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: INDIA OFFICE, Hs
. LONDON.Se We Ie
Je& Po706 24 February 1921.
subject: Indien Rducationsl . 1
e Service: Cendidature of %
. Dr.Surendrea Neth Dhar. !
1§ Dear Sir,
J | s With reference to my letter of the 10th ingt.J.& Ps

706, I forwsrd, for information, copy of the further papers

noted in the margin, on the subject of the candidature

From Dr.Dher 15th February,with ) of Dr.Surendra Nath Dhar for eppointment
| printed enclosures Yletter of )
- { introducetion for Sir A.Earle. } to the Indian Rducational §ervice.
70 Dr.Dhar 17th February )
From" n 18th w with ) It will be seen that Dr.Dhar has
enclogures. )
% | From Bosrd of Education deted ) now expressed preference for the vacant |
22nd February with enclogure. ) :

I
aaBliad Professorship of Techricel Chemistry et 4
|

the College of Engineering, Medres, ,
] The letter from the Board of Biucation shows thet there ;

1
i: ig st present no other qsqdidate fort‘hcovming ‘here, end further

: thet Professor Thorpe, who, in the letter previously forwarded,

RS

hsd testified to Dr.,Dher's general fitness for sppointment to
y , congiders him gpecielly fitted
T

the Indisn Rducational §e1‘~_yi
ey
for the particuler post et Madrss.

Yours fsithfully,
5 . .
Secretary.
1o
The Secretary to the Judicisl & Public Department, -
government of Indise,
Educetion Department.
|
Tuitacry i
el
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Northbrook Society, - ;

21, Cromwell Roed,
SeWee

15th Februsry 1921.

To The Private Secretery to
Sir williem Duke,
The Under-secretery of
State for Imdia.

Dear Sir,

I shell feel highly obliged if you kiﬁdly arrenge & per-
gonal interview for me with Sir willism Duke, et his early

eonvenience.

I am & Government of Indis Scholsr and s London D,Sce in
Chemistry.
I have been a csndidate for the Indien Educetionsal 1

Service and intend to see Sir Willism Duke with & letter of

introduetion from sir Archdsle Eerle who was the Chief Commisgion-
er of the Province I come from.

Yours faithfully, ‘

(8d) S.N.Dher.

YARLET, «

il

WALTON ON THE HILL,
SURREY. |

; s
13th Pebruary 1921,

My desr Duke,

Thig is to introduce to you Mr.Surenda Nath Dher, who is i

& cendidate for the Indien Educationsl Service. He is:Londox}, ‘
DeSc. I got him & State Secholaership from Assem end so teke en ~ ’1
interest in him. ' | ‘
V If you can help him in eny way_I shall be obliged. He ;

says that there is a vecancy now in the Madres Indien Educational |
Service. : I
Ever yours etc. ﬁJI

(3d) A.Earle.

----------- —————

tsh
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L INDIA OFFICE,
2 SN.Dhen, g . LONDON, S.%.I. |

Desar Sir,

With reference to your letter of the 15th Sir Williem Duke% :
»

hopes to be able to see you if you call here et 12 o'clock to-morrow%‘I

Friday.
* Yours truly,

(sd) W.D.Croft.

NORTHBROOK 30CIETY,
21, CROMWELL ROAD,

LONDON,S. 7.7

18th Februaery 1921.
To The Under-Secretary of
State for Indisa,
Public Depsrtment,
India Office..

Sin,

On the 26th of Januery 1921, I wrote to the Director of Publie ,"

Ingtruction, Assam, requesting him to consider my cendidature for
tie Indian BEducational Service particularly in connection with the
two vacencies, one in Rengoon and enother in the Engineering College,
Medras. Now I request you to note that of these two posts I prefer
the Madras one; I em writing the same to the Director of Public
Instruction, Assam.

I have the honour to be, Sir,

Your mos.t obedient servent,

(sd3 Surendrs Nath Dhar.

T¢ The Director of Public Ingtruction,
Assam,

sSiy,
I have slready got my neme registered tﬁrongh you es & cﬂdi@.ate:

'/for the Indian Educationsl Service, gnd I further request you to be

| 80 good as to register my name as a cendidate not only for Education B
but also for any other post on the Imperisl grede for which I mey be

congidered fit. . 1




£ .

I prefer Rducational employment, and I should like to go to eny’ “

oo
of the semi-Government Universities such ag Dacca, Lucknow ete. And
if it is possible for you to recommend me to wherever &ny sﬁch
vacancy occurs I ghould request you to do that. Be;ng g0 far from
India I fail to be in toucn with Indisn affsirs.

. I learn from the Board of Educeation here that there are at
present two vacancies for ai Chemist, one in Rangoon, and another in
the Engineering College, Madrag. "
I hope snd request that my case be favourably considered.
I heve the honour: to be, Sir,
Your most obedient Servent,
Surendra Neth Dhar,
21,Cromwell Road, e

Dated
26th January 1921 Jondon,oiily

.

To Director of Publie Instruetion,
Aggam,. 3

sir, 5
I have the honour to supply you with some additional information
regarding my quelificationse

" After getting the Degree of Doctor of séience from the

University of London, I visited almost ell the important educational

centres in the United Kingdoni, Then I went to the Continent, with

: the permission of the Secretary of state for Indie, for & tour I head 4
been there from October 1920 to Jenuary 1921, end heve sgtudied the j
orgenisation and working of (1) Universities, (2) Technicel Institutes }
and (3) some Chemicel Industries in Frence, Switzerland, Italy and f

t

Germany.

During my tour in the United Kingdom end on the Continent I

‘aveiled myself of the opportunity of discussing important problems

in scientific edueation with meny master minds in Europe, sO ; am in

& position to organise end to build up & chemical leboratory or a t

chemical Institute - either educstional or industrisl - in a most

" modern and thoroughly scientific way.
with the help of some very distinguished professors of Europe I
hed an opportunity to see some chemicel industries, particularly
- eolour industry, end I studied ell the processes from stert to finishi

-t ogether




4 o
together with'the practicel spplication of dye stuffs to sll
kinds of materiels.

I have vigited meny places of Art end Culture as well, such

Peris, Rome, etc. ¥
I have learnt Germen which ig indispensable for higher study

and resesrch in Chemistry, and I em now learning French elso.

» As before, I have been earrying on resesrch under Professor
JoF.Thorpe, CoB.E.,F.R.S., in the Roysl College of Science.

I have the honour to ba,j\

Your most gb:niient Servant,

2 SV Dhar

Dated
. 26th January 1921. 21,Cromwell Road,
London,S. W.

DEMI OFFICIAL LETTER FROM BOARD OF EDUCATION TC INDIA OFFICE
DATED 228ND FEBRUARY 1921,°

we wrote to gll the Professors of Chemistry who :‘rere likely
to be in touch with men in industry and es & raéult hed six nqmes
| mentioned to us. To &ll these were gent notice of the post, only
f : three replied to say that they were not prepsred to consider the
'8 poste : :
! It is unlikely thet any English candidate of suitable
'X quelificetions will be forthcoming. Nelther for Dsece Or Rangoon
\ ? were there eny English cendidstes of merite
‘ I enclose Professor Thorpe's recommendation.
Yours sincerely,
(3d) AeE.Twentymen.
s e S B .
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY.
(ROYAL COLLEGE OF SCIENCE)
SOUTH KENSINGTON,
LONDON ,SeWe 76

Februsry 7th }920.

Dear Mr.Twentymen,




i
1
i
i
i

’% ~
Thank you for your letter of the 5th referring to (the post

of Professor of Technical Ghemistry which is now vecent in the

Madras College of Engineering.

A’/I have no hesitation in strongly recommending my student Mre.
Surendre Neth Dher for the post. He has taken his degree of DeSc.i
in the University of London snd has done some valusble and -
importent resesreh work here, the results of which he has published
, He has moreover visited some of E;hihlarger chemicel works on the
,,‘/“ Continent end ig in touch with the most recent spplied Chemicel
prectice slthough he hes not been sctually engeged sn & chemicel
works. «‘}
‘Ioufa faithfully,
Jocelyn Thorpe.

Dher you will remember was a candidate for the Dacca post and was

interviewed by the Committee.

True Copy

A ek
2 ‘#
Supetintendent, Govte of India, wa.n.







U.0.Reply.
I know nothing about Ur.Dhar execept what thi

file contains.

Dr. Tlho_rpe recommends his appointment and
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states that he was a candidate for the Dacca
post and was interviewed by & Committee (pre-

sumably a Committee appointed under instructions

| of the Secretary of State for India). But I

find nowhere in the file any statement of the
opinion of the Committee on Dr .Dhar's fitness
i for appointment to the Indian Dducational ser-

vice nor of the opinion of the Secretary of State

| of his fitness for a post in the Indian Educa-

tional service.
There are other qualii‘icationsé.g., il ol
Ca-
4{Character, and teaching ability)
necessary for appointment in the Indian Edvca-
tiongl Service, gualifications which Ur.Thorpe

does not mention in his letter of recommendation

| and until I know something more than I now do

of Dr. Dhar I regret that I am unable to advise
Government to recommend his appointment %o a

post in Wadras in the Indian Zducational Service.

| é
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SOME NITRO-DERIVATIVES OF NAPHTHALENE AND
ANTHRAQUINONE, \\WX

BY

SURENDRA NATH DHAR.

Fron the Transactions of the Chemical Society, 1920. Vol. 117.




OXI.—Some Nitro-dervats of Naphthalene and
. Anthraquinone.

By SureNDRA NarH DHAR.

Tur present study was undertaken mainly with the view of pre-
paring some nitro-compounds for halogenation in the manner dealt
with in the previous paper. One remarkable fact has, however,
been brought to light in connexion with the nitration of anthra-
quinone.

Tt is well known that when anthraquinone is nitrated, a mixture
of dinitroanthraquinones is formed, and from such a mixture the

Ers\itro-ccmpouuds can be separated only with very great difficulty,
“using solvents such as acetone, pyridine, etc. By this metliod, only
the following dinitroanthraquinones have been isolated - from
different mixtures: 1:5-, 1:6-, 1:7-, 1:8-, 2:6-, and 2:7- (D.R.-P.
167699).

Tt will be seen that, of the ten possible dinitro-compounds, the
1:2, 1:3-, 1:4-, and 2:3-derivatives are missing. It is natural
to suspect that some of these four isomerides might be left un-
detected in the mixtures, because of the unsatisfactory method of
separdtion. It was therefore thought that the new method of
bromidation might help in detecting the unknown dinitro-com-
pounds, if any. This expectation has been fulfilled.

A mixture of dinitroanthraquinones, obtained by nitrating
anthraquinone by the ordinary method, was treated with bromine
in a sealed tube, and the product whs found to be a mixture of
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1:9- (m. p. 268°), 1:3- (. p. 210°), 1:5- (m. p. above 360°), and
2:6- (m. p. 285°) dibromoanthraquinones. . )
Attempts were then made to isolate the carresp(?ndlug four
dinitro-compounds. As a result of nitration under dlﬁ"erf;nt con-
ditions with different proportions of nitric and sulphurio acids,
four dinitro-compounds have actually heen obtained, but only two
of them have been identified, and characterised as 1:5- and 1 :3‘

dinitroanthraquinones respectively.

By the nitration of 1:8-dinitronaphthalene, Will 4(1?51‘,, 1895,
28, 378) obtained only one of the two possible t.etrambronaphlbhar
lenes, and characterised it as the 1:3:6:8-tetranitro-derivative;
but in the present work hoth the tetranitro-compounds have been
isolated, so that the new compound is necessarily 1:2:6:8-tetra-
nitronaphthalene. Two trinitro-B-naphthoic acids have been
obtained by the nitration of B-naphthoic acid.

Tt may here be stated that nitric acid has heen found to be a
useful solvent for nitro-compounds in general. By using this, not
only are costly solvents avoided, but the separation of flifferent
nitro-compounds and their purification are accomplished with very
great ease.

EXPERIMENTATL.
Anthraquinone Series.

Ten grams of anthraquinone were added gradually to a mix-
ture of 250 grams of concentrated sulphuric acid and 250 grams of
nitric acid (D 1°42) with shaking. The solution was kept over the
steam-bath for ahout an hour, when yellow needles were obtained,
which were collected over asbestos. The substance melted ab
312—3817°, and was found to be a mixture of dinitro-compounds o
It was heated with two molecular proportions of bromine and a*
trace of iodine in a sealed tube for six hours hetween 250° and
300°. From the product, four different dibromoanthraquinones
were separated by means of laborious fractional crystallisation.
The crude product yielded an insoluble residue when boiled with
alcohol. From the alcoholic solution two substances separated -on
fractional crystallisation. The less soluble one melted at 268° and
proved to be 1:2-dibromoanthraquinone (Found': Br=44-21.
Cale.: Br=4371 per cent.), and the more readily soluble
one, which melted at 210° to be 1: 3-dibromoanthragWinone
(Found: Br=43-96). The insoluble residue yielded two other sub-
stances when fractionally crystallised from benzene. The miore
readily soluble one melted at 285°, and was 2:6-dibromoanthra-
quinone (Found: Br=43-98), and the less soluble one, which did

e S
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not, J4ne18f. up to 360°, was 1:5-dibromoanthraquinone (Found':
&) =14487).

% Lwenty-five grams of anthraquinone (sublimed) were mixed with

concentrated sulphuric acid in a mortar, and the mixture was
washed with sulphuric acid into a large flask. A further quantity
of sulphuric acid was added to make the total amount of acid
300 c.c., and 400 c.c. of nitric acid were then added to the mixture.

‘he flask was kept over the steam-bath for six hours, when yellow
crystals precipitated. These were filtered over asbestos and washed
Wwith nitric acid and then with water. The substance was further
purified by boiling with nitric acid. Tt did not melt up to 360°,
and was identified as 1:5-di itroanthraguinone (Found: N=9-31.
Cale.: N=09-39 per cent.).

When boiled with sodium methoxide, it gave a dimethoxy-
compound which melted at 236° (1:5-dimethoxyanthraquinoue
melts at 236° (D.R.-P. 167699), and when heated in a sealed
tube with bromine and iodine a. dibromo-compound was obtained
which did not melt up to 300°.

1:3-Dinitroanthraquinone—From the filtrate and washings® of
1 :5-dinitroanthraquinone another dinitro-compound was obtained
by precipitation with water. It crystallised from mnitric acid in
yellow needles (5 grams) melting at 240° (Found: N—4:9.
C1HON, requires N=9-39 per cent.).

‘When hoiled with sodium methoxide it gave 1:3-dimethoxy-
anthraquinone melting at 155° (Graebe, Anmalen, 1906, 349, 230,
gives 150—153°).

3-Nitro-1-aminoanthraquinone.—1 : 3-Dinitroanthraquinone was
reduced with alcoholic ammonium sulphide in the usual way. Tor
each gram of the nitro-compound, 50 to 75 c.c. of alcohol and

0 to 25 cc. of ammonia were required. The nitroamino-com-

ound crystallised from alcohol in deep red meedles which melted
at 265° (Found: N=10148. CyHO,N, requires N=10-45 per
cent. ).

3 - Nitroanthraguinone-1 B thol.—The  nitroamino-com-
pound was diazotised in the usual way and combined with
B-naphthol. The product separated from alcohol as a deep red,
amorphous substance melting at 235—240° (Found: N=9-98.
C, H,,0;N; requires N=9-92 per cent.).

3-Nigro-1-hydroxyanthraquinone was obtained by diazotising the
nitro-aino-compound and warming the solution over the steam-
bath for ten hours. It separated as a brick-red, amorphous powder
melting at 240° (R. Scholl, Ber., 1904, 87, 4435, gives 247—248°)
(Found: N=5:01. Calc.: N=5-20 per cent.).

Very small amounts of two other dinitro-compounds were
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obtained from the nitric acid filtrates from 1:5- and 1:3-dinitro.
anthraquinones, and they are under investigation.

Nitration of both 1:5- and 1:3-dinitroanthraquinone was tried
with mixtures of sulphuric and fuming nitric acids in various pro-
portions by boiling over a sand-bath under reflux, but in each case
the substance decomposed completely.

‘ y

Naphthalene Serics.

1:2:6:8-Tetranitronaphtlialene—Five grams of 1:8-dinitro-
naphthalene were dissolved in a mixture of 25 c.c. of concentrated
sulphuric acid and 25 c.c. of nitric acid (D 1'5). The solution was
kept over the steam-bath for about four hours, when about 2 grams
of a white powder were obtained. The substance does not melt
up to 300° (Found: N=1820. C;H,O¢N, requires N=1818 per
cent.).

From the filtrate about 2 grams of 1:3:6:8-tetramitro-
naphthalene were obtained, which was purified by erystallisation
from nitric acid. -

Trinitro-B-naphthoic A cid.—Two grams of B-naphthoic acid were
dissolved in 40 c.c. of concentrated sulphuric acid, and 25 c.c. of
nitric acid (D 1-42): were added to the solution. On keeping the
solution® overnight, needles melting at 220° separated (Found:
N=1358. C,;H;O0.N, requires N=13'68 per cent.).

From the filtrate another ¢rinitro-compound, much in excess of
the first, was obtained as a yellow precipitate on the addition of
water. Tt melted and decomposed at 215° (Found: N=1347.
Oy, H;05N; requires N=13-68 per cent.).

Tareprian COLLEGE OF SCINNOE AND TECHNOLOGY,

(Royar, Coursics or Somxox),
LoNDON. [Received, June 24th, 1920.] C
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_ A COMPARATIVE STUDY IN THE XANTHONE SERIES.
b PART 1,

BY

SURENDRA NATH DHAR.

From the Transaoctions of the Chemical Society, 1820, Vol.117.
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OXVIIL—A4 Comparative Study in the Xanthone
Series. Part I

By SurenprA NaTE DHAR.

In the series of investigations of which this is Part I, it is
intended to compare xanthone with other compounds having simi-
larities in structure or properties. In the first place, such a
comparison is attempted with anthraquinone, which has the
greatest similarity to xanthone. No comparative study seems to
have been made systematically by anyone except Hertzig
(Monatsh., 1891, 12, 161), who found that euxanthone is more
stable than quercetin (a flavone), and Graebe and Eichengriin
(Besy, 1891, 24, 967), who compared some hydroxyxanthones with
certain hydroxyanthraquinones and hydroxybenzophenones. Other
attempts at a comparison of xanthone with anthraquinone with
respect to the colouring properties of their hydroxy-derivatives are
evidenced from a few isolated instances. Thus Graebe and Aders
(Annalen, 1901, 818, 365) showed the similarity of the hydroxyl
group in position 1 in both the series. A. G. Perkin and Everest
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have incidentally raised the same question (“The Natm:al Qrga{:io/
Colouring Matters,” pp. 126—127). They compare a.llz:.n‘m with
3:4-dihydroxyxanthone, but, as a matter of fact, 1:2~d|hydroxfy-
xanthone, and not the 3:4-derivative, corresponds with alizarin.
Attempts are heing made to synthesise 1:2-dihydroxyxanthone,
and the results will be communicated in due course. At the same
time, a systematic comparison is being attempted in the following
directions: (1) nitration; (2) direct displ t of nitro-groups
by halogens, methoxy-group, etc., and certain other important
reactions with nitro-compounds, such as Skraup’s synthesis,
Doebner and Miller’s and Knorr's syntheses, ete.; (3) halogen-
ation; (4) mobility of halogen atoms; (5) migration of diazo-
groups.

It is interesting to mote that xanthone has been found to be
much more reactive than anthraquinone. Thus with nitric acid
alone, xanthone gives two dinitroxanthones (a and f), whereas
anthraquinone gives a mononitro-derivative only (Ber., 1883, 186,
363). Again, quite a number of tri- and tetra-nitroxanthones
have very easily been prepared, whilst no such polynitro-deriv-
atives of anthraquinone are known, and further nitration of the
dinitro-compounds has not yet been effected.

Xanthone seems not only to be more reactive, but also more
stable, although from the structure of these compounds such a fact
is quite unexpected. Tt is well known that when fused with
potassium hydroxide, xanthone decomposes into 1:1/-dihydroxy-
henzophenone, whereas anthraquinone is completely degraded to
two molecules of benzoic acid. Similarly, it has been found that
when further nitration of 1:5- or 1:8-dinitroanthraquinone is
attempted with mixtures of nitric and sulphuric acids, they decom-
pose completely, whilst both a- and A-dinitroxanthones are con-
verted into tetranitroxanthones at an earlier stage of such a treat-
ment, and the products are not decomposed on subsequent: treat-
ment. It may also be noted that tetrabromoxanthone is nitrated
and not decomposed by such a mixture (Dhar, T., 1916, 109,
740).

So far as the behaviour of nitroxanthone has been studied, it
has been found that the nitro-groups in the xanthone series are
much more readily displaced by direct: bromination than is(fthe
case in the anthraquinone series (see this vol., p. 994).

Skraup’s synthesis is effected much more readily in  the
xanthone series than in the anthraquinone series, and xanthone
has also been found to be much more reactive towards halogens
than anthraquinone. Thus two hexabromo- and an octabromo-
xanthone have been prepared, whereas no such corresponding

e
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romo-compounds are known in the anthraquinone serics. When
treated: with bromino in sealed tubes, xanthome gives tha
2:7-dibromo-derivative (Gracbe, Annalen, 1889, 254, 284), whilst
anthraquinone gives 1:2-dibromoanthraquinone,

Theory of the Formation of Xanthone.

Strohbach has discussed in detail the various theories put for-
ward to explain the formation of xanthone (Ber., 1901, 34, 4138).
He attacked mainly the theories of Gracbe and Seifert, and, after
proving them incapable of explaining all the experimental facts
then known, he tried to establish a new theory of his own, together
with a few empirical rules. One thing is, however, commor i
all the theories, and that is the supposition that phenol does mof:
take part in the formation of xanthone or its derivatives. On
the other hand, if phenol is supposed to take part in the reaction,
the formation of xanthone becomes very simple and does not
necessitate the supposition of various intermediate products, the
existence of which is doubtful, or any transposition of groups
which Strohbach was compelled to make. Thus, in order tm
ascertain  whether phenol takes part or mot, experiments were
made on the preparation of xanthone from salicylic acid, using
in each case an equimolecular proportion of phenol. It is remark-
able that the yield of xanthone in each case was just double when
phenol was employed. That phenol actively takes part in the
reaction and raises the yield in such a remarkable and systematic
way is proved beyond doubt by the facts that when nitrobenzene
is used instead of phenol, no increase in the yield of xanthone is
effected, and when o-nitrophenol is used, 4-nitroxanthone is
obtained. The formation of xanthone may therefore be explained
thus: s

C;H,(OH):CO,H + CHsOH = C,H,(0:C;H,):CO,H + H,0

Salicylic acid. Phenol.
Cr.H‘<_c%> CyHy +H,0
Xanthone.

When only salicylic acid is used, half is decomposed into phenol,
and traces of phenol can actually be detected in such experiments.
The )use of a dehydrating agent increases the yield by removing
the‘water formed in the reaction. When acetic anhydride is
used, the first reaction is most probably the acetylation of the
phenolic group, and this seems to be an important factor in the
yield. That is why o-acetoxybenzoic acid gives xanthone; and the
yield is not affected in the least whether acetic anhydridenis used
or nob. ‘
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Now the formation of xanthone from phenyl salicylate, as wel@)

a6 all the other bypical instances cited by Strohbach, may be
explained by this theory, and the yield is necessarily poor when
neither the phenolic groups are acetylated nor any dehydrating
sgent is used, Thus the formation of xanthone from phenyl
salicylate proceeds according to Graehe's first two equations (loc.
cit.), and the liberated salicylic acid and phenol are not waste.d,
+5 he has supposed, but give xanthono again, although the yield in
such a case is quite inappreciable, as will be shown in the experi-
mental part (p. 1061). The formation of 5-methyl- and 4:5-
dimethyl-xanthone from phenyl homosalicylate supplies another
instance in support of this theory. Thus:
B, Mo(OF)-CO, OgH, —> GglT;Mo(0C,H,)C0,H —>
Phenyl homosalicylate.
OpHMo< >0,y + H,0
5-Methylxanthone.

The water formed here hydrolyses one molecule of the ester, giving
phenol and homosalicylic acid, which may give a further amount
of the same methylxanthone, but the main reaction takes the
following course. One of a pair of homosalicylic acid molecules
gives o-cresol, just as salicylic acid gives phenol, and the con-
densation takes place in the usual way, giving 4 :5-dimethyl-
xanthone. It is interesting to mote that, according to Graebe's
theory, only b5-methylxanthone, and according to Strohbach’s
theory, only 4:5-dimethylxanthone, is possible, and according to
Seifert’s theory mone of these is possible, whereas, according to
the present theory, both products can be formed. The other
instances cited in Strohbach’s paper may betexplained similarly.

After elucidating the mechanism of the formation of xanthone,
a few experiments were made in order to ascertain whether the
change takes place gradually or suddenly, and in the case of a
sudden change to find the temperature at which it takes place.
The temperature of the reaction mixture was therefore recorded,
particularly carefully when a single substance was used. The
results show conclusively that the conversion takes place gradu-
ally, as there was no sudden change in the temperature. Attefupts
have also been made to synthesise xanthone by various other
methods, and it has been found that the condensation of o-chloro-
benzoic acid with phenol (Ullmann’s method) gives most satis-
factory results, the yield of xanthone being almost theoretical and
<he process very simple.

o-Thiolbenzoic acid condenses with benzene and its simple deriv-

.
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tives in the presence of sulphuric acid, giving thioxanthone and
its derivatives (Annalen, 1896, 149, 950), bub salicylic acid does
not .ccfndense with benzene or its derivatives either under these
conditions or under the influence of phosphoryl chloride or with
acetic anhydride in sealed tubes.

Fluorescence of Xanthone and its Derivatives.

The fluorescence of the two nitroxanthones (2- and 3) is rather
unexpected, as it is generally found that the introduction of a
nitro-group destroys the fluorescence (Ullmann, Annalen, 1907,
855, 812). Still more striking is the fact that the colour of the
fluorescence is deeper in the case of the nitro-compounds. Thus
xanthone shows only blue fluorescence, whereas 2- and 3-nitro-
xanthone show greenish-blue and green fluorescence respectively.
Very few di-derivatives of a fluorescent substance are found to be
Afluorescent, and of all the di-derivatives described in this paper,
only dichloroxanthone is fluorescent.

Nitrowanthones.

Only four nitro-derivatives of xanthone have heen described.
One (3-nitroxanthone) was prepared by Ullmann by condensing
2-chloro-4-nitrobenzoic acid with phenol (4nnalen, 1904, 855,
341), and 2:4-dinitroxanthone was prepared by Mayer (Ber.,
1909, 42, 1132) by a similar method. The other two (e- and
B-dinitroxanthones) were prepared by Perkin (T., 1883, 43, 1870)
by the direct nitration of xanthone with nitric and sulphuric acids
By a slight modification of ' this method, these compounds were
obtained in a purer condition (T., 1916, 109, 746), but it has now
been found that they can be prepared from xanthone by treating
it with nitric acid alone. As has been stated, xanthone differs
from anthraquinone in its remarkable capacity for yielding nitro-
derivatives, and the number of these has been increased from four
to fifteen, and it is expected that many more can be prepared
without difficulty. Two methods have mainly been employed,
namely, nitration and synthesis by Ullmann’s method (loc. cit.).

3_Nitroxanthone, which had previously been obtained only by
synihesis, has mow been prepared by the careful nitration of
<avbhone. The other three isomeric mononitroxanthones have
been obtained by synthesis. 4-Nitrozanthone is formed when
salicylic acid and o-nitrophenol are heated with acetic anhydride,
but it has not been possible to obtain this compound by the con-
densation of o-chlorohenzoic acid with omitrophenol. The remark-
able fact has been observed that nitroxanthones are much mere
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_casily Laraleu than sanihone itself under the same condition(f))

Whereas xanthone gives only dinitroxanthones, 1- and 4-nitro-
X give tetranitr 1 and 2- and 3-nitroxanthone
give trinitroxanthones. As many as six tetranitroxanthones have
been prepared from lower nitroxanthones with very great ease.
The oentation of these tetranitro-compounds is still under ¥
investigation, but they have been distinguished from each other
mainly by their bromination products. By this method it has
been found that the a,- and Bytetranitro-compounds are identical,
and two of their nitro-groups are so stable that they are mnot
removed by bromine, even when heated at 300° for twenty-six
hours (this vol., p. 995)-
Further nitration of some of these tetranitroxanthones (e, o
and f,-) has been attempted by boiling them with mixtures of

mulphuric acid and fuming nitric acid in various proportions, but

without success.

A New Heterocyclic Type.

Slraup’s reaction was utilised by F. Mayer (Ber., 1909, 42,
3064) in order to fuse a pyridine ring on to a thioxanthone
nucleus, He obtained thereby ome thioxanthoquinoline from
9-aminothioxanthone, but he neither studied this compound
thoroughly mor extended this reaction to any other member of
the thioxanthone or xanthone series. It was therefore proposed
to study this reaction, particularly in the xanthone series, with
the expectation of obtaining a series of tetracyclic compounds
where one pyridine ring would be united with a pyrone Ting.
logether with two benzene rings:

co N co
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1t will be seen that the pyrone ring is protected on both sides by
benzene rings, whereas the pyridine ring is protected only on one
side. Accordingly, the respective stability of these pyrone and
pyridine rings can be usefully studied.

4
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(3 It has been found, as expected, that an aminoxanthone, when
treated with glycerol and sulphuric acid, gives a heterocyclic
compound exactly of the type represented above. The reaction
takes place with such great readiness that it is sufficient to use
the nitro- instead of the amino-derivative. This naturally
simplifies the synthesis considerably, and Dey and Goswami (T.,
1919, 115, 531) have noticed the same fact in similar syntheses
in the coumarin series. In this way, A-dinitroxanthone gives
nitrozanthoquinoline. The utilisation of the other nitro-group
for fusing another pyridine ring to the already existing tetracyclic
nucleus, as well as the synthesis of this type of tetracyclic com-
pounds from other nitro-derivatives of xanthone, are under
investigation.

Action of Sodiwm Methozide on Nitrozanthones.

One remarkable reaction of the nitroanthraquinones is the ease
with which a nitro-group is displaced by a methoxy-group. All
the known dinitroanthraquinones have been converted into their
corresponding dimethoxy-compounds by boiling them with sodium
methoxide. Although xanthone behaves like anthraquinone in
many important reactions, it differs entirely in this particular
case. None of the nitro-groups of a- or B-dinitroxanthone is dis-
placed by a methoxy-group when treated with sodium methoside,
but the corresponding nitroxanthhydrols are produced. These
substances dissolve in alkali hydroxide as well as in concentrated
acids with distinctive colours.

Colour in solutions of

Substance. NaOH. L850, HCL  HNO, CHyCO,H.
* o-Dinitroxanthhydrol Yellow Deep yellow Yellow  Pink Orange-red
B-Dinitroxanthhydrol i Pale yellow — —

Although xanthhydrol is quickly converted into an ether, these
dinitroxanthhydrols do not undergo this reaction, perhaps because
of the influence of the nitro-groups. When boiled with mild
oxidising agents, they are converted into the original nitro-
xanthones.

) Halogenation.

Three different methods have been employed for the preparation
of halogen derivatives of xanthone, namely: (1) direct halogen-
ation; (2) synthesis according to Ullmann's method (dnnalen,
1907, 355, 359), and (3) direct displacement of the mitro-group
by halogen.
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®

Chlorozanthones.

9-Chloroxanthone was prepared by Ullmann (loc. cit.; compare
Ullmann and Wagner, dnnalen, 1910, 371, 388) while studying
the condensation of o-chlorobenzoic acid and its derivatives with
phenol, 3-chloroxanthone was synthesised by Gomberg and Cone
(Annalen, 1909, 870, 142) by a similar method, and octachloro-
~anthone was prepared by Steiner (Monatsh., 1915, 36, 175)
whilst studying the chlorination of cyclic ketones by me.anslof
antimony pentachloride. It is proposed to study the chlonn.atmn
of xanthone systematically by all the three methods mentioned
above, but at present attention has mainly been confined to the
second method, by which all the possible isomeric monochloro-
xanthones have been synthesised.

Chlorination.—The direct chlorination of xanthone has mot yet
been carried out systematically, and the only method that has
been tried is by dissolving xanthone in acetic acid and passing
chlorine into the solution, using a trace of iodine as a catalyst.
The products are 3-chloroxanthone and a dichlorozanthone; the
latter can easily be obtained pure, but it is very difficult to remove
the last traces of it from the former.

Ullmann’s  Synthesis—Of the four possible monochloro-
xanthones, 2- and 3-chloroxanthone were synthesised by Ullmann
and by Gomberg and Cone respectively (loc. cit.). The other
two isomerides have now been prepared.

Bromowanthones.

Bromination—When xanthone in acetic acid solution is heated
with one molecule of bromine and a trace of iodine, 3-bromo-
xanthone is obtained (Dhar, T., 1916, 109, 745 ; compare Annalen,
1909, 870, 142), but when concentrated sulphuric acid is used
as a solvent instead of acetic acid, the product is 2-bromoxanthone.
Each of these bromo-compounds when heated with bromine passes
easily into the same dibromo-derivative, and therefore when a
slight excess of bromine is used in the preparation of a mono-
bromo-compound, dibromoxanthone is always formed. This is
the main product of the direct bromination of xanthone when fthe
operation is carried on under different conditions and with diffefent
catalysts. One striking fact in connexion with the direct bromin-
ation of xanthone is that although xanthone is brominated in
sulphuric acid solution by liquid bromine, it is not attacked by a
mixture of potassium bromide and potassium bromate in sulphuric
acid solution.

L3
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o Synthesis—2-Bromoxanthone has also been synthesised from

o-chlorobenzoic acid and p-bromop}
been obtained by a similar method.

Direct Displacement of tro-group by Bromine.—By this
method, several bromoxanthones have been prepared. The method
serves as the only means of preparing certain bromo-derivatives,
and there is a remarkable economy of bromine as the whole
amount of bromine enters the nucleus.

1, and 4-br )i has

EXPERIMENTAL.
Xanthone.

One hundred grams of salicylic acid when boiled with 100 grams
of acetic anhydride and distilled gave only 20 grams of xanthone
(compare Graebe, Annalen, 1889, 254, 980). The yield was not
improved by an increase in the amount of acetio anhydride or by
extending the period of heating, nor was it affected appreciably
when different samples of the materials were used. Tt was, how-
ever, raised to 40 per cent. of the salicylic acid used by the addi-
tion of a molecular proportion of phenol to the mixture. Thus
a mixture of 50 grams of salicylic acid and 50 grams of phenol,
when boiled for six hours with 100 grams of acetic anhydride and
distilled, yielded 20 grams of xanthone. In all these cases the
yield is extremely poor when no acetic anhydride is employed, and
acetic acid has no effect at all.

‘When o-acetoxybenzoic acid is similarly boiled either alone or
with acetic anhydride, it yields xanthone equivalent to 20 per
cent. of its salicylic acid content.

Mononitrozanthones.

1-Nitrozanthone.—m-Nitrophenol (1:6 grams) was dissolved in
90 c.c. of methyl alcohol containing 04 gram of sodium. o-Chloro-
benzoic acid (1'5 grams) was then added to the solution, and also
a trace of copper powder. The alcohol was evaporated, and the
dry, brown substance began to soften at about 100°; the tempera-
ture of the bath was raised to 110°, when the contents of the
vessel melted to a dark brown liquid which solidified partly at
about 140°. When cool, the contents were powdered and heated
on\a steam-bath for ten minutes with 15 cc. of concentrated
su‘%huric acid. The solution was cooled, poured into water, and
the precipitate collected. The substance crystallised from alcohol
in slender, brown needles melting at 210° (Found: N=599.
CysH,0,N requires N=580 per cent.). o :

Tt shows no fluorescence in concentrated sulphuric acid solution,
but gives a yellow colour only.
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o -Vitroaanthont—p-Nittophenol (&2 grams) was dissolved i)
920 c.c. of methyl alcohol, and 0:7 gram of metallic sodium was
then added to the solution. When it wasclear, 47 grams of
o-chlorobenzoic acid were added, and a trace of copper powder was
introduced as a catalyst. The alcohol was evaporated off slowly,

and then the temperature of the bath was raised very slowly to 4

140°, when the orangebrown, hard mass melted to a viseid liquid
of the same colour. After some twenty minutes, the colour began
to change, and the liquid then hecame converted into a greyish-
red, jelly-like substance. The temperature was very cautiously
raised to 160°, when the dark-coloured substance solidified. The

. whole mass, however, bursts into flame at about this temperature
if more than one atomic proportion of sodium is taken or if the
temperature is raised suddenly. The substance, when cool, was
powdered and heated on a steam-bath with 50 c.c. of concentrated
sulphuric acid for twenty-five minutes. The solution, when cool,
was poured into water, and the precipitate was collected (7 grams).
The substance crystallised from alcohol in slender, brown needles
melting at 200° and dissolving in sulphuric acid with a greenish-
blue fluorescence (Found: N=556. CiH,O,N requires N=5:80
per cent.).

3 Nitrozanthone.—This was first prepared by Ullmann (loc.
cit.) by the condensation of 9-chloro-4-nitrobenzoic acid - with
phenol. It has, however, been possible to obtain this compound
diveotly from xanthone by nitration in the following way. Six
grams of xanthone were dissolved in 12 c.c. of concentrated
sulphuric acid, and 1'4 c.c. of nitric acid (D 1:500) added with
shaking. Much heat was developed. The solution was kept over-
night and then poured into water, tho precipitate (about 7 grams)
being collected and washed with water. About 2 grams of the
substance, which did not dissolve in aleohol, consisted of B-dinitro-
xanthone. From the alcoholic solution, yellowish-white needles
were obtained, which were found to contain traces of xanthone.
The nitro-compound was purified by further crystallisation from
alcohol. Traces of xanthone were found still to be associated with
it, and could be removed only with very great difficulty, because
of the almost equal solubility of each of these compounds in
aleohol. y

On reduction, traces of xanthone were removed, as this 3 in-
soluble in dilute hydrochloric acid, whereas the amino-compound
was obtained as hydrochloride in the solution. The free amino-
compound, isolated by precipitation with ammonia, melts ab 232°
(as given by Ullmann, loc. cit.).

When 1 gram of 3-nitroxanthone is dissolved in 10 c.c. of con-

A
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(Neentrated sulphuric acid and 5 cc. of mitric acid (D 149) aro

added to the solution and the mixture kept overnight, a trinitro-
xanthone is obtained. This compound is described subsequently.

3-Nitroxanthone dissolves in sulphuric acid with a blue
fluorescence much stronger than that shown by xanthone itself.

4-Nitrozanthone.—A mixture of 50 grams of salicylic acid and
50 grams of o-nitrophenol was boiled with 100 grams of acetic
anhydride for ten hours and then distilled. Some tarry matter
passed over at a very high temperature., This was boiled with
alcohol with the addition of animal charcoal, and from the filtrate
about 2'5 grams of yellow needles were obtained melting at 127°
(Found: N=571. CyH,0,N requires N=5:80 per cent.). ‘The
compound dissolves in sulphuric acid with a green colour and
\without fluorescence. It is remarkable that no xanthone could be
traced in the distillate. Attempts were made to condense omitro-
phenol with o-chlorobenzoic acid by Ullmann’s method, bub
without success.

Dinitrowanthones.

« and B-Dinitroxanthones are ordinarily obtained by nitrating
<anthone with a mixture of nitric and sulphuric acids. They have
also been prepared by nitrating xanthone with fuming nitric acid
alone.

When 2 grams of xanthone are dissolved in 5 cc. of mitric
acid (D 1:500) and the solution is heated on a water-bath for
about ten minutes, fine needles of B(or 2:7)-dinitroxanthone pre-
cipitate, and from the solution a-dinitroxanthone is obtained by
precipitation with water and purification with nitric acid. Similar
results are obtained with weaker nitric acid (D 1'42), bub the
quantity of acid should be proportionately greater, namely, 10 c.c.
for each gram of xanthone, and the mixture: should be heated for
about three hours.

B(or 9.:7)-Dinitrozanthone.—One gram of 2-mitroxanthone was
dissolved in a cold mixture of 25 c.c. of nitric acid (D 1+42) and
95 c.c. of concentrated sulphuric acid. The solution was kept
overnight, and then poured into water. The yellow precipitate
(15 grams) was collected and crystallised from nitric acid, when
it was obtained in white needles melting at 254°. When mixed
Wth 2:7-dinitroxanthone (m. p. 762°), it melted ab 954—960°
(Found: N=979. Cale.: N=9-81 per cent.). From the nitric
acid filtrate a trinitroxanthone was obtained (see below).

9.+ 4-Dinitrozanthone—This compound was prepared by Mayer
(loc. cit.) by the condensation of sodium phenoxide and 2—chlo'ro-
3. 5-dinitrobenzoic acid. It can also be prepared by condensing
9. 4-dinitrophenol with o-chlorobenzoic acid in the following way.
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9:4-Dinitrophenol (1:25 grams) and sodium (0-17 gram) a

dissolved in methyl alcohol (20 c.c), and to the clear solution™

o-chlorobenzoio acid (1'2 grams) and a trace of copper powder
added. After evaporating the alcohol, the yellow residue melts
partly at 160° and solidifies in a few minutes. It is cooled,
powdered, and heated again to 160°, when it melts and resolidifies
as before. This process is repeated about ten times, when the
condensation is complete, and the substance does not melt on heat-
ing to 160°. If the temperature of the bath is raised with the
view of completing the reaction in one operation, the whole mass
suddenly inflames at about 200° without melting.  After the
completion of the condensation, the powdered substance is heated
on a steam-bath with 20 c.c. of concentrated sulphuric acid for
fifteen minutes. When cool, the solution is poured into water
and the precipitate is collected. The substance, when decolorised
with animal charcoal in alcoholic solution, crystallises from this
solvent in yellow needles melting at 206° (Found: N=991.
Calo.: N=9:81 per cent.).

Trinitrovanthones.

2:3:T-Trinitrozanthone—When 2nitroxanthone was nitrated
(see above), 2:7-dinitroxanthone was the first product, and from
the nitric acid filtrate a yellowish-white precipitate was obtained
by adding water. After being hoiled with alcohol to remove
implfrities, it melted at 205° (Found: N=12:74. C;,H;05Ny
Tequires N=12:63 per cent.). The same trinitroxanthone was
obtained when 6 grams of 2:7-dinitroxanthone were dissolved in
50 c.c. of concentrated sulphuric acid, 1-2 c.c. of nitric acid
(D 1:500) added, and the solution was heated on a water-bath for,
twenty-four hours. The unchanged dinitro-compound was crystal-
lised from nitric acid and collected, and the filtrate on concentra-
tion gave yellow needles melting at 205°.

Tl?is compound was also obtained by nitrating 3-nitroxanthone.

‘])mitrummmmm'nuwarzvthalw.—Thc trinitro-compound was reduced
with alcoholic ammonium sulphide, and the product separated from
alcohol as a dark brown powder melting and decomposing at 930°
(Found: N=14:55. Cy3H;O;N, requires N =1443 per c;’nt.). 5
lDin{tro.mnthonrmzoABrmphthal.—The dinitroaminoxanthone was
diazotised in the usual way and coupled with Bmaphthol. The
azo-compound separates from alcohol as a dark red, amorphous
powder melting at 270° (Found: N=12-25.
N=12:28 per cent.).

CyH,,0;N, requires

)
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() Trinitrosanthone—Two grams of xanthone were dissolved in

7 c.c. of concentrated sulphuric acid with the aid of heat, and
9 c.c. of mitric acid (D 1'500) added to the cooled solution. The
latter was then kept over the steam-bath, when a copious pre-
cipitate appeared in a few minutes consisting of yellow, glistening
needles, which were filtered through ashestos and washed with
dilute nitric acid, and finally with water. The substance dissolves
freely in cold nitric acid (D 1:49). Tt melts at 225°, and is not
identical with the trinitro-compound previously mentioned (Found:
N=19:79. CH;0sN; requires N=12:63 per cent.).

Dimitra i thone—This was obtained by reducing the
{rinitro-derivative with alcoholic ammonium sulphide in the usual
way. It was obtained as a yellow powder melting at 290° (Found :
N=1447. C;yH,0,N, requires N=14:43 per cent.).

Tetranitrozanthones.

1-Tetranitrozanthone—This compound was obtained by dis
solving 05 gram of l-mitroxanthone in 5 c.c. of concentrated
sulphuric acid and adding 25 c.c. of nitrio acid (D 1-49). The
colution, on keeping overnight, deposited yellowish-white needles
melting ab 250°. It is evidently different from o~ e, or
Bu-tetranitroxanthones, which do mot melt at 300° (Found
N—=1464. Cp3H,0,N, requires N=14-89 per cent.).

4,-Tetranitrozanthone—Half a gram of 4-nitroxanthone was
dissolved in 5 cc. of concentrated sulphuric acid, and 2-5 c.c. of
nitric acid (D 1°42) were then added gradually with shaking. At
the first addition of nitric acid a violent reaction ensued, and the
reaction vessel was cooled. After keeping the mixture for a few
days, a reddish-yellow precipitate was obtained, which did nob
molt ab 300° (Found: N=1532. O;gH,0;N, requires N'=1489
per cent.).

4. Tetranitrozanthone.—When the filtrate from the nitro-com-
potnd described above was added to water, there was obtained
a brown powder, which could not be crystallised from alcohol,
benzene, or nitric acid. It melts and decomposes at 200° (Found :
N—14-70. C;H,0;,N, requires N=14:89 per cent.).

_Tetranitrosanthone.—Thirteen grams of a-dinitroxanthone
were added to a mixture of 150 c.c. of concentrated sulphuric acid
and 150 c.c. of nitric acid (D 1:42). The mixture was heated on
a steam-hath, when a clear solution was obtained in a few minutes
and shining, yellowish-white crystals (107 grams) separated in
about six hours. These did not melt at 300° (Found: N=14-79.
@5H,0;0N, requires N=14:89 per cent.). This substance when
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heated with bromine and a trace of iodine in a sealed tube giveC}
dibromodinitroxanthone (. p. 265°) (see this vol., pp. 998—999).
ay-Petranitrozanthone.—From the filtrate from the preceding
compound, crystals, in the form of broken plates, were obtained
by adding water. They also do not melt ab 300° (Found:

N—14:69, CyyH,0;Nj requires N=14:89 per cent.). v

This substance, when treated similarly with bromine, gives a
tetrabromoxanthone (m. p. 255°).

By-Tetranitrozantlione.—Ten grams of 2 : 7-dinitroxanthone were
added to a mixture of 150 c.c. of concentrated sulphuric acid and
150 c.c. of mitric acid (D 1:42). The mixture was heated for
about: six hours, when bright yellowish-white crystals (9 grams)
were precipitated. The compound was found to be identical with
atetranitroxanthone, as both these substances gave the same
dibromodinitroxanthone when treated similarly with bromine.
From the filtrate, 3:5 grams of shining, white, broken plates were
obtained, which did not melt at 300° (Found: N=1469.
C3H,0,N; requires N=14'89 per cent.). When this substance is
Teated with bromine exactly in the same way as the other tetra-
nitr pound is obtained, which melts
at 285°.

a hexabr

hesis with Dini 7

Skraup’s
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Three grams of 2:7-dinitroxanthone were dissolved in b c.c. of
concentrated sulphuric acid, and 12 cc. of glycerol added. The
addition of the latter precipitated the nitro-compound. The mix-
ture was heated in a parafiin-bath, and at about 140° it began to
froth, when the flask was shaken and the temperature lowered to
110°. Heating was continued for four hours at about 120°, and
then for a further two hours at about 140°, when a semi-solid mass
resulted. This was then heated for a further three hours until
the black mixture became solid. The mass was powdered, and the
crude product boiled with water and filtered. The filtrate, jon
being rendered alkaline, gave an orange-red, colloidal precipitate,
which settled on keeping overnight and was collected. 'The sub-
s%amce separates from alcohol as an orangered powder, which
sinters at 200° and melts at 205—210° (Found: N=9:75.
CHgO,N, requires N=9'59 per cent.). The substance dissolves
readily in alcohol, acids, or excess of alkali hydroxide.

(%)
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Xanthhydrols.

a-Dinitr hhydrol—e-Dinitroxantk (256 grams) was
suspended in 100 c.c. of methyl alcohol, and 1 gram of sodium
added in small pieces with shaking. The colour of the mixture
became first orange, and finally deep red. It was boiled under
reflux for half an hour, when a clear, dark red solution was
obtained; the boiling was continued for a further period of one
and ahalf hours, and the solution filtered hot. A yellowish-brown
precipitate was obtained on acidifying the solution with hydro-
chloric acid, and this crystallised from acetic acid in brown needles
melting ab 185° (Found: N—10-11. C;H 0N, requires N=972
per cent.). The substance dissolves in alcohol and in cold dilute
alkali hydroxide, in the latter solvent with a yellow colour. Its
solution in concentrated sulphuric or hydrochloric acid is pale
yellow, and in nitric acid it dissolves with a pink coloration. When
heated  with glacial acetic acid, it dissolves to an orangered
solution.

B(or 9.2 7)-Dinitrozanthhydrol.—This substance was obtained by
treating 25 grams of 2:7-dinitroxanthone with sodium and methyl
alcohol, as in the case of the a-dinitro-compound. It crystallised
from alcohol in slender, yellowish-white needles melting and decom-
posing ab 1960 (Found: N=9:65. CjyFON, requires N=9:72
per cent.). The substance dissolves in cold aqueous alkali hydr-
oxide as well as in concentrated sulphuric acid with a yellow
coloration, and in concentrated hydrochloric acid to a pale yellow.
solution.

Tach of these dinitroxanthhydrols, when boiled with a mild
oxidising agent, such as a dilute solution of hydrogen peroxide or
potassium permanganate, is converted into the corresponding
dinitroxanthone.

Chlorozanthones.

1-Ghlorozanthone.—o-Chlorobenzoic acid (16 grams), m-chloro-
phenol (14 grams), and sodium (0-4 gram) were dis.solved in methyl
alcohol (10 c.c.), a trace of copper powder being added as a
catalyst. The solution was heated on an oil-bath, and the a,.lc.ohal
evaporated, when the substance melted at about 200° and solidified
at-about 215°. It was cooled, powdered, and heated on a steam-
bath with 15 c.c. of concentrated sulphuric acid for fifteen minutes.
When cool, the solution was poured into water, and the pre-
cipitate collected. The substance crystallised from aqueous lecoh?l
in white needles melting at 100°, It dissolves in sulphuric acid
with a green fluorescence. In this synthesis, either 1-chlore-
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xanthone or 3-chloroxanthone or both may possibly be formed, bu
only one product was obtained. As it differed from 3-chloro-
xanthone, which melts at 130° it must be 1-chlorowanthone
(Found: Cl=15'46. C;3H,0,Cl requires Cl=15:40 per cent.).

1-Anilinozanthone.—One gram of the substance described above
was Doiled with 3 c.c. of aniline and a trace of copper powder for
six hours. A blue precipitate was obtained by pouring the solu-
tion into water acidified with hydrochloric acid. After being
purified by extraction with alcohol, it melted at 120—125° (Found :
N=4:86, CygH;,0,N requires N—4'87 per cent.).

1-Chlorotetranitrozanthone—Half a gram of I-chloroxanthone
was dissolved in 7 c.c. of concentrated sulphuric acid, and 5 c.c.
of nitric acid (D 1-42) were added to the solution with shaking.
The solution was kept overnight, when white needles were
obtained, which melted ab 195° (Found: N=13-70. CiH;0;N,Cl
requires N—13:69 per cent.). From the filtrate, a white pre-
cipitate was obtained, which was too small in amount, for any
detailed examination.

9. Chloromanthone.—gp-Chlorophenol (14 grams) was dissolved in
methyl alcohol (10 c.c.), and sodium (0+4 gram) and o-chlorobenzoic
acid (16 grams) and a trace of copper powder were added to the
solution. The alcohol was evaporated, and the viscous, semi-solid
mass was heated to 140°, and kept at that temperature for half
an hour, when it darkened. It dried to a black solid mass at
150°. The temperature was further raised to 200° and then the
substance was cooled, powdered, and heated on a water-bath with
15 c.c. of concentrated sulphuric acid for fifteen minutes. When
cool, the solution was poured into water; the precipitate was
collected, crystallised from alcohol, and obtained in white needles
melting at 165° (Ullmann, loc. cit., gives 171°). Tt dissolves in
sulphuric acid with a blue fluorescence (Found: Cl=15:72. Calec.:
Cl=1540 per cent.).

2-Chlorotetranitrozanthone.—This compound was obtained by
nitrating 2-chloroxanthone with concentrated sulphuric and nitric
acids. For each gram of substance, 10 c.c. of sulphuric acid and
7 c.c. of nitric acid were used. The substance was obtained in
slender, yellowish-white needles melting at 205° (Found: N'=13:75.
CiyH,050N,Cl requires N—13:69 per cent.).

4-Chlorozanthone—This substance was obtained by the don-
densation of o-chlorobenzoic acid with o-chlorophenol in the
manner described in the syntheses of I-chloroxanthone, Tt crystal-
Iiﬁed from alcohol in slender, white needles melting at 130°. Tt
dissolves in concentrated sulphuric acid with a green fluorescence
(Found: Cl=15:36. Cy3H,0,01 requires Cl—15%40 per cent.).

4-Chlorotrinitrozanthone.—This compound was obtained by

{ T)rabing 4-chl
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with d sulphuric and nitric
acids. For each gram of the substance, 5 c.c. of sulphuric acid
and 4 c.o. of nitric acid were used. Brownish-yellow needles were
obtained on keeping the reaction mixture overnight. The sub-
stance melts at 235° (Found: N=11'14. C;3H,0;N;Cl requires

b N=11-49 per cent.).

4-Chlorodinitrozanthone.—This substance was obtained from the
filtrate of the trinitro-compound as a pale yellow powder melting
and decomposing at 195—200° (Found: N=881. C;;H;0,N,0l
requires N'=8:73 per cent.).

Dichlorozanthone.—Xanthone (7'5 grams) was dissolved in
acetic acid (50 c.c.) with the aid of heat. A current of dry
chlorine was passed into the solution, which was kept warm by
heating the reaction vessel over a steam-bath until approximately
one molecular proportion of chlorine was absorbed. A trace of
iodine was used as a catalyst. The product (10 grams) crystallised
from alcohol in slender, white needles melting at 225° (Found:
Cl=2686. CsHO,Cl, requires C1=26:80 per cent.). The sub-
stance dissolves in concentrated sulphuric acid with a strong green
fluorescence. From the alcoholic filtrate from the dichloroxanthone
another product mixed with it was obtained, which appeared to be
3-chloroxanthone from its melting point and chlorine content, but
it has not yet been possible to purify it completely.

Dichlorodinitrozanthone—The dichloro-compound was nitrated
in the cold with a mixture of equal volumes of nitric (D 1-42) and
concentrated sulphuric acids (100 c.c. for each gram of the sub-
stance). On keeping the solution overnight, yellow needles were
obtained, which melted at 240° (Found: N=8:10. C;;H,0;N;Cly
requires N'=7:88 per cent.).

Bromozanthones.

9-Bromowanthone.—p-Bromophenol (25 grams) and sodium
(06 gram) were dissolved in methyl alcohol (15 c.c.) and o-chloro-
benzoic acid (2:3 grams) and a trace of copper powder were added
to the solution. It was heated to 160°, when a hard, black mass
was obtained. The temperature was raised to 2209, but the sub-
stance did mnot fuse. It was cooled, powdered, and heated over
a stedm-bath with 25 c.c. of concentrated sulphuric acid for tventy-
five minutes. When cool, the solution was poured into water and
the precipitate collected. Tt crystallised from aqueous aleohol in
brown needles melting at 150°, and dissolved in sulphuric acid
with a yellow colour, but no fluorescence (Found : Br=29'0q.
C,;H;0;Br requires Br—29-16 per cent.). 2-Bromoxanthone is
also obtained when xanthone is brominated in concentrated
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sulphuric acid solution with bromine and a trace of iodine. It 0 &
very difficult, however, to isolate the substance in a pure condition,
because the last traces of either xanthone or dibromoxanthone,
which are always associated with this compound, cannot easily be
removed.

9. Br ) hone.—2-Br thone (07 gram)
was dissolved in concentrated sulphuric acid (10 c.c.), and nitric |
acid (5 c.o. of D 1'42) then added gradually to the solution with
shaking, No precipitate was formed after keeping it for a fow
days. The solution was poured into water, and the precipitate
was boiled with alcohol, in which it partly dissolved. From the
alcoholic solution, the substance was obtained in slender, brown
needles melting ab 210° (Found: N=12:02. CysHON,Br
requires N'=12:31 per cent.).

9-Bromo-B-tetranitrozanthone.—The residue of the mnitro-com-
pound described above was dissolved in benzene, and crystallised
from this solution in brown needles melting ab 270° (Found:.
N=12:21. C;;H,;0,(N,Br requires N=12:31 per cent.). When i
9-bromoxanthone was heated with bromine (1 or 2 mols.) in acetic | o
acid solution and a trace of iodine, over a sand-bath, a dibromo-
compound was obtained which melted at 212°. This compound was
identified as 2:7-dibromoxanthone by the method of mixed melt- {
ing points. It is also obtained by brominating xanthone with |
bromine, using iron filings as a catalyst. |

4-Bromozanthone.—This compound was obtained by condensing {
o-bromophenol with o-chlorobenzoic acid in the usual way. It
crystallised from alcohol in greyish-white needles melting at 140°.

It shows no fluorescence in sulphuric acid solution (Found:
Br=29-28. C;3H,0,Br requires Br=29:16 per cent.). ©

4-B ini —4-Br th was dissolved in
the requisite amount of concentrated sulphuric acid in the cold,
and nitric acid (D 1-42) was added to the solution (20 c.c. for each
gram of the substance). On keeping the solution overnight, i
yellowish-white needles were obtained, which melted at 295°
(Found: N=809. C;H,0,N;Br requires N=767 per cent.).

5t
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CX.— Euxperiments on Halogenation. The Direct Dis-
placement of Negative Groups by Halogen in
the Aromatic Series. Part I, The Displacement
of the Nitro-group by Bromine.

@ By Surenpra NArE DHAR.

Tn the series of which this paper is Part I, it is proposed to
investigate the mechanism and conditions which lead to the direct
displacement of negative groups by halogen atoms when such groups
are attached to the aromatic nucleus, because, although several
instances have been recorded of the occurrence of this type of
reaction, no systematic study of it appears to have been made. It
is evident that if a change of this kind could be definitely con-
trolled and its course clearly established, it would serve as a
valuable means for preparing certain aromatic derivatives not
otherwise easily obtained.

In the first instance, therefore, it is intended to record certain
experiments which have been carried out in conmexion with the
displacement of mitro-groups by bromine, a change which appears
to have been first moted by Kekulé (4dnnalen, 1866, 187, 169),
when he obtained tri-, tetra-, and penta-bromobenzene by heating
nitrobenzene with bromine in a sealed tube. Other instances of a
similar character have since been published; thus, Meyer
(Monatsh., 1915, 86, 723) found that nitrobenzene under the
influence of thionyl chloride gives chlorobenzene, and that
m-dinitrobenzene when treated with chlorine is converted first into
m-chloronitrobenzene and finally into m-dichlorobenzene (D.R.-P.
108165). Picric acid gives with bromine the same bromodinitro-
phenol as is obtained when dinitrophenol is brominated (Arm-
strong, J. Soc. Dyers, 1885, 1, 85). Other instances of the dis-
placement of nitro-groups by halogens in the benzene as well as
in the naphthalene series have been recorded by Lobry de Bruyn
and Leent (Rec. trav. chim., 1896, 15, 84), Atterberg (Ber., 1876,
9, 316, 926, 1734; 1877, 10, 1841), and Jolin (Bull. S chim.,
1877, [ii], 28, 514). Direct displacement of the nitro-group has
also been moticed in the anthracene series. Thus I-nitroanthra-
quinone is converted into 1-chloroanthraquinone through the agency
of clilorine, and 1:5-dinitroanthraquinone into the 1:5-dichloro-
‘derivative by the same process (D.R.-P. 252578). e

In the present paper are described experiments dealing with .bhe
behaviour of certain typical nitro-derivatives of benzene,
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naphthalene, anthracene, xanthone, and coumarin towards bromiﬁ
at a high temperature, when the bromine is: present in the pro-
portion of one molecule of the halogen to each nitro-group. These
experiments were carried out with the object of settling one of
the fundamental points in connexion with the reaction, namely,
the reason why it does not stop when all the nitro-groups, or all
such as are capable of displacement, are substituted by the halogen,
but in many cases proceeds further, leading to the formation of
higher halogenated derivatives. Moreover, preliminary experi-
ments showed that not only did further halogenation take place
with remarkable ease, but that it was possible by the aid of this
reaction to prepare halogen derivatives which could not be obtained
by the direct halogenation under known conditions. Examples of
this kind are given in the experimental part, the best being that
supplied by the formation of octabromoxanthone (p. 999).

Tt is evident, therefore, that in this reaction some product is
formed which acts as a very much more powerful halogenating
agent, than the halogen itself, and it is thought that this substance
may well be the nitro-derivative of bromine, which might be
formed in accordance with the equation

RHNO, + Br, —> RHBr+BrNO,,
the reaction being completed in accordance with the equation
RHBr+ BrNO, —> RBr, + HNO,.
If this is the true explanation of the course of the reaction, it
follows that a trinitro-derivative when treated with three mole-
cules of bromine should, if a sufficient number of hydrogen atoms
are present in the nitro-derivative, yield a compound containing
six atoms of bromine, and that this is actually the case is shown by
the behaviour of trinitrotol which is trans d under these
ditions into pentabr iyl bromide:

(1) GHMe(NO,); -+ 3Br, —> CyH,MeBr; -+ 3BrNO,,

(2) CgH;MeBry+3BrNO, —> CyBry CH,Br + 3HNO,.

It may be added that this view is supported by the fact that in
this and other similar cases the halogenation does not proceed
further, even though excess of bromine is used. Similarly, both
1:5- and 1:8-dinitronaphthalene when treated with two molecular
proportions of bromine yield the same tetrabromonaphthalene,
which must therefore be the 1:(4):5:8-compound, the formation
of the substance being in complete accord with the views expressed
above. 1

Tt would be difficult to predict the reactions which might oceur
between the substance BrNO, and phenols, but it is reasonable to
suppose that one of them would be the displacement of the

Q
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@ voxy! by bromine and the formation of miteio acid, in accord:

ance with the equation
R:OH +BrNO, — REr+ HNO,.
Ih‘ is therefore interesting to note that when picric acid is treated
with three molecular proportions of bromine, it is converted into
hexabromobenzene, although tetrabromo- and pentabromo-phenol
are also produced. Tt is probable, therefore, that the reaction takes
& place chiefly in accordance with the equations

(1) CyH,(OH)(NO,),+3Br, —> C;Hy(OH)Bry+ 3BrNO,,

(2) C4H,(OH)Br, +3BrNO, —> G;Br,+ HNO,+ 2HNO,.

Tt is evident that hoth tetrabromo- and pentabromophenol are
intermediate products in the reaction, because the yield of hexa-
bromobenzene increases with the temperature of the reaction.

Although in the instances given ahove the displacement of the
nitro-groups and subsequent bromination proceeds smoothly and
completely, yeb it is evident that the completion of the reaction
must depend on two main factors, namely, (a) the stability of the
nitro-group, and (b) the tendency for hydrogen atoms present in
the molecule of the aromatic substance to be displaced by bromine.
It is to be expected that experiment would reveal the operation
of these two factors, and that instances would be found in which
the reaction would leave nitro-groups in stable positions unattacked
and in which the further entrance of bromine atoms would be
inhibited. Actually, the experiments carried out with nitro-
derivatives of xanthone and coumarin have supplied admirable
examples of the operation of both factors, although in every case
the course of the reaction can be explained by the general equations
given ahove.

Tt may be added that all the nitro-compounds mentioned in this
paper, excepting those of the coumarin series, have been treated
with bromine in the usual solvents, such as acetic acid or nitro-
benzene, without result. Compounds of the coumarin series do,
however, yield bromo-derivatives under these conditions (see
p. 1000). Thus both o and Pytetranitroxanthone give only
dibromodinitroxanthone, and 3 :6-dinitrocoumarin gives 3-bromo-
6-nitrocoumarin when treated with folir and two molecules of
bromine respectively. On the other hand, a,-tetranitroxanthone
gives tetrabromoxanthone, and 1:3- and 1 : 5-dinitroanthraquinone
give 1:3- and 1:5-dibromoanthraquinone, respectively, wnder the
samé) experimental conditions.

Further experiments, carried out under different conditions, will
be necessary in order to determine the order in which the nitro-
groups are displaced, and it is hoped that in this way valuable
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evidence respecting the position-stability of this group will 6
forthcoming. Even in the present preliminary experiments, how-
ever, there is clear evidence of the remarkabl stability conferred
on nitro-groups occupying certain positions in an aromatic nucleus.
Tt has been pointed out, for example, by Jordan and Thorpe (T.,
1915, 107, 395) that whereas a nitro-group can be introduced into
position 6 of the coumarin molecule with remarkable ease, it is a

matter of considerable difficulty to introduce this group into posi-y.

tion 3. The present experiments show that a nitro-group in
position 6 cannot be displaced by bromine, and that one in position
3 is readily displaced. For example, 6-nitrocoumarin with one
molecule of bromine yields 3-bromo-6-nitrocoumarin, and 3:6-di-
nitrocoumarin with two molecules of bromine gives the same
3-bromo-6-nitrocoumarin. Eyen when the lastnamed reaction is
carried out at a high temperature, the nitro-group is not displaced,
the final product heing a tetrabromonitrocoumarin.

EXPERIMENTAL.
Benzene Series. The Bromination of Picric Acid.

Three grams of picric acid and 2 c.c. of bromine (3 mols.),
together with a trace of iodine, were heated in a sealed tube at
220—250° for six hours. The crude product (4 grams), when
treated with dilute alkali, yielded an insoluble residue which,
when collected and recrystallised from benzene, was found to be
hexabromobenzene, melting at 315° (Found: Br=86'87. Calc.:
Br=286'96 per cent.). The precipitate obtained when the alkaline
filtrate was acidified, when fractionally recrystallised from alcohol,
yielded two substances. The less readily soluble one melted at
225°, and proved to be pentabromophenol (Found: Br=81-61.%
Cale.: Br=81-81 per cent.), and the more readily soluble one,
which melted at 120°, was tetrabromophenol (Found: Br=78:53.%
Calc.: Br=78:03 per cent.).

The same products are obtained when the reaction is carried out
at either 130° or at 300°, but the amount of hexabromobenzene
formed is much greater at the higher temperature.

The Bromination of 2:4:6-Trinitrotoluene.

Pentabromobenzyl Bromide—Three grams of 2:4:6-trinitro-
toluene, 2 c.c. of bromine (3 mols.), and a trace of iodinedwere
heated in a sealed tube at 200° for eight hours. The crude’ pro-

* All halogen esti ions were made by method (T., 1915,107,

902)

-
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.:t (25 grams), after being washed with dilute alkali, was crystal-
lised from benzene, when it yielded slender, white needles melting
at 320° (Found: Br—g84-53. C;H,Br; requires Br=84:80 per
cent.). Pentabromobenzyl bromide is sparingly soluble in alcohol,
and no precipitate of silver bromide is formed when its solution is
t?eated with freshly precipitated silyer hydroxide or alcoholic
silver nitrate solution. It appears to be a remarkably stable sub-
tance, since it is not oxidised to pentabromobenzoic acid either by

“alkaline permanganate or by nitric acid in a sealed tube, It

Temains unchanged when heated in a sealed tube with bromine,

Pentabromobenzyl Alcohol—This substance was obtained by
heating a mixture of 1 gram of pentabromobenzyl bromide, 5 c.c.
of absolute alcohol, and 2 grams of potassium acetate in a sealed
tube at 200° for eight hours. It crystallises from alcohol in slender
needles melting at 175° (Found: Br=79-89. C;H,0Br; requires
Br=79:62 per cent.). The compound is sparingly soluble in water,
but dissolves readily in alcohol. It sublimes in colourless needles
when heated at 100°.

Naphthalene Series. The Bromination of 1:5- and of
1:8-Dinitronaphthalene.

1:(4):5:8-Tetrabromonaphthalene.—Five grams of 1:5-dinitro-
naphthalene mixed with 2:5 c.c. of bromine (2 mols.) and a trace
of iodine were heated in a sealed tube at 200° for five hours. The
crude product (6 grams) crystallised from henzene in colourless
needles melting at 308°, and the same compound is also obtained
from 1:8-dinitronaphthalene under similar conditions (Found :
Br=71'88. C,H,Br, requires Br=72:06 per cent.).
1:(4):5:8-Tetrah i hthalene was obtained by
treating the above compound with concentrated sulphuric acid and.
nitric acid (D 1-42). For 1 gram of substance, 50 c.c. of each
acid were used. A yellow precipitate was obtained on keeping the
mixture overnight. The substance melts and decomposes at 220°
(Found: N=2'83. C;H;0,NBr, requires N=2:86 per cent.).
Hezabromonaphthalene—This compound was prepared by heat-
ing 15 grams of 1:2:5:8-tetranitronaphthalene with 1 c.c. of
bromine (4 mols.) and a trace of iodine in a sealed tube at
220° for twenty hours. The crude product (about 2 grams),
after, being washed with dilute aqueous alkali hydroxide, crystal-
lised Srom henzene in white needles melting at 280—285° (Found:
Br="79:60. C,H,Br, requires Br=79"73 per cent.).
1:3:5:8T'etrab phthalene.—This substance was obtained
by heating a mixture of 2 grams of 1:3:5 :8-tetranitronaphthalene,
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115 cie, of Becanine (4 mols.), and traceiof fodine in o sealed )
at 2209 for twenty hours. The crude product (2'6 grams), after
being washed with cold aqueous alkali hydroxide, crystallised from
benzene in white needles melting at 310° (Found: Br={72:13.
CyoH,Br, requires Br—72:06 per cent.).

1:3:5:8-Tetrabromonitronaphthalene—Half a gram of the
tetrabromo-compound was dissolved in 50 c.c. of concentrated
sulphuric acid, 50 o.c. of nitric acid (D 1+42) were added, and thy
solution was heated over the steam-bath for one hour. When cold,™
2 yellowish-brown precipitate was obtained by pouring the solution
into water; this was collected and washed with water. The sub-
stance melts at 205° and does not decompose even at 280° (Found :
N=976. C,H,0,NBr, requires N=2:86 per cent.).

1:2:6:8 Tetrabromonaphthalene—This substance was obtained
by heating 15 grams of 1:2:6:8-tetranitronaphthalene (p. 1004)
with 1 c.c. of bromine (4 mols.) and a trace of iodine in a sealed
tube at 220° for twenty hours. The substance was purified and
crystallised, as in the case of hexabromonaphthalene, and obtained
in yellowish-white, shining needles melting at above 315° (Found:
Br=79:26. C,,HBr, requires Br=72:06 per cent.).

1:2:6:8-Tetrabromonitronaphthalene was obtained by nitrating
the above tetrabromo-compound, as in the case of the 1:3:5:8-
tetrabromo-compound. A brownish-yellow substance was obtained
which melted at 230° (Found: N=2:64. C;;HyO,NBr, requires
N=2:86 per cent.).

1:3:6:8-Tetrabromonaphthalene—This was obtained by heat-
ing a mixture of 2 grams of 1:3:6:8-tetranitronaphthalene,
1°5 c.c. of bromine (4 mols.), and a trace of iodine in a sealed
tube at 220° for twenty hours. White needles, melting at above
315°, were obtained by purifying the crude product (2 grams), as
before (Found: Br—7174, CyH,Br, requires Br=72:06 per
cent.).

1 : 3 : 6 : 8-Tetrabromonitronaphthalene was obtained as a
brownish-yellow powder by nitrating the tetrabromo-compound, as
in the previous cases. The substance melts at 210° (Found:
N=277. CyH,0,NBr, requires N=2:86 per cent.).

Xanthone Series. The Bromination of T 7 mthones.

In the following experiments a large excess of bromine was used,
because preliminary experiments had shown that variation fn the
amount of halogen beyond the theoretical and in the temperature
conditions did not affect the result.

i h was obtained by heating a mixture of

AR e
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@:ns of o tetranitroxanthone* 3 c.o. of bromine (11 mols.),
and a trace of iodine in a sealed tube at 300° for twenty-six hours,
Tt orystallises from benzene (2 grams) in colourless needles molting
at 265°. The samo compound was obtained from g,-tetranitro.
xanthone * under similar conditions (Found: Br—36:22; N6-16.
CyH,0;N;Br, requires Br=36-08; N=6-30 per cent.).

Tetrab —This sub (about 3 grams) was

&btained by heating a mixture of 25 grams of a,-tetranitro-

anthone,* 4 c.o. of bromine (more than 11 mols.), and a trace of
dodine in a sealed tube at 300° for twenty-six hours. Tt is isolated
from its solution in benzene (in which it is very readily soluble)
as an amorphous, yellow solid melting at 255° (Found : Br—62:2
Cy3H,0,Br, requires Br=6250 per cent.). The compound is in-
soluble in alcohol and soluble in pyridine or acetic acid, but does
not crystallise from either of these solvents. It is evidently
different from the tetrabromoxanthone previously described (T.,
1916, 109, 746), because it cannot be converted into a dimitro-
derivative on nitration.

Hexab fhone,—This pound (about 4 grams) was pre-
pared by heating 2-5 grams of Bjtetranitroxanthone* with 4 c.c.
of bromine (more than 11 mols.) and a trace of iodine in a sealed
tube at 200° for thirty hours. It crystallises from benzene in
slender, yellow needles melting at 288° (Found: Br=72:01.
C;;H,0,Bry requires Br=71:63 per cent.). This compound is
evidently different from that previously described (T., 1916, 109,
748), because it does not yield a colouring matter when heated
with aniline and a trace of copper powder.

Octabromozanthone—One gram of tetrabromodinitroxanthone
(loc. cit.), 3 c.c. of bromine (36 mols.), and a trace of iodine were
heated in a sealed tube ati 300° for thirty-six hours. The product
crystallised from benzene in slender, colourless needles melting at
above 315° (Found: Br=77-57. C;0,Bry requires Br=77:31 per
cent.).

Anthraquinone Series.

1 : 3-Dibromoanthraquinone was obtained by heating 2:2 grams
of 1:3-dinitroanthraquinone, 1 c.c. of bromine (2 mols.), and a
trace of iodine in a sealed tube at 200—250° for seven hours, and
at 290° for a further hour. It crystallises from alcohol in canary-
yellow needles melting at 210°, as stated by Ullmann and Hiser
(Ber 31916, 49, 2154) (Found: Br=44'16. Calc.: Br=43:71 per
cent. ).

* The new tetranitroxanthones mentioned in this paper will be described
in & later communication.
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1 :5-Dibromoanthraquinone was obtained by heating 5 grams
1 : 5-dinitroanthraquinone, 2 c.c. of bromine (2 mols.), and a trace
of iodine in a sealed tube at 300° for four hours. The substance
crystallises from benzene in pale yellow needles melting at above
320° (Found: Br=4348. Calc.: Br=43:71 per cent.).

Cloumarin Series.

i
3-Bromo-6-nitrocowmarin.—Three grams of 6-nitrocoumarin were =

heated with 2 c.c. of bromine (3 mols.) and a trace of iodine in a
sealed tube at 130° for eight hours. The crude product (35
grams), after being washed with water, crystallised from alcohol
in colourless needles melting at 215° (Found: Br=29-96; N=526.
Cale.: Br=29-63; N=518 per cent.),

This compound is also obtained when 3:6-dinitrocoumarin is
treated in a similar manner, or when 6-nitrocoumarin is heated
in an open tube with bromine in acetic acid solution.

3:8-Dibromo-6-nitrocoumarin —This substance was prepared by
heating a solution of 4:5 grams of 3:6-dinitrocoumarin in 10 c.c.
of acetic acid with 4 c.c. of bromine and a trace of iodine on a
sand-bath for twenty hours. The product, after being washed with
aleohol, crystallised from benzene in white needles melting at 220°
(Found: Br=45:89; N=419. C,H;O,NBr, requires Br=4584;
N =401 per cent.).

3:8: WT'ribromo-6-mitrocoumarin—This compound was prepared
by heating a mixture of 3 grams of 3:6-dinitrocoumarin, 2 c.c. of
bromine (3 mols.), and a trace of iodine in a sealed tube at 180°
for six hours. The crude product was purified by solution in cold
aqueous alkali hydroxide, precipitation by dilute hydrochloric
acid, and crystallisation from alcohol; it melts at 200—205°
(Found: Br=56-46; N=277.  C,H,0,NBr, requires Br=56:08;
N =326 per cent.). In this reaction a second product was formed
which was insoluble in alkali hydroxide, and proved to be tetra-
bromonitrocoumarin (see below).

3-Bromo-6.: 8-dinitrocoumarin was obtained by heating 15 grams
of 3:6:8-trinitroconmarin dissolved in 5 c.c. of acetic acid with
2 c.c. of bromine and a trace of iodine on'a sand-bath for twenty
hours. The crude product, after heing washed with cold aqueous
alkali hydroxide, separated from alcohol as a yellowish-white solid
melting at 130—135° (Found: Br=25-82; N—8'48, C,FH,0,N,Br
requires Br=25'40; N =887 per cent.). ]

3:8: 1: Wletrabromo-6-nitrocoumarin—A mixture of 15 Jgrams
of 3:6:8-trinitrocoumarin with 1 c.c. of bromine (4 mols.) and a
trace of iodine was heated in a sealed tube at 160° for six hours,
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.mer being washed with dilute alkali, the product crystallised
from alcohol in pale yellow needles melting at 260° (Found:
Br—6329; N=258. CyHONBr, requires Br—63-10; N=279
per cent.).

The author wishes to express his thanks to Professor J. F.
Thorpe and to Dr. M. A. Whiteley for their kind encouragement
during the course of the ‘work, and to the Research Fund Com-
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cost of some of the materials.
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