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INTRODUCTION

The bewildering array of organic aromatic
compounds falls naturally into numerous classes, each
¢lasse being chavacterised by the presence in the
molecule of a certaln basic ring structure. The
siuplest class is that vwherein the benzene ring
constitutes the base. All the derivatives of naph~
thalene may be sald to form the second group. And
80 every ring structure gives rise to its own division
of organie aromatic nomenclature.

The compounds of the more complex ring structures
have not been so fully investigated as those with
simpler bvasie systems and conseguently provide a
fruitful field for further research.

Lanong the more complex ring structures the
. benzanthrone system was first discovered by RBally in
1906 dn the course of his investigations of the
- Skraup reaction on anthraguinone (Per. 1205, 38, 194).
He treated anthragquinone with glycercl and concenw-
trated sulphuric aeid in the presence of a reducing
agent and obltained what has since been proved 4o be
benganthrones~



Densanthrone proved to be the parent substance
of a large elass of compounds and one of great wvalue
technically for the production of dyestuffs. Since
the original discovery this method of aynthesis has
been slightly modified, the anthraquinone being
reduced to anthrone by meuns of copper powder and

sulphuric acid before the addition of the glyecerol.

The wechanism of the resction has given rise to
gonsiderable discussion. TFally and Scholl (Ber. 1011,
44, 16506) postulate that some of the anthraguinone is
reduced to anthrone which combines with acrolein, from
the glycerol and concentrated sulphurie acid, to form
an aldol:~

L CHGH C"‘z
CH?.
co

fhe aldol then undergoes loss of water to fom taén—-
santhrone, the liberated hydrogen reducing more
anthraguinone.

ieerwein has proposed an alternative mechanism to
avoid this unusual cyclisation (J. prakt. Chem. 1918,
€2) 197, 224 .



' Singe it is known that anthrome adds to unsaturated
substances such as bLeénsel-malonie ester, the anthra-
gquinone nucleus bDecoming attached to the carbon of the
- double bond further removed from the eater group,
 Ueerwein suggests that the first stage of benzanthrone
formation is of this type, followed by ring closure
of the sldehyde mroup:~-

CHz SHzena H,_ cHo E 3 |
m m co |

Positive evidenee in favour of the mechaniem
sdvanced by Bally eand S¢holl has recently been forth-
coming in the work of Baddsr and Werren (J.C.5. 1988,
| 401). These workers condensed a-ethylglycerol, whieh
' is converted into b-ethylacraldehyde by concentreted
sulphurie acid, with anthranol under the conditions of
| Bally's reaction and obtained J-ethylbenzanthrone, the
- eonstitution of which wag verified by ring closure of
- owd 'egthylel'-naphthylbensode acid:~

ooy



| A later gynthesis of bemsanthrone carried out b;r
Sehell end Seer (Amm. 1912, 394, 111), invelved "baking"
aw=bDaAsoylnaphthalene with aluminium ehloride, o process
of asrial oxidation which alse finds application in

lt.ht synthesis of substituted benzanthrones. |

=

Another synthesis of benganthvrone which leaves no
‘doubt a8 to its constitution was that carrded cut by
Schaarschaidt (Ser. 1918, §£1, 1082). Allochryso-
ketone-carvoxylic acid (II) was prepared Ly the asction
of aluminium chloride ia hot benzene on l-phenyl-
‘naphthslene-2: 3-dicarboxylie anhydride (I), when II
i:l.a slowly heated sbove its melting poimt it loses
‘carbon dioxide to form benzofluorenons (I1I). Tusion
with alkeli converts tais compound into o-l-naphthyl-
‘bengoic aeid (1V). The acid chloride of this eompound
515 converted quantitatively into benzanthrone by
'solution in bLenzene and treatment with aluminium
‘ehloride.

o
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Senzanthrone foras yellow needles of melting poin 5
170 = 171°C,, dlssolving in concentrated sulphuric acid
with deep ved colour. On ehlorination it yields a
monochloro derivative mep. 182°¢. deseribed as 3-chlore-
bengzanthrone and on further chlorinstion a mixture of
!imm diehloro derivatives (Cahn, Jones and Simonsen,
iu{.r.’:.s;. 1833, 444). sromo derivetives are alsd known,
the 3-brome being prepared by direct broumination of
tenzeathrone im scctic aeld.  Others have been prepered
by eoupling reactions (see page 14 ). Yitration of
bensanthrone in nitrobenszene gives 3-nitrobensanthrone .
while in scetic seid or sulphurie seid solution a |
mixture of mononitro derivatives is obtained. The
hydroxy end methoxy derivatives have 2 speeial interest
Ein connegtion with dyestuffs.
 The systematdc nusbering of bensantarone snd its
derivatives is somewhat confusing, The first systems
in use took the anthracene nuclews ss their basis and
sre given below (I) and (11I), the latter still being
employed ia the Journal of the Chemical Seciety and
American Chemical Soclety publicstions. The Inter-
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;mtimnl system of nomenclature (I1l) which is used

almost exclusively in the present day techniesl liter-
ature and recommended by Heilbroa in his Dietionary of
‘Omnie Compounde will be used throughout this thesis.

A modern method of wide appliesbility in the
gyathesis of Lenzanthrvnes uses as starting materials.
fcumin peri-derivatives of nepbthalene., During
recent years the S~halogeno-le-naphthoic acids have
attiracted eonsiderable interest. wule and coe-workers :
(J.CeB. 1934, 170) employed the mercuration method of |
“hitmore and co-workers (J.A.C.S. 1929, S1, 1831, 3363)
‘and have found it en eminently satisfactory source of
Ithoae acids., VYaephthalie eecid or the a.nlvdr:ldc ean be
mercurated by use of mercuric acetate to give anhydro«
l‘a—hwmwrwiolamphmm acid. This compound on |
treatment with bromine or chlorine yields the 8-halo-

! geno acid. '
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The importance of these acids in bensanthrons
syntheses rests in their ability to take part in the
Ullmann reaction., This reaction, discoversd Ly Ullmnh
in 1900 (Ber, 1901, 24, 2174;: Ann, 1904, 332, 38), |
‘consists of treating halogenated aromatic compounds
lwith finely divided copper (copper bronze) at high i
temperatures. 7The halogen {8 eliminated as ceuprous |
‘halide and e dinucleer product is obtained. Ullmann's
investigations showed thet the reaction proceeded |
imouny with alwost all i10do compounds. For example |
}an heating iodobenzene with copper at 230°C, in a '

'sealed tube, diphenyl is formed:

e T e enit

In the casge of the corresponding bromo and chloro
| eompounds, however, the halogen was found to be un-

|
[
[
|
[

?raaetiw unless an incressed lability was conferved
upon it by the presence of other substituents in eeﬂ.ai;n
' positions. Thus o-nitrochlorobensene readily under-



e

| goes the reaction to give Z:2'-dinitrodiphenyl. :

2 (o as— O ran

NO, No,  No,

In striking contrast the m- and pe nitrochloro-
;banzma are quite unresctive,

A carboxyl group in the ortho position has appar-
ently an activating effect on the halogen similer to
‘that. of the nitro group.
| An important exteasion of the Ul;uam reaction I
luu in the utilisation of mixtures of halogeno com- ‘
‘pounds to give unsymmetrical products. |
| Kalb in his synthesis of the dyestuff anthanthyong
i(.’ser. 1914, 47, 1724) was ths firet to employ the - |
' helogeno-lenaphthoie acids, in the form of their .,estwi.
'in the Ullmann veaction. The ethyl ester of Mlami
l-naphtiwic a2cid was treated with gopper powdsr at 290‘1:.
' end the diethyl-1l:1'-dinaphthyl-8:3'-dicarboxylate
; formed in small vield was converted gquantitatively to :
 anthanthyone by the action of concentrated sulpiurie |

|
cL COOEE
Ero o C

acid.
fule and Zarnett (J,C,3., 1832, 2723) in an inves~- |
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‘tigation of the reactivity of the bromine atom in 3-
‘bromo=lensphthoie acid concluded that the halogens in
'mthyl-a-bmm-l-mphthoaﬂc and methyleo-iodobenzoate
were comparegble in resctivity with one another.
!Btmott (Thesis, “dinburgh 1932) on subjecting these
it\n compounds to the Ullwana reaction at 190 - 2:0°C.
was successful in obtaining a 407 yield of methyl-S-
' (o-carbomethoxyphenyl) -1l-naphthoate:

= :
| |
|
| Me MedOC ‘
|
|
|
| |
|
|
|

“ule end Pursell (7.C.%. 1036, §71) showed that the
Iphenyl-naphthwl-diurbowuu obtained by Barnett was, |
‘on trestment with concentrated sulphurie aeid, eamndd
quantitatively into llecarbdoxy-benzentarone: [

COOH

Me Q OC

| Jarnett's preparation has sinee been examined more
‘t.hovoug’bly and by employing a lower temperature in t.he
|'111mann reaction and weing excess of the iodobenzoate,
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‘the yield of unsymmetrical product has been considex-
!abl.y inereased (7. . Smith, Thesis, “dinburgh 1836). |
| fule and Bigelow (J.C.5. 1938, £73) in an attempt

to prepare l:ll-ketobenzanthrone (I) by & further
|

‘that on more vigorous treatment of the acid with
;cmenmm salphuric acid & partisl decerboxylation
| O hmmthﬁno Naulta;d. This was also accoupanied
by some oxidation, indicated by the smell of sulphuy
| dioxide, while the yield of the expected ketobenman~ .-
tarone was very swall. The oxidation product obt.aiw%
in this reaction was provisionally formilated as the

' lactone of l-hydroxy-ilecarboxy-benganthrons. On
treatment of the phenyl-naphtnyl-dicarboxylate with
i sulphuric acid at 80°¢, an intermediate produet - |

cyclisation of ll-carboxy-bensanthrone (11), chowed
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The structure of the oxidation product (IIl) was
 later confirmed by J. L. ‘rieve (Thesis, ‘dinburgh
1936) who performed the Ullmamm reaction at 178%C, with
‘methyl 7-methoxy-sS~bromo-l-naphthoate and methyl o-iodo
|hon¢caxo and obtained a 465 yleld of methyl 7emethoxy-
Be(o-carbomethoxyphenyl)-l-naphthoate which with con-
icentrattd sulphuric acid at 100%¢, gave the lactone of
l=-hydroxy-1ll-carboxy-benzanthrone, This compound was
 identicael with the produet obtained by the sulphurie
'aeid oxidstion of ll-carboxy-benzanthrone, Ordeve
Ialoo prepared l-methoxy-ll-carbomethoxy-benzanthrone
lby eyelisation of methyl 7-methoxyeie(oe-carbometioxy-
phenyl)=lenaphthoate with glaecial acetie acid and
sulphuric acid at 8&08.:

ocC

| co
(s}
come. (
MeOOC —7 ;
| oM
| R

o CRoIK -
OMe

Although the yield of 1l:ll«keto-Lensanthrone obe
tained by the action of concentrated sulphuric acid on

'll-carboxy-benzanthrona was poor, the compound was
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found to be readily prepared by the action of phosphorus
pentoxide on a solution of ll-carboxy-benzanthrone in
molten phthalie enhydride at 200°C.
| l:ll-Keto-benzanthrone when heated under reflux
with dilute ceustic soda, is slowly hydrolysed to give,
presumably, & mixture of lecoarboxy-benzanthrone and
1l-carboxy-bensanthrone (Bule snd Bigelow, J,C.S5. 1935,
874}, LAfter repestedly unsuccessful sttempts to
separate these acids, J. 8. Flanders (Thesis, Edinburgh
1938) has obtained & 167 yleld of pure ethyl benzane
throne-ll-carboxylate from the reasction by partial
separation of the mixed ethyl esters by chromatographiec
adsorption on aluminium oxide from bensene solution.
lI~Carboxy-benzanthrone, however, hag been syn-
thesised by J. L. Orieve (loe. cit.) by coupling methyl
l=-bromo-d-naphthoate with methyl o-lodobenzoate at
175 - 180°C,, and cyelising the product with concene
trated sulphurie acid. The yield wes 3 vhereas 907
of the dipheniec ester was isolated from the reaction
mixture,

Gl |
T Me O OC o
—%
@»oﬂmg 7 COOMe. CooH
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: The great technical valuc of bensanthrone and its
derivatives lies in their ability to undergo alkaline |
‘fusion to yield dibenzanthrones which are of great
lvaluo as vat dyes. The parent bensanthrones are not
‘bighly eoloured and doubt has been cast upon thelr
\capaeity for vat dye formation. Bally, however, fused
'benzanthrone with caustie alkali at 230 - 240°C, and
‘obtained a dark blue vat dye (BSer, 1808, 38, 196; @
G. 7. 185281) which Scholl and Seer (inn, 1813, 364,
ilaﬁ) showed to have the structure indicated below, the
‘union of the two benzanthrone molecules occurring st
‘the positions 3 and 4,

|
|
| +
|
(el

co 2

This product, known at first cormercially as
:Violanthrom. now apypeers on the market as Indanthrene |
fi)ark dJlue He sy Caledon Dark Alue 5., etes From o |
:rtd violet hydrosulphite bath it dyes cotton in very
éf'aat dark blue sghades.

‘ The symmetrical isomeride, iso-dibenzanthrone, is |
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| the parent compound of & second elass of dyes. It is
'also known as Isoviolanthrone and wes prepared origin-
‘ally by the action of alecholie potassium hydroxide on
3-chlorobenzanthrons. |

3800

The action of alecholic potassium hydroxide on
the 3:3'-dibenzanthronyl sulphides and selenides is |
' also productive of lsoviolanthrone and forums & more l
recent method of preparation (0,7 . 444283; 4,1, 36748215.
| This value of benzanthrones as dyestuffs has |
 stimilatec & vast emount of industriel research end |
| emong derivaetives investigsted in the hope of procuring
| f\.wthor dyestuf'fs or intermediates are the umManw
' in the molecules of which a nitrogen atom is substit- |

| |
‘uted for one of the :0H, groups of the mucleus:
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. From the formula it can be seen that ten different
!hnbmnﬁmu are theoretically possible, namely
thoae with a nitrogen atom in positions 1, 2, 3, 4, B,
6, 3, 9, 10 and 11, Of these either the parent or
derivatives ave kuown of six with certainty, vis.

1wy 8wy Suy 8=y @= or l0- and ll- azabenzanthrone.
Derdvetives of others may be kmvwn ut & certain amsunt
of confusion has arisen in the literature regarding the
nomencleture desplite the three aystems quoted on pares
i:.o and 11,

All the azabenzanthrone litereture is patent
literature as the research has all been carried out
industrially and indeed the present thesis appears to
be the firet to deal meademically with a member of the |
Lroup.
| Reverting to cases where thers is no confusion,
l=azabenzanthrone has been prepared hy heating bephenyl-
!..wl-pw:mmaa to 1680%C, for 8 hours with a mixture
:Iaf sodiuvm ehloride and anhydrous aluminium chloride,
;giving l-phenyl-isoquineline«2'=carvoxylic secld, m,p.
285 - 237°C, Heatdng this to 100°C, with fuming
sulphurdec acid yields l-azebenzanthwone, (3,7, 614106;
Chemical Abstracts (heweafter C.A.) 1235, 29, 5380).

—_— :
(ii“ N
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'I't. may also be prepered by heating 4-benzoyleisoguine-
olins with aluminium chloride (B,7, 48084435 C.A, 1936,
B3, 8688).

2 g

It 48 also deserived in F,P, 7815623 C.A. 1938, 29,
0340,

Jumerows derivetives are known; among them are
G=chloro-leszabensanthrone, myp. 168 - 1720°C,, prepared
;fmu l~phenyl-7=-chloroisoguineline-2t=carboxylic acid
(PP, 7816625 C.A, 1936, 20, 6248: U, 5,7, 20867043
Cehe 1037, 321, ©6478); 9-chlorvel-asabenzanthrone made
fyom bephenyleectiyled-chlorophthalinide (loc. eit.)y
and a methylel-azabansanthrone, m.p. 208 - 208°¢,

(P, P, 7BO04Ly C.A, 1035, 20, 5859), A li3-disma-ben-
zanthrone is also described in the same patent. It
melts at 180°C, Condensation products of l-szehenw
santhrone,; its homologues and derdvetives, are described
in B,P, 421834; C.A, 1086, 28, 3831.

2-Aznsbenganthrone and ite derivetives meay he
prepeved from anthragquinone-le-carbvoxylic acid halides
by condensing with amine-acetlic esters, treating with
‘alechol, seaponifying end splitting out cerbon dioxide,
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| DOC CH,~ NH, ;

|
|

| The parent compound is deseribed in 3.7, 450844;
L 1636, 39, 3638, end in :,F. 621466; C,s, 193¢, 39,
?GGQ, wvherein also is described the 3-hydroxy-2-azalene
manthrone of melting point 334°C, |
i 3-Azabenganthrones are described in 7, . 780041,
Cohia 1936, 29, 5380, Among the compounds mentioned are
B-amino-4;P-dimethyl-3-agabenzantivone, l-dibenzyl-3-
Ennbemamm, p=ghloro=benzal-3-acavenzanthrons, a

|

?pot.kwl-?»-azamusauthﬁm and an ethyl-S-aszabenzanthrone.
The preparation of B-azabenzanthrone and its der-

dvatives is deseribed in ., 753823; C.A, 1934, 28,

Ii].oesu, and condansation products of it, its homologues

:mnd derivatives in 3,1, 4312643 C,A, 1935, 20, 3631,

l A very useful method of preparation is the Ckyaup

reaction on b-azanthraquinones: |

/c\

. S
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, N S N .
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This reaction can give either D-mzabenzanthrone or li-
azabensanthrone and prodably glves a mixture of both,
(3. 7e 6349683 C,As 1937, 31, 417) but there is no cer-
tainty on this point, Treatment of 1:3-d1mothyl-2-aza+
benganthyone is described and the produet will be
‘either 3:10-dimethylefeazabenzanthrone -« the goal of ‘
‘this part of the work - or ©:ll-dimethyl-lO-azabenzane
‘throne, but no distinetion is mentioned.

co
Me
N
Me O
(0
Me )
N |
Mo

Mh_[::]: E;; :]
—>
N
Me co
Co
Me
. N
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Similarly are deseribed the production of llemethylete |
phenyl-lO=-azabenzanthrone or Semethyl-ll-phenyl-Uaza-

benzanthrone; ¢:ll~-dimethyl-4-Lenzyl-l -azabenzanthrone



or 5:ll-dimethyl-S5-Lenzyl-9-azabenzanthrone and =
bromo derivative of the 5:li-dimethyl-o-azabensanthrone
!or of the 6:ll-dimethyl-lC-agzabenzantirone.

The preparation of ©- and lU- azabenzanthrones may
also be described in 3,7, 4802443 C,... 1938, 30, 8633,
(see pages 22 and 23). Also in this group are, pre-
|sumably, the b-azabenzanthrones of . P, S02157; C.A.
i193?, 31y 1429, wherein apparently no attempt is mede
to distinguish the two possible isomers.

Tumerous derivatives of ll-azabenszanthrones are
kmown, prepared from pyridinonaphthelenes by the smpi
reaction (7,7, 7633283 C.A, 1934, 28, 1060). Among
'dwivat:lvcs mentioned ere 3J-bromo-ll-azabenzanthrons,
!m.p. 214 - 2182, 3:19-dibromo-1l-azabenzanthront, e .
:ov.r 300°C, 3 2-nitro-ll-azabenzanthrone (U.5, . 2013869;
IC.A. 1936, 28, G0O8): l<hydroxy-lleazabengsanthrone and[
ites methyl ether, zn amino~lle-azabenzanthrone, a sulphow
‘ll-azabansunthrunc and a ¢cyano-lle-azabenganthyone, (G. /%
6224641 Cohe 1936, 30, 1584); snd S-a~sathraquinonyl- |
11-azabenzanthpone (°,P. 753828¢ °.i, 1084, 28, 1060).
‘CQnden.atlan products of the parent, ita homologues an4
!derivativua are described in 3,1, 4212643 C,A, 1836, I
!m, 3631,
| The eonfusion in the litérature mentioned on page :
20 may be illustrated by referemnce to the 3ritish
| Petent 460244 (7,0, 1036, 30, 8633) wherein it is i
 @atated that Bz-Rezzaobensenthrones may bé obtained by

econdensing anthraquinone-lecarboxyliz scid chloride
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with amino-acetic eaters, ete.

|
|
' This accords with the first scheme of numbering on

page 11 , glving Z-azabenzantirones on the Internntionai
| syetem, The patent then states that Bz-l-azabenzene :
| thrones are prepared by treating 4-benzoyleisoquine |
' olines having & reactive & position with & condensing i
' agent of the aluminium chloride type. This must be |
formulated: |

! gilving leazabenzanthrones on the Iaternational notatio;-
: ™is is comprehensible but the mext statement is |
fthat Nged-agabenzanthrones are similsrly derived from |
. lebenzoyleisoquinolines having a reactive 3 position, |
On no known system of numbering is there & Bgelw ?

| position., The reaction itself must be Tormulated:
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e i)
| % % OC ?
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ima the nitrogen atoms must be in one of the positions
Xe It 15 conceivable that Bz-‘e is a misprint for
;4- but the matter could not ve verifled by a reference
!to the Chemisches Zentrelblatt for the patent was not
Iaba‘tract‘d in that Journal. Assuning 4= for Dol
ig:lvu the nitrogen atom in position 2 in the iso-
!quinolm and € in the product on the International

. system and hence G-azabenzenthrones may be known,

| The next stetement in the patent is that Bz-G- and
iBm—?- azabensanthrones are obtained from beazsanthra-
iquinones or thelr reduetion products by treatuent with
:g].ycaml and concentrated sulphuric ecid, Assuning

‘the some alsprint we have
|
17
S
N N
' o
o co
goo g
N _ B
(o

a series of resciions slready known (pages 22 and 23).



| it is very significant that throughout the whole
of this mass of patant litereture there is no mention
vhatever of diasadibenseanthrones. Analogous with
didenzanthrones such compounds would have the formula,
to take the case of l:l'ediasadidbenszenthrone

This indicates that azabvensanthrones 4o not
gonerelly undeyge Musion with alkeli to dieazadiden- |
ganthrones to give Gyes as this surely would have been
the most important property to petent, |

In view of the uncertainty as to whether derivat-
ives of S-uzabensenthrone are imown 4im the free state

the pressat work is un attempt %0 prepare derivatives
:efmmmammmWanemwmam of
approach, vis., & Hanlasch gynthesis on e-naphithalde
 hyde, oxidation of the resulting ester, complete
hydyolysis to the dicarboxylic acid and cyelisation
to Gerivatives of Ceazabenzanthrons:

Y
Me. Me

EHooc CooCEY

CHO
Bt s uia
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SUMMARY OF EXPERIMENTAL WORK

AND DISCUSSION OF RESULTS

The scheme proposed for the symthesis of the aza-

benzanthrone derivatives deall with in this theasis ie

- a new method of approach to the ssabenzanthrone

molecule, but 4t is a synthesis that can be applied
only to derivatives of 9-azahenszanthrons.

The process uses as starting materiel e-naphthalde-

hyde, on whiech is performed the specialised gynthesls
associated with the name of Hemtssch. It was antlce |
 dpated st the cutset of the work thet the preperetion ‘
of sufficient quantities of the starting material :
|
|

might préesent considerable difficulty and this waes

| borne out in the firgt attempts to prepere the

aldehyda.

The slder methods of preparation either iuvolve |
Just ss insecessible sterting materisl or the procecs |
is extremsly tedicus and for these reasons recourse :
wes had to the ides of reducing e-naphthoyl chloride |
with hydrogen in the presence of a palladium catalyst.
a-Naphtholc acid was treated with thionyl chloride on |

- 20 o
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the water bath under reflux for ninetly minutes and the
%excua thionyl chloride wes removed from the brown
- Aiquid by vacuum distillation. The remeining liguid
humuuhmmwmm. The
|P--m;;rl:t‘-'u'»s"l. chloride obtained wag yellow ia colour and
atstilled et 203°c,
i The palladium catalyst wes prepaved by adding 20
Iigrnma of freshly prepaved barlum sulphate to 450 mils,
of hot watsr, then 1.7 grams of palladium ehloride in
L mils. of watser and also 1 gram of 407 formalin
oot tion. This mixture was made alightly alkaline
| th sodium hydroxide and heated to boiling for a time. |
lwmn the superpatant liguid was clear and coclourless
the grey material was filtered off and washed with hot |
ter until it was neutral to litmis. The catalyst !
E‘ dried in vacuo over potassium hydroxide.
The reduction of the a-naphthoyl chlorids was then
Lt.um;rhed. 22 grams of this acid chloride ware
Aissolved in €O grams of xylane and the mixture placed
in & round bottomed Tlask with n ground-in condensex.
Ili‘ourgrama of catalyst were added and dry hydrogen was |
passed down a narrow tube inside the mwmm‘
solution, When all the air hed been displaced the
mckmmudcauuoualyﬁthabunumﬂm and the
solution boiled for eight hours, carefully deied
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‘hydrogen being passed in contimsously ell the time. i
On cooling, the contents of the flask crystallised and
the erystals melted at 150°C, and proved to be |
s-naphthoie acid. In spite of precautions taken, it
| appears, therefore, that moisture had gained access Lo
‘the resctants.
| An altermative method of aldehyde preparation |
under examination was that discovered by Stephen,
(7.C.58. 1828, 1874) which consists ia reducing the
correaponding niterile through the imino chlovide o
' the aldebyde with snhydrous stemncus chloride in ary
 ether satursted with hydrogen ohloride. The method
‘has proved of value ia the preparation of b-nephthal- |
'dehiyde and althoughtStephen declewes that the yleld e
very poor in the case of a-naphthonitrile, the pre-
peration was attespted. Anhydirous stannous chloride
was prepared by cautiously adding 26 grams of acetie
| enhydride (2 mols.) to 38 grems of SnClp.2H 0 (1 mol.).
| The mixture wes filtered and the solid washed with dry
ether,
! The finely powdered stamnous chloride was sus-
' pended in dry ether and ssturated with lydrogen chleri?c
untll vw layers Jorwmed, The two layers later
| appeared W venish and e homegeneous suspension re-
: mained. The a-naphthonitrile, 15 grams, was added
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with shaking and a yellow-green solution formed. The
reaction was continued when a vhite powder appeared,
‘The mixture was placed on & shaking machine and after
ghaking overnight yellow crystals were deposited,
These were filtered off, waghed with dry ether and
hydrolysed by being boiled with water for thirty min-
utes, The solution was then steam distilled but only
water came over, a-laphthaldeliyde is wvolatile in
steam,

Attention by this time had been directed to a
recent and more promising method of preparing s-naphe
thaldehyde and Stephen's method was not pursued further.
‘The method of iinkel, Ayling and Senyon, (J.C.3. 1936,
340) was not at first tried because of the necessity
of using anhydrous hydrogen cyanide. As other methods,
‘however, proved unsatisfactory, this one was attempted.

The method consists in treating the corresponding
hydrocarbon with the double compound of aluminium
.ehloﬂdo and hydrogen cyanide in the presence of
hydrogen chloride for & specific time at a specific
temperature, hydrolysing the product and steam distill-
ings The process is applicable only tw aromatic
hydrocarbons.

Anhydrous hydrogen cyanide is not readily available
commercially and it was prepared by the method described
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in Organie Syntheses, volume 7, page 50, This involved
simultaneously dropping solutions of 500 grams of
concentrated sulphuric aecid in 500 grams of water and
of 406 grams of sodium cyanide in a litre of water into
a large flask. The hydrogen  cyamide liverated was
dried in a caleium chloride tube and condensed by being
passed through a coll immersed in ice water. The
product, generally 210 grams, or 847 theoretical, was
slightly yellow in colour Lut was quite satisfactory
for use without further purification.

Powdered aluminium chloride was suspended in chloro~
benzene, the medium in which the reaction was conducted,
and hydrogen cyanide dropped in. Stirring wos em-
ployed throughout the reaction. “aphthalene wag added
and hydrogen chloride passed in. The resction was
condiucted for 5 hours at 70°C. s when the reactants were
Ipeuﬂd on to a mixture of ice end concentrated hydro- |
ehloric scid, After boiling the product was sub-
mitted to steam distillation and the aldehydie dise
tillate extracted with ether and shaken with saturated
sodium bisulphite solution. The aldehyde-bisulphite
compound was separated and decomposed with dilute
sulphuric acid and the free aldehyde isolated by stean
distillation, extraction with ether and distillation.
a=llaphthaldehyde was obtained as a yellow liquid boiling
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at 200°C, The yields obtained in lster experiments
were 35.. This figure was considered quite satis-
factory and the reaction was deemed to be a very useful
‘means of preparing a-naphthaldehyde which had hitherto
been regarded as rather inaccessible. |
The aldehyde was a yellow liquid with a character-
istic smell. It appeared to keep quite well. The
next stage of the series of reactions was the perfor-
mance of a Hantzech synthesis on the aldehyde. This
‘reaction was first described by Hantszsch (Ann. Chem,
 Pharm, 216, 1; 215, 75) when he warmed aldehyde ammonia
with ethyl acetoacetate and obteined what, efter fur=
ther oxidation, proved to be a dicarbethoxy-collidine.
:Hlmtsseh postulated the mechanism of the reaction to
be (Ber, 1884, 17, 1512):

&3
Clvh’ /C Y
@ r:rooc—c“ f — COoEt
Etooc-C, H‘? ~Coort cH-C_ s
M-CHoH  © C~CHy N
NH, +3HO t H,

The reaction was extended to benzaldehyde by
Schiff end Puliti (Zer, 1383, 18, 1607) who showed that
an analogous phenyl dihydrolutidine dicarboxylic ethyl
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‘ester was obtained end for which they proposed the
constitution

CHy

C

N
tieace || CH-tooet
\

l
C"&-"’C k\ /CH" CQH‘—
N

! The exact orientation of the substituents in the !
pyridine ring proved e fruitful field for m.t.mumi
about that period and 1t was eventually shown by |
Hantzsch in & series of papers (Ber, 1884, 17, 1437
Ber. 1386, 18, 1744; Ber. 1885, 18, 2579) that the
group of stoms attached to the aldehyde group taking
imiaﬂumeﬁmmin%mwitmu the
\nitmgtn of the pyridine ring. The mechanigm of the

imtlm can best, therefore, be interpreted as
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The mode of carrying out the reaction appeared o
be perfectly simple, these earlier workers having merely
warmed the mixture of reactants when the product sep-
arated out., The resction was carried out in ethyl
alcohol solution.

Accordingly 16 grams of es-naphthaldehyde and 26
grams of freshly distilled ethyl acetoacetate were
mixed in & flask and 40 mils. of a saturated solution
of ammonia in ethyl aleohol added down the condenser.
The reactants were heated on the water bath for thirty
minites but on cooling no erystals separated out., The
mixture was then refluxed for two hours and allowed to
stand, After stending for several days, violent
shaking led to the deposition of yellow crystals which
soon filled the whole solution., Iaving stood over-
night these yellow needles were filtered off, washed
with ethyl aleohol and recrystallised from ethyl aleohol
when the melting point was 200 = 202°C. BSenszene
proved to be a better agent end after a fMurther two
recrystallisations the melting point remained unchanged
at 201.8°C. The yield was 30% of the theoretical.

A modification wag Introduced later by which
cmmwonie ges was passed contimuously into the reaction
mixture by means of a long tube passing down the con-
denser. This procedure raised the yield to 627 of the



theoretical,

The product consisted of fine white crystals which
4id not dissolve in alkall; they were also ineoluble in
acids which is somewhat unexpected in & pyridine der-
ivative. The analysis figures, however, corresponded |
almost exactly to those expected for the anticipated
dwg-napithyl-3: S-dicarbethoxy~L2s 6-dimethyl-l: S-dihydro-
pyridine, To confirm this point the preperation of
Schiff and Puliti was repeated and the phenyl dihydro-
lutidine dicarboxylic ethyl ester was found also to be
inscluble in dilute acids. This indicates that the
obsgerved behaviour towards sgueous acids is probably
general for complex esters of this type.

The next stage in the process was accomplished in
‘the original Hentzsch synthesis and in later adaptations
of 1t by oxidising the ester obtained, by nitrous fumes
and in this case it was found that nitrous fumes oxid-
ised the dihydro compound 10 the normal pyridine der-
ivative quite satisfactorily. The white erystals of
the ester were mixed with an equal weight of ethyl
aleohol and nitrous fumes passed in over two and a half
hours, the all gless reaction vessel being cooled in
running wateyr. The crystals of the ester slowly
dissolved leaving & reddish solution. The alcohol was



distilled of'f on the steam bath and the avid residue
neutralised with sodium carbomate. The excess carbone
ate was removed by filtration and the filtrate extracted
 with ether, When the red ethersal extract was warmed
to remve the ether a red oil was left. The yield was
- 81% of the theoreticsal.

NH N
cH CHy Cty CH,
Etrooc COOEt ErOoc coo Bt
_—

It was found that this oll eoculd very well be uased
Cin the ¢rude state for the next stage of the ayntheais
and this was the preciice generally employed., On one
occasion however, the treatment with nitrous fumes was
- eontinued for twelve hours, and when the product wae
treated with ether a pink solid wes thrown down. This
was Piltered off and when the ether wes removed from
the ethereal extract the ususl red oil was obtained,
The pink s0lid was first of all supposed to be & anitro-
derivative of the oxidised ester. Ii was recrystallised
twice fyom ethyl aleohol when the melting point re-
mained unchanged st 99.5 « 10092, On snalysis, how-
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ever, the figures did nwot agree with those required by
& aitro-derivative but coineided almost exactly with
those calculated for the nitrate of the oxidised ester.
If this was the case conirmation would be simple be-
cause treatment with dilute ammonie solution should
leave the free oxidised ester, vizm, 4-2-naphthyl-3:5e
dicarbethoxy~2: C-dinethyl-pyridine. The presumed
mmu was treated with hot dllute ammonie when the
801id melted to & discrete pink oil. A portion of the
éaolntim gave a positive Lrown ring test for a nitrate,
confirming the constitution as the nitrate. Vhen the
oil wag cooled 4t solidified and was them washed with
water and dried. The s0lid waa recrystallised from
ethyl aleohol until the melting point remained unaltered
st 59 - 50°C, On enalysis the figures found coineided
with the values caloulatad for the free ester.

| As mentioned above, tha usual practice in corrying
out this series of reactions was not to obtain the
oxidised ester in the pure state but W hydrolyse the
icmde o4l resulting from two end & half hourse' treatsment
with nitrous fanmes.

Hydrolyels proved difficult to effect. In the
firetl inotence the oil was boiled for four hours with a
8light excess of alcokolie potassium lydroxide. On
pouring the reaction mixture into water and acidifying
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with sulphuric seld, a creew coleured solid was thrown
out, which was found on anslysic to be the halfeiydrol-
mm! ester, deag-naphiiyl-l-carbory=-=carbethoxy-2: Gedi-

methyl~-pyridine.

N N
Me Me Me e
EHOOC . CooEt HooC Cookt
—

in order W0 bring about complete hydrolysie 1t wasg
ﬁxeuanw to employ & aonsiderable excess of alkall and
‘to heat undey reflux for 100 houmrs. iydwolysis was
alse effected by use of a mixture of glacial acetic mi@,
eoncentrated sulphurie acid and water in the ratis |
:mau. The respective yields from these twe mothods
were 987 snd 687 theovy. Doth products could be re-
icwsmund from ethyl aleohol and melted with vigorous
goseing sbout 32°C,  The individuel flgures varied o
m degrees on sither aside of this temperature with each
treatment but es the figures represent decompogsition
temperetures the small observed differences are of 1little
significance and are probably due to variations in the
rate of heating, A nmixture of the two products alse



gassed at age°c,

Although ethyl alcohol appeared the best solvent
for recrystallisation the process was 8o uneconomical
that the material wes generslly used in the crude atate.
‘One portion, however, was recrystallised three times

‘and analysed satisfactorily.

N N
Me Ng¢ Me Me
Mool cookt HoOC CooH
| . _ﬁ

The next stage in the series of reactions was the
gyciisation of 4ea-naphthyl-3: S-dicarboxy-2: G-dimthyl-;
pyridine, ‘TUreatment with phosphorus pentachloride
followed by aluminium chloride was found to ef'fect
complete ring closure giving Lill-kato«d:l0=dimethyl -
Pe-azebenganthrone.

. . A
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i The process was carried out by treating 4-a-noph-
thyl-3; S-dicarboxy~2: C-dimethyl-pyridine with dry
lpm-plmm pentachloride in dry bensene until no move
!hvdmgm chloride was evolved. The bengene end phog- |
iphem oxyehleride formed wers removed in vacue and |
jalmn:lnmn c¢hloride, freshly powdered, and carbon telra-
‘ehloride were sdded and the mixture refluxed for six
‘hours. On c¢ooling snd pouring on to ice a dark solid
‘was obtained. This was digested with amwnie for
thirty minutes to dissolve alkall soluble impurities,
‘whareupon the solid meterisl was filtered off, washed
‘and dried. The digestion vas repected after which the
| s0lid consiated of a dark coloured powder with a tinge
of green. The yield was 207 and the material d4id mot,
!mlt below 360°C. but melted mnd burned on a platimam |
| foil., It was guite imsoluble in amwonis but apnringl;l
@olubls in dlluts hydvoehloric seld. It was alightly
| soluble in ethyl alcohol snd more so in nommel propyl
‘alechol. It was recrystellised from propyl aleohol,
' six litres being required for one gram, from which it
ilmxuwm.et.%mlumwn.ngvll powder and was further purified
by being recrystalliised from hydrochlorie acid, On
analyais the figures were found Lo agree clossly with
thoge for the hydrochloride of the ketoasebenzanthrone,
To prepave the pure froe 1i:lleketowd:lO=dimethyle

O-agabensanthrone the hydroghloride was Jdigested with
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dllute amwoniaz and filtered and the process repsated
‘until the fMlirate contained no chloride ion. The
compound was similay in appesrance to the hydrochloride.
/It a4d not melt below 260°C, but melted and burned on &
platinum foil. It analysed satisfsctorily. |

The formation of ketoazabensanthrone wasa eonﬁmud
b:f its conversion into the dinitrophenyl hydraszone.
'The usual procsdure was carried out and fine clusters
~of orange crystals were obtained. These were recry-
'stellised from ethyl aleohol with some difficulty and
!amnge crystals obteined vhich did not melt below
'360°c. The nitrogen percentage was 15.8. The oal-
culated percentage was 15,1; that for the resgent 28,3
end that for the starting materdel 4.¢. There {s thus
no doudt that the dinitrophenyl hydrezone of l:ll-keto«
81 10=Adimethyl-O=-azebsnganthronge had been prepared,

confiraning the comstitution of the cyclised product.

Me Me

(lN NH

i
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i Two Lydrolysis experiments were carried out on the
ketoasshenganthrone. In the first it was found that
the compound wes hydrolysed to, presumebly, & mixture |
;ror l-carhoxy~8: 10=dinethyl-V-szabonzenthrone and 1l |
carboxy-8: Lo=-dimethyl-0-azabensanthrone, to an extent |
of about 255 om being boiled with dilute sodium hydroxide
!ﬂn‘ aix hours.

N N _
Me Me Me Me e
2NaOH oC oC
=S Co i ¢
i COOMa

. This behaviour is comparable with that of the
ire#mapandim nitrogen-firee compound, 1:lleketobensens i
‘th:'om. wihich on prolonged heating with agueous alkeli ‘
‘suffers vupture at the ketonie link to sive presumably,
& nixture 0f lecorboxybensanthrons and Llecarboxybens

| zemthrone (J.C,8. 1035, 673; J.8,Flanders, Thesis,
Edinburgh 1638 J.C.8, 1938, 1834).

oC o 2 Naou O( % 0
‘ CODNg |

COONa
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In the second experdiment the hydwolyiie agent waas

aistilled water and after Loiling for 100 hours the
‘extent of the lydrolysis was about 55, This is dn
strlking contrast 0 the behaviour of lilleketobensone
throne which 48 completely unaffected by water, end is
::lndacd a very umsusl reaction, |

rartial eyelisation 0f desenaplithyle0s Endieasﬁaaw-i
2: G-dimethyl~pyridine involviag only one carbosylie |
gmup ghould give either ll-carboxy-5:i0edimgthyl-te

iazabezmﬁtm (1) or a fluorenone derdvative (II):

N
Ne Me

co
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Identification of such & ring-closed product
ghould be a simple matier for the fuorenmme derivative
ghould react as o ketone and form a dinitrophenyl

‘hydrezone whereas the assbenzenthrone derivetive cught
not t0 function es & ketone, none of the bensenthrones
beheving ia this menner,

Several reagents were employed in attempts to sffect
this ¢yelisation. Oa sccount of ite velue in the case
of benzanthrones concentreted sulphurie ecid wes the
?ﬁrst reagent 0 e employed. Several treatments for
fdiffudng tines and at diflerent temperstures gave
negetive resulls, 0o product being thrown out when the
‘solution in concentrated sulphurie scid was poured into
water. It is vesy probable thet eulphonstion securved
'in the unsubstituted ring of the napghthalans mucleus
giving a product soluble in water. Trestment with
705 salpburie acld aleo proved fraitless for probably
the samve reason.

Experiments with phthalic anhydride and & dyop of
concenirated sulphuric acid pave negative results end
use was then made of chloresulphonic aecld,; which hee
oceasionally been employed in the study of benganthrone
derivetives t eflect cyelisation.

This agrent proved sueccesaful giviog an orange
product. After « variety of experimeunts the most
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gatisfuctory trestment wes Pound to be as follows:

‘the diearboxylic acid wes treated with 10 to 20 times
4te weight of chlorosmulphonic acid for threc hours at
‘room temperature and the rich ruby red solution poured
into water dyop by drop with vigorous mechenicsl
‘stirring in a closed veacel, Chlorosulphonie acid
‘rescts violently with water end loss from spurting will
‘ensue if these precautions are not observed, After
separation, the orange product wees &isselved in dllute
armonis and veprecipitated with hydrochloric ascid in an
attempt to purify it end olso to form the hydsochloride
a8 presumebly, all these derdvatives will form salte ng
4n the cese of the lketossabensanthrone., The meterdal
5m not yield a dinitrophenyl hydraszone and thus is not
‘@ fluorensne derivative bt may be presumed to be the
!duind garboxyazabenzanthrone derivative.

| Oprganie solvents were found w0 Le usaless for
;pm-!.fymg the sompound 88 hydrochlosic acid was the
only liguid in vhioh 4t dissolved appraciably on heating
and fom which 1t saparated out on cooling. A chlorinme
‘analysis showed the preparation 40 be a mixture of the
hydrochloride and the free acld., Tecryetallisation
from concentrated hydrochlorie acld failed to yalse the
percentare of chlovine and {1 was thus coneluded that
the hydrochloride wag not being formed quantitatively.
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It waes then thought that the hydrochloride might
be wore soluble in water than the fres acld and that, |
‘conseguently, bLoiling out with water might leave a i
residue of firee scdd, The mixture was thevefore |
bodiled out repeatedly with water until the compound had
'dio'mm‘onﬁnly. On every occasion ioniec chlowine
was found to be present in the agueous extract., This
‘method of separation thus also failed,

A third idea was 10 dissolve the compound in
‘ammonia and reprecipitate with acetie scid in the hope
‘that the acetate salt would not be stable in presence
%of excess water, Vhen this procedure was adopted,
‘however, acidification with dilute scetie seid feiled
iumuwmeipihmmmewmdul
‘@aolution. A possible explanation of this might be u:+.
‘the carboxyagabensanthrons wee & stronger acid then |
acetic aedd.

The fourth attempt to seperate the hydrochloride
:fmn the free acid was no more succeseful, This ine
volved solution of the mixture in dilute amwonia and
then bolling vigorously in the hope of driving off
amnonia and leaving & neutral solution {rom whiech the
free acid would deposit. o solid was deposited on
 prolonged boiling of such an alkeline solution,

o other method of separating this mixture pres-
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E-cnud iteelf; it was therefore concluded that if this
Inuturo could be made 1o yield a pure derivative it
gould be reasonably maintained that the materisl aetual.}y
was a ndxtare of llecarboxy«d:lledimethyle-Owazabengans
throne and its hydroshloride.

| N N
I gm @Q I
. Hooc cooH ooH -
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— |

| The derivative it was proposed to make was the
ecorresponding dimethyl-asabensanthrone and aceordingly |
attempts were made to decarvoxylate the ll-corboxylie
acid mixture. The first method to be tried was treat-
ment with copper bronze in boiling guinoline and the
product of this reaction was found to be so insoluble
in organie solvents thet it could not be usefully pur
ified. An slkaline fusion on the blagk impure product .
@eveloped no chavacteristic colour and the recovered
material did not act as a vat dye.

A second method of decerboxylation, however, |
proved more successful. This consisted in subliming
j'l:.!m erude acid in a high vacuun at m"c, in & Pyrex
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‘apparetus. A 107 yield of an orenge sublimate was ob-
tained which wes quite insoluble in elkali end whieh
dissolved readily in ethyl alcohol. Inferior resultis |
‘were obtained when copper byonge was mixed with the
material 10 be sublimed, The yield of sublimate was
‘constant whether the vacuum wee 0,01 mm, oF 10 wm. The
product did not give a characteristic colour on fusion
with alkali end 1t did 2ot act es a vat dye. The sol-
ubility in ethyl aleohol and xylene was in striking cone-
;tmat to the general insolubility observed with the o&r
derivatives 80 fur examined, It wae, indeed, 80 pro-
nounced that the selvent had to be taken down almogt W
deyness before the materisl would erystallise out.

The mode of formation and the insolubility in '
ealkell suggest very strongly that the produet is 8:10-
Gimethyleteazabensanthrone and this was confirmed on
analysis,.
| It must be admitted, however, that the material
melted over a wenge, between 110 and 120°C.  On the
other hand the Cerman Patent (page 22) quotes no melting
\point for the product of the Skrsup reaction on lild- !
dinethyleZ-azanthraguinone, whereas it does quote a i
melting point of 196 - 198°C. for the product of the
Skreup reaction on l-mt.lvl-s-mwa-azmmm:n.‘
and this derivative might be expected to have & higher
melting point than the former.

|
!
|
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i mawt.smmuam“mmor_
liwcarboxy=3: 10-dinethy l-R-asabenganthrone and its |
sulphate. In the first the meterial was dissolved in
concentrated sulpturie acld and reprecipitated by
addition of water. The suspension was boiled and
treated with chwomic acid, whereupon the reactants
were vefluxed for twelve hours. The colour of the
'0lid ehenged from ved brown to vivid orvenge yellow.
On Piltretion about hall the weight of the starting
material of this bright product wes obtained and this
proved to be the unchanged lle-carboxylic acid, this
tVime free from any chloride, chromate or sulphate.
Yhy such treatment ghwuld effect separation is very
diffieult to see but the tests for those ions were
emphatieally negative.

The remainder of the muterial, whether oxidiced !
or not, remained in the mother liguors of chromie and
sulphurie acldes and no sttempt was rmde to isolate
‘ergy product.,

In the second oxidation the mmterial was refluxed
lrar 2¢ hours with elkaline potascium permenganate.
!m reactants were Tillered snd the filtrate taken

‘dowmn to dryness aifMer scidification with dilute
|
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‘hydrochloric aeid, The mixture of brown materisl and '
mm chloride was extracted with pyridine, a prelime :
dnary experiment under the same conditions having

‘mt. wodium chloride d4id not dissolve in pyridine. |
m:wm:-:mmmm;mm }
material wes left which possessed slight fluidity. |
‘Thus 4f & portion was removed, in a short while the
‘surface had again becoms imtact. The produet was
‘unaffected by heat up to 360°C. end aid not sublime
‘after treatment for four hours, With zine dust and |
| sodium hydsroxide the colour of the solution was that ‘l
.I brown colour obteined by disselving the material in ‘
' @odium hydvoxide., The meteviel cansot thus be an |
| asanthvaquinoms derivetive. It was very soluble in |
!uttr o glve an scid solution and dissolved in
!eommtmud sulphurie acid to give a brown solution
iwit.h a darker brown fluorescence in deylight and &
milky light blue fluorescence in ultreviclet light.
Apert from its acid neture no positive evidence

' regerding the sctual structure of the product was
:obtaimd. i
| A godium hydroxide fusion was performed on the
1l-carboxylie aeid hydrochloride mixture and on the
 1:lleketo=8: 10-dimethylefeagabenzanthvone and in |
neither case wes a distinetive colour developed nor did




the melts act as vat dyes.

Attenpte were made t0 oyelise dea-naphthyle=>le |
carboxy-5-carbethoxy-216-d1methyl-pyridine in the hope
of prepering 1l-carbethoxy=-8:10-dimethyl-g=azabensan=
!‘um'mo. The product wuld be either this desired
derdvative or the fluosencne compound, distinction
being esteblighed as in the case of the partially
¢yeligsed 4dea-naphthyl=21Sedicarboxy-216-dinethyl=-

. pyridine,

_ t 3 N
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Several reagents were employed with disappoiating
results in every csse. Trectment with phosphorus
pentoxide in boiling toluene gave no alkeli insoluble
material nor did various treatmwnts with concentreted
sulphurie acid, Treatment with chlorosulphonie aeid
yielded a winute amount of orenge solid too small to be
worked up, '

Accordingly the seid chloride was formed by treate
ment with thionyl chloride and aluminium chloride wag



added t effect oyelisation. Alkeli soluble material l
was removed by treatment with dilute ewmwonie and a very
intrectable dark brown powder was obtained in 20% yleld
melting above 370°C, No means could be found of
effecting purification, The preparetion was repesated
with use of phosphorus pentachloride in place of the
!thiowl chloride and en 85i yleld of impure black |
product obtained. This, t0o, defied all attempts at
}purifmm

| The impure materiel wes brominated in the hope
that the bromo compound might more readily undergo
alkaline fusion. The derivative appeared to form
readily but the product could not be purvified nor ald
!1?. underge alkaline fusion to yield & vat dye.

; As & group the derivatives of S-czabenzanthvrone
‘emsmined in thie work ere chavecterised by & proncunced
d1ffieulty in handling and purification. It must be
remeubered thal most of the compounds dealt with were i
anino acids in virtue of the carbowylie groups and the
tertiary amine nitrogen of the pyridine ring, they }
contain and their working involved the usuel aifficulties
miam with such compounds., Perhaps the most |
etriking example of this was the difficulty of sepere
ating ll-carboxy-i: Ll-dinethylet-agabensanthrone from
1ts hydrochloride.
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Other factors tending to make the work no less ;
difficult were the lack of solubllity in usual organie |
lbolvin‘uuﬂtho fact that most of the aseabensanthrone !
derivatives melted sbove 360°C, These two properties |
!pmwdofparﬂwhrmmmmh |
purify the compounds. This difficulty cen be most |
m emenmplified by the necessity of using six
1itres of normal propyl &leohol t0 recrystallise one
@un of 1:111keto-8110=-dinethyl-teasabensanthrone.

&'ho only derivative to show apprecicble solubility

|||u the 8:10-dimethyl~Gwazabenszanthrone which eould be | |
.mryomlim with comparative ease from ethyl u.aom,.
This property is in accordance with the informtlon
contained in German Petent No. 634968, (C.A. 1987, 31,
|417), & copy of which was kindly provided by Imperiel
ichmm Induetries, Ltd. This patent states that
ib-mumma (page 24) can be purified in the
usual wey by eryetallisation, and in perticular spec-
ifies ethyl eleohol a&s & solvent for the azebensanthrone
prepared by the performence of & Skreup reaction on |
1: 3=-dimethyle2-azanthrequinone, the vroduct of which may
'possibly be 8:10-dimethyl-O-azabensanthrone (page 23).

The derivatives of S-azabensantirone examined wive
characteristic colours with oconcentrated sulpimrie acid
with fluorescence. 7The lle=carboxy-3:ll«dimethyl-tensa=
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e gives a bright orange brown colour with
green fluoregscence in daylight and strong yellow fluor-
iomnel in ultraviolet light; the 1l:lleketo-8tliwdi-
'Futhyl-e-mbcnmthmm gives a ved brown eolour with
entrated sulphurde acid with no appreciables fluor-
escence in daylight but brown fluorescence with a tinge
£ green in ultraviolet light; the 8:10=-dimethyl-O~-age:
| engsanthrone gives a pure red colour with strong green
fluorescence ia daylight and very strong milky blue
fluorescence in ultreviolet light.
f It appears & general conmclueion that derivatives
of O-asebenzanthrone do not undergo elkaline fusion to
form dlazadivenzanthrones,; none of the compounds extme
ined 80 doing. Thig is in accomdance with the prop-
erties generally sscociated with the azadbenzenthrones
as a group, o diazedibenzenthronss being reported in
the literature. The preducts of the attempted nlcnlinr
fusions did not act a8 vat dyes and it seems Justifiable
to conelude that derivetives of Oeszabenzanthrone ere,

ia themselves, of no value as dyestufls. :




EAPERIMENTAL SECTION

The experimental work carried out is deseribed in
' the following pages. Yields are quoted as percent-
ages of the theovetical amount obtainable and all
| melting points are corrected, the thermometers
' employed having been calibrated ageinst stendard |
_short stem thermometers.  lelting points were |
determined im an electrically heated coil appavetus

_' with which temperatures of 370°C, could econveniemily

‘be obtained, when only very small quentities of

} materiel were available the melting point determinations
were performed on a special miero melting point

- apparatus coneisting of an electrically heated plate
mounted on the stage of & low power microscope.

A1l new compounds obtained in the pure state have
been anslysed by miero methods by !Ur W, Srown of the
Department of Medical Chemiastry of the University of

| Cdinburgh.
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| Vreparation of Hydrogen C;nnm

(Organie yntheses, volume 7, page 50)

Anhydrous hydrogen cyanide was prepared by simule
tanecusly dropping Tairly slowly a solution of 450
grams of sodium cyanide in & litre of water and a litre
Iof & 1:1 solution of concentrated sulphurie acid end
iwaur into & large flusk, care being taken to maintein
‘an excess of the acid in the flask. ‘hen all the
'solutions had been added to the flask the contents were
'boiled to drive over the remaeining gas. The ges
Ewolvod was led through ecaleium ¢hloride drying tubes
‘and through & coil of lead tubing eooled in iee, and
the liquid hydrogen cyanide was collected in a special
bottle, It was a clear liquid tinged slightly yellow.
About 210 grams were obtained in each experiment Leing !
847 of the theoretical yield. The liquid wes used :
without further purification, d

Preparation of a~japhthaldelyde

(liink.lj .ﬁ-ﬂiw aﬂﬂ QWQ!I, rocc ;‘o 19363 34\))

| “luminium ehloride 340 gramg
dydrogen cyanide 122 mils,

Chlorebenzenc 80 mils :
Naphthalene 126 grams |
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| The aluainium chloride was powdered in a mortar
|and introduced into & two litre ryrex flagk with three
necks and the chlorobenszene i{mmedistely added, The
centye neck of the flask carried a stirrer, one gide
neck & water condenser with & caleium chloridd. tube and
the other a dropping funnel of 130 =ils, capacity,
The flask m placed in ice water and the hydrogen
eyanide gredually added from the drspping funnel, the |
contents of the flask being stirred. The addition of
'tho hydrogen cyanide gshould take about thirty minutes.
The ice water was then removed and the flagk allowed to
stand for fifteen ainutes at room temperature to con-
plets the formation of the white addition eompound l
Alllge2iCH .  The naphthalene was added and the funnel
replaced by & wide tube for the introduction to the
fiask of a strean of hydrogen chloride which was gener-
eted by the action of concentrated sulphusrie aeid on
smmonium ghloride voltolds and dried by being passed
through concentrated sulphurile acid,

A slow streanm of hydrogen chlorida was passed in
for fiftecn minutes at room temperatyré and then the

|

| [
flesk was surrounded with a water bath and heated to

i70°C. for five hours, stirring and ine stream of hydrog
ichlor:ldo being continued throughout, 7he time and the

iumperamre must be rigorously adhersd W. The conte .
‘of the flask, a black viscous liquid, were then poured
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|
on to & mixture of concentrated hydrochlorie acid and !
ice, an operation best performed out of doors owing to !
the eopious evolution of hydwrugen chloride. The mix-
ture was then steam distilled until no more yellow
liquid - a-naphthaldehyde -« passed over, an operation
requiring sbout thirty hours.

The dlatillate which consisted of water, chloro-
benzene and a-naphthaldenyde, was extracted with ether |
and the ethereal extract shaken for eight hours with e F

eaturated aguecus solution of sodium bisulphite. This
‘was prepared by pasaing sulphur dioxide into a solution

of sodium carbonate until it went apple green, about
twelve hours being necessary. The white naphthaldehyde-
Ebisulphitn compound was filtered off and placed in a -
Pive litre bolt head flask. Diiute sulphuric acid was
:addod and the contents of the flask steam distilled
until no more a-naphthaldehyde passed over (elght hours).
Erhu distillate was extracted with ether, the ether ?
evagorated off and the e-naphthaldehyde redistilled. Y
‘ Yield 658 greas, i.¢. 36 theoretiecal.

S0iling point 237 - 20090, quoted 201 - 202°C.

The Piltrate from the bisulphite compound filtretion
| |

was distilled and the chlorobensene recovered and used

again, It is purely a solvent.
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Preparation of Jd-a-Vaphthyl-3:5-dicarbethoxy-
2: 8-dimethyl-lid-dihydropyridine.

NH
Me Me
E+00¢ COO Bt
CHo
0

| a~aphthaldehyde 68 grems
|

| “thyl acetoacetate 92 grams
; Saturated aleoholic ammonia 1680 mils.

The above three reactants were mixed in a 500 mil.
ibolt head flask and boiled on the water bath under a
reflux condenser for six hours. During this time
mm ges was passed into the reaction mixture through
%a tube passing down the condenser. The gas wag generw
ated by boiling concentrated amsonie in a 2 litre flask,
gmmr Swhitre flask being fitted as & trap and the ges
finally dried by means of & soda lime tower. At the
‘end of the reaction the red solution was poured inte a
‘beaker and on eooling yellow crystals were deposited.
These were filtered off, washed with ethyl aleohol and

;drild.

Yield &4 grams, i.e. ©62° theoretiecal,
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i The ester was recrystallised twice fyom bensene |
|vhon fine, almost white, crystals were obtained,

| Velting point 221 - 23027C,

| inalysie:

‘caleulated for CoglipgOg = C = 72,833 H = 6,633 N = 3,7%,
|
! m C - 72.3'5‘ H - 6.8" 0 - 3.? -

The compound was insoluble in alkeli and in dilute
acids. It instantly decolourised bromine in carbon |
' |
tetrachloride solution and so is unsaturated. i

Preparation of 4-Fhenyl-3: S-dicarbethoxy~
2: fwdimethylel: 4=dihydropyridine,

| NH

|

i Nle Me

| CHO Eroac = COoEt

O

The product of the Hantzsch synthesis on a-naphe
thaldehyde, 4-e~-naphthyl~3:8-dicarbethoxy-2:6-dinethyl-
Lid-dihydropyridine, was found to be insoluble in
‘dilute acids, This is contrery to the expscted Lehav-
iour of a pyridine derivative. The corresponding
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%‘phonwl compound was Tirst prepared by Schiff and “uloti
lin 1883 (ser. 18383, 16, 1607) and this preparation was
repeated in order to examine ite behaviour to acids.

} senzaldehyde 10 grams
| Zthyl acetoacetate 25 greme
Satureted alcoholic ammonia 40 miles.

The liquids were mixed and » white precipitate
;;nppun-cd imrediately. The mass was warmed to ao°c. |
?__mluuen being then complete. liost of the alechol vui
?wapomud off and on standing overaight well-formed ‘
yellow erystals developed. These were filtered off, |
waghed and recrystallised from ethyl alecohwl.

i Yielda © grame, i.¢s 307 theoretical.
| Hepe 166 = 157°C.y quoted 156 - 157°¢. !
|

The compound, which was white in the pure state, |
|m insoluble in hydrochloric acid, dilute or concen- |
itmud. and in dilute sulphuric, showing this somewhat
!abnomal property % be a general one of the series.



Preparation of Crude 4d-a-Naphthyl«3d: S-dicarbethoxy-
2: Gedizethyl-pyridine.

MH N
Me Me Me — Me ;
E+00C COORF E+00( Co0Et |
|
i

100 grams of the ester prepared by the Hantzsch
synthesis on e-naphthaldehyde were mixed with an equel
‘amount of ethyl aleohol in & 500 mil. bolt head flask.
Hitrous fumes, generated by the action of concentrated :
‘nitrie aeid on lumps of arsenious oxide in a litre bolt
‘head flask connected by glaas tubing to a emall gas
‘bottle as a trap, were passed into the mixture in a |
-fairly vigorous stream over two and & half houra, the '
reaction vessel bLeing cooled in munning water., At v.h.J
‘end of the time almost all the ester had gone into |
solution leaving an orange liguid. The small residue |
was filtered off and the slecohol removed from the
filtrate on the steam bath., Fowdered sodium carbonate
was added o neutralise the acid present and when the
ef'fervescence had ceased the excess was filtered off,
The filtrate was extracted with ether and the extract
on removal of the ether by warming, le™ a red oil.
This last operation wag conducted in a litre Jena flask

in which vesesel the next operation was 10 be carried
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out.

Yield ©1 grams, i.e. 917 theoretical.

Freperetion of the Hitrate of 4-a-Haphthyle3d:be

dicarbethoxy~2: G=dimethyl-pyridine,
HNOy

| NH N

| M Me Me Nie

| B+ 06C Coot Erogc Cooth
! i

In & repeat experiment 10 grams of the dihydro-
jpyridlm derivative were oxidised by the action of the
nitrous fumes over the longer period of twelve hours.
After removal of the alcohol and neutralisation of the
acid by sodium carbonate, ether was added 1o extract
‘the red oil.s At this stage & pink solid was thrown
jdmvn. The ether extract was filtered and the ether
‘evaporated leaving the usual product of the shorter
reaction as the red oil.

Yield of 0il & grams,.

The pink solid was washed with ether and dried on
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 on & porous plate,

Yield 4 grams.
Hepe 96 - 90°C,

|
The pink solid was recrystallised twice fron cthwl;

aleohol when the melting point rose to 00 « 100%°C. and |
99,8 = 100,8°C,

|
Analysis: |

caleulated for [
CogliggOqleilli0g « C = 62,733 H = 8,853 N = 6.4,:.,
found = C = 62,8) Hew 6,215 N = 6.#'.

|

l

|

Preparation of Pure deaeiaphthyl-3:S-dicarbethoxy+
21 6-dimethyl-pyridine, t

|

|

4,00 grams of the pure pink ¢rystels of the
uitrate, prepared above, were treated with 25 mils. or‘
dilute ammonie solution and warmed to the boiling poinil..
| The solid melted to & paler pink oil which remained i
. diserete. A portion of the solution gave a positive |
' brown ring test for a nitrate confirming the supos~ |
'ition that the pink crystals were those of the ni.mt.e:



of d-g-naphthyl-3: S-dicarbethoxy~2: E-dimethyl-pyridine.
After standing for an hour the solution was filtered
‘and the solidified ester well washed with water and
'drind on a porous plate.

Yield 3.42 grame; cllculated for loss of
H¥Og = 3,42 greams. l

M.ps €0 = 68°C,
The meterial was recrystallised from ethyl u.cehox
\in the hot solution of whieh it was very soluble, |
Lam flaky crystals, tinged pink, separated out in thJ
Imfriscmar and these were filtered of ', waghed and
‘dried in the air.

| Hepe 58 « 59°C,

iRooryaﬂlllut.m was again efrected leaving colourlesa
:cwamn, melting at 50 « 60°C. This figure was une
fehmgod after another recrystallisation.

|
|
|
Analysis:
‘ealculated for Cgglipgdgl = C = 73,293 H = Geliy N = 3,75,
|
| found C o= 73,453 H = Gl N ﬂ.c_::,.
|
|
|



: ey

. Preparation of 4~myaphw1-8~camms-carbothow:-
21 6= imethyl-pyridine, |

| i ? |

Me Me Me. Me ‘ |

| Frooc OOEt HoOC CoOBt ‘ |
| |
e |
|

| |

Crude 4-a-naphthyl-3:S-dicarbethoxy- _.

2: G=dimethyl-pyridine 26 grems
Potassium hydroxide (elight excess) 8 grams
Zthyl aleochol 250 mils.

|
| The potassium hydroxide wes dissolved in the ale-

icohol by gentle warming and the solution poured on to
| the red oil contained in & litre Jena flask. The mix-
‘ture was refluxed on the water bath for four hours and
poured in t a solution of 10 mils. concentrated sule
 phuric scid in & litre of water, A cream coloured |
' 80l1d was thrown out which was filtered off, washed
 with water and dried,

|

-

Yield 23 grams, i.,e. 100Z theoretical. .
HePe 281 » 332°C. with gessing. ‘

The material wes yecrystallised three times from
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ethyl aleohol; the melting point from the last two

|
i Analysis:
|

‘eumum for Cljglgll = C = 78,275 H » B4y ¥ = 4,00,
| found C = Tlediig H = 8,803 H = 44105,
|

Preparation of dea~Naphthyle3:S-dicarboxy«2; 6~
dimethyl-pyridine.

N ; N
Nle Me Me Ne=
HooC CooBt Hooc CooH
ey
N

deg=laphthyle3-0arboxy=tecarbethoxy-

‘opamum remained unchanged at m"c. with gassing.

216=dinethyl-pyridine 1.62 greame
Potassium hydroxide (Farreld suones) 1.00 grams
“thyl aleohol 10,00 mile, |

The potascium hydroxide was dissolived in the alco-
hol by slight warming and the solution poured on to the

80ldid in a 50 mil, Jena flask and the mixture refluxed

on the water bath for 100 hours. The solution was
then poured inte 100 mils, of water acidified with 12
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mils. of dilute sulphurie acid when a light buff po'adw.?
was thrown down. This was filtered off, waghed and |
dried.

|
I Yield 1l.45 grams, i.e., ©98° theoretical.

M.p. 334°C. with gassing. |

|

|
|
|
i
|
|

1’ on successive recrystallisations from ethyl a:l.ooha;i
‘the melting point varied

1.  320%, with gessing.

2, 3306°. with gossing.

3. 824,85 - 326°C, with gsasing. |
As gassing indicates a decomposition point and mot a I:
true melting point, these fluctuations are without |
‘significonce and probebly arise from differences in the
vate of heating. 7The meterial was insoluble im cold |
water and in ¢old hydreochlorie acid; 4t wes soluble m'
hot water, hot hydrochloric acid and cold sodium |

hydroxids.

The hydrolpsis of the diethyl eoter was also \
|
earried out in an scid medium, |

Lwg=Naphthyl-3=carpony-S-carbethoxy-

21 6-dimethyl-pyridine 2.00 grams
Glacial acetic acid 25 mils.
Concentrated sulphurie acld 14 mils,

vater 7 wmils.



|

|
The above mixture of acids and water 1s kmown to :
be en efficient hydrolysing agent. The reactants were
carefully mixed end refluxed on the water bath for !
;mom.. The dark 1iquid product was poured imto

\WMJa.efuurwhmawm»lmmmaan
'This was filtered off, washed with water snd dried. |
|

| Yield 1,26 grams, i.¢. 685 theoretical.
Mepe  330°C. with gassing.

The material wes successively recrystallised from
' ethyl sleohol when the melting points were

1., 323 - 328,8%. with gassing.

2. 381 - 332°, with gassing.

3. 330,56 - 331°C. with gessing.

4 mixed melting point of the once recrystallised |
 product, mepe 388 - 328.5"6. aend the once roarymnh&ld
- product of the previous preparation, m.p. 3m°c. mlud
| eharply with gassing at 320°C, As these are decom-

_ position points, however, not very much importance ennl
' be attached to these cbservations,

The more efficient alkaline hydrolysis was then
repeated on the large scale,
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I Crude 4des-aphthyled:S-dicarbethoxy-

; 21 6-dimethyl-pyridine 01 grems

| Poteassium hydroxide (fourfold excess) 106 grams
. Bthyl aleohol 450 mils,
|

The potessium hydroxide wes dissolved in the cthyl
auoholwmmxaomdonuwoaneom
tained in a litre Jena flask. The mixture was refluxed
on the water bath for 100 hours and then pouved inte
:.88 mils, concentrated sulphuriec ascid in 2600 mils.
water. From the red solution a buff eoloured solid
wes thrown down, which was filtered offf, washed with
iuurmm.amm-uumn. |

| Yield 665 grems, i.e. 857 theorstical.
‘ Mepe 328°C, with gemssing.

Of solvents for recrystallisation ethyl alechol
‘npwmdummunmm;motumnm-
!mdedhtthomtoriﬂmuudummd. A
portion, however, was recrystalliised three times for

eanalysis.

Analyeis:
ecaleulated for CigHyigigl « C = 70.0%3 H » 4,853 N = 4,47,
m C - 70.8; H - 4;31' H - 4.‘4.[-‘
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| Preparation of l:lleKeto-8:1l0=-dimethyl-f-azoben-
| zanthrone nymrmm

Hat
N N
| Me Mg Me
| hooc COOM
| " oC co
| —
|

‘ 1) grems of 4-a-naphthyl-3:E-dicarboxy-2:6-dimethyl-
imidinl were refluxed on Axon bath at 80 - 100°C. I
|f0r two hours with 8 grams of dry phosphorus penta- .
chloride and 1850 mils, of AnalaR benszene. The con-
denser was fitled with a caleium ehloride tube and
eoplous evolution of hydrogen chloride was observed.
‘The bensene and phosphorus oxychloride formed were |
‘removed in veeuo at 50°C. 10 mils. of benzene were
added and also removed in vacuo. SOgramorfﬂshJJ:
powdered aluminfum chloride were added and 160 mils., of
‘sulphur-free carbon tetrachloride and the reactents
refluxed st 100°C, for six hours, Evolution of hydrogen
iehloridl was observed during the firet two hours. The
daerk solution was cooled and poured on 1o 100 grams of
:iea. The dark solid was romoved from the flask with a
isr.m.\-.tti.a and added to the ice. The mixture was filtered

washed with water and dried on 2 porous plate.

Ydeld 10 grams, possibly containing alumina,
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| The material was digested for thirty minutes with
:d.nuto amsonia to remove alkall soluble impurities.
‘Piltration of the product was slow due to the slimy nature
of the solid, vashing was effected with s little
water and the solid was dried on a porous plate mra;

| bunsen flame.
Yield 2,60 grams.

The digestion with ammonia was repeated and the
Emntcr:lal waghed until the wash liquid wes colourless.
!'rh. 80lid was then dried on & porous plate end con-
sisted of s dark coloured powder with a tinge of green.

Yield 1,71 groms, 4i.e., 207 theoretieal,

|
| The material shrinks at 230°C. but doss not melt

‘welow 260°C, It melts and burns on a platinum foil
leaving no residue, It is gquite insoluble in dilute
‘amwonia, both hot and eold; it is soluble in dilute
?hydroehloﬂe acid and ingolubls in hot weter, It is
i slightly soluble in ethyl slechel to give & gresnish
II solution, end more 60 in normel propyl alechol to give
& solution with a deeper green tint,

The ketoazabenzanthrone was therefore recryst-
allised fyrom propyl ale:hol from vhieh it separated as
| an orange powder, To form the hydroehloride it was
dissolved in boiling dilute hydrochloriec acid and
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Iaumd to crystallise out, when it was filtersd off,

‘wuhcd with dilute hydrochloric acid, then water, and

|dr1cd over caleium chlordde in an unevacuated dn:laaawr.

Analysis:

| ealeulated for

| CygilyjOgi.HCL C = 700B3 H « 3,753 N « 4445,
Pound C = T0.05) H « 4,053 ¥ « 4,55,

Preparation of 1:1l«Xeto=8:1l0-dimethyl-0-azaben~
zanthrone,

i Hd

| N N

‘ NE Me Me— Me
| i

‘ ocC co —— oC co

About 0.5 grams of the hydroehloride of the ketow
iasabemnthmm were digested with eold dilute amwonia
gfer fifteen minutes and the solution filtered., The
filtrate was quite colourless snd the solid, which
?mtainnd the same sppearence throughout, was washed
'very thoroughly with water. A portion was boiled with
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t:::o aitric acid, cocled, filtered and silver niltrate ‘
' to the filtrate. A distinet opalescence developed
|bhwin¢ ionic chlorine still to be present., The moo&o
was repeated and the compound dried in & ¢lean desiccator.
|ilon1c chlorine was now found to e absent from the oruujc

#. The compound was unchanged up to 370°C. but I
#ﬂmd on & foil lesaving no residue, |
|

| Analysis:

caleulated for Cygy 0o = C = 80,08 H « 3,055 ¥ = «-}.9%,
|

| found C = BOWLH; H = 44433 N = B.O,

|

|

Preparation of the Dinitrophenyl Hydrezone of i
1:1leKeto=-3: 10=-8imethyl-f~azabenzenthrone., '

i 15 mils, of the dinitrophenyl hydrazine reagent, |
ga;s in elcohol, were mixed with 15 mils. of ethyl alaeho}
and the solution boiled., A small guantity, ebout O¢l |
groms, of 1i1leketo-8:10-dinethyl-0-asabensanturone |
rwu sdded snd the solution boiled for about thirty
fnaonds. The solution was then filtered and the |
filtrate treated with & few drops of concentrated

:hymehlarlc neid and allowed to cool, ™ine clusters

i°f orange needles were deposited in reasohable amount,



These were filtered off, washed with ethyl aleohol and |
dried in the air. The hydrasons was boiled with 500
mile, othyl aloohol for six hours and £11tered end the |
residue boiled with another 500 mils. and filtered. '
The two filtrates were combined and on cooling depositc|
fine orange crystals which were separated dy decantatio
and slow evaporation of the last traces of ethyl alechol.

The ecompound Aid not melt below 370°C. |

Analysis: |
caleulated for CogHysOgig = B = 16,1% |
|

found ¥ - 16,85 |

Nitrogen pereentege for dinitrophenyl hydracine reagent
ie 28,353 nitrogen percentage for ketoazabenzanthrone |
’-‘ ‘.9}.‘.

, Hydrolysis of L:ll-Koto=5:l0-dinethyl-g-agaben-
‘ zantiuyone with sodium hydroxide.

N . N

_ N |
MNe. Me Me.- Me Me- g Me
| (0ONa
| CooNa : ;
| - Rt Y
| |

04300 grams of chloride~firee l:ll~iketo=S:lie=
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dimethyl=O-azabenganthrone were refluxed with 20 mils.
ailute sodium hydroxide solution for eix hours and the
#11& brown solution that developed was filtered. The
{:mm was washed and dried. |

|

| Yield 0.217 groms. |
| |
|

The filtrate was acidified with dilute hy&mehloria?
acid and gave an orange-brown flocculent preecipitate. |
This 18 in all probability a mixture of l-carboxy«sS:lO-
dimethyl--azabenzanthirone and u—cmow-a.m-amm-#
Peszabenzanthrone .
| The keto compound, therefore, is hydrolysed to an
extent of about £65 on belng boiled eix hours with

eodium hydroxide,

. Hydrolysis of 1:1l-Zeto-8:10~dimethyl--azaben~ i
| zanthrone with distilled water. |
|
|

(o]

aRZF
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0,436 grams of the ketoasabenzanthrone were boiled
with 500 nils. of distilled water for 100 hours and the
faintly yellow solution filtered through & weighed
sintered glass funnel, giving, when dry, 0,413 grams
of ketoazabenzanthrone unattacked,

The filtrate was evaporated to dryness on the
steam bath and & few mils. of dilute ammonias added,
wvhen the solid all dissolved. The ammonia was then
evaporated to dryness.

Yield of residue 0,088 grams.

The weight of ketoazabenzanthrone dissolved was 0,023
grams, or calculated as the amwonium salt of the l- or |
11l- carboxy eecid, 0,026 grame.

It thug appears that l:ll-keto-8110«-dimethyl-0-aza~
benzanthrone is very slightly hydrolysed to the acids
when subject to prolonged boiling with distilled water,
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Attempts to Cyclise 4-a-Vaphthyl-3:B-dicarboxy-
21 6-dimethyl-pyridine Involving one
Carboxylie Group.

If only one of the carboxylic groups reacts,
ring closure of 4-a-naphthyle3;S~dicarboxy-2:G-di-
methyl-pyridine should yield either ll-carboxy=S:10=
dimethyl-t-azabenzanthrone or a fluorenone derivative
according to which group cyelises:

Identification of such a ring cloged product
ghould be easy for the fluorenone derivative should
react as a ketone and give a dinitrophenyl-hydrezone
whereas the azabenzanthrone derivative ought not to
funetion as a ketone, none of the benzanthrone series
80 doing except those with additional ketone groups.
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Several reagents were esployed in attempts to
eyclise partially 4-s-naphthyle3: S=dicarboxy«-i;te
dimethyl-pyridine,

On account of its value in the analogous case with
benzanthrones, concentrated sulphuric acid was the
Tirst reagent to be employed.

(a) 0.2 grams of the dicarboxylic acid were
treated with 2 mils. of concentrated sulphurie acid
for 30 minutes at 50°C, The liguid turned red-brown
and was poured into 650 mils. of water, The solution
beceme yellow but no solid was throwa out.

(b)) O¢l grems were treated with 3 mils. of
concentrated sulphuriec acid for Sne hour at room tempere
ature, The solution developed a golden colour with
green fluorescence. It was poured into 60 mils, of
water. 1o solid separated out.

One experiment was conducted with 707 sulphurie
acid. 0.1 grams of the dicarboxylic acid were treated
with 2 mile. of 705 sulphuriec acid for 30 minutes at
100°C,  This temperature was employed beceuse the
risk of sulphomation was less with the weaker acid,
Some of the 90lid remained undissolved and was removed
mechanieally. The solution was greenish yellow and
was poured into 50 mils, of water, Yo solid separsted.

Cxperiments were conducted with phthalic anhydride



whieh has proved valuable in the case of bemsanthrones.
1 gram of the dicarboxy acld was wixed with 3 grams of
phthalie anhydride and one drop of concentrated sal-
phurie acid end the reactants boiled for 15 minutes, }
af"ter which they were poured into water. Nothing '
appeared to dissolve in the water., The water was
boiled and s0lid sodium carbonate added until the
solution wap alkaline, It was faintly lemon in colour,
The black insoluble residue was flltered off - the
carboxy-azabenzanthrone should be soluble in sodium
carbonate - and the filtrate acidified with dilute
hydrochlorie acid. No s0l1id separated, :
In a second experiment 0.6 grams of the dicmo:y-g
acid were nixed with 1.5 grems of ohthalle anhydride
and two drops of concentrated sulphurie ascld end heatad‘
'to 150°C. for one hour on en oil bath. The mixture wag

stirred at intervals and at the end water was poured
into the tube and all the solid dislodged, The mixture
was boiled a few minutes to effect solution and then |
made alkaline with sodium carbonate, [Filtration :
removed the insoluble material from the solution which |
had & green tint., Acidifieation with dilute hydro-
chloric acid produced some effervescense Lul no solid,
'The solid removed in the filtration wes whitish in |
appsarance and gassed at 128 - 130%C, dence it wes
‘concluded to be phthalie auhydrids,




|
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_i Chlorosulphonie sodd has been used oecasionally 1n|
Wm&mummmmmm !

|
view of the lack of success of the above experimints u{

was employed here.

{a) 1 grem of the dlcarboxylic aeld was treated
with 6 mils, of chlorosulphonie scid for 8§ minutes in
the cold and the vrich ruby red golution cautiously
;pwmd into water. The immediate produet wes in the
form of clean yellow flakes wiich, on fMliration, lost
their clean appemrance and aftar washing eand deylag
were dark orange.

Yield 0,25 grana. l
d.ps above 3720°C.

|
Theoretical yields are mot quoted in thess prelim- ‘
inary experiments as the products were alterwards |
shown to be acild salts. |
| The product was soluble in sodium hydroxide. |
(b) 0.1 grems of the dicarboxylie seld were |
treated with 3 mila, of chlorosulphonic scid for 0
minites at 50°C, and the ruby red solution capefully
poured inte water, 100 mils, The solution turned a
Erich golden yellow and some yellow erystals separated
out. On filteation and drying there was only ensush
;mrhl for & melting point deterxination, which was

e a70%c,




(e) 0.1 grame were treated with 3 mils, of chloro-
sulphonie acid for one hour at 100°C, and the wred
solution poured inte 100 mils. of water. A rich yellow
solution developed and on gtanding overnight yellow
erystals separated out. These were filtered off,
washed and dried.

:l Yield 0,02 graus,
i llape  @bOVE 37;3°C:.

The product was soluble in sodium hydroxide.

(@) 0.1 grams of the dicarboxylic scid were
treated with 3 mile, of chlorosulphonic scid for one
|haur at roon tenperature and the red sciution carefMully
poured iate 100 mils. of water, Orange orystals

| appeared which were filtered off, washed with water and
'drisd on a porous plate.

¥ield O.,04 graus,
Yeps above 370°C.

The erystals were instantly scluble ia sodium i
hydroxide solution snd go still ave acid, Vith con- |
fccntmtod salphuric seld they zive a vich orange wlou:‘&
ivith & greenish-yellow fluorescence -~ & characteristic
i off banzanthrone:.

{e) € graunms of the acid were treated with 10 r'@ilﬂ.




chlorosulphonie acid for one hour at room temperature
and treated as before.

Y4eld 1.7 grams.,
Hepe @bOVeE m“c.

The product was soluble in alkall. _

(#) 4 grams of the scid were treated with 20 milas.
chlorosulphonie acid for three hours at room temperature
and the rieh red solution poured into a litre of water
with mechandcel stirring. A yellow precipitate which
later turned orenge was thrown down. This was filtered
offy washed and daried. |

Yield 1.4 grams.
Yepe 8bOve 370°C.

The product wes instantly soluble in alkall and
444 not yield a dinitrophenyl hydrasine derivative when
subjected to the usual treatment. This shows the
produet is probably the azabenzanthrone derivative and
certainly not the fluorencne derivative,

A review of the conditions employed and the results
obtained shows three hours at room temperature to be
the most satisfactory and these conditions were used
in the larger scale operations described below.
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sreparation of 1l-Carboxy-8:l0-dimethylefuarahone
santhyrone.

N N
Me Me Me- Ne
chom] o §; SE 2l
—

10 grams of 4-a-naphthyle=3:S-dicarboxy«2:C-dinethyle
Iwr:l.dl.m were treated with 100 grams of c¢hlorosulphonie
acid foy three nours at room temperature, The rich
red solution was then poured inte a tap fummel fitted
into the cork of a coniecal flask containing a litre of
water and provided with mechanieal etirring., Chloro-
sulphonic acid reacts very vigorously with water and
considerable loss Crom spurting ensues if the above
procedure is not carried out. Coplous waite fumses
were evolved and a yellow solid precipitated in the
water, After slanding overnight the precipitate was
filtered off, washed with water and dried on a porous
plate. I¥ was an orange powder,

Yield 4,81 grems.

HePe  OVEP 870°C.
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As the parent compound iz & base by virtus of the
nitrogen atom it wes suspected that the produet would
'Po & salt, probebly the sulphate, Accordingly the
orenge powder was dissolved in dilute asmonia ia which
it was instantly soluble to give a zolden brown selution
eni reprecipitated by addition of dilute hydrochlorie
selé with stirelag, After stending for some time
the orange solid wns filtered off, washed with water,
and dried on & porous plate,

Yield 3,322 grams, 1,9, 85 theoretical for the

ydrocilorids.
i P above 370°c'

Some of the meterial was reevystellised twice from
eoncentyated hydrochlorie agid in an attempl O convert
1t quantitatively inte the hydroeblorids. The fins
orange-yellow powder was analysed for ehlowina.

Anglyela:s

Caleulated for Cygily 4Oul.HEL CL = 10,45,

found Cl =« 340,

This shows that the materiel is apparently a
mixture of the firec acid and the hydrochloride.

“hen the matter of the separation of these come
pounds iz consldered it will be sesen that no ready
method presents itself, The chlorine can only be
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|
separated by solutiom in alkall and the material can |
‘be recovered only by precipitation with an aeid, again
siving a salt. |

It was decided, therefore, that if treatment of
this mixture could be mede to yield a pure product it '
:wm’m be legitimate to conclude that the ll-earboxy- |
seid had actually been prepered but could mot be |
vesdily sepavated from tue hydroehloride. Accomdingly

attempts were made to decarboxylate the mixtupe. |

Attempled Preparation of 8:10-Dimethyl-0-anzaben=
santhrone,

N N |

Me Me H Me |
e : COCH Be i
ey :

The commonest method of decarboxylation, treatment
with eopper bronze in boiling quinoline solution, was |
the first to be attempted.
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06 grams of the ll-carboxylic acid mixture were
boiled with 10 mils, of redietilled quinoline in a
Pyrex test tube and 0,3 grams of copper bronze added i.u
smell quantities, A frothing occurred at cach addition
but this may have been merely inereased boiling round
the copper particles, ‘Ihe solution was bolled for two
minutes and then filtered hot to remove the copper.

The quinoline solution was poured into 100 mils.
of dilute hydrochloric acid and allowed to stand. A
layer of flocculent green precipitate separated at the
foot but filtration through a sintered glass funnel
‘merely left a black coat that could not be removed.

The exporiment was repeated with a different
technique in the working up of the products, |

0«8 grans of the carboxyliec acid were boiled with
10 ~4le, of guinoline nd the solution allowed to go
of'f the boil when the copper bronge (0.3 grans) was
added in small guantities, Frothing occurred as
‘before and move ¢opper was added until no frothing
oscurred on its addition, The solution was thereupon
filtered to remove the copper bronze and steam distilled
for four hours to remove the quinoline. A brown
solution with o bleck scaly solid was left. “he solid
was removed by filtration, washed and dried,
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| vield 0,5 grams.

The materisl was found €0 bDe soludble in dilute
ammonda and conseguently wos extrected with 10 mils.
and the solution filtered leaving & black sealy solid.

Yield 0,07 grams.
Y.p. above 370%,

| The material burned on a foil leaving no residue, |
@id not contein halogen but was almost insoluble in
aleohol, in striking contrest to the product of the
sublimation, page . It proved to be elmost ineol-
uble in the usual organie solvents and could not be

guamu' purified. i

| An elkeline fusion was performed up to 320°C. but
no chevecteristic colour developed and the melt did mot
act as a vat dye.

¥ith concentpated sulphuriec ascid the materisl gavo?
& brown solution with a strong green fluorescence.

In view of the successful sublimation method of
decarboxylation, this method was not tried Maurther,
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Preparation of 2:10«-Dimethylefeasabensanthrons,

N N
et Mo rMe
o COOM
] @

The goal of the research was attained by subliming
the ll-carboxy-S:l0-dimethyl-f-azabensanthrone and ita !
hydrochloride mixture im e high vacuum. The apparatus
‘eonsisted of & Pyrex test tube, 8" by 1" on to which a
‘short side tube was blown. The condenser consisted of
‘@ length of (" Pyrex tubing pointed et its lower end,
!thc condensing surface. A rubber stopper was placed
round this tube at such 2 height that the tip of the !
condenser was 1" from the foot of the FPyrex test tube.
‘The condsnser tube carried a rubber stopper at its |
‘open end with two holes through which wes passed a long
a.nd a short length of 3/16" glass tubing. Vater was
led down the long length which reached to the foot of
the condenser and the short length was connected W a
sink, The pump wes & motor one giving & vacuum,

geunerally between 0,03 and 0,08 mm, mereury.



- 02 - |

0420 grams of the llecarboxylic acid mixture were
;Matm&otafm?mxustmmmmwm
 denser asserbly placed in position, The tudbe was aon-~
‘nected to the pump through e gauge end evscuated. |
ia high vacuum had been obtained the tube was hum::j-
‘metel bath up to 380°C, An ovenge yellow sublimate |
‘condensed ead the reaction appeared to have terainated
after about five hours. On removing the condenser |
0,021 grems of sublimate were obtaimed, mich carbon-
1sation having occurred. |

The process was repeanted until suffleient mur!.alt
‘was obtained., Experdments in whieh an equal weignt of
coppey bronse ves nixed with the materdal were U &0 |
‘suceossful, the weight of sublimste being 0,003 grems.
The sublimate was quite inscluble in dilute amconia, |
It could be reoryetellised fyom ethyl aleohol, in the
hot solution of which it was vastly more soluble tham |
any of the other esabensanthrone derivatives ewanined,
Fine orange erystals ware obtained which dissolved in
‘concentreted sulphurie acid to give en orange red sol- |
ution with strong green fluorescence in daylight and
very strong milky blue fluorescence in ultre violet light.

The wmode of formation end the fact of its insol-
ubility in slkall sugyest very strongly that the product
is 8:10-dimethyl-Cenzabenzanthyone. |
| Analysis: caleulated for Cygliya0N N - 8,40,

found N e 5,30
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| On the other hand 4t wmst be pointed out that the
material melted over o vyange of temperature, 110 - |
220°c, This striking change in melting point from
gmaummumtumwm |
other quarters. 7The German Patent (page 22) quotes

no meltiag point for the asabenzanthrome obtained by
the performance of the Skyeup reaction on 1:3-&!-.%1-!
geazenthraquinons, the product of which may be identical
with the meterial now under examination, vhereas the |
patent does quote 196 = 198°C, for the melting point |
of the azabenzanthrone obtained by the Skreup resction
on lemethyleGephenyle-Z-azanthrequinone, It is a |
generally recognised property that a phenyl group on
introduction into a molecule tends to reise the |
melting point more than the introduction of & methyl [

group. It may thus be inferred that the product

described in the petent would have o melting point |
lower then 196°C. end it would be interesting to know |
why no melting point wes quoted,

f It moy aleo e mentioned Iin psssing that no
melting point is quoted in the patent or the products
of the Skraup reaction on Z-aszanthraguinone and a

bromns-1: Sedinethyl-2=-azanthraguinone,



Oxidation 0 1l-Corboxy-0: l0-dinethyl=0-aza~
benzenthrone with Chromie Acid.

: Two gramg of the mixture of the ll-carboxylic acid
‘and its sulphate were diseolved inm 20 mils. of con-
geatrated sulphuric acid and reprecipitated hy additio
of 160 mils. of water, The fine suspension wes hoiled
end eizght grams of chromie asid were added in portions.
The solution was refluxed !b:; twelve hours vhen the
solid changed in eolour from a red brown te o vivid
orange yellow., The s0lid weg filtered off, washed

with weter and dried,

Yield 0,90 grams,
Mepe ebove 360°C,

The material wes completely soluble in a moderate
amount of water end in agueous alkali. when a glven E
weight was dissolved in standerd allkali and the excess '*
alkali determined the valueg obtained sgresd closely l‘
with thoge celoulated for a moucbesic acld of mueulwi
weight in the region of the starting material. |
| The materisl was sparingly soluble in ethyl and

|
|
|

im:rm propyl aleahols and soludble in concentrated
}mp&awie- acid to mive an orange solution with a yellow
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fluorescence with & tinge of green in ultraviolet light.
The compound contained nitrogen and did not give a
dinitrophenyl hydragone, nor did it give a Wmut#o
oolmrmmmmm\ruh zine dust and sodium
hydvoxide.
| In all these properties it pesembles closely the
starting meteriel end it can thus be concluded that the
1l=carboxylic scid was unaftfected by the oxidation, the |
Test of the materisl vemaining in the sulphurie seid~ |
ehromie acid mother liquors, for separating it from i
which no ready means presented itself. |
It had been thought that if oxidation ocourred the
course of the reaction might be as follows i

oM come! GOH
Me
Me —_—
N N
N (O ne @

g:lv:lns 41 5=dicarboxy=1: 3=dinethyl-2-azanthragquinone,
(ef. oxidetion of ll-carboxybenzanthrone; J.L.Crieve,
Thesis, Edinburgh 1937),

Anthraquinones however, give derivatives with
dinitrophenyl hydrazine although not true hydrazones,
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do not fluoresece in ultraviolet light in concentrated
pulphuric ecid solution and do give cheracteristic
colours with sine dust end sodium hydroxide.

Oxidation of lleCarboxy-3:l0«dimethylefwaza~
benganthrone with alkeline Potassiunm

rermangenate.

Two grams of the ll-carboxylie eceid and sulphate
mixture were mixed with two grams of sodium hydroxide

pnd four grams of potassium permanganate and dissolved

in 300 mils, of watey, The solution was refluxed fori
24 hours. mmammmmmumwmlr

ese dioxide and the flltrate acidified with dilute

hydrochloric acid. No precipitate formed. The sole
ution was evaporated almost to Gryness when the residue

econsisted of a brown Jelly-like material. This was
filtered and waghed with small quantities of water in
which the brown colour was carried down into the file
?mm. The residue was a white so0lid which gave an
instant white precipitate with silver nitrate vhen
dissolved in water and seemed thus to be pure sodium
ehloride,
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The filtrate was evaporated completely to dmyness,
and extracted with pyridine, a prelinminary experiment
having shown that under similayr conditions sodium
culoride was not soluble in pyridine. On remving ml
pyridine in & vecuunm desicestor a dark brown materiel
vas lef't whiech possessed slight fluidity. Thus if e
portion was remved the surface in a short while agein
became intact,

The material was unaffected by heat up to 360°C,
and 444 not sublime after treatment for four hours.
With sine dust and sodium hydroxide the golour of the
solution was the brown colour obitained by dissolving the
material in sedium hydroxide.

The material was very soluble in water o give an
eeid solution. It dissolved in concentrated sulphurde
Beid to give a brown solution with a darker brown |
fluorescence in daylight ond & milky light blue fluor-
escence in ultraviolet light. An elements test showed
nitrogen t0 be present but the material could not umda
from the smell of pyridine even after several daye' |
evacuation,

The produet is obviously not an aszanthraguinone
derivetive and apart from its acid nature no positive

evidence regarding the sctual structure was obtained,
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Attempts to Cyclise depeilaphthyle3-carboxy=te=
carbethoxy-2: 6-dimethyl-pyridine,

Ring closure of 4-a-naphthyl-3-carboxy-S-carbethioxy-
2:6=dimethyl-pyridine should give either ill-carbethoxy-
8: 10=dimethyl-O-azabenzanthrone or a fluorenone dere
ivative end diserimination should be easy depending
upon whether or not the product yields a dinitrophenyl
Thydrosone.

Me Me
HooC Cookt

A variety of agents was employed with disappointing
negeative results in every case. |
Ve58 grams of the acid ester were boiled with
toluene, phosphorus pentoxide added and the whole
refluxed on an oil bath for one hour. The solid

residue in the flask was red-brown in colour,
Lxtraction with agueous sodium hydroxide disaoclved



everything to give a yellow solution. As the desired
product should be insoluble in alkali it had obviously
not been formed.

245 grams of the acid ester were treated with 20
mils, of chlorosulphonie acid for 3 hours at room
tenmperature and the red solution carefully poured into
& litre of water. A small emount of a yellow solid,
turning orange, mthrmoutandmallmdtonmd-
in the refrigerator for a week., After {filtration the
20lid was 80 small in amount that it could not be
removed from the filter paper.

Four experiments were conducted with concentrated
sulphurie acid, 0.1 grams of the acid ester were
treated with 3 mils. of concentrated sulphuric acid for
& minates at 50 = 70°C, and cooled. The solution
changed from lenon yellow to brown yellow. ctmuntrnu;d
ammonis was added until the solution was alkeline and
the resulting solution was quite clear. The desired
product should be insoluble in alkeli and s0 had not
been formed. Similar treatments for 15, 30 and 60
minutes aled gave no precipitates.

The three reagents hitherte employed yielded
nothing s0 the method used o prepare the ketoaza-
bensenthrone « formation of the acid chloride and
treatment with alusinium chloride -~ was tried,

1 grams of the acid ester was refluxed for two
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‘hours with 5 mils, of thionyl chloride, care being
tak‘m to exclude water., (iydrogen chloride was evolved
at the beglmming of the reaction., Excess thionyl
chloride was removed at the pump and 3 grems of powdered
sluminium chloride and 10 mils. of cardbon tetrachloride
added and the whole refluxed for six hours. The
reactants ware then poured on to 50 grams of crushed ice
!ami allowed to gltand. On filtration a dark coloured
product separated. This solid was partially solubls
in emmonis and s0 still contained unchanged material,
It was therefore trsated with 20 mils. of dilute
ammonie, warmed to boiling point and allowed to stand
for 15 minutes. It was then filtered off, well washed
‘with water and dried on a porous plate, giving a dark |
‘broewn powder,

Yield 0,19 grams, i.e. 207 theoretical.
Mepe @above WGQC.

The meterial was completely imscluble in boiling
dilute ammonia and in boiling water. It wes slightly
soluble in boiling dilute hydrochloriec acid to give a
faintly green solution, It proved to be 80 insoluble
in organic solvents that no purification could be
effected by their use.



- 101 -

1 grum of the acid ester was treated with 1 gram of
phosphorus pentachloride and 20 mils, of /AnalaR benzene
and refluxed on an oil bath at 80 « 100°C, for two hours.
For the first portion of the peried considereble
evolution of hydrogen chloride was observed at the caleium
ghloride tube at the top of the condenser, The reaction
wae effected in a 260 mil., wide neck conical flask for
eagse of removael of the final produet., The benzene and
phosphorus oxychloride were removed at the pump between
5O and 100°C, Another 10 mils, of benzeme wore added
and removed, 3 grams of freshly powdered aluminium
ehloride and 25 mils. of carbon tetrachloride were then
added snd the whole refluxed for six hours at 80 = 90°C,
Evolution of hydrogen chloride persisted for about three
houra, . The contents of the flask were then poured on
to 80 grvams of crushed ice and the solid sereped out with
& spatula, After filtration the solid was dried on a
porous plate.

Yield 2,10 grams; probably still moist.

This meterial was boiled for 5 minutes with dilute
hydrochloric acid to remove aluminium compounde and
filtered. The rich orange filtrate, on neutralisation
with sodium hydroxide, gave a white flocculent precipitate
presunsbly aluminium oxlde., The solid residue was
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treated with dilute amsonia for 16 minmutes, warmed to
the bolling point and filtered, leaving a uniform brown
powder after thorough washing and drying.

Yield 0,81 grems, i.e. 88: theoretical.
H.pg sbove 37000.

The material was insoludble in dilute zmwonda,
dilute snd concentrated hydrochlorde acid, water and
benzene, It was very elightly socluble in propyl
plechol to give a2 faintly green solution., Very slight
polubility in gleeclal acetic acid, chlombenzens and
peanyl aleohol was noled, none of these being of the
slightest use for purification., The compound appsared
t dissolve in bolling nitrobenszene but did not separats
out on ecooling. In pyridine complete solution occurred
but the solid could be recovered only by adding aleohol,
and even then the proeess wag very uneconomical. After
ene treatment 0,33 grems were obileined, melting above
870%C. and apparently no purer then the starting
materdel. Another treatment did not alter the appearance
at ell., The compound wes very dark brown and obvicusly
seriously impure. vith concentrated sulpburic acld the
moteriel geve & very dark brown solution,

An attexpt was made to form the dinitrophenyl
hydrazine derivative and proved negative showing the
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compound to be probably of assebenzanthrone type and
;eartainly not of fluorensne type.

Sromination of the presumed ll-Carbethoxy-8:10-
dimethyl-P-asabsnzanthrone,

030 grams of the material obtained in the provim
preparation were dissolved in concentrated sulphurie
eeid, giving a very iantense brown solution, and
precipitated by addition of wailer. A 267 excese of
bromine, 2 mils. of 0,58 bLromine water, was added and
the reactants were heated very gently so as not to drive
off the bromine. After 15 minutes the colour of the
bromine had disappeared and the solution was filtered, |
woshed with water and dried.

Yield 0,238 grams.
Mep. above 370%C,

on being boiled with dilute nitric seid the materdel
geve a strongly positive test foy ionic halogen.
Accordingly it was digested twice with dilute ammonia,
filtered off, well washed with waler and dried in the
gteam oven,
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¥ield 0,19 grams, i.e. &L7 theoretical.

The materiel then gave & negetive test for lonie
halogen but a positive elements test for halogen, the
silver halide being tinged yellow. It thus eppears
that the bromination hed been suecessful., The material
was completely insoluble in aleohol,; chlorobenszens,
glaclel ascetiec acld and other usuel orgonic solvents.

It was soluble in pyriding but less s0 than its precm+r.
40 give a brown solution: PFurification was attempted |
by edding bot ethyl alechol to the hot pyridine soluti
until the first trece of procipitation eppeared, when |
the @olution wes pleced in a yefrigerator. Overnight |
a very small amount of solid ceparated, which it wus !
impossible to work up. The pyridine was taken down to
dyymess and the dark lupure bromo-compound recovered,

It melted cbove 370“0.. did not melt on a platinnn:
o4l but sublimed awey leaving no residue. |

The meterisl was fused with sodium hydroxide up t&;
250%C, 7The melt remalned the same dirty brown colour |
showing no change and the recovered product did not aet
as a vat dye,

As purification proved impossible the matter was not
investizated further. |



SUMBRARY

i A Hantssch synthesis has been performed on
e~pnaphthaldehyde, the resulting ester oxidised by
nitrous fumes and the oxidised product completely
nydrolysed by & fourfold excess of aleoholic potassium
‘hydroxide to give d-g-naphthyl-3:S-dicarboxy~2:16-die
f This compound has been cyelised Ly use of phos-~
iphm-ns pentachloride and eluminium chloride to yisld

13 1l~keto=23: 10-dimethyl-O-nzabensenthrons hydrochloride.

‘Treatment with ammonie gave the free “etoazabenzanthrone
gmmmmnm.dmmmmwm. |
‘The ketoszabensanthrone eould be hydrolysed by pro |
treatment with dilute alkali and also water,

| Treatment of d-a~naphthyl-3: S=dicarboxy-21Gedi-
‘methyl-pyridine with chlorssulphonie aeid yielded a
:mirum of 1l-carboxy-5: lowdimethyl-0wazabenzanturone
and ite sulphete from which the free acid could not be
obtained. Decarboxylation by sublimation, however,
‘gave 3:10-dimethyl-O-asabensanthrone,
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The compound desenaphthylel-carboxy«-S-carbethoxy- |
Fae-mm-wum wvas aleo prepared and attempts o
lringelou this yielded products that could not be
usefully purified.
| lone of the esabenzanthrones examined yielded
biuadibenmthmma on alkaline fusion or acted as vat
dyea. |
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