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INTRODUC 'ION.

In the year 1872 yet another compound wae
added to the rapidly mounting liet obtuined from
coanl tar, when (Graehe and Glaser [B. (1872), 5, 12]
and (A (1872), 163, 343]diauovared a sabstance which
they called carbazole. Thece war kers were investigat-
ing 8 process for purifying anthracene, communicnted
to them by Perkin in Xngland. The residue from
the distillation of crude anthracene with hot 50%
KOH produced a potassium compound which in turn gave
an ingoluble residue on treatment with water. From
this residue carbagzole sublimed, Graebe obtained
the same compound by passing aniline through & red-
hot tube [A. (1873), 167. 12b]. He posuulated the
correct constitution of the compound and, with
. Ullmann, discovered a valuable method of synthesis
[a, (1896), 291, 16]. All the carbagzole used in
industry or dyestulf menufecture is extracted from
coal tar, It 48 found in the anthracene oil
fraction i.e. the 0il which distills between 270 and
40&3 C. (aprox.) and consists essentially of anthra-
cene and pheaghrene but contains other hydrocarbons
e.g. naphthalene, fluoranthene. On cooling thise
distillete a semi-fluid is obtained whidh, by
guction, filtration, and centrifuging gives the

"erude-anthracene '/



"erude-anthracene” which containsg aprrox. 20%
earbugole. In addition to the KOH fusion and sub-
sequent decomposition with water many indusirial
methods have becn devised for the praduction of pure
carbazole, two being worthy of mention. The first
entails the use of the so-cslled 'polishing-oil' -

an 0il which boils between 170-?00° C. or the uee

of naphthalene o0il solutioneg which dissolve carbazole
more readily than anthracene. The best results are
obtained by dissolving “erude anthracene"” uncentirifupged
in the naphthslene 0il, cooling to 4000. filtering and
centrifuging when carbazole ie precipitated in

addition to the bulk of the anthracene. The carbagole
can then be sepsrated by KOH fusion and water
decomposition, This method is much more economical
than using 'polishing-o0il' as much lese of the former
i required as a solution medium and it can aleo bhe
recovered for further use, In the other method of
note pyridine bases are employed as solution media

in place of 'polishing' or naphthalene oils and have
the advantage over the latier thet cerbagole is very
soluble in them whilst anthracene is almost insoluble,
On disetilling off the pyridine a recidue rich in
carbazole remains which c¢an then be treated with
polishing oil in order to separate it from phenanthrene

‘and/



and other impurities and thus obtain the pure product.
[Akt. Ges, firTeer und Erddl industrie DRP 111, 359
K1 12 (1899)]. A great improvement in this method
resulted from Frankh#inel's work in Darmstadt. [DRP.
226 112 X1 120, (1909)]. He injected pyridine
vapour at 230°C into the "ecrude anthracene” (5:1),
the product being collected in a cooled receiver.
957 pure anthracene was obtained by filtration, the
filtrate containing mainly carbazole which was
collected by distillation. If a quantitative
estimation of the carbazole content ieg desired a
simple method of Kraemer and Spilker can he utilised,
By this method all existing bases are removed by
extraufing with warn dilute 32804. the nitrogen in
the residue calculated by Kjeldahl's method, and
hence the carbazole content, Before leaving the
subject of the oripgin of carbazole at should be
noted that it can bhe ohtained from the naturally-
occurring alikaloids, strychnine and brucine, by zinc
dust distillation. In addition to many bhy-products
such as Hg HHs ete. a sublimate of carbazole forms.
cf. [Loebisch and Schoop, ¥ (1886), 7, 611. 7This

. method of production has not been investigated fully
but it is not very probable thet the carbagzole ring
pre-exigts in these alkaloids.

Garbazole/



Carbagole occurs in the literature under
such names as Imino-diphenyl and dibenzo-pyrrole as,
in spite of ite nitrogen content, it hae the charact-
erigstics of a hydrocarbon, Its structure was fixed
by evidence supvlied by many investigators. The
presence of a diphenyl nucleus was shown by conversion
into perchlor-diphenyl and the existence of an imino-
group by the preparation of a potassium compound, in

addition to alkyl and acyl derivatives.

\H/ \H/ \H/

l l |

K cna CO.CHS
The positiong at which the rings were linked was
illustrated by synthesieing cerbenole from thio-
diphenylamine, whose structure was proved hy heating

it with copper powder Bernthaen[@. {1888(, 19, 3255]

Sudie CuBl..

Ackermann, [DRP, 222, 879, X1 12 p. (190@)],

Final proof of its structure is given by syntheses
from diphenylamine and diphenylamine derivatives, as
will be shown later, and is confirmed by the results
of stendard methods such as those of Von Braun and
Hofmann,. By benzoylation of tetrahydro-carbazole

and subsequent treatment with phosphorus pentachloride

benzoyl/



benzoyl-o-aminodiphenyl is obtained.

NH. !0.%4‘3.

co. &Hs

Degradation methode yield varicue compounds
according te the expsrimental conditiecneg employed. e.g.
Decomposition c¢f hexehydrocarbazole-dimethyl-ammonium
hydroxide produced o-dimethylamino-phenyl-l-cyclohexene
as woil as N-methyl-hexahydrocarbazole.

Under different conditione the same quaternary
ammonium bage can be decomposed into o-dimeihylamino-
phenyl -myclohexens and te o-phenyl dimethylamino-
cyclohexane. Von Brsun, Heider and Neumann,{h, {1916),
49, QGIBJ Thesé reactions can be graphically

represented thus:-

cHz CHy

CHz Hz

sy cH,

N~ 2, H

CHly

,[ cH_g

”é’&),, €t cH,;

CH,




Prom these resctione the presence of a

{phenyl nucleus &nd an imino group is corroborated.
The poegitions at which the rings are linked may also
be determined. A final structural poin; of interest
lies in the fact that carbazole wae found to exist
in a methylene form as the existence o some of the
tetrahydro-carbazoles ¢ould only be exnlained by the
presence of 8 ¢arbazolenine fbi?

\Gﬁ

cH
Z
This form suggests 1tself by aﬁgiogy with the pyrrol-
enine and indolenine forme, as the siructural resemblance,
as well as the similarity in reactions and modes of
formation bvetween pyrrole, indole and carhbazole is obvious.
The most usual nomenclature of carbazole and

derivatives corresponde to the following scheme:-

ki

WH
Many of the physical and chemiocal properties of

[Ullmann, B, (1898), 31,1697]

carbazole can be predicted form its structure. It
eryastallises in colourless flakes from alcohol or
glacial acetlc acid hut is very cpuringly eo luble in
the other organic solvents. Tuclker and Stevens, [J.C.S.
(1923), 2146]. It subliwes very essily, the sublimate
melting at 246°C, and fluoresces in ultra-violet

light, As 18 to be expected with the presence of a
diphenyl/



diphenyl nucleus cerbaszole is chemically exceedingly
stable, being unaffected Ly conc., HCL in a sealed

tube at 300°C. [Graebe,and Glaser, A, (1872),_ 163, 547
or by phoegene at 20000. The imino group is
responsible for the characferistic resction of carbazole.
A8 Tinal proof of ite stability it distills without
decomposition. A8 carbagole gives a potassium
compound on fusion with KOH and reacts much less
readily with NaOH it may be said to pos=sess slight
acidic properties, Ite elight bhasiecity is proved

by the formation of a perchlorate with 707 perchloric

acid, the.resulting.@slt having the formula

73 110104. A colourle 88
erystalline Bnlﬁ is produced which, like the potassium
compound, is immediately decomposed by water. |
Carbazole is therefore amphoteric.

Although the carbazole nucleus is very
s8table, it gzives substituted carbazoles and carbagole
addition producte. Thus reduction of cuarbazole
by boiling with sodium and amyl alcohol gives di-
and tetralydrocarbagzole whilst the hexahydro-compound
ig obtained by the action of tin and hydrochlario
scid on tetrahydrocarbazole [Graebe and Glaser, A,
(187¢), 163, 352]; Catalytic hydrogenation with
nickel and catalyst yleldsd : f -diethylindole
[Padoa and Chiaves, R.A.%. & , (1908) l&, II, ?62]

whilst/



whilet energetic reduction with hydriodic acid leads to

33' dimethyl-dicyelopentiyl

CHy. CH - €Wz /‘”;.‘ €H-CH3
< | )ﬂf'tﬁ |
= c,‘t o] d”ﬁ ”3 = :R‘z

Halogenated carbazoies can be obtained directly
the 3- and then the J:6-substituted derivatives heing
formed or the Graebe-Ullmann method may be used

e.g.[Ullmann, B, (1898i, 31, 1697)]

Nqﬂ/“\\:

T ¥ | >
(73 N%k\v,Jme ce
i

Iodine also can be introduced into the molecule. the
iodine atomg in all vrobability occupying the 3-

and 6-positions [Tucker, J.C.S. (1926), 546 ].

In 1904 Ullmann prepared an ethyl carbagzole by the

following eynthesis:-

coc NO,
f — a
N NH,
CHx

In this case l-methyl-carbazole results [A, (19041
332, 84 ] but the 2- and d-methyl compounds in
addition to di-, tri- and tetra-methyl carbaszoles

are/



are prepared by syntheses similar to the above using
the sppropriately substituted starting materials.
For the formation of ®-aryl compounde the method of
Graebe and Adlerskron [A, (1880), 208, 23] may ve
used,

A bhetter method however hag been given by
Stevens and Tucker (J, (1923), 123, 2140], who scted
on oarbazole or & derivative, dissolved in alcochol
or acetone, with aqueous solutions of potassium or
godium hydroxide in the presence of the appropriate
alkylating or scylating reagent at, or slightly
above, room temperature. Oxidation of carbazodle
[?erkﬁn and Tacker, J.C.5, (1921), 816] yielde unususl
results, a mixture of dicarbazyls being formed., Their
gtructure is s8till the eubject of investigation. The
reaction, earried out with acetone and potassium
permanganate, demonstrates the extreme stability of
the carbagole nucleus.

Df very much greater interest and importance
are the carbnzole carboxylic acids which are formed
by the action of carbon dioxide on potassium
carbazole, &t high temperatures under preasure.
According to the temperature and length of heating
mono- or di-carboxylic acids result. Carbagole

also/



also forms the extremely resciive orgzano-magnesium
compounds hy its action with methyl magnesium iodide,
The action of carbon dioxide on this Mgz compound at
low temperature yields the P-cerhoxylic acid whilst
the l-acid ie formed &t high temperatures 270°0.
apnrox, With mecid chlorides the corresponding
P-acyl compound is produced in almost quantitative
yield. [oddo, G, (1911), 41, I, 255]. :

Hainly due to the work of[Linaemana

Ber, (1924), 57, 1216; 5556 and CGilbert Morgan

J.C.8, (1931}, 3383] the nitration of carbasole
hee heen efiected and the position of the groups,
egpecially in the mono-nitro compounds, fixed.

[P, ztersch, B, (1909), 42 3798] showed thut, ueing
the correct molecular proportions of conc. HNQS, under
carafully regulated temrerature conditions, 4i- and
tetranitro~carhbazoles could be prepared and Zeidler
[A. (1878), 191, 504] obtained a Y-nitroso-carbazole
by adding nitrous acid to & pglacial acetic acid
solution of carbaszole. Here carbagole resembles
diphenylamine and the nitroso-compound is suitable
for rearrangement into a nuclear derivativa.[ﬁohott.
DRP. (1901), 134, 983, Kl. 12 pp.]

Aminocarbagzoles, which are of greater

technicnl importance than the nitro-compounde, are

prepared/
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prepared by reduction of the corresvonding nitro=-
compounds [Lindemann. Ber, (1924), 57, 1316; 555].

Like many other hydrocarbons and hases
carbazole unites with a number of nitro-compounds fto
form addition »roducts which serve for purposes of
purification, characterisetion and identification.
Foremost among such producte 18 cerbazole picrate
{Graebe and Glaser, B, (1872), 5, 14 ], which forms
orange-red needles with a sharp melting point at
186%¢. In sddition to this pierste, carbazole-
picryl chloride, carbagole-trinitrobenzene and tri-
nitrotoluene can he prepared.

For seversl years investipgatore entertained
strong hopes of utilising the amino-compounds by
coupling their diszotisation products with phenols
and/or amines and thus forming dyestuffs of technical
importance. The real technical significance of
carbazole wae discovered by the chemiste Hass and
Herz who established the fact that from it Hydron
dyestuffs can be formed. Thie group of dyes have
carbazole derivatives as nuclei e.g. Hydron yellow G

which is represented by the following formuls:-

co co
W
bg 1
(\( I
. ) 3 \co o

and Hydron blue:-




“lZe

With certain reagents carbazole fome
cheracteristic colours which are utilised for ite
detection in mixtures and in | confimatory testis for
ite identification. [Graehe end Gleser A, (1872},
163, 34?]~dasariba 6 remction in which carbagole,
like dirhenyiamine, gives an intense blue colour when
¢igsolved in HDE-:-O4 and a trace of nitroue acid or
some other oxigntion medium e.g. chromic acid, is
added.

Like pyrrole aund indole, carbagzole gives
an intense red colour on exposing a pine splint
soaked in HCl vapour to an aleoholic solution of the

compound, Isatin and cone, H 804 reacting on an

2
sleoholic carbazole solution give & deep blue but

i? gluciel ncetic acid is used ap s8olvent & fuschin
red oolour resulte, water precipitating & brownish-
red dyestuff in flmkes., Chroranil colours an
ethereal solution of carbazole red, N-methyl indole
colours it blue and a whole series of uarbohydrates
give intensive cvolours with cold satursted solutiong

of carbazole and indole, in the presence of HC1l or

52304. Finally hot eolutiont of carbazole give a
number of vivid colours with various aldehydes in the

presence of H 30 All the foregoing colour

2 4'
reactions/



reactions have yet Yo be thoroughly investigeted, the
dyes obtained being probably nearly related to the
technically important triphenyl-methere groupe. it
is gignifican: to note thet the fueion of carbesole
with water-free oxalic woid gives cerbaszole blue, a
triphenylemethane dye which 1¢ & related dye of
diphenylamine bhlue Suida,[ﬂ, {1879), _1g.1403] .
It may be mentioned &t this point thut the similarity
betwaen many of the diphenyleming, pyrrole and indole
colour reactions snd thoee of carbazole glve additional
evidence of the chemical similitude of these compounds.
A grest desal has beer e82id of the occurrence
of carbnzols in "orude anthracene™ and the technical
methods employed for obiaining 1t chemicslly pure.
Several lsboratory methods are also used, many of which
are however only of academic interast. The method
of Graebe and Vllmann (see p. & ) 18 undoubtedly the
most useful. Their starting product was o-aminodiphenyl-

amine:-

NH; N
DiAzoTISE S ! !:; .
N N N ;

E’ HERT
l E I lrﬁé
H
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By the use of appropriately substituted diphenylamines

this method can be adopted for the preparation of s

large number of substituted carbagoles.

One other laboratory method is suitable for

the preparation of carbegole derivetives and is ansl-

ogous with the Fischer eynthseis of indole [A].

Thus

tetrahydrocarbazole can be prepared from phenylhydrazine

and cyclohexanone [B].

>
A.
CHy
'r“&
B . By Feocess
. ~
cuy SIMILAR w[ﬁf

i
f‘ L3
" nNH=N

] ISoMERISES

L= AdIE THY&=INDPIE
¢

P
Ha
l
:: i:“‘z
4

eH,



If the tetrahydro-compound is distilled over lead
oxide carbazole is formed [Borsche, Witte and Bothe,
A, (1908), 363, 74]. From the foregoing laboratory
syntheses alone, the basic structure of carbazole
can be elucidated.

In recent years valuable resulis have bheean
obtained by the study of FPriedel and Craft's reaction
on ocarbazole, a field of study in which S.C.P. Plant
and co-workers have besen singularly successful.
Carbagole can, of course, be scetylated [Boéseken, R,
(191#), 31, 350] and bengoylated [Mazzara, B (1891),
24, 278] by using the apmropriate reagents, the
acetyl-and benzoyli-groupe entering the U-position or
nucleus, By treatment with nitrobenzene and aluminium
chloride Plant found that the acetyl-and benuzoyl-groupe
migrate into the nucleus to give the B3-substituted
carbezole [J.C.8., (1936), 40, 4bda, (1982), 2188 ].
The behaviour of these carbagole ketones is rather
unusunl as N-acetyl crrbazole gives the r-acetyl
compound on treatument with acetyl chloride and sluminium
chloride [J.C.S. (1934), 1142 ]. The N-benzoyl
compound bvehaves similarly on treatment with benzoyl
chloride and AlCl, [J.C.8. (1982), 2188]. In 1935

Plant and co-workers clarified the position with regard

to/
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to substitution in the carbagcle nucleus and foynd
that the position occupied by a substituent depends

on whether the 9-poeition is already occupied (1) or
not (i1).

{1} 9-acyl oarhazoles
{11) carbaszoles with a free ;\?H/grmp
Carbazole undergoee substitution in the

3~ and 6-positions even with a small amount of acid
halide, and in 3-substituted carbazoles a second acyl
| group goef into the H-poeition., Plent and Tomlinson,
ﬂ:.c.s. (1932); 2188}. ¥rom the orientation of
substituted csrbagoles 1t is clear that the most
reactive positions are the 3-, 6~ and 9. This ie not
surprising. An amino- or imino-groupr is general ly
reactive and facilitates further substitutions in

the ortho- and pars-positions, The 3~ and 0«
positions in carbazole are pera to the imino aroup and
acoord ingly reactive., It is to be aexpected that the l- snd
8-positions 1.e., ortho to the imino-group will also

bte somewhat reactive. Thie i indeced the case;

3:6 dibromo-carbazole, for instance, yields 3:6-dibfomo-
l-nitrocerbagole Lindemann and Mﬁmhaua.[ﬂer. {1986),
88, 237;]. I% follows, in view of the greater
reactivity of the 3~ and 6-poneiticone that direct
preparation of l-substituted cerbesoles is & matiey

of/
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of difficulty. For example, nitration of carbagzole
vields 70-75/% of the 3-nitro and only 3-4% of the
l-nitrocarbazole. [Gilbert Morgan, J.C.S. (1931),
3283 and Lindemann, Ber. (1924), 57, 555].

In other words one of the numerous problems
in the carbazole series still awaiting solution is
the preparation of l-substituted derivatives in good
yield, Home l-substituted derivatives huwe been
obtained but only by tedious methods and in poor
yields. [Linﬂemann and Weszel, Ber., (1925), 568§ 1221,
ibid, uindemann, (1924),_ 87 556 ). Gilbert Morgan's
method for the preparatibn of l-nitrocarbazole (loc.
cit.) did not produce a very subetantial yield, (see
above) . As a final example l-acetylcarbazole has
not yet heen prepared and attewpts by Plant and co-
workere to synthesige l-benzoylcarbazole have 8o far

been unsuccessful. [J.C.8. (1932), 2188 ].



OBJECT OF RESEARCH.

It was therefore decided to attempt the
preparation of l-derivatives of carbasole. Success in
this project would have a dual significance. Not
only would a preparatory method be developed but the
resulting product could, in many cases, forge the
egasential link in proving the structure of poly-
substituted compounde which have not yet been oriented,
e.g. In tetra-bromo-carbazole the position of @ |
bromine atoms is etill obscure [Voto&ek Ch. I. Rep.
{1896), 20, 190 ]; two of the bromine atoms are
known to Scuupy the 3-and 6-positions and it has been
sugrested that further substitution occurs in the l-and
8- positions. A synthesis of l-bromo-carbagole would
therefore fix the position of a third bromine atom and by
analogy the fourth atom would occupy position 8. fuch
a synthesis was therefore attemnted. Several other
curbazole derivatives may also have their structures
defined by such meane.

Improved methods of mwep:ration for some
of the simpler substituted carbazoles were also desiruble
as the yield and purity in many cases were unantie factory.
It wae therefore decided to inveatigated preperatory
methods for the mono-hslogenated derivatives [Gazz.
(1896), 238 snd Zeit. angew. Chem. (1901}, ?48]and the

use/
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uge of reagents such as phenyl-iodo-dichloride and
iodine bromide for obtaining increased yields and
higher degrees of purity. There are 8 great number
of preparsative and structural problems involved in
the study of this subject and thie thesis ie mainly

devoted to them.



EXPERINMENTAL %ORK.

The experimental work carried out is
described in the following pages. Yields are quoted
ag percentages of the theoretical amount obtainable.
S8ince, in many cases, the yields were small, the
majority of the melting point determinations were
performed on s special micro-melting point apparatus
consisti ng of an electrically heated plate, with
thermometer incorporated, mounted on the stage of a
low power microscope. Kofler, [Mikrochem., (1934),
156, e242].

All new compounds obtained in the pure
state were analysed by micro methods by Dr Weiler of
Oxford or by Mr W. Brown of the Department of Medical
Chemistry of the University of Edinburgh.
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EXPERIMENTAL.

I. Preparation of 9-acetyl-l-nitrocarbazole.

A. 9-acetylcarbazole. [Bo#seken, R (1912) 31,350].

/,\__ - i .'\. _ __/'/I‘k‘*.‘
S Sl Tk
\‘“‘I . S . G . ""'\\ /;’ =, '

" NH i \/ sﬂ \,\}/

co. CHy

15 g. Carbazole.

22.5 c.c. Acetic anhydride o¢ontaining
0.4 c.c. cONeC. 32304 per 20 c.c. acetic anhydride .
The following was a modification of Bo#seken's
procedure. The mixture was heated in an open vessel
for 5 mins,.,, the fluid obtained being then poured
into 100 c.c. water. The dark brown solid which
resulted was crystallised from alcohol.

Yield = 10.2 g  m.p. = 76°C. (1lit.)

B. Nitration of 9-acetylecarbszole. [Cf. Menke,

Rec. Trav. chim. (1925), 44, 141 and 269].

e 9§

¢d. €H3 co. CH3y k‘_
5 g. 9-acetylcarbazole.

30 c.c. acetic anhydride.

12 g. copper nitrste.



The acetylcarbazole was dissolved in the acetic
anhydride and the copper nitrate wes added in small
portione with continuous stirring, the temperature
being kept below 30%¢c, The mixture wag allowed to
stand at room temperature for 1 hour and then
poured into 150 c.c. water, The yellow solid
obtained wae filtered and dried.

Yield = 5 g. m.p. = 130°-180°cC.
The solid was suspected to contain & mixture of
substances and a egeparation was effected by boiling
with aqueous alcohol for 15-20 mine.

Soluble fraction. Yield = 3.2 g. m.p. 163-168°¢C,

This fraction sublimed in yellow needles but was
discarded as it consisted chiefly of the 3-compound.

Insoluble fraction. m.p. = 193-198°9C.

This fraction was recrystellised three times from
glacisl acetic acid, the light brown solid obtained
giving no m.p. up to 300°0.. but showed signe of
decomposition.

Yield = 0.2 g« This solid had a
microscopic appearance of clusters of light drown
needles,

Analysis of insoluble fraction. N f£d. = 12.86%

C14H10030, requires N = 11.1%.
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II. Preparation of l-nitro-9-acetylcarbazole.

[Gilbert Morgan, J.C.S. (1931), 3283).

A. l-nitro-carbazole.

_— _..___//\’ S /\\ Noy

! ! ! S ' + Morecurar
\mr/”\%,f' N
7 ‘

650 g. carbazole.

100 ¢.0. water,

45 c.e. 60% nitrie acid.
Experimental procedure followed the above reference.
A yellow product of mepe. = 156-159°C. was obtained.

Yield of J3-nitrocarbszole = 57 g.

Yield of molecular compound = 14 g.
This molecular compound of l- and 3-nitrocarbazole
was then discolved in warm pyridine 14.8 c.c. and,
on addition of 3 vols. of alcohol followed by cooling,
l-nitrocarbagole sepnrated. It was recrystallised
from glucial acetic acid, the dark yel low plates
obtained having 8 m.p. = 180-182°O.

Yield = 3 g.

B. Acetylation of l-nitrocarbagole.

7N A
/ P % P 4 s

NH o, i No,

0.2 g« l-nitrocurbaszole.
5 c.c. acetic anhydride [3k304 {conc. )

0.4 c.c. per 20 c.c. acetic anhydride].

(omPD.



The l-nitrocarbagole and acetic anhydride were placed
in a narrow-necked bottle and the mixture shaken for
14 hrs. The resulting suspension was filtered and
the yellow solid found to melt over a very wide range.
A molecular compound wes suspected and, on warming

it with 2 c.c. pyridine & s luble and insoluble
fraction was obtained.

Ineoluble fraction : m.p. = 238-245%,

S8oluble fraction : This fraction, on cooling and
addition of methyl alecohol yielded a light brown
solid. m.p. = Nil up to 300°C. but sigﬁa of
decomposition were evident. Yield = 0,002 g.

The microecopic appearance of both the nitration of
 9-acetylcarbazole and the acetylation of l-nitro-
carbazole were similar viz. clusters of light brown
needles. The yield wss however extremely poor.
Attempts to acetylnte thie compound by warming it
with the acetylation mixture of acetic anhydride and
Hy804 (conc.) were unsuscessful. A charred mess

being obtained even with 6 mins. heating.

Dindtro-9-acetylcarhazole.




~ZE-

£ g. 9-Acetylcarbazole.
15 o.c. Clacial acetic acid.

3.6 c.¢. Nitric acid (conec.).

The acetylcarbazole was dissolved in the glacial
acetic acid by warming to 3000. and the nitric acid
was8 then added dropwise with stirring. The mixture
was finally heated at 100°C. for half an hour. The
vyellow compound which separated was recrystallised
three times from glacial acetic acid.

Yield = 1.2 g  m.p. = 217-218°C. with

- [;55] sublimation in rosettes of
needles.

m.p. 0f sublimate = 232-233°C,

Analysis : N f4 = 13.5%
0143905N3requirea N = 14.00%

Bromination of Carbazole with Iodine Bromide.
cx.[ﬁilitser J.A.C.8., (L938), 60, 25@].

Br

Bl > +HIL .

H H

iBr» Bl ——> Ia + HBr

10 g. Carbazole

100 ¢.¢c. Cerbon tetrachlorides.



The carbszole and carbon tetrachloride were stirred
until = uniform suspension resulted. Two molecular
proportiong of iodine bromide, prepared by adding the
galoulated quantity of bromine to iodine in carbon
tetrachloride were added in three portions at intervals
of 10 mina. at 50°C. The mixture was maintained
vetween 50°C. and 60%°C. until evolution of hydrobronie
acid had cemeged, wae then gooled and filtered. The
g0lid obtained was a mixture of lodine and the
bromineted carbazole. The iodine wae diseolved out
by shaking with excess sulphurous acid and subseouent
boiling with carbon tetrachloride.

Yield of impure compound = 7 g, [50%] m.p. = 170-80°C,
Purification of the durk brown solid obtained was
effected by extraction with light petroleum (100-120°),

Yielﬂ. - 1.5 e [11:{’]- MePo = 197-193“0.
1it. = 199°% .

The 3-bromocarbazcle 80 formed was converted to the
picrate. Thie was done by adding a boiling concentrated
solution of the compound in benzene to a gimilar
solution of pieric acid in bengzene. 4 perceptible
darkening in the colour of the solution wag imnediately
noticenadble and, on cooling, & derk-red &o0lid sepsrated
out,
It was extremely unstable, decomposed readily
and recrystallisation from benzene did not purify it.
Mmepe = 155-180°C. Long red needles.
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The compound was obviously very impure sand was not
analysed., Carbaszole picrate wee prepared in a
similar fashion using glnoisl sneetic mcid instead of
benzene. Decomporition of this pierate was also
observed and recrystallisation from glacial acetic acid
did not purify it.

m.p. = 168-182°C,

Chlorination of Cerbaszole with Phenyleiodo-dichloride.
Of.[&.a.C.S. (1937), 89. 1827].

Chlorination of Carbazole.

T N 7

. e -

9.5 g. Carbazole.
23 g. Phenyl-iodo-dichloride [L.5 mcla]
150 e.c. Chioroform.
The mixture of carbazole and phenyl-iodo-dichloride
in chleoroform was hested slowly until completse
solution resulted, s procedure which took 16 mins.
Refluxing of the solution was continued for 3 hours,

When/

» Ha .



I'whon all the hydrochloric acid pus fumes ceased Lo be

‘evolved, the chloroform &nd iodobenzene were removed

"by stean distilletion, the yellow-greenish coloured

residue being recrystallired fros glscinl acetic acid.
Yield = 7 g [708].  m.p. = 198%. 118, = 201.5%.

Modificetione of B using less -than 1.5 molecular

proportions of phenyl icdo-dichloride gave smaller

yields nnd less purc products,




Attempted Synthesis of l-Bromogcarbazole.

CH; CHy CHy CH3
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I. Preparation of p-Acetotoluidids.
[per. (1909), a2, 3461].
E)rg. Synthesis, §, 8-9].

100 g. p-toluidine
100 g, acetic anhpdride
260 ¢.0. bengens.
Yield = 130 g. [95%] m.p. = 183-5%. -white prisms

from ligroin
1it. m.p. = 1569,

II. 3-Bromo-4-acetamidotoluene.
[;nn. (1872), 168, 153 and Ann. (1878), 192, 203].
130 g. p-ncetotoluidids

130 g. bromine
60 c.c. glacisl acetic acid.
Yield = 165 g. [535:;3‘; m.p. = 115-117°C,
1it. m.p. = 117-118%.

The solié sublimes in rosettes of white needles.

II1I. 3-Bromo-bS-nitro-4-acetamidotoluene.

}__a.c.s. (1914), 108, 510].

165 g 3=-bromo-d4-acetamidotoluene

160 c.¢. fuming HNO3
65560 c.c. glucinl acetic acid.
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The fuming nitric acid was sdded dropwise with
continual stirring to the sclution of 3-bromo-4-
acetamidotoluene in glacisl aschtic scid, the temperature
being kept between 5-109¢, When all the nitric acid
had been added the mixture waes heated until it boiled
end wag poured into s litre of cold water. The pale
yellow compound obtained was recrystallised from
alcohol.

Yield = 160 g. [807]. m.p. 207-9%.

1it.m.p. 210%C.

This sclid alszo sublimed 4in rosettes of white

needles.

IVv. 3-Brome-5-nitro-4-aninotoluene.

100 g. 3=-Bromo=-5-nitro-4-scetamidotoluene.
550 c.c. alcohol
550 c.c., conc. HEl.
The above compounds were mixed and heated on a water-
bath for 3% hours. The solution was poured into
cold water and the orange-red solid which separated
wag recrysisllised from methyl sloohol.
Yield = 87 g. Quantitative. n.p. = 63-5°C. - Priesms,
11t. m.p. = 64-5°.,
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V. 3:4-Dibromo-bH~nitrotoluene.

o 8 [cohen and Dutt, J.C.8. (1914), 1085, 510).]
CHs ' CH

Br No, Br NO,
Hz

The base [B? g.] was dissolved in warnm glacial scetic
acid, the celculated quentity of concentrated HC1
EOQ c.cJ addec, and the digmotiaation effected with
sodium nitrite [66 @] The whole of the solid passed
into sclution and this wag added dropwise with
conVinuous stirring to an ice-cooled solution of
cuprous bromide in hydrobromis acid.

The cuprous bromide was prapared by mixing
solutions of copper sulphate [175 g] and potassium
bromide [7{ g.] in water and psssing in sulphur dioxide.
The white precipitate of cuprous bromide is filtered
off and is dissclved, when.drmd, in hydrobromic ascid.

The diagotised mixture thus fomed was
warmed on a2 water-bath until evolution of nitrogen
cassad and ateamwes then passed in for a fow minutes,
The brown oll whicn scparated, solidified on cooling
to & crystelline maes,. It was filtered off and
recrystallised from alcohol.

Yield = 70 g. [asﬁ]. Mm.P.=63-65°C, - Prisms,
lit. m.p. = 63-65%C.

M¥ixed m.p. with previous = 3g.50%,
compound
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Several unsuccessful atienmpts waers made to cond ense
the 3:4-dibromo-S-nitrotoluens with aniline,

Heating of the compound with sniline both in
open vessele and eesled tubes from -24 houre with

(a} GCopper bronse

(b) Sodium acetate and alcohol

(e) Aluminium chloride

{d) S8Sodium hydroxide and alcohol
yielded in each case charred masses or tars. Under
milder conditione such as heating on & water bath
charred masges were again obtained, In order to
determine whether the Br atom in the paras position
is reactive or not the following exreriment wae
carried out.

0.3 8o B3-4-dibromo-b-nitrovoluens

2 c.¢, piperidine.
The above compounds were heated for 2 hours at 50°%C.
and, on cooling, pale yellow plates formed,
m.p. = 235°. They were very soluble in water and
were probably piperidine hydrobromide which has s
m.p. = 235°., Hydrobromic mcid wag probably given
off during the resction and has united with ths
piperidine. This indicates that the main reaction
has proceeded to some extent and 4% may therafore be

concluded/



concludsd that the Br in the para position of the
nucleus 18 reactive but not aufficiently reactive

t0 condasnage with aniline.

VI. In view of the foregoing experiments it was
decided to oxidise the 3:4-dibromo-5-nitrotoluenc.

3:4=-Dibromo-5-nitrohenzoic acid.

CHz cooH

=
Br No, B NOy

60 g. 4:5-dibromo-3-nitroitoluene.

1450 c.c. nitric acid [;ansity 1.2].

The above quantities of the compounds were boiled for

24 hours, On cooling a aolid.aeparated. Sodium

hydroxide was added and any remaining so0lid was

filtered off. The acid was recryestallised from the

filtrate by adding HCl (conec.) until the filtrate

is acid, Recrystallisation is effected from

boiling water. :

Yield = 20 g. [33;‘5]. m.p. = 180-2°C. - Needles.

1it. m.p. = 1839,

This method was congi dered much superior to that of

Blanksm & [ﬁ. {1912), II, 1965] who obtained this

acid/
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acid by Kﬂno4 oxidntion of the corresponding aldehyde.
In ordser to charagterise the acid the methyl aester

was prepared.

CoOH €O. 0.6

Br NO, Br No,

1 g, %:4-dibromo-S-nitrobenzoic acid.
20 ec.c. methyl alcohol

19 drops H 534 (aonc.).

2
The above mixture was refluxed for 3 hours, coolsed
and wator added, The whils LTloceulent precipitete

which resulted wao rooryetalliesed from aqueous

acetone,
Yicld = 0. 4 g. mep. = 1009 . - White needles.
Analysis:- N 22 = 3.3%

Cglis04MBrg roquires N = 4.17,
Although the yield of the acid was not large it wus
very mich higher then thet obtained when the fellowing reangnts
were usedi{a)} Potassium permanganste ‘
(b) Alkaline in0,
(¢) 1.2 HNO, in sealsd tube.

ViI. 2-Bromo-6-titrvo-d-csrhoxrldiphenylsnine.

cf.[iindmmann and %Weassel, Ler. (1925) 68, 122%].
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CO0H
Br NO,
= NH

ANiLinE

20 g. 3:4-dibromo=-B-nitrobenzoic acid,
Excess aniline,
The mixture of excess sniline and the abuve acid
was heated over a naked flame Ffor 40-B0 minutes,
HC1l (oone.) waee added to remove the excess aniline and
the mixture pourad into Hao to remove aniline HCl.
The golden-yellow 201id shislned wag recrysiallised
from benzene.
Yield = Quantitstive, m.p. = 207-89C, -sublimes in
lustrous plates,
Analysie:- Found @, 46.3: E, 2.8; Br 23.7.
Cy3Hg0, N, br Tequires ¢ 46.3; KE, 2.7; Br 23, 7%
This acid wes found to ke insoluble in NaldH,
The feint possibility of anilide formetion was
eliminated however by the Br snalyeis, If the

following reasction had occurred:=-

: NH;, B
OO
Br No,
Br



Then the { of Br would have been 407,

VIII A, Methyl ester of Z-Bromo-6-niiro-4-carboxydiphenyl-

amine.
co.o.cHy
€0.0-Cf3
Br No,
+ H.NH — NH  t+ B
Br NOz,
Br

i g 3:4 dibromo~S-nitro-methyl vonzoate.

X 8 enilina,
The above compounds were heated on & water-bath for
48 hours, HCl (conc.) was added to destroy X 8 aniline
and the solid was poured into water to remove aniline
hydrochloride. The resulting solid was recrystsllised

from henzena.
Yield = 0.2 g. MePe 151-2%Cc. - browr prisms.

Analyeis: - N fd = B8.4%

B 4.
GM!I” D;f P i renuires N = 8,0

VIII. g2-Bromo-g-snino-4-corboxydiphenyiamine.

COOH coOH

NH;

Br No,, ‘B-rl
NH —>> NH
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6 2. 2=-3romo-g-nitro-4-carbvoxydiphenylamine.

18 g. sodium eulvhide (crystallinel.

25 c.ce H Q.

2
A mixture of the sbove compounds wae heated on a
water-bath for 24 hours, the liquid cooled and the
amine E-aulphu{] vrecipitated by carefully adding
glacial acetic acid. The precipitate was dissolved
in hot sodium carbonate galution. the sulphur
filtered off, and the amine re-precipitated from the
wine-coloured solution by ziscial acetic scid.
Recrystallisation wes effected from alaohol.
Yield = 4.5 g. Eszﬁ] m.p. 244-5°C. -sublimes in

eolourless plstes.

’/
Anslysis: Hfd = 9.2p.
d 0O N B = -
C,5%11% " r requires N 9.1%.

The following colour tests were carried out on the
newly-formed amine:
With acid PeCl, — > Wine colour

3
with 32304 {cose.) — > Wine colour
- Heal ing
Chloranil Test — 5 l4phterad,
Cf.[érahden and Coldechmidt - Mikrochimica

Acta, (1937), I, 347 g]

viii. &/
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VIII. A+« Agstyl-derivotive of 2-broms-f-snino-d-

cnrhnggﬁinhanzlumﬂgg.

N NH

0.2 g. Z=bromo~G-sming-4.-carboxydiphenylamine.
1l c.ce water,
12 arope acetic anhydride.
The atove sompoundg were shsken together for 10-10
minutes and *he regnlting dark-trewn oily solid
recrystallised from squensus mathyl sleohol,
Yield = Quentitative MeDe 163-490, <« white
needles,
Anelysis:- N £ = 8,181,
0153140333ﬂr recuires ¥ = 8.007.

IX. 7-Browo-b-carbvoxy-l-phenyihonstrisscle.

cool v NH, coot!

2-=2 =2

NH
Br

4.0 g. 8B~-bromo-G-aminc-4-carboxydiphenylamine,

1.8 g vodium carbonate in 50 c.eé. weater,

S5 @e 8o0dium nitrize dissolved in minimum of
water.,

X 8 ZHS
10; 20‘

N
W e

K

7,



The nomenclature is explained by the following
diagram:

cooH AP

AN
v

&Br % Hs

The free amine was dissclved in the sodium carbsnate

-

-2

solution and the sodium nitrite soclution then added
8lowly. The entire mixture was then added dropwise
with continual stirring to excess ics-cooled 10%

H_S0 The stirring wae continued for 10-15 minuvties

g 4
after the complete addition of the godium cerbonate
solutieon, and the mixture allowed to stand &t room
temperature for 2 houre. The resulting pele vellow
80lid wss filtered and crystallised from aqueous
methyl alcohol as & light-brown powder,

Yield = Quantitative m.p. = 216-7%C, - sublimes

in whites needies snd

cubes,
Analysis: Nfa = 13.3%
= 4
GlanéﬂaBr requires N = 18.87
Colour test With H2304 (conc.) + HNO3 (cone, )

Rema ine originsl brown colour.
The significance of this test 18 clear from the
following/



following experiment.

X. Attempted preparstion of l-Bromocarbagcle.

/.
3 . W
CooH ]
N
(
N
Br

H
5 g. T-bromo-S-carbvoxy-l-phenyliriszole.

3 g. freshly-prepared aquicklime.

A finely ground mixture of the above compounds in a
small dietilling flask was placed in & metal bath
which was gradually heated to 360°¢. Between 320~
3609C. a yellowish brown oil distilled over, and
in addition large white flakes of sublimate Tormed on
the upner parts of the distilling flask, A micro-
extraction of the solidified oil, with light petroleum
(100-120%) yielded & light brown orystalline solid
which gave colourlesa plateeg on sublimation,

Yield = 0.1 g. m.p. £20-230°C.
Analysise: Analysis of the product of the micro-

extraction showed that no Br was present.,

Golour test: With 38804 {cona.) + HNO,, (coneg.!}

Y

Deep graan colour obtained.
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This colour reactuion is in direct Gontrast &o the
one carried out in similer cond itions with the substit-
uted benztriassole compound. Moreover the light
petroleum extiract of the suprosed l-bromo~-carbazole
pave the characterigtic violet fluoresence of carbazole
'4n ordinary and U.VY. light, A mixed melting point
with pure carbazole gave a gradual melting from
820-23000. u8 in the cace of the mroduct of the final
reaction., It was therefore concluded from these
observations that the drastic conditione employed
for the conversion of the substituted bentriaszole
compound removed both carbon dioxide and bromine to
yield carbazole.

Experiments were carried out heating the
benztriazole compound with

A. calelum carbonate

B, poda-line.
in a sealed tube in & copper block and in an asbestos
furnace in an atmosphere of coa.

In each cace & sublimate of white plates
in minute quantity and with m.ps. hetween s20-232%.
resulted, and in each case, on treating with the sublimate
with/



with 1 drop HgB80, (eone.) + 1 drep HNO, (cone,) the
deep-green colour, characteristic of carbaszole
itself, was fomed.

Unexpected results were recorded when the
2«bromo-6-nitro~4d-carvoxydiphenylanine were reduced
with stamous chloride and 287 HCL,

aﬂ:.c.s. (1932), zmaJ
cooH cooH

3" Noa_ 31' NH.Z
S‘H ﬂ‘ + x?% H“‘
NH: = NH

10 g 2~bromo-b-nitro-4-garboxydiphenylamine.
300 c.e, methyl alceohol.
6 2. etannous chloride.
300 c.c. 287 HC1.
The nitro-compsund was dissolved in the methyl
alcohol and the mixture brought to the boiling point.
The solid Bnclg discolved in the 28% HCl wae added
in small portions, the mixture waes refliuxed for
20-25 minutes and & dark-brown orystalline solid
sepaurated. On eooling HaOH (conc.) was added until
the yellow precipitate of sisnnous oxide which first

forma, dissolves,. The remaining solid was

recrystalliised/
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recrystallised from methyl aloohol (twice) and
finally purified by extraction with light petrolaum
(100-120°).
Yield = 4 g. [boﬁj m.p. = 152-3°C, sublimes
in oranpge-red prisms.
Analyeis: Found C, 49.8; H, 3.2

N «8; H, 3.58%.
clanlloziaﬁr requires C, 50.8; H, 3.58%

Colour %ests. With H 80, {eone.) + n:ms (esonc.)
Deep red colour which 4i sappe ars on
heating .
#ith aeid ¥eCl, ——>no colour.

Attempts t0o yrepare asceityl- and benssl -derivatives
of this asuwine were unsuceessful. Similerly, attempte
to convert this amine into the corresponding triazole
compound by the methods of Plant and Tomlinson
[J.O.S. (1932). 2188] end Lindemann and Wessel
[Bor. (1925), 88, 1221} were als o unsuccessful,
During the gourse of the foregoing aynthesis
the following acide were prepared. fo mention is
made of them in the literatwre. They are in no way
necessary to the main syntheeis although at one time
it was thought they might be used sg intermediates,

They are:
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I. 3-bromo-S-nitro-d-pcetorpinobenzoic acid.

11. 3~hromo-S-nitro-L-aminobhenzolc uocid.

I. 3=-Bromo-G-nitro~d-acatamidobenzole sncid.

CH3 cooH
Y
—
Br NOQ~ Br Ne>
H.M.Ms “-M- ﬂﬁ‘s

10 2. J-bromo-bB-nilro-d4-acesasnidotoluene.
18 g, K¥n0 (finely powdered).
800 c.0c. water,

The finely-powdered Kvn;é woe addsed slowly to the
suspension 9?2 bromo-nitro-mceismidoteoluene in water,
The mixture was hested in s bLoliling weter-buath for
2} hours by which time the pitassiun perasnganate
was decolmurised. The mixture wag filtered hot, thus
removing the mancaness dioxide formed and sulphurous
acid was sdded to the Tiltrate to destroy the last

traces of ¥n0O_ snd unchanged HwenQ %he light-yellow

2 4
8olid was recrystallisad from alcohol thres timee,
Yield = 2.5 g. [zo:%]. MePe = 248-6°C.
sublimes in rosettes of
necdles,
Analyeie:- Nfd = 10,8
Bgﬁvobﬁzﬂr requires li= 8.2

The small amount oF aucid may be due to decomposition

ot/
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of the scid after its formmtion as, on acidifying the
filtrate with 32803 effervescence wae observed indicating
the presence of carbonate,

Cohen and Dutt [3.0.8. (1914),_106, blq]. found this
method of oxidation abortive in their experiments on

the oxidation of mixed dibromo-toluenes. Modifications
of the ps rmanpanate oxid tion were carried out without
improving on the 20% yield already aquoted.

[a] Alkaline Xm0 4 VaOH was used o that the mcid
ragsed into the filtrate as the sodium salt, Acidification
with HC1l (conc.) gave the acid as before.

Yield = 2 g.

EEQ]caloium permangannste was used in eimilar
proportiona as the potsseium permanganate. It was
thought that Ca(Ong. being & much weaker base t han
KOH, would help the acid formation.

A similar yield to[}] was recorded.

[ﬁ] Acetone, specially purified by refluxing with
K?&no4 for 1 hour, and rediestilling, was used as
Bolvent instead of water. Using similar quantities
of KMhO‘ and 3-bromo-5-nitro-4-acetamidotoluene as in

A., under similar exgerimental conditions, unchanged

compound was obtuined.

I.-A., Methyl ester of 3-Bromo-S6-nitro-4-scetamidobenzoic

ascid.
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I.-A. Hethyl ester of ’-Bromo-S-nitro-4-acetamidobenzoic

Aeid.

To confirm the presence of ¢t he carboxy-group.the methyl
ared.
ester Was preé?wﬁ

B7 NoO,
Ni.co. Ma

0.5 ge 3-bromo-S-nitro-d4-acetamidobenszeic acid.
10 ¢.c. methyl aloohol.
4 dropse 112804 {cone. ).
The above mixture was refluxed for 1 hour, coocled and
the ester precipitated by the addition of water. The

pale yellow solid formed was recrystallised from
methyl aleohol.,

Yield = Quantitative MePe = 203%.

Sublimes in meettes of
needles.
Anslyseis: B f£4a = 9,3%.

cloxgobwgnr requires N= 8.8/,

II. 3-Bromo-S5-nitro-4-aminobenzoic acid.

COoH . CO00OH
>
J'l’ NQA !.37' Na‘a
NHN.co.ery NH,

0.6 g./



0.5 go 3-bromo-S5-nitro-4-acetamidohenzoic acid.
10 c.0. water,

10 c.c. 8280‘ {(cone.).

The above mixture was refluxed for 1 hour, poured
into 50 c¢.0. water, the light-brown solid obtained
being reorystallised from aqueour alcohol.
Yield = 0. 2 g. [bcﬁ]. Mm.p. =276-6°C. Needles.

Analysis: N 22 = 11.2%,

CpHg0 N Br requires N = 10.7%.
During the latter part of the synthesis of l-bromo-
carbazole it was decided to repest Ullmann's work
[}nn. (1904), 332, 8:] on a simpler preparation,
namely that of carbazole from 2-amino-4-carbexy.i-
phenylamine, the resson heing three-fold:

l. Practice would be gsined in the co rect
procedure to adopt for the reduction, diazotisation
and conversion of the substituted benziriezole conm~
pound into the corresponding carhazols.

2. On treanting the 2«bromo-6-amino-4-.carboxy-
diphenylamine with Sncl2 HCl, the product did not
snalyse correctly for the amine (pp43-4) whieh
should normally be formed, nor would this product
yield a triagzole compound on the appropriate
treatment,

3. Suitable spparatus was found to be

necessary (see ppi2) Ullmann's work [;nn. (1904), 332,

52]/
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82 wes therefore repeavea and extended,
CHs cooH cooH Cook COoH

—— == 5|

4
=

z}}
}p

<
»

T
hﬂ:

covH

H
I. p-Bromobengoic scid.
{bonn and Lowry, Chem. Abstr. (1926), g0, 339@7.

CHz cooH

Y

10 g. p-bromotoluene,
20 a@. Kmno4 finely powdered.
500 c.c. water,
Expe rimental procedure ss in shove aﬁatraet.
Yield = 2 g, [éoﬂi} m.p. = 254°, faleohol).
1it. m.p. = 254%,

II. 4-Bromo-g-nitro-benzoic acid.
[Htbner, ann. (1884), 222, 177{]

COoH




COOH o bl e CcooH

Br B
1l g. p-bromobenzcic acid.

10 ¢c.c. fuming nitric adid.
Htibner's procedure was modified as follows:
The above compounds were heated graduslly until a
solution was formed, On allowing to stand overnight
the acid sepsrsted out in white prisms, With half

the asmount of fuming HNO, quoted above the ascid

3
separated out in 1-2 hours,
Yield = 0.75 g. [baﬁ} m.p. = 199%C. (1it.)

(Alcohol).

II11. 2-Nitro-4-cerboxydiphenylamine.

c:.[iinaemann apd Wessel, Ber. (1926), 58, 122;].

covoll

co0H

0.7 g 4-bromo-3-nitrobenzoic acid.

X 8 aniline.
This condensation wae effected by heating the sbove
gompounde in an open vessel on a water-bath for

24/



all)

24 hours, After the excess aniline had heen
removed with HC1l (econe.), the reddish-brown residue
was crystallised from a mixture of ethyl alcohol
and glacial acetic acid,

Yield = 0.6 g [90%].  m.p. = 260-1°C. sublimee
in light-brown prisms.

1it.m.p. = 260-1%C.
Analysis: N £4 = 10.63%.
Cyalyo0,N, Teaquires N = 10.85%.
The acid exhibite, as does Z-bromo-b-nitro-4-scarboxy-
diphenylamine, the peculisar property of insolubility
in alkali,

III. A. Methyl estsr of B-nitro-4-carboxydiphenylamine.

COOH €0.0.043

No;, No;,
NH NH

0.8 8¢ 2-nltro-4-carboxydiphenylarmine.
60 c.c. methyl alcohol.

10 drops Hgso (sone. ),

4
The above compounds are refluxed for 5 hours, coonled

and/



and the ester precipitated by the addition of water.
Recrystallisation is effected from aqueous acetone,
Yield = 0.7 g. Mm.p. = 130°C. Yellow needlies.
Analysie: N fa = 9,60,
Cy4Hy g0,p Tequires N = 10.28%.

IV. 2-Amino-4-carboxydiphenylamine.
ct. l%ohdp!f. Ber, (1889), 22, 3286].

cooH COOH
NO, NH,
NH > NH
{/’k\w
N

Qed go B-nitro-4-carboxydiphenylamine.

1.5 g« sodium sulphide (crystalliine).

5 c.c, water,

1 c.c. aleohol.
The experimental procedure was greatly modified from
that in the quoted reference. The above compounds
were refluxed in a water-bath for 2 hours. The
deep~-red colour of the ariginal solution becaume
light yellow, the solution was oooled and glecial
acetiec acid slowly. The resulting solid, which

contained/
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gontained the amine along with sulphur, wos heated
to boiling with sodium carbonate solution, hot
filtered and the amine re-precipitated by the addition
of more zleoial acetic acid. Recrystallisation was
effected from methyl slocshol.
Yield = 0.2 g [67#].  m.p. = 168%. (lit.).
The experiment was repeated and & greatly improved
yield resulted as refluxing wae continued in thie
instance for 6 hours.
5 g 2-nitro-d-carboxydiphenylamine.
20 g. sodium sulphide (crystalline).
80 c.c. water.
10 c.c. alconol.
Yield = 3.5 g. [va-;»&]. m.p. = 163%. (11t.).

IV. A. Aceiylastion of B-amino-4-carboxydiphenylamine.

A8 no acetyl derivative of this compound is listed

in the literature an attempt was wade to prepsre it.
cooH

NH-co. ety
cooH
Ntz
H
cooH
[::::*hl
i
N — C.cH3




0.3 g ?~anmino-4-carboxydiphenylamine.
1l e.c. water,
12 drops acetic anhydride.
The above mixture was shaken for 10-15 minutes and
the #80lid recrystallised from a mixture of methyl
alcohol and glacial acetic acid. Final purification
was effected by sublimation.
Yield = 0. 12 g. Mmep. = 293-2949C,
sublimes in white priesms and
tetrshedrs.
Analyeis: N f£4 = 11.24%
15E140 N_ requives N = 10.37%

This formule is based on the assumption that the
compound is the acetyl derivative.
An alternstive poseibility 4e that the compound being
an ortho-diamine may yield a benszimidszole derivative.
On this sssumption

15312 28 requires W = 1i.1% N f£4 = 1l1.24% .
This definitely indicates the formation of the 4-car-

boxy~-benzimidagole compound.

V. b5-Carboxy-i-l-phenylbenztriazole.
[v11mann, ann. (1904), 332, 86].

cool Ntz COOH el
===
NH

Z-z=2
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1l g. 2-amino-4-carboxydiphenylamine.
0.5 .0 HagﬂOa in 30 c.c. water,
0.5 go NhNOB dissolved in minimum of water.
X s 108 H,80,.
Experimental procedure as in above reference.
Yield = 0.7 g. [10f]. m.p. = 262%.-white

nacd les,

1it. m.p. = 2729%.

Vi. Carbagzole.

COOM §

Y

Z-~2=Z

H

The benztriaszole compound so formed was converted to
carbazole according to the instruetion of Ullmann
[Ann. (1904), 332, 82].

Yield = 0.06 g. [10%]. m.p. 23e-379C.
A mixed m.p., with pure carbvazole gave no depression
of the melting point. The compound is therefore

garhazols.

During the course of these experiments
two further methods were developed for the preparation

of/
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of 2-nitro-4-carboxydiphenylamine, good yields being
obtained.
CO00H
A.

cooH COoH a

e

1. 3-nitro-4-ohloro-bansoic acgid.

[imbnar. 3, (1868), 615}

CooH cooH

> o
CE ce
10 g. p-chloro-benzoic acid.
100 c.c. fuming nitric scid.
Procedure is as in reference nuoted ahbove,.

Yield = 11 g. [92;%]. m.p. 180-2%C (11t.).

II. Z2-nitro-4-carboxylic diphenylamine.

ct. [Lindomann and Wessel Ber, (1925}, 88, 122;].

coCH

COOH
No

Nn tHE

N,

11 g./



il -

11 g 3enitro-4-chlorobenszoic acid,
X 8. aniline.
Procedurse is similar to that slreandy described for
the condensation of p~bromobenzoic seid and aniline,

Yield = 13 g. . [88“}5]- MePo = 180-800- 1is.).

COOH eooH

"»..\

'f' }'

O ONO QN‘D Anez
NH.co.eHs NH.co.cHy NH,

cooN s
Bl =

o COOH

< —

I. A-Bitromd-scejsnidotoluene.
of. Ezhrnch. Ber, (1882), 15, 3009].

=
Ne, /"'"‘3&
M. Hu.to.cuj

20 g. m-nitro-p-toluidine.
40 o.c. acetic anhydride.
0.8 c.c. cONC. 32804.
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Frusouulre as 14 soove reference.
95-96°C. (alcohol).
969C.

Yield = {uantitative. m.p.

lit.m.p.

II. 3-NHitro~4-scetamidobenzoic scid.
Or.[ﬁllmann and Mauthner, Ber. {(1903), 36, 3058J

CHs coon

No.
z NOz

Ni.co.ctt NH.co. cHy

256 g. 3-nitro-4-acetamidotoluens,
50 g. finely powdered KHnO‘.
760 e.c. water.
Bxperimental procedure as in reference quoted above.
Yield = 22 g. [80%) m.p. = 224-5%C.
lit, n.p. = 220°%¢.

I11. 3-Nitro-4-asminobenzoic acid,
0!.[011mann and Meuthner, Ber. (1803), 36, 403%}.

eooH cooH

No, No.
NH-M-MJ Hz

22 g./



28 g« S~nitro-4-soctamidobenszoic acid.
220 c.0. 807 H 80 .
2 4
Experimental procedure as in reference quoted sbove.
Yield = 15 5. [86%]1 3op- = 2?6-28000.
1it.m.p.= 284%.

IV, A-Bromo-3-nitrobenzoic acid.

ct.[?ohan and PDutt, J.C.B. (1914), 105, 51§].

coal eooH

NHy B
15 g. 3-nitrod4-aminobenzoic scid in 150 c.c.
A glacial acetic acild.
10 c.0. HC1l cone.
18 g. Hanos.
45 g. coprer sulphate in aquecus solution,

24 g, potassium bromide in aqueous solution,

Eﬂiu saturated with 302 to yield the required quantitiy
of CuBr. Solution of[A] is added to & solution of the
cuprous bromide thus formed in hydrobromic acid as in

the reference quoted.

Yield = 12.5 g. [&5%] . MePa = 199°0 (alcohol).

V. Z2-nitro-4-carboxydiphenylanine.

cf. [ﬁindomann and Wessel Ber,(1926), 68, 122%].



cooH

CooH
NO,
ANILINE + HB7

12.5 g. 3=Nitro-4-bromobenzoic acid.

X 8 aniline.
The procedure followed that in the reference quoted
except that heating was carried out for 15-20 minutes
over a naked fleme instead of 2 hours in & waver-
bath.

Yield = 12 g. (90%] m.p. = 260-19C.(1it.)

Further unexpscted results were obtained by a stannous
chloride - HC1l reduction of 2-nitro-4-carboxydiphenyl-
amine [CL.pp.A34l.

cooH CoOH

NH,

5 g./



5 g. 2-nitro-4-carboxydiphenylamine
50 c.c. methyl alcohol
5 g. stannous chloride
175 e.e. HC1l (conc.).
The nitro compound was dissolved in the hot methyl
alcohol and & warm solution of the SnCl2 in HCl added
slowly over a period of 30 minutes. The mixture was
refluxed for a further period of 2§ hours, during
"which time the solution became darker in colour.
The solution, on eooling, was treanted with excess
NaOH (30%). This diesolved the salt which is first
precipitated on the sddition of elkali. The
remaining brown solid was crystallised from methyl
alcohol and finally from light petroleum (100-1209).
Yield = 2.45 g. [68%] m.p. = 1299.
Sublimes in light
yellow priems.
Ananlysis: PFound, C, 65.03; H, 4.9

GlaﬂlzoaNgraquiras C,68.4 ; H, 5.260.

Prom 2.148 mg. there was a residue of 0.11 mg.

Colour tests: With FaCls-———i Deep blue colour,

characterietic of the
diphenyleamine nucleus.
With Chloranil -— No c¢olour change.
[c£. Frehden and Goldschmidt,
Mikrochimica Acta, (1937), 1, 347].

In addition the compound formed no methyl euter or bensal

derivative.
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Acetylation of product of 5nCl -HCl reduction of
LRt
2-nitro-4-carboxydiphe nylamine.

In order to identify the product as an
amine acvetylation was carried out as follows:
0.2 g« SnOlz-Hﬂl reduction produwt of 2-nitro-
4-carboxy~diphenylamine [X].
1l c.c. water
12 drope acetic anhydride.

The above compounds were mixed and shaken together

for 10-15 minutesz. The so0lid which had undergone

a colour chanpge from dark to light red wae filtered

and recrystallised from a mixture of methyl alcohol

and glacinl acetic acid.

Yield = Quantitative m.p. 264-5%0. Sublinmes

in rosettes of orange-red
needles.

11.3%.

Analyeis: N fa
C1p Hya0zN, requires N = 10.4%.

This assumed that the acetyl derivative has been
formed during the reaction. But, as in the case of

the true Z-amino-4-carboxydiphenylamine obtained by

reduction of the corresponding nitro-compound by the

sodium sulphide method already described, the

4-carboxybeng-imidazole compound wae formed. Thus:

N £4 = 11.3%.
015313°gN requirees N = 11.1%.
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Attempted preparstion of the azimido-compound of this

Sncla-ncl reduction prodwuwct.

l.4 g. reduction pro&uot[&]in 60 c.c. glacial
acetic acid.
0.65 g. sodium nitrite [_i.ﬁ' molaJ in minimum of
water.

10 c.ec. HC1l (dil.).
The HC1 (dil.) and sodium nitrite solution were added
slowly with stirring to a suspension of the reduction
compound in glacial acetic acid, the solid becoming
lighter brown in colour. Filtrstion end recryetall-
isation from giaciel acetic acid and alcohol yielded
& compound with a melting point identicel with that
of the acetylation product vig. 264-5%0C. A mixed
melting point with 1t gave no deprevsion. A8 the
compound X had stood in the giacial acetic acid for
some 2 hours and as this was unlikely to yield the
acetyl derivative it was strongly suepected that the
benzimidazole compound was formed. If the compound
were the scetyl derivative hydrolysis with 507
38804 would yield the free amine very easily bdbut, if
the imidagole compound ie present then 50% HBSO4
hydrolyeds will give an unchanged compound.
Boiling with 50% 33304 for % hour yielded the

unchanged/



unchanged compound. .« The prasence of the imidazole
compound is confirmesd.

Yield = 0.7 g. [60%]. m.p. = 264-5°C.

Product of Sncla:Hcl reduction of B-nitro-4-carhoxy-

diphenylamine.

N=C|cH3

M

In view of these results it was decided to prepare
o~aminodiphenylamine for the purpose of comparing
its properties with those of the 6-bromo-2-amino-4-
carboxydiphenylamine and the 2-amino-4-carboxy-
diphenylamine already prepared.

NHz
, N
+ + -
Br

NO»

D

+ HBr

NH

Do
X \‘_‘\
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I. o-Nitro-diphenylamine.

[cf. Hickimbottom, p. 271].

NH;
NO.
S spbians o
B~ |

30 g. o-nitraniline.

10.5 g. potassium carbonate.
125 c.c. bromobenzene.
D1 g« cuprous iodide.
Experimental procedure was as in reference quoted
shove.
Yield = 9 g. [46%]. m.p. = 74-5°.
| 1it. m.p. = 75°.
A mixed m.p. with o-nitraniline pave a depression of

26-30 degrees.,

II. o-Aminocdiphenylamine.

[c£. Xehrmann end Havie, Ber. (1913), 46, 34l1].

NH
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3 g« oO-Nitrodiphenylamine.

80 c.ce 8lcohol,

12 g. stannous chloride.

30 g. fuming HC1.

The experimentsal procedure was, in the mein, similar
to that quoted in the above reference. Certain
modifications were however employed ag follows:

As the double tin salt did not separate out
at the required point the solution was made &l kaline
with 33% KOH. A white precipitate first of all
formed, changed to a temporary emulsion and finally
a brown emorphous powder separated. Filtration and
further boiling with KOH resulted in the formation
of a brown o0il which was separated from the remaining
tin salt by ether extraction. The ether was removed
on 8 steam-bnth and addition of 10 c.c. light
petroleum (60-80?), resulted in the formtion of a
brown solid which was recrystallised from watef.

Yield = 0.48 g. [20%]. m.p.=79-80°C. (1lit.)

white needlec.

Colour test: Chloranil test —— > Dirty green
)

cherry red on

standing for 1 hour.
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Acetyl derivetive of o-eminodiphenylanine.

Gf.[ﬁolff. Ann,, (1912), 394, 65].

ﬁ'H& NH. f&.CHg’

NH >  NH

Q0.2 g. o-Aminodiphenylamine,
12 drops scetic anhydride.
1l c.0. water.
The above mixture was shaken for 10-15 minutes and
the resulting sclid recrystallised from hot water.
Yield = Quantitative m.p. = 121°C. (11t.)
white needles,
The compound 48 therefore a simple scetamido- and
not s benzimidazole derivative.
Note 1. This method i1s & modification of the
reference quoted above.
2. The acotyl derivative slso resulted after
the following procedure:
0.3 g o~-Aminodiphenylamine
1 c.c. acetic anhydride
1 drop nasa‘ (conc.).
The mixture was heated for 2 minutes over & naked
flame and the resulting oily, solid recrystallised
from/



wGiie

from agueous methyl alceohol.
Yield = Quantitative m.p. = 181°C. (14t.)

3. Boiling with glecial mcetic acid in en
attempt to acetylatve, yielded unchanged o-amino-
diphenylamine,

4, Ho bensal derivative resulted on treatment
with bhenzaldehyde. The following table summarises
the hehaviour of the “-anino-, Z~amino-d-carboxy-,

and the S-bromo-2-amino-4-carboxydiphenylamine:
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It was hopad to prepare a numher of substituted
diphenylanines by the method of Chapman [J.C.8. (1922),
1676; 4bid, (1926), 2296], which could ultimately be
converted to aubstituted.carbnsoles.

l. o-nitrodiphenylaminas,

Ly

Féls

|
s

GHs. cooH T NH
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A. N-Phenylbensimidc-o-nitrophenyl ether,

20 z. Ronzanilide

21 z. ?015

50 e.c. toluene [ﬁoﬁium driaq].
Tho above mixture wag heated 4in bolling water for
1 hour. The toluene nnazosla “were removed under
reduced pressure on & water bath, the final traces of
POOlabeing removed under vacuo in e metal bath at
220%, 100 c.0. of Orignard ether wae then added
and the mixture refluxed. It wes assumed that
904 of the iminochloride wae removed. This
ethereal solution was therefore added to 170 c.c.
dried alcohol containing slightly more than the
theoretical amount of sodium and three times as
muoh o-nitrophenol, snd the mixiture allowed to stand
in an open vezesl overnight. The ether and most of
the alcohol were distilled off, the residue pourad
into watexr and the o0il which eclidified, dissolved
in hot slcohol, The first batch of presipitate
was orystallised from s mixture of glacial acetic
scid and sloohel m.p. = 1169. (14t.). The solution
on cooling gave a mixture of o-nitrophenol and the
imino-ether. Steam distillation removed the nitro-

phenol and reorysiallisation of the residue from a

mixture/
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mixture of glacial acetic acid and aleohol yielded
more imino-ethey m.p. = 116%C (1it.).

Total yield = 6 g. [1.?5]. Mep. ® 1169C. (14t.).
Owing to the unsatilefactory results obtained, after
repeated attempte, t0 prepure o-nitrodiphenylaumine,
efforts to prapare other substituted diphenylamines

by this process were abandoned.

Debromination of Crrbazcle Compounde.

1. $:6-Dibromo-9~bensoylesrhazole.

A, 9-bengoylcarbagscle wag first of all prepared
by the method of G. Waszara [h@r, (1891}, 24, E?Q].
B. Bromination of the 9-benzoyloesrbasole Cf,

Mazzara and Leonardi, [ﬁ. {1892), 88, II, 5?2] was

carriad out in the following manner:

r GH. co.ce

|
i

i‘:}. { ] H}':'
|
|

H

éo.gﬂs
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5 g. 9-benzoylourvasole.
3C ¢.c. chloroform
6 g. bromine 2 nmolec. props.
The bromine was added dropwise to the chlorofomm
solution of the boenzoylearbasoles, the mixiure left
standing for 2 hours, and the brown solid which
separated orystallised from glacial acetic acid.
Yield = 6 g. [56;%]. m.p. = 213-59.,
1it. m.p. = 218-8%.

. Debrominetion.

(]
co.gHy

2 g. 3:6-dibromo-Y~bengoylearhazole.

0.8 g. cuproue c¢ysnide.

10 ¢.0., pyridine,

3 c.c. water.
The above mixture was heated in a ssaled tube for
20 houre at 3009C. Ammonia wes added to the
contente of the tube to remove the copper, the
precipitate was filtered and purified by sublimstion.

Yield = 0.4 g. [oo-;’é]. m.p. = 240-3%.

The/
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The substance was ldentified se carbdazole by
(1) A mixzed melting-point with pure carbagole, in
which no depression was obaerved.
(11) Piorate orange-red needles were obtained
Mm.p. = 181-290, Corbesole picrate = 183°C.
The drastic expsrimental conditione have & parently
hydrolysed off the bengzoyl group in addition to

debrominating the compound.

2. A. 3:6-Dibromo-csrhagole.

cf.[ﬁazzara snd Leonardi, G,(1892), 28, 1I,

57:51.
Br | B Br
H

3 g« 3:6-dibromo-9-benzoylcearbazole.

L}
w'¢$”§'

50 6.c. O% alcoholic potash.
The sbove mixture was refluxed for 2 hours on a
water-bath, poured into 50 c.c. water and the
resulting golid recrystallised from alcohol,

Yield = 2 g. [hag]. m.p. = 210-2%C.

1it. m.p. = 212-3%C,

As the m.ps. of the starting material 215-69C and
the/



the product 212-3%, were o close & mixed melting
point was carried out and pave 2 depression of 30-409C,

B. DIebrominstion.

Br Br
“',:‘._.._
H H

1 g. 3:6-Aibromocarbazole,

0.6 g. cuprous c¢yanide.

8 ¢.c. pyridine,

2 c.c, water.
The sbove nmixture was heated in a seanled tube for
20 hours at 300°C. Subsement procedure wes 88 in
the previoue debromination, including purification by
sublimation. |

Yield = 0.15 g. [ao%]. m.p. = 240-59C.
The compound was agsin identified as carbazole by
(1) mixed m.p. with pure oarbazole no depression

(11) o picrate gave orange-red needles m.p. = 181-3°C.

3. Tetra-bromo~carhancle.

cf.[iindemann and MOhlhsus, Ber., (19205), B8, 23?@].
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5 g. carhagols, |

15 g. bromine E) molec. proportions].
The carvazole wae uadded to the bromine in smll
portions, the mixvure alilowdd to stend for 1 hour,
and the excess bromine removed by placing on & steam-

bath for § hour. The product was orystallised from

benzene.
Yield = 2 g [18%]. M.p. = 218-99C. sublimes
in needles.
1it. m.p. = 2209cC.
Debromination.

0.75 g. tetrabromocarbazcle.

0.6 g. cuprous gysnide.

5 c.c, pyridine.

1 ¢.,0c. water.
The sbove mixture was heated in a sealed tube at 220°¢.
for 20 hours. Bubsequent procedure as before.
Purification of the solid was e’fected by sublimation.

Yield = 0.22 g. ﬁo:-‘a] m.p. = 240-580.

The/



- P

The carbagole wae identified ns before. On
attemnting to pre?ﬁra tetra-kromocaerbagole by the
method of Vetogek [5h. 2., (1896), Rep. 20, 19q] a
mixture of bromocarbazoles was obtained,

m.De = 270-909C. on sublimstion.

4. 3-Bromo-Y-scetylcarbazole.

Bromination was effected as follows:-
[ﬁoaasxun p, (1szr). 31, 850].

b EE'T
-

6 g. 9-acetylenrbazole.

100 c.c. glacial acetic acid.

4 g. bromine in B0 ec.c¢. glacial acetic acid.
The 9-acetylearbazcle was dissoived in the 108 c.c.
glacial scetic acid and the bromine in glacianl escetie
acid was added dropwise with stirring. The mixiture
wae sllowed to stand for 7 hours, when all the
bromine was ueed up and & red —>blue colour change
had taken place in the solution. Any remaining
80lid was filtered off, the filtrate being poured
into water and the dark-green o0ily uolid crystallised

from/
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from sleohol,, & small guantlity of ether heing also
added and allowad to evaporate at room tenperaturs.
Yield = 2 g. [30;»‘1'.:]. maps = 1879, Heedles,
1it.m.p. = 188°¢.
The method of preparstion esdvocated by Cilamicisn and
Silber [ﬁ. (1882}, 12, Q?Q]ﬂna found to yield a
mixture of mone- gnd di-bromo-scetylcesrhbazocle. it is
advocated in this reference that the 9-scetyloarhagole
be heated in csg along with bromine in 882 for as
short a2 tims as 5 minutes, On repeating this
procedure and »urifying the product by sublimagtion
a white crystalline solid m.p. 180-90%C. resulted.
Thie wae probably dibromo-acetylecarbagole.
m.p. & 189-190%. (1it.).

C. Debromination.

; Br N
=
A H

co .eflz

l.2 g+ 3=-bromo-f-ncetylcarhazole.
0.41 g. suprous cyanide [i.l moleg., propaf].
5 c.6., pyridine

2 c.0. water.
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The sbove mixture wss heated For 14 hours at 300°C.
in & sesaled tube, Cone. amaonia was added to the
resulting solution and the precipitate boilled for
5 minutes with & few drops of HOL (d441l,.) in order
to remove all traces of copper. Purificetion was
effected by sublimation.

Yield = 0.2 g. [3023]. m.p. = 196-200°C,
Asslyeis: H f2a = 14.4%.

CygHgl, requires N = }4.53%.
This essumee that osrbazole nitrile has been formed,
These debromination reactions though "abnormal" are
not peculisr fto substituted carbasole compounds, The
following resulis were obtained by Dr Neil Campbell
and Miss Muir in thie Department. In each case the
compound was heated with the correct moleocular
proportion of cuprous cysnide 1i.,e. 1 molec. proporiion
CuCN for each Br atom to %a removed 4n pyridine in

a sesled tube Tor 20 hours at 280-300%C.

Gompound Product
l-Bromonanhthalene l-Naphthoamide.
2-fodonaphthalens l-Maphthoic acid,
4-Bromoncenaphthene Acenaphthene
9-Bromonhenanthrene Phenanthrenc
2:7 Dibromofiuorene ¥luorene
9:10 Dibromoanthracens Anthracaene
4~-Breomofluorasnthene Fluoranthene
Pibromofluoranthene Flucranthene
10 Bromo-1l:2 benz- 10 c¢yanc-1:2 benzathracene

snthracene




It wes considered thati this debromination reaction
would be useful poth Tor deltermining the strusture
of compounds and also for thedir ldernsifiaation, Such
debrominations may prove of use in synthetic work and
their posulibilitiss are haeing investigated.
2.2, 3J-Bronmo-d-ncetylenrbazole.
[P1ant, Rodgere end willisms, J.0.5. (19367,
741].

NitgoBENZENE

co.CH3

Attempts were made to prepare this compound by both
the methods described in the ahove reference,

A. 3-acetylenrbazole,

(1) 14 gz. Y9-scetylearbagole.
1280 c.0. nitrobenzens,
10 g. aluminium chloride.

Experimental procedure is as in the above reference.

Yield = 9 g [64%].  m.p. = 160-2%. voftens 166°C.

1it.m.p. = 1629C. eoftens 157°C.

B, Brominstior of 3-scetylcarbazcle.

9 g. 3-acetiylcarbazola,
7 g8 bromine in 46 c.c¢. slacial ascetlc scid.
Procedure was as in the reference quoted. The

resulting/
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resulting preduct was o dari-brown smorphous solid
with @& m.p. = 150-180%C. and wes obviously & mixture.

(11) 3-bromo-6-ncetylosrbasole.

e ”’O_/OM
5 >
= S
» H

5 go 3=-bromo-P-ncetylcsrbazole

2.75 g aluminium chloride

2.6 g. acelyl bromide

250 c.z. onrben disulphids,
Procedure is as in the feference quoted above but
the reaction yielded the unchanged compounds.
It was hoped to remove the bromine Wy CulH and pyridine
a8 in the foregoing experiments, and obiain an acetyl-
carbazole the position of the acetyl group being
alsoc proved., Reprented re-crystallisations from
methyl aloohol however fmiled to raise the melting
point or decremse the range over which the presumed
mixture melted. Repeated attempte gave similar

rcaulta)s mixture of compounds being obtmined.

i CulN.
‘_....*'

\/ /}/ﬂp' ENE




6-Brome~3;: S-dibenaoylcarbuzole,

E&ant. Rogers and Williems, J.C.8., (1938), 741~4].

o .G H.
o] Brv % s
'f I .
¢B I S “'\\
>
(] ]
co.Ghs o Ghs

3 g 3-bromo-9-benzoylearbazole,

6 2. aluminium chloride

88 c.0. carbon disulphide.

2 g. bsnzoyl chloride.
A, An attenpt was made to prepars a dromo-dibenzoyl-
carbazole a8 in the reference gueted atove. The
attempt was unsuccessful as & white crystalline
compound m.p. = 1229C. was obtained and identified
a8 benzoic acid by a mixed meslting peint.
B. The Perrier Modifiocation of the ¥Frisdel-Crafts
Resaction [ﬁullatin de la Sogiéta chimicque de Puris
1904, 3, 81, 88?] vieldedé the original 3-bromo-
9-benzoylcartagcle, Somilar attempte were made
with J-bromo-Y-mcetyloarbazsole, using mathads[{]and
EB but the original compound waa obtained in each
oaae; Further attempts in this field were thereiore

sbandoned,

Attaggtcd/



Attempted Preparation of substituted Carbasoles from

substituted benzene compounds.

cr.[ﬁllmann. Ann. (1904), 332, 62 et aan .
The general procedure may be summarised ass follows:

A. Condensation : This may be effected by heating

the benzene compounds tagether
(1) over a neked flame
{i11) in a water-bath
with or without a condeneing agent.
B, Reduction : The condensation product is
reduced by aqueous or alcsholic
sodium sulphide.

C. Diazotisation : The reduced comnpound is diazotised

o

88 in the above reference.

D. Conversion of the

beng-triagzole compound thus obtained into the

correeponding substituted carbazole.

A. l-Chloro-carbagole.

/
g=chloro-g-nitro-4-car ne.

No.

coOH NH;‘ 2
/ e H,B—r
f +
o N ,/\‘e
%r




10 g. 4-bromo-3-nitrobenzoic acid.

Excese o-chloroaniline

3 g. potasgium carbonate

A trace of copper bronsze,
The above mixture was hented over a naked flame for
40-45 minutes. On cooling HC1 (conc.) was added to
destroy excess chlorosniline, the resulting solid
boiled several times with water in order to remove
chloroaniline hydrochloride and filtered hot, The
golden-yellow so0lid was recrystallised from a mixture
of methyl alcohol and glacial scetic acid, It was
very sparingly soluble in methyl alcohol, ethyl
aleohol, bengens and light petroleum,

Yield = 6.5 g [83%]. m.p. = 240-1°C.
: sublimes in yellow
needles.
Analysis: C f£4 = 54.9% H f4 = 3.260

0133904N201 requires C = 53.3% requires H = 3.1%.

The compound probably still containal traces of
chloroaniline hydrochloride despite the fact that it

gave a sharp me lting-point.

B. 2'chloro-2-amino-4-garboxydiphenylamine. /
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B. 2'Chlore-Z-amino-4-carboxydiphenylamine.

COOH Coof
NO, NH,
NH e NH
ce ce

5 g. 2'chloro-g-nitro-4-carboxydiphenylanine.

18 g. sodium sdlphide.

5 g. sulphur (powdered).

25 c.c, water,
The sodium sulphide and sulphur were dissolved in the
water by §oiling for 10-16 minutes. The Naasg thus
:ormnd wag the actual reducing agent and to it in small
portions the substituted nitrodiphenylamine waes added.
The mixture was heated in & boiling water-bath for
18 hours. On cooling, glacial acetic scid wns added
until the red solution was acid. The precipitate
obtained was boiled for 5-10 minutes with nngcoa
solution, filtered hot and the free sulphur thus
removed., On ecarefully re-acidifying the conled filtrate
with glacisl acetic scid the resulting solid was
recrystallised from hot water and a smull amount of

alcohol. A final purification was effected fronm

light/



light petroleum h.p. (100-120°). It was very ®oluble
in both methyl and ethyl alcohol but sparingly soluble

both in light petroleum and benzens.

Yield = 2.4 g. [baﬁ]. m.p. = 175-79C - shite
necdles.
Anslysis: C fa = 57.9% H f£d = 4.47.
c13311°é“3°1 requires C = 59.45 requires H = 4.2/,

C. B5-Carboxy~-l-o-chlorophanylibensztrinzole.

NHz /’-‘ g
NH > N— N

,J/w cg “
K .

2 g. 2'-chloro-2-amino-4-carboxydiphenyliamine.
1 g. Nag°°5 dissolved in 50 c.c. water.
1l g. Naﬂog in miaimum amount of water.
Xxs 104 H50,.
The reduced diphenylamine was dissolved in the
N32003 golution, the sodium nitrite solution added
slowly and the mixture added dropwise with stirring
to ice-cooled excess 104 H 50, The resulting

2
pale pink solid was purified by extraction with

1ight/
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light potroleum‘b.p. = 100-12809C.
Yield = GQuantitative m.p. = 207-8°C. - white
prisme - sublime.
It is sparingly soluble in light petrolesum but very
soluble in both methyl and ethyl alcohol.

Analysie: N fd « 15,298,
C,58g05M501 requires Ne 15.3%.

D. Attempted Prepsration of 1-Chlorocarbsgole.

z

|

Zz

\
\'s

0.8 ge S-carboxypo-chlorophenylbenztriazole.

1.6 g. freshly prepared quicklime.
The above mixture was mixed thoroughly in a mortsr,
placed in a 10 c.c., distilling flask and heated at
360°C. for 4-5 hours in s metal bath. This
procedure was followed by heusting the flask ==
over a nsked flame for % hour when white flakes of
sublimate appeared on the uprer parts of the flask
and/



and a dark-brown o0il solidified in the outlet tube

of the distilling flask. This solid waa purified

by a micro-extragtion with light petroleum

b.p. = 100-120%.

Yield = 0.13 g [28%]. m.p. = 225-2300C.
colourless plates,

Analysia: C f4 = 86.1% H fa = 5.28.
CypHgNCL requires © = 71.4% requires H = 3,977
If carbagole had resulted then

CigH N Treouires ¢ = 86.2% requires H = 5.38%.

1
The final compound obtained was therefore csrbagole.

Colour test: 1 drop KBSO4 (conc.)+l drop HNO, (conc.)
added to the product —>deep green
colour »roduced,

A 8imilar test with the triazole con-
pound gave no colour a&and so the
presence 0f the carbagzole nucleus was
concluded.

Attempts to convert the S-carbhoxyso-chlorophenyl-

benztriazole to l-chlorocsrbagole by henting the

fqrmnr (4) by iteelf in an ssbestos furnace in an
atmosphere of co2
(11) with soda-lime
proved unsuccessful, unchanged compound being obtained

in each csase,



=80«

2'~Chloro-s-nitrodivhenyiamine.

3 g. o-Bromo-nitrobenzene.

X &8 o-chloromniline

1 g. potacsium carbonate,

A trace of copper bronze.
The above mixture was heated on an oil-bath for 18§
houre, at 160-170%C., cooled end HC1l (cone.) added
to destroy X 8 chlorocaniline. The black oily, solid
was purified firstly by extraction with light
petroleum b.p. 100-120%G. and then by recrystallisa:ion
from alcohol.

yield = 1.1 g. [29%].  m.p. = 114%C. - rea

priems.
Anslysis: C f#d = 58,060 H f£4 = 3.b%
clgngogﬁacl requires ¢ = 57.9% requires He 3.6%,

It was ariginally intended to attempt the preparation
of l-chlorocarbagole from this produet hut the yield

was/



wa8 very much inferior to the 2'-chloro-2-nitro-4-
carboxydiphenylamine and so the attempt was

abandoned. An attempt to prepare l-bromo-garbazole

by using X & o-bromoaniline instead of o-chloroaniline
a8 in the above condensation proved unsuccessful as

the condensation yielded a charred mauss, The

method devised by Ullmann [iun. (1904), 332, 84] for the
preparation of l-methyloarbazole wag coneidered to be

& means whereby other l-derivatives could be prepared,
The following scheme was therefore attempted:- |

COOH H.
cHy

o
5
Se o)

l-Methylcarbazole wae therefore prepared as in the

above feference.
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V. Attempted preparation of l-carboxycarbagole.

[Perikin ana Tucker, 3.C.5. (1921), 216 .

x(3)

CHe l -'(l) . I m-s

0.5 g« l-methylcesrbazole

1 g. powdered Kz.!no4

156 c.c. acetone,
A, In this first attempt to oxidise l-methylcarbagzole,
acetone purified by boiling with Kun04 fof 3 hours
and distilling, wae used in conjunction with powdered
Kﬂn04. The above mixture wee refluxed on & water-
bath for 3 hours, filtered hot and the Tiltrate
acidified with sulphurous acid. The pale yellow
801id which sepmrated was purified by extraction

with lisht petrolsum D.p. = 100-120%.

Yield = 0.3 g. m.p. = 135-155°0.
Anslyeis: C f4 =088.20 H f£2 = 4.98%

casﬂaoﬁz requires € = 86,77 requires H = 5,54,
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On the assumption that the carboxy-scid was formed

8 e M » © ~'-§.
Qlaﬂgogn requires C, 63.9 ; H, 4.2

The product was found to be insoluble in NaOH
[perkin ana Pucker J.c.8. (1921), 216] found however
that oxidation of carbazole with acetone Kﬁn04
yie lded a mixture of dicarbagyls. Hence a mixture
of methyl-dicarbazyls may be expectied in this case.
1:1' and 3:3' methyl dicarbazyls can also be formed
and are indicated by ¥ (1) and X¥(3). The analysis,
although not satiefasctory, bore out this assumption
as l-carboxycarbazole would have & much lower C and
H content,
B. 0.5 g« l-methylearbaszole.

10 csc. 1.2 nitric acid.
The above mixture wae heated in a sealed tube for

7-8 hours at 150-60°C. The dark-yellow product was

recrystallised from glacisl scetic scid.

Yield = 0.7 &. m.p. ® 240-60°C,
Analysis: N f£4 = 14.7%.

If l-varboxycartagole was the product

Then clangoan requires N = 6.6/

If a mixture of dicarbazyls had bheen formed
Then ¢ H_N_ requires N = 7.75.

26 22 2
¥ono-nitro-methylearbazole 01351002 requires N = 12.3%.

Dinitro-
nitro-methylcarbazole clsngo‘na requires N = 15.5%.
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It is obvious from the snalysis that nitration
has taken place, in all probability a mixture of
mono- and dinitro-methylecarbagoles or dinitro-
methyldicarbazyls being formed.

Further attempts to prepure l-derivatives from

l-methylearbagzole were therefore abandoned.

Preparation of l-Aminogarbazole.
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I. 3:6-Dibromogcarhazole.

lﬁindomann and Muhlhaus, Ber., (1926), 58, 23?1].

gl .m_(/z\}[zw
> L

B0 ge carbagole
) 600 c.c. CS
2
31 c.¢. bromine

2.

180 c.c. css

Solution 2 was added dropwise to a boilling suspension
of 1. Experimental procedure followdd that in
above reference.
Yield = 54 g. [57;;]. m.p. = 211°C (aleohol)
1it. m.p. = 213°C.

Ii. 3:6-Dibromo-l-nitrocarbazole.

[Ber.. (1925), 58, as'n.].

42 g. 3:6-dibromocarhbazole

L]

500 c.c. glancial acetic acid.
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5 8.5 e.e. conc, HHO3
85 o.¢. glacial acetic noid.
2 was added to a hot suspension of 1. Further

procedure wes similar to refsrence quoted.

Yield = 42 g. [90%]. m.p. = 260%. (1i%.).

I11. 3:6-Dibromo-l-aninocarhazole.

N - _-/\rcz"' c3f~
/y
\“ e, < .

10 g, 3:6-dibromo-l-nitrocarbagole.
50 g. Nbgs (orystalline)
10 g. sulphur (powdered)
500 a.c. nlcohol.
107 c.c. water.
The Ne S and 3 were dissolved by boiling in 100 c.c.

2
witer. The hot solution of Na 8§ _ was added to a

2
boiling suspension of the 3:S-G?hromo-l-nitrocurbaaoxo
in alcohol &nd the mixture refluxed for 1 hour, after
which 1t was poured into water. The yellow solid
obtained was purified by extraction with chloroform,
this procedure being siightly different from the

quoted reference as there, ordinary reerystallieation

from chloroform wae practised. The authors do

not/
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not quote a yield however.

Yield = 4.75 g. [54%]. m.p. = 190-2°C.

lit.m.p. = 192°,

This procedure wes repsated four times with similar
results. As Lindemann and Mifhlhaus [ﬁor. (1926),
88, 23?£]quote no melting point for the monoacetyl
derivative of 3:6-dibromo-l-aminogarbazole their
acetylation procedure was repeated with slight

modifications as follows:-

0.2 g8« 3:6-dibromo-l-aminogarbazole

1l c.c. Hao

12 drops scetic anhydride,
The above mixture was ground together thoroughly in
a small mortar, the product being erystallised from
alcohol,

Yield = Quantitative m.p. = 262-49C.

The compound sublimed in smsll white lustrous plates
Analysis: N fa = 7,324,
C, 48y oONpBr, rejuires N= 7.3%.
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IV, l-Aminocsarbazole.

10 g. 3:6~Dibromo-l-aminocorbasole.

40 g. hydriodic acid, {;p. gre. 1.9@].

3.6 g red phosphorus.

The shove mixture wae refluxed for 4 hours, 25 c.c.
hot water added, and the mixture filtered hot. A
saturated solution of sodiumn ncetate was added until
the filtrste became alkaline to litmus. The white
solid obtained was recrystallissd from bensene.

Yield = 1.7 g. [54%]. m.p. = 193-5%C. - white

needles,
1it. m.p. = 195%.

Analysis: B £4 = 15.3%.
Glsﬂloﬂa regquires N = 15.38%.

Picrates of (i) 3:6-Dibromo-l-aminccarbazole and
(11) l-aminocarbaszole
were prepared in the ususl way.
{1) on peystallisation from alcohol gave an
orange-red solid m.p. = 206-79, Sublimes in
: yellow needles.
Analysis: N fa = 11.2%.
C,gH110pN5Br requires Ne 12.3%.

(11)/



{11) on erystallisstion from alcohol yielded a
pale green 8s14d m.p. = 195-7°C. Yellow prisms.
A mixed m.p, with l-aminocarbagole gave a 30-40 degree

depresasion,

Analysis: N f£4 = 14,6/,
C. H ON requires N = 17,00%
1813786 ° ¢

A8 the analysis fipures for l-aminocarbazole picrate
were very unsatisfactory it wae decided to confimrm
the presence of the amino-group by forming a ring

compound in the following manner:-

3 .h‘m CH:Br. COBY lﬂ 3 “' o :f’/h\w
{ ey . 1
e 3 N

|
\ H
o
Br. ez

n_ HEAT WITH

KOH

Y
KBr + Hzo0 + (""'7

N

i 60
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I. l-w-Bromacetamidocarbazole.

A. 1 g. l-aminocarbagole in 86 c¢.c. bensene,

Be 08 0.¢. bromoacetylbromide in 5 c.c. benzene.
[B] wag added %o a hot solution f[ﬂ} and the nixture
refluxed for 30-35 minutes. The resul ting solution
was allowed to stand overnight, the black residus
filtered off and dipesrded, and the filtrate reduced
at ordinary temperature to half its volume. A pale
green 80lid separated.

Yield = 0.75 g. [47%].  m.p. = 188°C. -white
priﬂmﬂ.

A mixed m.p. with l-aminocarbazole gave a 30-356 degree
deprescion,
Analysis: Br f4 = 26.1%.

G, 4H, 1 ON Br requires Br = 26.45%.

II. Formetion ot_;:9-[§'Kcto-gigerssinq]-carbasolo.

0.0 g¢ 1= ~Bromacetamidoearbazole
1 e.6. BO% KOH
20 c.c. nlcohol.

The/
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The above nrixture was refluxed for 30 minutes, allowed
to stand overnight and the KBr filtered off. 10 c.c.
water were added to the filtrate and the emulsion
poured into 60 c.c., HCL [1:1]. The revulting asrk-grey
80lid was ground up with

(1) water

(11) msthyl alcohol,
finsl purificstion being effected from xylens., The
xylene solution gave a briliiant pale green fluoresence,

Yield = 0.1 g. [27%6]. m.p. = 247-529C,
Sublimes in white priems.

Analzaia: N f4 = 11,9%,

01‘3100n8 requires N = 12.56%,

Although this anclyeis wae slightly low it established
the fact th:t ring closure took place, The very
small quantity of material precluded further purification.

Selenic Acid and Colourations with substituted Carbazole

Oognnunaa.

The following procedure was found to be satisfactory.
A few drops of sulphuric mcid (conc.) were placed in
8 small test-tube and a small drop of selenic acid added.
A trace of the compound was then added and the test-
tube shaken, The colouration generally developed after

8 few seconds,



Compound
Pyrrole

Indole

Carbazols
3:6-Dibromocarbazole
3:6-Di-iodocarbazdle.
3-Bromocarbazole
l-Methylcurbazole
Tetrabromocarbazole
Diphenylanine
l-Aminodiphenylamine
1-Nitrodiphenylanine
l-Nitrocarbasole

Fluorene
Pyridine

Indagole

~10%~

++t

Colour

Brown

~ Msugenta

Emerald green
Dark green
Bluish-green
Emerald green
Dark green
Emerald green
Blue on heating
Violet

Violei

Brown

Hent
Gresn ——> Blue.

Nil
Nil

+ Due to impurity.

The compound was purified by

ehaking with ether to remove earbagole, The

puri fied compound guve no colourstion,

t++ Qolouration given

with H 504 (cone.) slone.

2
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Fluorescance of Bubstituted Carbazoles

Compound Solid Bolution Intensity
Carbaszole 7iolet Violet E&lc;] Brillimt
3:6-Dibromogarbazole| Yellow-orangsl Nil [Ethor] L
Tribromocarbaszole Red-orainge Hil [Ether_] "
l-Bromocarbszole Hil Vicletl}loﬂ "
3:6=-Di-jodocarhazole| Brown Hil[%tnerﬂ Dull
3:8-D1bromo-l-amino- Nil N1l @5013] =
carbazole

Zetrsbromocsrhszole |Deep-orange-~ |Hil Ethor] Brilliiant
red

Both the colour and fluoretcence ltests were useful in
that they provided a means of detecting minute truaces

of carbagole as impurity.
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DISCUSSION OF EXPERIMENTAL RESULIS

S8ubstituted l-nitrocarbazoles.

In the course of this research many of the
preparative methods quoted in the literature have been
modi fied, purer products and higher yields being
obtained as a result.

For instance, [ﬁeo. trav. chim. (1912), 31,
350] in preparing 9-acetylcarbazole, boiled & mixture
of carbazole and acetic anhydride with "a few drope of
H2304 conc.™ for 1 hour. This method wae greatly
gimplified by boiling the carbazole with an acetic
anhydride - sulphuric acid oconc. mixture 0.4 c.c.
32504 (cone.) per 20 c.c. acetic anhydride for five
minutes, the relative proportion of sulphuric acid
(oonc.) and the time of heating being arrived at by
a process of trial and error. To nitrate the
9-acetylcsrbazole so that one nitro-group entered the
molecule and occupied the l-position, Menke's reagent
was uged, By &nalogy with the results obtained by
Emnke Rec. trav. chim. (1925), 44, 1?%] in which
Q;Egg-nitroacetanilide resulted from the nitration of
acetanilide, the nitro-group might be expected to
occupy the l-position which ie ortho to the imino-group
in the carbagzole molecule. A very high-melting

crystalline/
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erystalline solid resulted however and in poor yield
80 that this method of preparation for l-nitro-9-
agetylcarbazole must be considered unsatisfactory.
By reversing the process and acetylasting the l-nitro-
cerhazole prepared as in [ﬁ.c.s. (1931), 3283]. a
solid of similar microscopic and macroscopic appear-
ance resulted. S8imilar to the products obtnined
by Menke's method, 1t did not melt below 300°C., the
yield being very small indeed.

In contrast to these unsatisfactory results
& dinitro-9-acetyl-carbazole, the nitro-groups
probably occupying the 3:6 positions, was prepared
in good yield using concentrated nitric acid as the
nitrating agent.

Mono-Rélogenated carbazole compounds.

3-Bromocarhazole.

] The msthods employed for the preparstion of
this compound as in [ﬁaubel %. ang. (1901), 14, 784]
andlbiamicisn and Silver G, (1882), 12, 2?%] are both
tedious and give poor yields. A simpler and more
diresct method of bromination was desirable and the
brominating reagent used in the preparation of 4-bromo-

-naphthol and -bromenaphthalene by[&ilitzer J.A.C.S.,
(1938) 60, 25§] was tried. This reagent, iodine
bromide/
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bromide, had also been applied successfully to the
hydrocarbon fluoranthene [perty - Thesis, Edinburgh,
193?]. Two molecular proportions of iodine bromide

were necessary as can be seen from the equations:

o +HT
NH <l

VR R
- 2

HL + I E¥

‘\7_
and a very pure product resulted, in 11% yield. It
has been found in this instance a very satisfactory
mild brominating agent for substitution on the aromatic

ring.

3-chloro-carbagole.

The preparation of this compound, to a much
greater degree than the corresponding bromo-derivative,
has been characterised by laborious experimcntal
procedure. For exanmple, [ﬁllmunn, Ber. (1904), 338,
9%] prepared it by condensing aniline and l:4-dichlioro-
2-nitrobengene, reducing the condensation product,
diazotising the reduced product and finally converting
the benztriazole compound thus formed into 3-chloro-
carbazole, the yield of the final product being

apnrox. 507%.
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This appears to be the standard method for the
preparation of mono-chlorocarbazoles ss 2-chlorocarhazole
was similarly obtained by[Ullmann Ber, (1898), 31, 169'?]
udking aniline and an approoriately substituted bengene
compound. Phenyl-iodo-dichloride, which was success-
fully utilised as a chlorinating sgent by [Garvey,

Halley and Allen J.i.C.S., (1937), 89, 1827]. proved

highly/
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highly successful in ite application to carbaszole.
A product of high purity and in 705 yield resulted
and must be coneidered a much more suitsble and.

economicel method than thot of Ulimann.

Attempted synthesis of l-hromocarbazole.

As has already been pointed out see E:.pl&-?]
l-derivatives of carbazole have proved very difficnlt
to prepare, the l-hromocarbazole being among those not
yet synthesised. The significance of succeeding in
such a project from the point of view of proving the
structure of poly-bromocsrbrnzoles has also been
emphasised sea[b.!&?. Para-toluidine, a cheap and
easily prepared compound, was the starting masterial
employed., Acetylation, bromination and nitration of
the starting material gmnve compounds of high purity
and good yield. The 3-bromo-b-nitro-4-acetamido-
toluene thus formed wae hydrolysed to the free amine by
8 1:1 mixture of alcohol and hydrochloric acid (cone.),
this method giving a higher yield than hydrolysis with
505 sulphuric acid. For a similar reason conversion
of the amino-group into a bromine group was effected
by the msthod of Cohen and Dutt E}.c.s. (1914), 105, 510]

in preference to thuet of Hodgson and Walker [&.C.S..

(19333}/
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(1933), 1620 .

In the 3:4-dibromo-b-nitrotoluene thus
prepasred the bromine atom in the psasra-position ought
to be reactive owing to the activating influence of

.0

the adjacent *N;o group.
CH3

ol

K- ---
This was indeed found to be the case, On heating
the compound with piperidine a water soluble, crystalline
compound, identified by melting point as piperidine

hydrobromide, resulted.

etz
et
cH.
_/ki = B No,
i £ ' N t+H B
3 Mo, e, > Laac
o i, . efly
H I
ch, ,L &N

It was rather surprising therefore to find that no
condeneation product could be obtained with saniline
Cf.ﬂhinﬂemann and Wessel (1925), 58, 122;]. Mod -
ifications of the experimental procedure from that quoted
in the above reference were attemnted, including the

use of (i) aluminium chloride (ii) sodium acetate and

alcohol (14i) sodium hydroxide and alcohol and (iv)

copper/
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copper bronze, as condensing agents, but all attempts
were unsuccessful.

It was finally decided to oxidise the methyl
group in the 3:4-dibromo-5-nitrotoluene to a carboxy
group, in order to obtain a compound of greater reactivity.
It was also obscrved that condensations of substituted
benzole acids and an’line had heen accomplished
sucessfully by [Ullmnn Ann. (1904), 332, 86] and
gohbpff [Ber, (1869), 22, 3286] . In this instance
condensation of 3:4-dibromo-S-nitrobenzoic acid and
aniline was very satisfactory, the condensation product
being obtained pure in almost quantitative yield., it
was found to be insoluble in sodium hydroxide, an
extremely unusual occurrence where there is a -COOH
group present, This 18 probably due to the formation
0f an insoluble sodium salt as the s80lid changes colour
from golden-brown to red. Condensation of the methyl
ester of 3:4-dibromo-b~nitrobenzoic acid and aniline
also proved successful although the yield was not so
high in thie case.

2-Bromo=b-nitro-d-carboxydiphen ylamine was
reduced to the corresponding amine by mqueous sodium
gulphide the yroduct being ohtalned in analytical
purity and in good yield. The amine gave a light
red/
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red colour on subjeocting it to the chloranil test
[frahden and Goldschmidt, Mikrochémica Acte, (1937), I,
341], which 18 a positive result ss amines give either
violet, blue or red colourations, It is not specific
however, ae phensle also give colourations. The
mono-acetyl derivative of the amine was very easily prepared
by shaking with water and acetic anhydride. Di-
azotieation according tolﬁllmann Afn(1904), 337, 84]
gave the corresponding benztriagole compound in
quantitative yield snd snualytical purity. By anslogy
with the benztrisszole compound in the adove reference,
the 7-bromo-S-carboexy-l-phenylbenztriazole was
confidently expected to yield l-bromocarbagzole.
Distillation of a freshly-prepared quicklime -
benztriazole mixture yielded the best results. The
rigorous experimental conditions however, removed

the Br atom from the nucleus in addition to spliitting
off carbon dioxide. A mixed melting point with pure
carbagzole confirmed that the produet of the reaction
wag carbazole after analysie had shown that bromine was
not present. The charagterietic violet fluorescence
of carbagzole, both in ordinaery and ultra-violet 1lisht,
was also clearly observed in a8 light petreleun ex-

traction of the resction product.

Seversl other methods were attempted in order

to/
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to bring about a successful conversion of the sub-
stituted benztriazole to l-bromocarbazole including -
(i) Heating the benztriszole alone in a sealed tube
and also in a combustion tube in an aimosphere of
carbon dioxide
(i4) Heating the benztriazole with soda-lime and
calecium carbonate, separstely, both in sealed tubes
and combustion tubes.
Negative results were obtaoined in sach csse.
In all these experiments the high temperature reaquired
caused decomps®sition to occur. On the basis of these
experiments it was therefore reluctantly concluded
that the synthesis of l-bromo-carbazole by the Graehbe-
Ullmenn method was not posgible,
During the course of the foregoing attempted
synthesis two subsidiary reactions of interest were
' earried out and resulted in the preparation of two acids
not at present described in the literature.
A. The first of these was prepared by the potassium
permanganate oxidation of 3-bromo-5-nitro-4-acetamido-
toluene. 3-Bromo-5-nitro-4-acetamidebenzoic acid was
obtiined in poor yield [2075]&1(1 modifications of the
oxidation entailing the use of (i) calcium permangenste
(11) acetone and (iii) slkaline permangsnate failed to
give an improved yield.
Difficulty was also experienced in purifying it.

In/
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In their attempts to oxidise same mixed dibromotecluenes
Cohen and Dutt [J.C.8. (1914), 510/ found this method
‘sbortive.

'B. The second eacié wae prepsred by hydrolysing the
3-bromo-5-nitro-4-acetamidobenzoic acid with 50%
sulphuric acid. The free amino acid thus formed was
obtained in 50% yield and in analytical purity.

A final point of interest connected with the
l-bromocarbagole synthesis was the formation of an
orange-red, sharp melting golid from a stannous
chloride - hydrochloric acid reduction of 2-bromo-6-
nitro-4-carboxydiphenylamine Of.[?lant and Tomlinson
J.C.8. (1932), 2183]. Its behaviour can be summarised
as follows:

(1) It melted sharply between 162-3°C, which is
approximately 100°C. betow that of the true amine.

(14) On the sascumption that the corresponding amine
had been formed the carbon content wae found to he
1.3% low and the H content 0.385 low.

{444) It d4d4 not form acetyl or benzal derivatives
and all attempte to effect a dimzotisation to the
corresponding bengtriazole compound were unsuccessful,

(iv) WwWith 32304 (conc.) and IIN:’)3 (conc.) & deep

red colouration resulted dbut it disappeared on heating.

(v)/
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(v) it save no celour with chloranil.
Adenuate sxplanation of thece phenomena was found

impoesible. It did not appesr to be a true amine.

Repetition, Modi fication and Hxtension of the work of
Ullmann [Ann. (1904), 332, 84].

During the attempted l-Bromocarbazole

synthesis it was often difficult to find the best method
of condensation, reduction or diasgotisation. Sim-
ultsneously with these experiments therefore, Ullmann's
work on &nalogous compound: was repeated and proved of
grent value in affording opportunities for scquiring the
necessary technique in these rather "iricky" syntheses.
In the firet of hie nreparatione viz. carbegole, Ullmann
refers to the work of Schdpff [Ber, (1889), 22, 3285],
in whiéch the prepvarative methods of the vsrious inter-
medintes culminating in the formastion of H-carboxy-
l-phenylbenstrinzole, is deseribed. The varinus stages,
consiegting of oxidising p-bromo-toluens, nitrating the
p=bromobenzoic acid fermed and condensing the product
with aniline, wae repeated , the producte at each stage
being obtiined in very eood yield and state of purity.
The condensation product, 6-nitro-4-carboxydiphenyl-
amine was obtsined pure in excellent yield, but

exhibited/
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exhibited the unusual proverty of insolubility in
NaCH, behaviour which is asnslogous o the B-broumc-6-
nitro-4-casrboxydiphenylamine slread; discussed, Proof
of the exisience of the -CO00H group was forthcoming
when the methyl ester wse prepared. It 48 probelle
that the insoluble sodium sall of the acid has sgein
been found.
Reduction o0 E-amino-4-carboxydiphenylamine
was effected with alcoholic Naas but attempted acetylstion

of the amine producted the henzinmidagole compound:
cooH cooM cool

o o
‘\//

e -k

It therefore apneared that the reaction could not be
regulated to yield the simple acetyl derivative,
Conversion into the corresponding bengztriszole compound
and thence to carbazole waes completed successfully, the
Pinal etage yielding the best result when ths trisscie
derivative mixed thoroughly with freshly-prepered
quicklime, wes distilled. Two subsidiary peinte of

interest/
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interest emerged from the foregoing experiments:

1.

A. Two further methods were developed for the
preparation of the condensation poroduet é-nitro-
4-carboxydipvhenylamine. One of these merely con-
gisted of showing that s-~chlorobenzoic acid could be
nitrated and coupled with eniline to #ve the con-
a yleld
densation product in ae high as its bromec-analogue.
B. The second preparative method utilised m-nitro-
p-toluidine as the starting materisl. 1te acetyl
derivative was oxidised and the produet hydrolysed,
both reactions giving almost quantitative yields.
[Ullmann and Meuthner, Ber., (1903), 36, 4032].
The method used by Cohen and Dutt, [J.C.S8. (1914),
6510] yielded m-nitro-p-bromobenzoic acid, which was
condensed with aniline [Cf. Schopf?, (1889), 22,
32686 .
Reduction of the 6-nitro-4-carboxydiphenylamine
with stannous chloride and HCl produced & sharp-
melting crystalline compound which behaved in an
anomaloueg fashion.
(1) It melted at 129°C. sharply bui analyeie on the
assumption that the corresponding amine had been
formed showed that the carbon content was 3.3 low
and H content 0.365 low. A residue of 0.1l mg.
in 2.148 mg, of substance was found howaver and

is probably due to a tin double salt.
(11)/
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(14) The compound gave no colouration with the

chloranil test but trentment with water and

acetic¢ anhydride yielded the bvenzimidazole compound.

Its reaction to chloranil would seem to indicate

that it is not a true amine but its behaviour to

the above acetylating mixture gives a eimllar result.

t0 that given by the true amine.

(111) An attempt to prepare the azimidocompound by

dropping HC1 and a solution of Na.m)2 into 8 glacial

acetic acid suspension of this reduction product

also resulted in the formation of the benzimidazole

compound however, From this it appears that

standing in glacial acetic acid is sufficient to

effect the conversion, Confirmation of the presence
of the bengzimidazole derivative was given by hydrolysis

with 50% 2,80,, a reaction which yielded the unchanged

4
compound. Had the acetyl derivative been formed
hydrolysis to the free amine would have taken place
with ease.

A comparison between 6-amino-diphenylamine,
6-amino-4-carboxydiphe: ylamine anéd 2-p romp-6-amino-
4-carboxydiphenylamine did not ghow &ny marked
differences in chemical properties. All three aminesg,
on boiling with two molecular proportions of henzal-
dehyde, gzave no bhenzal derivotives but all three gave

deep red colouration with chloranil. The only

chemical/
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chemical difference noted wans the effect of an
acetylating mixture of water and acetic anhydride,
the 6-amino- and 2-bromo—6-amino-é-oarboxydiphanyl-
amines yielding monoagetyl-derivavives whilst the
6-amino-4-carboxydinvhenylamine pgave the bengimidazole
compound in good yield. The peculiar property of
insolubility in slkali exhibited by both the amines
containing the carboxy group has already been mentioned
[see p.6%]. 1In order to make & genoral comparison
of the chemical behaviour of substituted diphenylamines,
a larze number of such compounds would require to be
prepared. It was therefore decided to repeat the
work of Chapmen [J.C.S. (1992), 1676, 4bid, (1927), 1743],
in which a simple method for the prepsration of
substituted diphenylamines in good yield. is outlined.
It was also hoped that the substituted di-
phenylamines thus prepared could be converted to the
corresponding carbagzole compounde. In order to test
the method it was décided to prepare e-nitrodiphenylamine,
the first etege in the vprocesc being the formation of
N-phenylbenzimino-o-nitrophenyl ether. Repeated
attempts to obtain this compound in good yield were
unsuccessful despite the fact that the most rigorous
precautions to exclude moisture were taken, The
imino-chloride was invariebly mixed with a lsrge

percentage/
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percentage of unchanged benzagnilids and as these
results were 8o unsrtisfactory attempis to prepare other

substituted diovhenylamines by this method were abandoned.

Debromination of carbszole compounds.

During the course of this research it was
found that bromine atome could be removed from the
carbazole nucleus by heating the compound with cuprous
cyanide, pyridine and & little water, in a sealed tube,
The risorous conditione employed in the experiments
described also resulted in the hydrolysie of acetyl and
benzopl groups which were loosely bound to the nucleus
in the $-position but in the case of tetrabromo-csrhagole
a 907 yield of carbazole was obtained which was
consideraed highly satisfactory. The abnomality of the
regction can be geuged from the fact thet nitriles,
amideg and cerboxylic ecide were in some casesn, obtuined
a8 final products but in the majority of the cases
quoted, the hydrocarbon reegulted., The mechaniam of the
reaction ig not known &nd & complete investigation of the
problem is being made, One coneluding point of interest
was thaet in all the experiments carried eut, the formation
' of copper bronze was observed. This debromination
reaction, when regulated so that either cysasnide, smide
carboxylic acid or hydrocarbon can be obtained at will,

ought to prove of impnortance in determining the identity

and/
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and elucidating thse structure of compounds, In this
connegt ion seversl attempts to prepare 3-bromo-é-acetyl-
carbazole were mede unsuccessfully. [Plant, Rodgers and
Willieams, J.C.S8. (1935), 741]. It wes hoped to remove
the 3r atom only, {rom this cmmpound asnd prove the
position of the acetyl aroup in the resulting scetyl-
carbagole,

Further attempts to prepare l-garbsgole derivatives.

From s previous study of Ullmann's work
[Ann. (1904), 332, 82} 4t was rcalised thut condensstions
of substituted benzens compounds, followed by reduction,
diszotisation and conversion to l-substituted carbazole
derivat ives, was thsoretiually.passible. An attempt was
therefore made to pepare l-chlorocarbasole by condensing
4-bromo-3-nitrobengoic acid and orthe-chloroaniline.
Despite the fect that the condensation and reduced
condensation products were not analytically pure a
triazole compound was prepared which analysed correctly
for nitrogen content. ETforts to effect & conversion
to l-chlorocarbazols were however unsuccessful, the
rigorous experimental conditions necessary, causing
the chlorine atom to be eliminated from the nucleus in
an analogous fashion to the removal of bromine in the
attempled convarsion of 7-Lromo-S-carboxy-l-phenyl-
benztriazole to l-bromocariazole. 1ihe product of

conversion/
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conversion was carbazole. A condensation of o-hromo-
nitrobenzene and o-chlioro-aniline proved successful in
that & produet in analytical puriiy resulted but the
yield was much smeller than in the previous condensation
s8¢ that this possible method of preparation of l-chlore-~
carbazole was not continued further,

Extension of Ullmann'e method for the prepar-
ation of l-methylecurbsazole ﬁoo. cit} suggested a
rational lins of a®™ack for preparing other l-derivatives.
It was thought that oxidation of this compound would
yield carbazole-l-carboxylic acid but a mixture of
methyl-dicarbazyls was obtained instead [Cf. Perkin
and Tucker, J.C.S. (1921), 216]. The employment of
1 nitric acid (d, l.2) as an oxidising agent in this
case proved of no aveil, nitration taking place inestead.
From the analysis figures quoted it apnears that a
mixture of either dinitro-methylcarbagole or dinitro-
di-methyldéicarbezyls has resulted. Had the oxidation
yielded l-carboxycarbazole, the l-amino, and from it
the l-bromo or l-chlorocarbazoles could have been
prepared.

A final effort to mwepsre a l-derivative of
curbazole wag crowned with success. The work of
Lindemann and Mthlhaus, in preparing 3:6-dibromo-l-
aminocarbazole, was repested [Ber, (1925), 58, 23'?]_.'1
and/
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and, with the aid of a debromination reaction, using
hydriodio acid, the l-amino derivative resulted. The
prelimirary exvariments in the above reference were
repeataed vith almost identical resulis the only change
in procedure bveing that the nru#e 3: =@l bromo-li-aninoanr-
bagole wae extracted with ghloroformm in order to
obtain the best results. The workers in the quoted
reference recyyutallised their product from chloroform
but do not quote their yield which was found by thie
elight modification to be 54%. From the hydriedic
acid debromination a 40% yield of l-aminocerbszole
resulted and therefore afforded the hest method BO
far devised for the preparstion of this compound. In
order to confirm the presence of the amino-group a
keto-piperazine was prepared as already described
[aoe p.??J _

A summary of the yilelds obtained in the
prepavration of l-aminocarbazole showed at a glance the
efficiency of the motheds emnloyed.

575%
Carbngole — 3:06~Dibremocarbazole

l 90%

Z:6-Dibromo~-l-nitrocarbazole
845

d:0-Dibromo-l-aninccurbazole

l 34%

l-Aminocarbazole,
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The eelenic scid in sulphuric acid (conc.)
teste were of interest as Zevine [J. Lab. clin. med.
(1926), 1L, 009] ecarried out tests with selenious acid
in aulwhurizt%gonu.) on rhenols. Mecke per{ormed
similar teets on alkaloids and Levine soncluded that
these tecte pere specific for phensls or alkaleids
| containéng vhenolic grouns, The tests garried out in

this resesrch show Tevine'e conclusion to he erroneosus.
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SUBLARY.

The application of Menka's reagent for the

- purpose of propering l-nitro and l-nitro-substituted
carbascles was not gatisafactory aa the parcentage of
the G-is8omer was very high in all cases,

Io8ine bromide and phenyiiododichloride
wore utilBiced suceceysfully in the preparation of
d-bromo- and J-gchlorosarbvazole respectively. In both
cuged & high yield resulted asnd the producte were
analytically pure. A mild halogenating agsnts
therefore they were much more suituble than other
methods described in the literature.

Attenmpts to synthegise l-bromo- and l-¢hioro-
carbazole by the Oriebe-Ullmann method [see p.Z9/ proved
unsucceasful as the rigorous experimesntal conditions
employed in converting the substituted bvensirdazole
compound intoc the l-substituted carbazole removed the
halogen atow in addition te carbon dioxide.

The prepavetion of l-carboxycarvagzole by the
oxidsiion of i~-methylesrbexole was unsuccess=ful, a
mixture of nethyl-dicsrhasyls resuliing instead.

l-Aminocarbssole was successfully obtained
by debrominating 3:06-dibrons-l-aminoscarbazole whigh
wag in turn prepared by the methods of Lindemann and

¥tthlhaus/
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Miihlhaus [Bor. (1326}, b8, 93?1]. The percentage
yield of the latter compound wag appreciably increased
by using different memns af'purificatinn end the 407
yield of l-aminocarbazole was very much higher than any
praviously recorded in the literature,

Debromination experinents on garbazole
compounds were carried out by heating then in sealed
tubes with cuprous cyanide and pyridine. Curbagole
waa obtained in sach inetance except with 3-bromo-

g-goetyloarhazole when carbagole d-nitrile resulied.
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