60.0; H, 3.8; N, 4.6.  CygH);T04
requires C, 59.8; H, 3.65; N, 4.65%). When the dari

red alkaline -solution of the acid was treated with excess
hydroxylamine'hydrocﬁloride and subsequently acidified,

the oxime (XXV; R = H), m.p. 167° (white crystals from
benzene)  (Found: C, 56.7; H, 3.6. 015H12Nﬁ06 requires

¢, 57.0; H, 3.8%) was nrecipitated.



2—(2'—Methoxyphenoxy)~5-nitrophenylpyruvic acid,

(X7IV; R = OCHB) m.p. 230° d., (yellow crystals from wmcetic
ecid) (Pound: C, 57.8; H, 4.1; I 4.4, O oWy 570,
requires C, 58.0; H, 3.9; N, 4.2%) was similarly preparcd
| by the hydrolysis of (XXII; R = OCHB)- (vield = 95:).

The oxime (XXV; R = OCHB) had m.p. 180° 4. (white crystals
from benzene with a trace of methanol) (Pound: C, 55.6;

H, 4.2; N, 8.4. 016H14NZO7 regquires C, 55.5; H, 4.05;

N, 8.1%).

5-Nitro-2-phenoxyphenylacetic acid (X¥VI; R = H)

5—Nitro—2—phenoxyphenylpyruvié acid (6 g.) was dissolved
in 10% aqueous caustic soda (100 c.c.), cooled to 0°, and
maintained at this temperature while 10% hydrogen peroxide
(25 c.C.) was added. The dark red solution of the sodium
salt of the pyruvic acid rapidly lightened in colour. The
mixture was then allowed to come to room temperature and
after four hours it was acidified with dilute hydrochloric
acid. The flocculent white precipitate of 5-nitro-2-

phenoxyphenylacetic acid which was formcd, crystallised

readily from benzcne-petrol as white needles m.p. 140°

(Yield 4.9g.; 91%). (Found: €, 61.6; H, 4.0.

Ol4H11N05 requires ¢, 61.5; H, 4.0%).
2—(2'-Wethoxyshenoxy)-5~nitrophenylacctic acid

(XXVI; R = OOHB), n.p. 141°, (white crystals from benzene-

retrol) (Found: C, 59.6; H, 4.0. Cq 5 zu0g Tecuives



C, 59.4; H, 4.25%) was likcwise obtained from 2-(2'-
methoxyshenoxy)-5-nitrophenylpyruvie acid. (Yield = 247,

10-Carboxy~-2-nitro-dibenz (b,f) oxepin (XXVII; R = H).

5-Nitro-2-phenoxyphenylpyruvic acid (2g.) was stirred into
cooled polyphosphoric acid (from 14 c.c. of syrupy rhosnhoric
acid and 21 g. of phosphoric oxide) and heated cautiously

to about 160° for a few minutes until the colour of the
mixture became green-brovn. It was then kept at 100° for

2 hours, cooled and diluted with water. The resultent

dark precipitate was filtered, repeatedly washed with water
and dried. On successive purification from bengzene
(charcoal) and benzene-petrol it afforded 10~carboxy-2-

nitro-dibenz (b,f) oxevin, m.Dp. 224°, as pale yellow

crystals (l.4g.; 75%) (Found: C, 63.7; H, 3.45,
N, .5.05. 015H9N05 requires C, 63%.6; H, 3.2; N, 4.95%).
10-Carboxy-6-methoxy-2-nitro-dibenz (b,f) oxepin

(XXVIiI; R =,CCH3), m.p. 250°d. (white crystals from benzene-
petrol) (Found: C, 61.5; H, 3.8. 0O H; N0, requires

C, 61.3; H, 3.5%) was similerly prepared from 2—(2%~
methoxyphenoxy)~5-nitro-phenylacetic acid. (Yield = 70%).

10,11~-Dihydro-2-nitro-dibenz (b,f) oxepin-10-one

e} N\

(XXXIi; R = H). 5-Nitro-2-phenoxyshenylacetic acid (2 c.)
and polyrphosphoric acid were hected at 100° for 2 hours. The

mixture was then cooled and diluted with water, whoeroupon



a white s0lid vprecipitated. It was filtered, washed
with agueous godium carbonate, water and dried. The

A

10,11-dihydro-2-nitro~dibenz (b,f) oxepin-lO-one, m.p. 155,

(white crystals from benzene-petrol) (1.5 g.; 80% yield).
(Found: C, 66.1; H, 3.55; W, 5.4. 0y JHgN0, Tequircs
c, 65.9; H, 3.5; N, 5.5%) readily formed an oxime, m.p.
184°, (white needles from benzene) (Found: C, 62.0;

H, 3.8; N, 10.2. C14H10M2O4 requires C, 62,2; H, 3.7;
N, 10.4%) when treated with excess hydroxylamine ?

- hydrochloride in pyridine solution.

10,11-Dihydro~6-methoxy—-2-nitro-dibenz (b,f) oxepin-1C-one

(X¥XII; R = OCHB), m.p. 195° (colourless needles from

benzene-petrol) (Found: ¢, 62.9; H, 4.0. Gy 5811105

~requires C, 63.15; H, 3.9%) was prepared likewise (78%
yield) when 2-(2'-methoxyphenoxy)-5-nitrophenylacetic acid
and polyphosphoric acid were heated initially to 16C° for
a few minutes and subsequently at 100° for 2 hours.  Its
oxime had m.p. 211° (white crystals from benzene-petrol)
(Found: G, 60.2; H, 4.3. C15H12N205 requires G, 60.0;
H, 4.0%). |

5-Amino-2-phenoxyohenylacetic acid (X¥XIV; R = H).

5-Nitro-2-phenoxyphenylacetic acid (5 gz.) in potassium
-carbonate solution (2.3 g. in 500 c.c. water) was
catalytically reduced with 2% palladised strontium

carbonate (L.25 o.) until the recvigite volume of h Jlrogen



R

(130C c.c.) was absorbed. A Tew crystals of sodium
sulphite were then added and the solution filtered. On
neutralisation with dilute hydrochloric acid the product
precipitated and the whole was allowed to stand overnight
at 0°.  The solid was filtered off and on purification

from water, 5-amino-2-phenoxyphenylacetic acid, m.p. 148°,

(Found: €, 68.95; H, 5.5. Cq 4H1zN0 requires ¢, 69.1;
H, 5.35) was obtained as white crystals (Yield: 3.97.;

89%).  The hydrochloride, m.p. ¢ 230° d. (white necdles

from agqueous hydrochloric acid) (Found: C, 60.2; H, 5.25.
014H14C1N03 requires C, 60.1; H, 5.0%) was readily formed
on treatment of the amino acid with concentrated hydrochloric
acid.

R'a o

5—Amino—2v(2'—methox;phenoxy)—phenylaoetic acid (X¥XIV;

R = OCHB), m.p. 137°, (stout white crystals from aqueous
methanol) (Found: €, 66.0; H, 5.6. 015H15N04 recuires
¢, 65.9; H, 5.5%) {Yield = 90%) and its hydrochloride,

m.p. 134° (white crystsls from benzene-ethanol, initially
obtained from aqueous solution) (Found: C, 55.1; H, 5.8.
015H1661NO4.H2O requires C, 55.0; H, 5.5) were similarly
vrepared from 2-(2'-methoxyphenoxy)-5-nitrovhenylacetic
acid or alternstively when the nitro-acid (0.5 g.) in

concentrated ammonia (3 c.c.) snd water (10 c.c.) was

added to a mixture of ferrous sulvhate (5 g.), water

|
I
|




(13 c.c.) and concentrated ammonia (12 c.c.) and maintzined
with stirring at 70°.  Aifter 2 hours, the filtrete and
washings from the sludge of iron hydroxide were neutralisad
and the amino-acid precipitated (70% yield). On an
increased scale (nitro-acid (5 g.)), however,,the yield

was much lower. (c. 35-40%).

2-Phenoxyphenylacetic acid (XII; R = H) 5—-Amino-~

o—phenoxyphenylacetic acid (3 g.) in concentrated hydrochloric

acid (40 c.c.) and watef (100 c.c.) was cooled to 0° and
diazotised with an acueous solution of sodium nitrite (1 g.).
The mixture was gently Warﬁed'until the diazonium selt |
dissolved and then allowed to return to room temperature.
Hypophosphorous acid (40 c.c.) was added and the solution
kept at 18° overnight. The precipitate which was chtained,
‘afforded.2~phenoxyphenylacetic acid, m.p. 590 (Manske and
Ledingham6 give m.p. 91°) (Found: G, 73.95; H, 5.4.

Calc. for 014Hi203; ¢, 7%3.7; H, 5.3%) as white needles
when crystallised from petrol (Yield; 2.1 g.; 75%).

2—(2t-Methoxyphenoxy)-phenylacetic acid (XII; R = 00H3),

m.p. 90° (Manske and Ledingham6 give m.p. 93°) (white
needles from petfol) (Found: €, 69.8; H, 5.5, Calc. for

C,eH, ,0 C, 69.8; H, 5.4%) was prepared by the sginilar

15714747

desmination of 5-zmino-2-(2'-methoxyshenoxy)phenylecetic

scid (Yield = 72%).
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10,11-Dibydro-10-oxinino-dibenz (b,f) oxenin (I¥XV; R = H).

2-fhenoxyphenylacetic acid (1 g.) and »olyphosphoric acid
were heated to 160° for five minutes and then at 100° for
2 hours. The cooled reaction mixture was diluted with
water and extracted with ether. The ethereal layer was
washed with dilute alkali, water and dried. On
evaporation of the solvent, 10,ll~-dihydro~dibenz (b,f)
oxepin—lO—one, (XIII; R = H) was recovered as a yellow oil,
which was direcfly refluxed with excess hydroxylamine
hydrochloride in pyridine solution for 2 hours. The
cooled solution, on treatment with water, afforded
10,11-dihydro-l0-oximino-dibenz (b,f) oxepin, m.p. 135°
(white needles from benzene-petrol) (Found:» C, T4.7;
H, 5.1. Calc. for Cl4HllN02; c, 74.7; H, 4;9%) (Manske
, and Ledingham6 give m.v. 137°) in a yield of 70%.

10,11-Dihydro-6-methoxy~-dibenz(b,f) oxepin-l0-onc

(XII1I; R = 0CHz), m.p. 9%° (white crystals from petrol)
(Pound: C, 74.9; H, 5.1. Cale. for CjgH 05, C, 75.0;
H, 5.0%) (Manske and Ledingham6 give m.p. 85°) was
similarly prepared from 2-(2'-methoxyphenoxy)-phenylacetic
‘acid. The green oil which was recovered from evavoration
of the ether extract was nurified from petrol (charcceal).
On cooling, *the product crystallised out. (Yield = 701,

Its oxime, m.p. 198°, (from penzene-mcthanol) (Touna:




C, 70.4: #, 5.1. Cele. for 015H13N05; Cy, 70403 I, 5.1

ey 1 - ¥ s 3 b . - O .
(Manske and Ledingham® give m.p. 196°) was prepared in
pyridine solution.

10-Amino-10,11-dihydro-dibenz (b,f) oxepin (XXXVIII).

- 10,11-Dihydro-10-oximino-dibenz (b,f) oxepin (2 g.) in acetic
anhydride (50 c.c.) was catalytically reduced with platinic
oxide until the requisite volume of hydrogen (400 c.c.) had
been absorbed. The solution was then filtered and the
solvent partially evaporated at 20m.m. pressure. On
dilution of the residue with water, a white oil formcd which
rapidly-éolid@fied. The solid, on crystallisation from

benzene-petrol afforded 10-acetamido-10,1l-dihydrodibenz(b,f)

oxepin (XL), m.p. 139°, in 88% yield. (Found: G, 76.0;
H, 6.0.  CygH N0, requires C, 75.9, H, 5.9%). On
refluxing a sample of this product (0.1 g.) with aqueous
hydrochloric acid for 4 hours, and cooling, 10-amino-10,ll1-

dihydrodibenz{b,f) oxepin hydrochloride, m.p. c. 265°d.

(white crystals from agueous hydrochloric acid). (Found:
¢, 68.1; H, 5.8. Cl4H14C1NO reduires G, 67.9; H, 5.65%)
was isolated.

Dibenz (b,f) oxepin (VI) 10-2cetamido-10,11-dihrdro-

; .

dibenz (b,F) oxenin (C.1 g.) and phosphoric oxide (C.2 ..)

in dry xylene (4 c.c.) was refluxed for 30 minutes. The

hot solvent was then decanted from the phosphorus pentioxide



residue, which was extractcd with xylene. The combined
solvtions were filtered and the filtrate évaporased to
dryness in vecuo (20 m.m.). The recovered oil egolicificd
on treatment with methanol and afforded dibenz (b,f) oxenin,
m.p. 110° (Pound: ©, 86.4; H, 5.3. Cslc. for Oy, 03

C, 86.6; H, 5.15%) (Manske and Ledingham6 give m.p. 111°)

on further crystallisation from the same solvent. (Yield
= 88%).

Oxidation of 10-Carboxy-2-nitro-dibenz (b,f) oxepin

a) With potassium vpermanganate

10-Carboxy-2-nitro-dibenz (b,f) oxepin (0.5 g.) in
acetone solution was treated with finely powdered potassium
permangsnate in small portions until the pink colour was
permanent. Water in small quantities and more oxidising
agent were added until the colouration remained for several
minutes. The solution was then treated with hot water,
the acetone boiled off and the hot mixture filtered.  (The
precipitate of mangenese dioxide was washed with fresh
acetone, No material was recovered from the filtrate on
evaporation to dryness and it was thus considered that no
neutral nroduct had been formed in the reaction). Cn
acidification of the croled agueous filtrate with dilute
‘hydrochloric acid, a white precipitate was obteined Ifrom

vhich 2,2'~dicarboxy-4-nitro-diphenyl-ether (XLIX),

o N . . I - P on an N PR IS N 3 an
Mmen. 2207 (white crystels from benneve-netrol with o Sreace
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of methanol) (Tound: C, 55.2; H, 3.2; N, 4.7.
C4HolCy requires €, 55.45 E, 3.0; N, 4.6%) was the only

procduct recovered (Yield 90%).

b)  With sodium dichromate

10-Carboxy-2-nitro-dibenz (b,f) oxerin (0.5 g.) znd
sodivm dichromate (0.5 g.) in acetic acid (5 c.c.) were
refluxed for one hour. The cooled solution was diluted

with water, exhaustively extracted with chloroform, and

" .

the chloroform layer washed with dilute sodium carbonate.

On extraction of the acidified agqueous layer with chloroform
* and evaporation to dryness, no material was Tecovered.

From the original dried chloroform extract a white solid

was obtained on removal of the solvent. On crystallisation
from benzene the sole product isolated (Yield = 75%) weas
2-nitroxanthone (L), m.p. 202° (Found: C, 65.0; I, 3.15;

N, 5.8. Calc. for Cq HNO,; C, 64.7; H, 2.9; N, 5.8)

13
(Various reports give m.p. 200-204°).

2-Amino-10~-carboxy~-10,11~-dihydrodibenz (b,f) oxepin (LII)

10-Carboxy-2-nitrodibenz (b,f) oxepin (0.5g.) in
aqueous potassium carbonate solution was catalytically
reduced with 2% palladised strontium carbonate. The
volume of hydrogen absorbed (170 c.c.) indicated thet

zas had been used ugz. en the hydr-gscecnation

4 mols. of the

o

was completed, a few crystalsc of sodium sulpnhite were addied



to poison the catalyst =nd on neutralisstion of the =olvtion

7ith dilute hydrochloric acid, 2-smino-10-carboxy-10,71-

dihydrodibenz (b,f) oxepin, m.n. 21C° 4. (pale yellow

crystals from acueous ethanol) (Found® ¢, 70.7; H, 4.9.
015H131\TO3 requires C, 70.6; H, 5.1%) was precipitatcd.
(vield = 86%). On treatment with concentrated hydrochloric
acid and recrystallisation from the aqueous acid, the

hydrochloride, m.pn. 262° d. (Found: C, 61.9; H, 4.Z.

015H14C1NO3 requires C, 61.75; H, 4.8%) was obtained as
colourless crystals.

10~Carboxy~10,11~dihydrodibenz (b,f) oxepin (LIII)

5

2=Amino-10—carboxy-10,11~dihydrodibenz (b,f) oxepin (0.2 z.)
in aqueous hydrochloric acid was diazotised with sodium
nitrite (0.1 g. in 3 c.c. water). The mixture was warmed
until the solution was clear and then filtered. A lerge
excess of hypophosphorousvacid (2 coc.) was added and after

standing overnight, 10-carboxy-10,11-dihydrodibenz (b,f) oxepin

had precipitated. It was purified from benzene as almost
colourless crystals, m.p. 186°. (Found: €, 75.3; H, 4.8.
015H1203 requires C, 75.0¢; H, 5.0).

o-Nitro-dibenz (b,f) oxepin (LIV) 10-Carboxy~2-

\

nitrodibenz (b,f) oxepin (2 g.), conper bronze (1C g.)
and pure quinoline (50 c.c.) were refluxed for 4 nours. The
cooled mixture was diluted with bengene (100 c.c.) and

3T - 1" [ s ey Ty s A T] e e - - Svien oo e Aot el sy
filterad from the co ey bronze. Jhe filtreate weg vonoaledly



washed with dilute sulphuric acid, water, aqueous sodiun

e

carbonate, water and dried. The golvent wag partislly
evaporated and the residual solution filtered through
charcoal. On dilution with petrol, the product was
obtained and it was further crystallised from methanol,

whereupon pale yellow needles of 2-nitrodibenz (b,f) oxepin,

mopc 1300 (FOTll’ld: c, 70.5; H, 309; I‘I, 5.9; 014H91TC‘7}
requires C, 70.%; H, 3.8; N, 5.85) were formed. “he

‘yield was 44%.

gigflo,ll—Dihzdro—lO,11-dihydroxy-2—nitrodibénz (b,T)
oxepih (V). Pyridine (3 c.c.) wés added to a solution
of 2-nitro-dibenz (b,f) oxepin (0.28 g.) and osmium
tetroxide (0.45 g.) in thiophen-free dry benzene (15 c.c.).
After 10 days, preciﬁitation of the derk solid in the mizture
weas completed by the addition of petrol. The solid wasg
collected, dissolved in chloroform and shaken for 4 hours
with a solution of mannitol (3 g.) and potassium hydroxide
(0.3 g.) in watexr (30 c.c.). The yellow chloroform layer
was washed and dried and the scolvent allowed to evaporate
at room temperature, whereupon the white solid c¢is-1C,11-

dihydro-10,11~dihydroxy-2-nitrodibenz (b,f) oxepin wae

obtained. It crystallised readily from bengzens-methznol ug
white needles, m.n. 196°. (Found: €, 61.3; H, 4.0.

014H11N05 requires G, 61.5; I, 4,0%).
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ote on Attempted Svnthesis of TIsoguinoline Derivetives

10-Amino- 1O 11-dihydrodibenz(b,f) oxepin (XIAVIIL)
havihg been prepared (U-SQ.) few tentative experiments
were carried out in the hope of establishing a suitable
method for the synthesis of the basic structure (XXXIX)

of the alkaloid cularine, by lengthening the amine side-

chain of (XYXVIII) by tiio carbon atoms and subsequent

/C”z\
7H2 CH,y
(XX XV (xxxrx

'cycllsatlon to give the isoguinoline derivative (vv X)) .
The usual p»rocedure for preparing isoguinolines
from benzylamines (LVI) is = modification of the
Pomeranz-Pritsch rcaction involving condensgation of the
base with glyoxal hemi-acetal to give (LVII) followed by

éyclodehydration. The method, however, has been found

NH N
72
CHy eH?

(1) (Y1)



to be of only limited application (cf. Genslerzg),

as, for example, was borne out by the failure of an
attempted synthesis of igothebainmethylether (LVIII)
(an alkaloid closely related in structure to cularine)

by Schlittler and hu71er30

Consequently, attention
was directed to attempts to prepare derivatives of
isoquinoline from simple derivatives of benzylamine
employing polyphosphoric acid, which hss been shown,

in the previous chasters, to be of considerable value

as a cyclodehydration agent. Staubsl and Clemo

~CHy
c”J-N \CHz OH
) C”z_ CH ©\ CHJ_
N-
CH%O ’/
05”3 Ocqg

(@)

and Perkin” 52, have reported uniform failure in all attempts

(evi r)

to induce ring closure with a variety of compounds of

general type (LIZ; R = H or benzenesulphonyl) and

(LX; R = R—tolﬂsulphonyl) with a number of cyclising

00C

H \%Hz 0"C~\CH2
N=R N

CHy” cHy” H

(%) (L)



reagents (not including volyphosphoric acid), althougsh
a successful synthesis of this tyne was achieved by

Z
Enil FlSChGIB)'WhO obtained (LXII) from (LXI) ennloying

sulphuric acid as the cyclodehydration agent.

EFo ~ /OE"
CH
e
©/\>" Q AN 5°z"®“‘”3
— CHy
LXI/ —
() (£X 117 )

Similar failures attended the reactions of (LIX;
R = H and p-toljsulphonyl) end (LX; R = H and p-tolyk
sulphonyl) with polyphosphoric acid under a variety of
" conditions, the starting material being recovered
unchanged or intractable gums being formed and preliminary
attempts to prepare (LXIII) by the interaction of bromoacetal

with N-benzyl-p-toluenesulphonamide were also unsuccessful.
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Addendum on Dibenz (b,f) thiepins.

Introduction

The synthesis of dibenz (b,f) oxepins described in
the preceding chapters prompted investigation into the
preparation (by a similar method) of derivatives of the
corresponding thig -~asnalozue, dibenz (b,f) thiepin (I).

Neither (I) (nor, indeed zny comnound simply related to it)

CH = CH
CH=CH
v c/u \cn
' ] ]
S CH CcH

(1) T
nor the parent seven-membered haterocyclic compound,
thiepin (II) appear to be known. However, hexamethylene
sulphide or thiepane (III) was obtained by Braun® and
. . s b2 . ‘o
Grishkovich~Trokhimoveki™ 28 the monomer in additien to

polymeric material (cf. Bost and Conn”) and within recent

CHZ - CHZ
CHy CHy
CHy CHy
—
(i
years OOn;ounﬁ(WII nd e fow oof 1ve gilnsle dorivetivegs hove
- 4
becn preparcd by Leonasrd ond Figusros®



Discucsion

Preparation of 5-Fitro-2-(p—-tolylthio)-phenylpyruvic zcid

CH=C ——CO

Vo2 e A mf@: [
_,,J(::j/ ' N o

S S \\c/

()

CH3 (:SZ)

5-Nitro-2-(p-tolylthio)benzaldehyde (IV) (prepared =g
described by Loudon, gﬁ_ng)was converted to the
corresponding azlactone, 2-methyl-4-(5'-nitro-2'-p~tolylthio)-
benzylidene~5—oxazolone (V) by the method of Herbst and
Shemin6 in moderate yield (55%). No improvement was
observed on adopting Galat's7 procedure (cf. p.6q ).
Treatment of (V) in ethanol solution with concentrated
sulphuric acié geve a-acebamido-f-(5-nitro-2-p-tolylthio)-

phenylacrylic acid (VI) and hydrolysis of both (VI) and (V)

v, cH = C.—cooH vo, CHy~CO- COOH
NH, CO.CH3
S

S

CH3 - CH3 (\-/_'_’.)
(v1)



T

in a nixture of acetic acid and agueous hydrochloric acid
proceeded smoothly and in high yield to 5-nitro-2-
(p-tolylthio)-phenylyyruvic acid (VII). Comnound (ViI)
was purified from benzene (with a trace of methanol) and
the lemon crystals thus deposited, when dissolved in

agqueous alkaline sgolution =znd treated with excess

hydroxylamine hydrochloride gave the oxime (VIII) on

gecidification.
CHy— € —CO00
N-OH
S
(V).
CH3

" Preparation of 5—Nitro—2—(grtolylthio)—phenylacetic acid

The method previously used (p. Tl ) for the conversion
of a phenylpyfuvic acid to the corresponding phenylacetic
gcld, by oxidation with hydrogen peroxide in aqueous caustic
soda solution, was considered inapplicable in this cease due

to the reagdiness with which thio-ethers are known to

oxidise to sulphoxidcs and sulphones. The following

alternative procedure weas thus adopted.
The oxime (VIII), when heated for a few hours wit

/ '

. / 7 - A ) - -
ove b-nitro-2—- n-tollthio)~benzyl
= v

[}

e S A = - T SR Bl NP . I AU SRS o) T g e Y
cy onide (,i,,’:) 1N 6\;,» ;,1@10_0 Cn ocic NGO LJ]_J 518 (’;)"'9 nours,



CHy~EN
S

S
CH3 (!25) | | CHay (EE)

of (IX), the yellow gum, which was obtained on dilution

of the cooled reaction mixture with water, was dissolved

in ether. On acidification of the aqueous alkaline extract,
5-nitro-2-(p-tolylthio)-phenylacetic acid (X) was
precipitated and purified from benzene-light petroleum.
(Yielée = 70%).

Cyclisations with Polyrhosphoric acld

a) Preparation of 10—Carboxy—8—methyl-Z-nitro—dibenz (b,f)=

thiepih
The cyclisation of (VII) with polyphosphoric scid was
carried out in essentially the same manner as in the
previous cyclodehydration experiments (p. 73 ). Initial
heating for 2 few minutes (to about 160°) was reguired,
whereupon the mixture became red-brovm in colour, =2né aiter
being kept for a further two hours (at 100°) the reaction
was completed. On cooling and dilution with —rater,
(71) wos

10~carbox7=8~-metthyl-2-nitrodibenz (b,f) thienin

nrecinitated. (Yield 705,



COOH

!
CH= CH CHy~CO
S 5

(x) )

—

b) Preparation of 10,11-Dihydro~8-methyl-2-nitrodibeng=

(b,f) thiepin-l0-one

Compound (X) was more readily ring closed then
the pyruvic acid (VII), the cyclisation being effectively
accomplished in one and a half hours at 100°.  The
product lO,1l—dihydro~8~methyl—Z—nitrodibenz (b,f) thierin-
10-one (XII) wag recovered from the chloroform extract
‘of the diluted reaction mixture in 75% yield. It
crystallised from methanol in bright yellow necdles.
‘When the purification was effected from benzene-light
petroleum it-ﬁas obgerved that the yellow crystals gave on
almost colourless solution, from which identical coloured
needles were recovered on cooling. The oxime of (XII)
was conveniently prepared in pyridine solution.

Preparation of 2-(p-Tolylthio)phenylacetic acid

The removal of the undesirable nitro crouy in ()
by a similar procedure fto thast adopnted in the gynthesis

AT AT g

of dibenz (b,T) oropine wor investigated. Al thou h

Ity



the hydrogenation of (%) (with relladised strontium carbons

in aqueous potassium carbonate sclution) proczeded smoothly

on a test scale (0.5 g.), when a larger guantity was
subsequently reacted, the reaction was completely
unsuccessful. The hydrogen was absorbed only with the
gsreatest reluctance (about half the volume required for
complete hydrogenatioh was teken up in six hours) and the
solution deteriorated in colour to such an extent that

all attempts to recover the starting material or a pure
product failed. The sluggishness with which the

hydrogen was absorbed suggested that catalyst poisoning
(presumably due to the presence of the sulphur atom in (X))
was the cause of the difficulties, for a similar attem:t
at reduction with fresh catalyst gave no better results.
The failure of the hydrogengtion on the larger scale was
disappointing and insuffiéient materisl remained for the
§r0posed preparation of dibenz (b,f) thiepin. Nonetheless

on neutralisation of the test reaction solution, 5-amino-

7Y
RS

e

’

2~(p-tolylthio)phenylacetic acid (XIII) was precipitated and

purified from agqueous ethanol. Its hydrochloride formed

o A

white needles from agueous hydrochloric acid. On ties

of the diazonium g2lt of (XIIT) (in squeous hydrochloric

scid) with hypophosphorous acid, the deeminated nroduct,

BTein

t
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2-(p-tol;

a subsesuent atftennt to induce cyelisation with noly hosnhoric
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acid on the small cuantity of (XIV) was unsuccessful

when the conditions previously employed were adopted.
Insufficient material was recovered for further investigation
of the reaction.

The results of these experiments show that certain
nitro-~substituted derivatives of dibenz (b,f) thiepin cen
be readily made available for further study by this method.
Although difficulties were encountered in the preparation
of the corresponding denitrated compounds it seems
reasonable to expect that closer =xamination of the *two
more difficult reaction stages (namely, the catalytic
reduction of (X) and cyclodehydration of (XIV»twnﬂd.give
bencouraging results.

Decarkoxylation of 1C~Carboxv-8-meth l-2-nitrodibenz [(b,f)

thiepin

On treatment of (XI) with covner bronze in guinoline



solution, the rsroduct which wes isolsoted (504 yield)
the

was notyexpected 8-methyl-2-nitrodibenz (b,f)-thicpin (V).

The analyels corresponded to 015H11HO2 ahd a sodium fusion

%ODH
~ b o
() ()
test confirmed the sbsence of sulphur in the molecule. The

product was assigned the structure of T-methyl-2-nitronhen—
anthrene (XVI). This was confirmed by the smooth oxidation
to T-methyl-2-nitrophenanthraguinone (XVII), which was
further oxidised with hydrogen peroxide in equeous alkali

o 2,2'-dicarboxy—4'-methyl-4-nitrodiphenyl (XVIIL).

0 o
No, Mo,
(xvi) (% )
¢ooH
NO, ¢COH
CH3

()



The removal of the sulvhur stom recalls the similsr
elimination from rhenthiazine (XIX) with copper to Fform

(]
carbazole (XZ) (Goske”) and the recent work of Parham =1d

9,10

Traynelis who have converted (X¥I) to (XXII) and

(XXIII) to (XXIV) by thermsl treatment.

~H Cu NH
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Zxperimental

Pe
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trol as solvent refrrs to light petroleum, b.n.

60°-80°

5-Nitro-2-(p-tolylthiolbenzaldehyde (IV) was obtained
from 2-chloro-5-nitrobenzaldehyde and p-thiocresol by the
method described by Loudon, et 21’

2~Méth71—4—(5'—nitro—Z'—p-toljﬁhio)benzylidene—S—

oxazolone (V). 5-Nitro-2~(p-tolylthio)benzaldehyde

(1 mol.), aceturic acid (1 mol.) and fused sodium acetate
(1 mol.) in acetic anhydride were refluxed for one hour
and the solution cooled. Aftef 15 hours, thevyellow
crystals, which had formed, were filtered and washed with
acetic acid. Recrystallisation.from benzene-petrol
afforded Qfmethzl~4—(5'—§i§£9~2‘—p-tolj&hio)benzylidene—
5—oxazolone, m.p. 188-9° as bright yellow crystals.
(Fpund: ¢, 61.1; H, 4.0. C,oH, ,N,0,8 requires

1814520,
C, 61.0; H, 3.95%) (Yield = 55%).

ra—Acetamido—B—(5—Qi§£g¢2~p—tolylthio)phenylacrylic acid
(vI). Compound (V) (0.5 g.), ethanol (1.25 c.c.) and
concentrated sulphuric acid (0.5 c.c.) were heated until
the susoension dissolved.. The mixture was allowed to

stand 5 minutes and on dilution with water a psle yellow

golid precinitated. It wag dried and on crystallisation
from benzene-petrol, a-acetamido-f~(5-nitro-2-p-tolylthio)
phienylacrylic acid was obtained os yellow Lmadlics, M. .

2 o ) * T B N Al
215-6", (TPound: c, 52.2; H, 4.0. c ﬂzerng“ recnlrs s




C, 58.1; H, 4.3%).

5~§i§£9«2-(p—tolylthiolphenylpyruvic acid (ViZ

Comgound (VI) (0.3 g.) lor slternastively (V)], hydrochloric
acid '7.5 c.c.3; 1 part concentrated hydrochloric acid:

2 parts water, by volume), and glacial acetic acid (7.5 c.c.)
were refluxed for 5 hours and the solution filtered. After

15 hours, lemon crystals of 5-nitro-2-p-tolylthio)pheryl-

pyruvic acid, m.p. 143° (from benzene-methanol) (Found:

c, 57.8; H, 4.0; N, 4.2. 016H13N05S requires C, 53.C;
H, 3.9; N, 4.2%) had developed. (Yield 90%). The
oxime (VIII), m.p. 169° d. (pale yellow crystals from
benzene-methanol) was formed when an aqueous alkaline
solution of the pyruvic acid was treated with hydroxylamine
hydroohloride and the solution subsequently acidified.
(Pound: G, 55.6; H, 4.2. 016H14N2053 requires C, 55.5;
H, 4.05%).

5-Nitro-2-(p-tolylthio)benzyl cyanide (IX) Comnound

(VIII) (30 g.) in acetic anhydride (600 c.c.) was refluxed

for 2 hours. The solution wag cooled, the solvent partially
evaporated in vacuo (20 mem.) and the residue diluted with
water. On stending at 0° for 15 hours a yellow solid was
obtained, and this was purified twice from benzene (chereonl).
On recrystallisation from benzene-petrol, 5-nitro-2-

(p~tolylthio)benzyl cyanide, m.n. 80°, (Found: C, 63.2;

Hy o4 Gy gHy o508 remires €, 63.3; 1, 4.27) wos
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igolated as yellor crystals (Yield = 15 g.; 60%).

5-Nitro-2-(p-tolylthio) henylacetic zcid (X). Comnound

(IX) (1C g.) was hydrolysed by refluxing for 9 hours with
aqﬁeous hydrochloric acid (100 c.c.) and glacial acetic
acid (IOO,c.c.). The cooled solution, on dilution with
water, afforded a yellow gum, which was dissolved in ether.

The aqueous alkaline extract on acidification afforded a

precipitate of 5-nitro-2-(p-tolylthio)phenylacetic acid,
m.p. 126° (pale yellow crystals from benzene-petrol)
(Fognd: C, 59.5; H, 4.3. 015H13NO4S requires C, 59.4;
H, 4.3%) in 70% yield.

10~-Carboxy~-8-methyl-2-nitrodibenz (b,f) thiepin (XI)

Compound (VII) and polyphosphoric acid were heated with
occasional stirring to 160° for 5 minutes and subsequently
at 100° for 2 hours. The cnoled mixture, on dilution
~with water, gave a dark-grecn precipitate which was well
washed with water end @ried. On purification from

benzene-methanol (twice), 1lO~carboxy-8-methyl-2-nitrodibeng

(b,f) thiepin, m.p. 264°, was obtained as colourlkess cryctals.

(Yield 70%). . (Found: C, 61.1; H, 3.5. Gy gHy1 N0,
requires ¢, 61.3; H, 3.5%).

10,11—Dihydro~8—methyl—Q—ﬂitrodibenz(b,f)thiepin~l@—one

(XII). Compound (X) (0.5 g.) and polyvhosnhoric acid were

[

heated 14 hours at 100°. The diluted reaction mizture wog



extracted with chloroform, washed with agqueous sodium
carbonate, and dried. hen the solvent was evavorated ofl,
an oll was recovered, which was induced to solidify. Phe
solid on dissolving in benzene (charcoal) gave a colourless

solution which afforded 10,l1~dihydro-8-methyl-2-nitrodibenge

(b,f) thiepin-10-one as yellow needles, m.p. 161° (from

methanol for analysis) in 75% yield. (Pound: C, 63.4;
H, 4.1. C15H)1N0z5 requires C, 63.15; E, 3.9%). The
oxime prepared in pyridine solution had m.p. 191° (white
needles from bengene-petrol) (Found: ¢, 60.3; H, 4.0.
Cy5Hy ,N,058 requires €, 60.0; H, 4.0%) .
5-Amino-2-(p-tolylthio)phenylacetic acid (XIII).

Compound (X) (0.5 g.) in agueous potassium carbonate
(0.35 g. in 60 c.c. water) was catalytically hydrogenated
with 2% palladised strontium carbonate. Then the requisitc
volume of hydrogen (c. 100 c.c.) had been sbsorbed, a few
crystals of sodium sulvnhite were added to the solution. The
mixture was filtered aﬁd neutralised with agueous hydrochloric

acid, whereupon 5~aminof2~(p—tolylthio&)phenylacetic acic,

M.DPe 1270, (cream crystals from aqueous ethsnol) preciiitated.
(Found: C, 66.2; ¥, 5.4. C15Hy 50,8 requires C, 65.9;

H, 5.5%). The hydrochloride formed white needles, m.D.

209° d., from agueous hydrochloric acid. (Found: C, 53.0;

H, 5.5. Cq 5Hy (C1NO,5 reguires C, 58.1; H, 5.29). ‘Then




the reduction was attempted on an increased scale (5 2. OF
the nitro-acid) neither = pure vroduct nor the startins
material could be recovered, due to considerable deterioration

of the solution during hydrogenation.

2-(p-tolylthio)phenylacetic acid (XIV). Compound (¥XILI
(0.3 g.).in aqueous hyd&rochloric acid (10 c.c.) was
diazotised with a solution of sodium nitrite. The mixture
was gently warmed to dissclve the suspension and filtered.
Hypophosphorous acid in excess was then added and after

20 hours, 2-(p-tolylthio)phenylacetic acid, m.p. 112° (straw

yellow needles from benzene-petrol) (Found: C, 69.9;
H, 5.4. 0151-1'14502 requires €, 69.8; H, 5.4%) had
precipitated.

7-Hethyl-2-nitrophenanthrene (XVI) 10-Carboxy~8-

methyl-2-nitrodibenz (b,f) thiepin (2 g.), copper bronze

(10 g.) and pure quinoline (50 c.c.) were refluxed for

4 hours. The cooled nixture was diluted with benzene and
filtered. The filtrate was washed with-dilute sulphuric
acid, and the black precipitate of copper sulphide which was
obtained was removed by filtration. The benzene layer was
separated, ana washed with weter, aqueous sodlum carbonate
and water in turn. On removal of the solvent ard dilviion

with methanol, 7-methvl-2-nitrophenanthrene, n.n. 187° (pale

vellow crystels from methanol-benzene) was obtained.



(Tield 50%) (Found: ©, 75.85; X, 4.6.  CjgH 70,
requires C, 75.95; H, 4.6%). When an agueous solutbtion
of chromic acid (slight excess) was added gradually to

a solution of (XVI) in hot glacial acetic acid, the
resultant dark green solution, 6n dilution with water,

afforded a yellow precipitate of T-methyl-2-nitrophenanthra-—

quinone (XVII), m.p. 230°d. (orange crystals from benzene-
methanol). (FPound: ¢, 67.5; H, 3.5. 015H9NO4 reguires
C, 67.4; H, 3.4%). Compound (XVII) (0.2 g.) in methanol

(4 c.c.) was treated with bench aqueous caustic soda (1 c.c.)
containing hydrogen peroxide (0.5 c{c.; 30%) at 18°.

After thorough sheking, a further portion of the oxidising
agent (1 c.c.) was added and the whole was allowed to stand
15 hours. The methanol was boiled off and on acidification
of the solution, a pale yellow solid precipitated. On
crystallisation from benzene-methanol, 2,2'-dicarboxy-4"'-

methyl-4-nitro-diphenyl, m.p. 184-186°, was obtained as

white crystals. (Pound: C, 59.7; H, 4.0. €y 5871104
requires G, 59.8; H, 3.7%).



Bibliosraphy

(o)A B . B\ R

10

Braun, Ber., 1910, 43, 3220.

Grishkevich-Trokhimovski, Chem. Abstracts, 1917, 11, 736,

Bost and Conn, Chem. Abstracts, 1935, 29, 1350.

Leonard and Figueras, J.A.C.S8., 1952, 74, 917.

Campbell, Dick, Ferguson and Loudon, J., 1941, 747.

Herbst and Shemin, Organic Syntheses, 1943, Coll. Vol.
1, 1. |

Galat, J.A.C.S., 1950, 72, 4436.

Goske, Ber., 1887, 20, 232.

Parham and Traynelis, J.A.C.S., 1954, 76, 4960.

Parham and Traynelis, J.A.C.S8., 1955, 77, 68.



