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It is possible %o obtain by vurying the distribution of the
hydroxyl and the hydrogen atoms round the plane of the gix
carbon ring structure,seven inactive isomers of the above
formula,as well as a racemic mixture, Of these two are

rnown to occur in nature, the common Inosite (muscle sugar)

& the so called Scyllite &iscovered in the internal organism
of the Shark by Stadeler in 1856 (J.pr.(1l) 73,48 (1858) and
proved to be a cyclo hexite by Muller in 1907 (Ber.40,1821
(1907).

It is a fortunate accident that by the hydration of hexa-
oxybenzene the most important of the seven possible isomers shou
result, viz.- the naturally occurring Inosite. One might
thus assign to inosite, owing to this easy and straightforward
method of formation the cis configuration, all the hydroxyl
groups being on the one side, and all the hydrogen atoms on
the other side of the plane of the ring, but the uncertainty
of such conclusions a8 to the space grouping when addition to
the carbon double bond has taken place,calls for caution.

The complete synthesis of Inosite would then take the

following course.-
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gti2l more simple would it be from carbon monoxide
whieh can pe transformed by potassium into the potassium salt
of hexa-oxybenzene (COK)g.
Ag catalyeer in the hydration Palladium Black was used.
fexa-0xy benzeR:wus prepured by the method given by Von Nietzki
and Benckiser (Ber 18,499 (1845) and as the reactiom with
hydrogen and Palladium Black is only successful with very
pure material, this was recrystallised several times by the
method given by the above authors.
During preliminary exzperiments considerable difficulty had to
be overcome,until it was found that the slightest trace of
impurity and especially trace of HCl - which adhered to the
hexa-oxybenzene and had to be freed from it by washing
with water - caused the hydration to cease completely. The
reaction was brought about in a pear shaped shaking flask
of the Willstater pattern (Ber. 45,1472, (1912) & Ber 46,3330
(1913)) at = temperature of 50° - 55° and owingz to the
insolubility of hexa-oxybenzene this latter was used in
suspension, 2 grams hexa-oxybenzeﬁe in 3pgrams of water were
Shaken with 1 gram of Palladium Black. In 4 hours 820cc
hydrogen were absorbed, and all organic substance was then in
solution., As a test portion became coloured on exposure to aix
there was still some oxidisable substance present,
During the ne.t three hours it was shaken until a total of
970ec hydrogen was absorbed and thc actlon had come to an end,

‘Then the flask was shaken at a temperature of 80° for 1 hour
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guring which only a few ccs hydrogen were absorbed. By

theory 850ce H should 11:_1vlai1hwen taken up.
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the contents of the flask were filtered- and brought to dryness
in vacuum over Hp304 & solid KOH., After standinz some time
erystalligation began in the syrup. The residue was fthen
twice rubved well with 1l5cc¢ alcohol each time, in which
inosite is diffieultly soluble, The alecohol was poured off
and the hard syrupﬁy mass rubbed with a very little water.
The inosite was in this way partly eryetallised. Thenjust
80 mucin alcohol was added as not to bring down a precivitate
and after standing .3 grams Inogite was obtuined in a
erystalline state, This was purified by dissolving in a
very 1il¥le hot water, é,ddl.-.g a drop of alcohol,and allowing
to erystallise .in the cold., These cryttals were dried to
constant weight and had a melting point of 218°-219°, the

Same as given by laquenne (A ch (6) 12,570 (1887) and the

Same as given by a preparation of natural Inosite, The melting

point of the mixed swibstances was not ultered.

. Pregle
Miero analysis by Bmgh's method.
17-26
11,715 mp, substance gave X9.5% mg COp & 7.20 mg HaO.
,'3' 330 mg i e 19-55 mg CO, & 8:01 mg H.0
C =40.18 7 H = 6.837

40.00 ¢ 6.68/



3651:’.05 reguires C 40.00/{

H = 6.67 %

i

m addition & portion of above prepared Inosite w:is
recrystallised from 507 Acetic Acid as was also the natural
inosite, In each case the same type of crystals were obsorved
and the same manner of cerystailisation, The crystals in both
cases were long prisms with obliquely cut ends, and wers not
to be diftrerentiated from each other.

The solubil:ity amdother properties of the above synbthetic
Inogite were the same as those of the naturally occurring
subst nce, To make quite sure ‘of the identity of the
gynthetic Inosite 1t was acetylated with ecetic anhydride and
& 1little zinc chloride, and the hexa acetyl body obtiined
recrystaliised from alcohol. This gave o melfing point
210° - 211°, That from natural inoside 211°, and a mixture
of the two had a melting point of 210° - 211°,

In the asbove research the totul yield was not determined, but
this would certainly be much greater than the .3 grams
indiecated, as without workins up the mother liquors more than
1l gram inosite was obt.ined. This synthesis of Enosite

forms a concliusion to the fine work of Mietzki & Benckisser

on hexa-oxybenzene.
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NOTES ON THE ACTION OF PAZA-TOLUIDINE

ON META TOLUYLENE DI AMINE,




L.
iceording to the literature on the subject ,when p)- toluidine
P toluidine hydrochloride, =nd meta toluylene di-amine &re heated
yndfer pressure at 2600-2%‘:- C the product is p-tolyl-m-toluylene-

di-gmine =

N”‘l—
nH- NH, T2
HN N, —%WQ\NH{ :>OH°+ :
\Cﬁ_j / Mf,_ + 2/‘ ‘/ ) )
e H <2

4 full investigation of this reactinn vwas undertaken . It was

found that three reactions took place , viz.

(I} He, OEHE(NHZ)g + Me.CbEél\le,H .1
n=diamine p=toliidine
3 Me.C H (NH ),NH.C H Me. 4 NH Cl.
_— 6.8 g 6 4 4
p-tolyl-m-tolgyilene di-asmine.
(2)de, C H(HE _)_ <4 Me.C H (NEH } ,HCI.
blg = & 68 g8
D.diamine m-diamine
~. lMe C H (N _).NHC H Me(NH_)o 4 NH Cl.
di-amino di-tolylamine .
(8)ile ¢ H NH MeC H NH ,HCI.
64 o ¥ 64 2’

%lyidine toluidine

MeC H NHC H
S €6 4 6

Me. ¢ I\IH401.
B g

&
di-tolylamine.

The object of the investigation wes to discover the conditions
inich would result in the greatest yield of p-tolyl m-toluylene-
“-smine . ¥or this purpose the following factors were studied-

(1) Veriation in the relative proportiond of p-toluidine to

. n-diamine .,

(2) Use of open vessels (allowing Ny U° €Scape )or autoclaves

' 5



(retention of NE o)
(8] Variatigﬁ in time of he-ting , to obtzin if possible an
indication of the rates of reaction of the three rea.tions
(4) Variation in the amount of HC1l required .
(5) Use of catalysts .
(6) Effect of the addition of NHéCl to the reaction mixture .
(7) Effect of increasing the pressure without retaining the o2 vl
ammonia .
(1) Of the three products of the reaction , di-tolylamine hydro-
chloride is very eesily hydrolysed by water , and can thus be
. gasily separated from the hydrochlorides of the other two products
i@midhhaving free NHE groups ere not easily hydrolysed. 4t the
Esametime the hydrochloriues of di-amino di- tolylamine znd p-
f'tﬂgl m-toluylene di-amine have about the same solubilitgﬁn water
;'Im)c.c. cold water dissolve I.2 grams of the former hydrochlor-

~ ide and I.0 grems of the latter , whilst the bases themselves

. show greater differences in solubility in water at 100°¢C , Qi=

| emino di-tolylamine being more soluble in water at I00°C thanp- p-
t0lyl m- toluylene di- amine , which is practically insoluble .

It was fomnd that by incressing the proportion of m-diamine to
W0 p-toluidine there was, of courgse , & greater yield of di-amdno
li-tolylamine, ~hich was evidenced by the greater impurity of the
froduct obtained ,as shown by the lowering of its melting point.
The most suitable proportions found were T"molecular proportions
of toluidine to I of toluidine hydrochloride to I of m-diamine,
he product from this mixture allowed of the separation of the sep-

rate substsnces without undue loss of p-t0lyl m-toluylene di-amine
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(2)e Use of open and closed vessels,

gxperiments in an autoclave at 260 = 270 G showed that all
three reactions were reversible , that eyuilibrium was attained
in about 20 hours . ~fter that time the proportiong of unchang-
ed diamine was always sbout 23 %.

In an open vessel fitted with an air reflux condenser a contin-
vous evolution.of ammonic was observed . The temperature rose
steedily from 200 C to 2I6°C ( with a mixture of the above propor-
tions ) and thereafter remained steady . The escape of ammonis,
due to the partial dissociation of ammonium chloride at 2I6’G 5
allowed the reaction to proceed to completion in 20 = 24 hours.
The p=-tolyl m~-toluylene di-amine snd di-amino di-tolylamine were
obtained in about the same proportions as in the autoclave exper-
iments , but the amount of di-tolylamine was much increased ,
which made the seﬁaration somewhat more difficult .

(3) Rate of formatiom.- “ime of heating.

i85 the rate of each of the three reactions taking place probably
varied , experiments were carried out varying the time of heating,
and these, as shown in Table I , established the fact that the
rate of formation of p-tolyl m-toluylene di-amine was greaicr than
those of the other two prbducts . After I€ hours the yield of &%
this base , caleulated on the amount of diamine used up , decreases
indicating that the rates of formation of thé other two substances

have increased .

(4) Variation in the amount of hydrdechloric acid .(Table II.)

Vhen no hydrochloric zcid was used ( in the form of hydrochlor-
ide )Jno reaction occured . One mol#cule was found to be as
efficient as two . <The presence of hydrochloric acid is thus

essentisal %o the reaction,
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fhe reaction does not then consist in a simple splitting off of

gmmonia fromgy  two mol€cules of the amino substances -<as—

F?'NH,_ + NHR, = R, NHTF, = N

put probably some unstable intermediate is first formed in which

hydrochiloric acid plays an essential part such as =

B H H H
RN N R,
o e

from whicli #Bp ammonium chloride is then split off , this unstable
as a
intermediate being only possible is—+ke—sLTIT _of—o4s hydrochloride

and not as & base .

(5) Catalysts .( Table III. )

Addition of iodine or of benzoic acid had no appreciable effect
on the yields . Bucherer's sulphite reaction was tried without
success , only & small amount of diamine being used up « In an
open vessel with ammonium sulphite no reaction occuredd . With
sodiugp bisulpghite in open vessels none of the desired product was
obtained ; most of the m-toluylene diamine appeared to have been
converted into sulphonic acius . Some sulphond®ion product was
isolated , but was not further examined .,

In an iron autoclave the results were very poor , and the press=-
ure rose to 60 atmos ., owing to liberation of hydrogen . With a

lead lining normal resction occurred , but some lead was found in

the end- product , especially in the ammonium chloride experimen-

s .

(6) , Effect of ammonium chloride addition .
— e

e

" A3 the reactions in closed vessels were all balanced actions, it

%28 thought that
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gas thought that the formation of disminoditolylamine and ditolyl=-
emine might be retarded by adding excess of these byeproducts to
the reacting mixture and that the yield of p-tolyl-m=-toluylene -
digmine might be thus increased . The results , however , were un-
satisfactory , the yield of product being smaller (4I.6%-) end the
melting point lower (2561 2550 C 3 « The reverse reaction is .ewi#
evidently slowgy compared with the direct reaction .

The addition of the otiher reaction product , namely , ammonium
chloride , was then tried in fThe hope that ilhe main reaction would
be less retarded than the other two . This hope was realised ,

In an autoclave the addition of one molecular proportion of NH C1
raised the yield of p~-Folyl m-toluylene diamine from 52.5% toﬁ%.ﬁ%
on the diamine unrechvered , and two molecular proportions gave &
further increase to 66,2 . The rateof reaction was not apprec-
iably slower with two molecules than with one molecule NH Cl.

In an open vessel the reaction was practically complete %n 24
hours in the presence of one mol. proportion HH401 , the yield of
p-tolyl-m~toluylene diamine being €9.0 %. No further increase in
yield resulted when larger proportions of m3401 wereg added .

| (7) Liffect of increased pressure .

By increasing the pressure on the reacting mass , and =t the

Same time allowing the ammonia to escape it was hoped to obtain

a greater yield . This was not attained , the only result being

t0 decrease the time of reaction considerably . secting on thi§
the escaping gagses , passing through the reflux , were led into

& trough of mercury 4% " deep . Using 7/5 g.mol. p-toluidine ,

%/5 gemol, NE,C1 , and I/5 g.mol, m-toluylene diamine , the boiling
Doint was raised fairly rapidly %o 216’-21?00. After 24 hours

LY grams me
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1.7 grams m-toluylene diamine remained unchanged , and the yield o
of p~-tolyl m-toluylene diamine hydrochloride on the m-toluylene
jiemine used wes 67.2 % o ( m,p, 232°C ) . Using 4 " more mercury
and boiling rapidly for IS5 hours , the following results were
obteined ; ViZ.
Unchanged diamine - 075 grams .
yield of tolyl-m-toluylene diamine hydrochloride on diamine used
- 6546 %o (meps 286 C.)

Raising the pressure by more than €" mercury had no effect in inocr-
gasing the yield . The pemperature of the boiling mixture at 6"
mercury additional pressure was BEOpG and after boiling for IS hwae
8 goog:;vdé;.‘;obtained in €846 %e yield o (meps238 = 240 C o)

Similar experiments were carried out using p-toluidine , p-tol=-
unidine hydrochloride , ammonium chloride snd m—tbluylene diamine
in the proportion of 7:I;%:I , In order to ascertain if the addits
ional pressure and consequent higher  temperature would reduce the
time of reaction . It was found that using 6" mercury additional
pressure reduced the time of reaction from Z4 hours to 15 hours.
The yields in ph¢ two experiments after boiling rapidly for I5 hrs
were 66,7 % and 68.6 4 respectively | m.p.236 G ).end the amount
0f unchanged m-toluylene diamine was in both case s &bout 4% of
that used . Lhus the yield of p-tolyl m-toluylene diamine snd #
the amount of dismine unchanged were not appreciably altered by
the substitution of one mole. NH C1l for two mols.,

4
(8)s Isolation of the products .

o

lhe reaction mixture was mede faintly alkaline with caustic soda

and excess of p-toluidine was steamed off . There remained 91)/

(1) an alkaline aquenyg
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(i) en elkaline aqueous layer containing unchanged dismine in sol=-
ation , together with a certein amount of disminoditolylamine and
p-tolyl-m-toluylene diamine , and (ii) en oily layer consisting of
P_toly¥m£m—toluylene diamine , diaminoditolylamine , and ditolyl-
amine e

The separation of ditolylamine was easy on account of the ready
pydrolysis of its hydrochloride . The @ther two bases contain
free NH groups and their hydrochlorides are therefore less easily
th@lyged by water .

The separstion of p-tolyl -m- toluylene diamine from diamino-
ditolylamine presented considerable difficulty . The hydrochlorid-
es have about the same solubility in water - I00 c.c. 0f cold
water dissolving I.2 grams diaminoditolylamine hydrochloride, or
I,0 grams of p-tolyl-m=-toluylene diasmine hydrochloridd ., On adding
salt to saturation the p-tolyl compound was more completeliy salted
out 3 in I00 c.c. there rémained Ue2 grams diamino ditolylamine
hydrochloride or 0e.Y5 grams p-tolyl m-toluylene diamine hydrochloxr
ide , as shown by titration with normal diszo benzene solution .

Crystallisation from hot solution gave a fairly pure product ,

a olxee

but involved ;g? loss. ai’prgﬂﬁﬁ% . Complete salting out result=
ed in a product melting at about 22008 instead of at 24000 . B8
best results were obta ined by a partisl salting out « £ good
product , (marked "(2)" in the tables ) , and & further ,uantity
, Much less pure and melting at about I9OO-2IOGC , was obtained
hchmpletely salting out the mother liquor . ( This product is
marked "(b)" in the tables ). Further recrystallisation or re-
Salting did not improve the quality of the "(b)" produsy ; the

linit of separation had apparently been reached .

veparation of p-
* P=tolyl-m-toluylene diamine hydrochloride from s



—r T

Be
pixture ofintainigg more than 2oy of diaminoditolylamine hydrochlo#
ride was found to be unsatisfactory . .ith smaller proportions of
the latter, however the partial salting out worked very well .
rure diamino ditolylamine melts at I54.- 155. ¢ (Ullman end Schmidt)
end its acetyl derivative at 247 G (ibid ). Good specimens of p-
tolyl=-m-toluylene diamine hydrochloride had g melting point of
2400- 24;0 o« The effect of adding I0 ,; of diamimoditolylamine
hydrochloride was to .lower this to 255‘90 » With previouvs soften-
ing at 220" = 225 G o & further IO y addition gave & mixture which
softened at 215°C and was completely melted &t 228’ - 255 C o
The melting point of the product as hydrochloride thus provides a
good indication of its purity .
The melting point of the p-tolyl-m-toluylene diamine prepared £5z
from a specimen of the hydrochloride melting at 24001- 24100 was
56‘:-6I°C , Which was raised to 66:67'0 by recrystallisation from ZF

ligroin « From this a specimen of hydrochloride was prepared

| which melted at 245 C .

fxperimental .
%00 g. p-toluidine - 2.8 g.mols.
o7.4 g o p-toluidine hydrochloride = U.4g.Mm0lS.
48,8 g. m=toluylene diamine - 04 gemols,
1.4 g ammonium chloride - 044 g.mols.

Were mixed and heated under air reflux condenser ., The li‘;quid ey
0 220~-222

- began to boil at 200 C anf the temperature rose to 2If C during

-8 hours . Heating was continued for a period of IS5 hours , The
€Scaping gases being passed through a trough of mercury 6" deep o

The mixture must be rapidly boiled throughout . sSufficient NaOH

i8 then added to neutralpse
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is then added to neutralise the HCl present , and the excess p=-
toluidine is steam distilled off , The alkaline layer is separated
from the o0ily layer in the bottom of the flask , ;;;?litreSOf hot
water ggaaaded to the 0il and boiled for % hogr . The aqueous My
leyer is again separated from the 0il . This aqueous layer depos=—
its diaminoditolylamine on colRling (2.75g ) This was very impure
(m.p.Iaﬁac instead of I54 C = 1550 ) snd was found to contain a
about 20 - 25 % of p-tolyl-m-toluylene diasmine , The alkaline
motheiig;grthe aqueous mother ligquor contained all the unchanged
mn-toluylene diamine , which was estimated by titretion with diazo
benzene solution and found to be 2,05 and I.4 grems respectively.
From the ready solubility of the m~diamine only & portdaomgof the

b I.4 grams is m-toluyleine diamine , the bulk being the sparingly

soluble diaminoditolylamine , which gives a red chrysoidine . A%

least 9%, of the diamine has entered intd the reaction .

The heavy o0il was transferred to a flask and 50 c.c., conc . HCL
added , The liquid was made up to 25 litres =nd boiled for I5 mins
L considerable amount of 0il was produced (hydrolysis of ditolylsem
amine hydrochloride ). The liquid was then filtered through a
tripple layer of filter paper snd a plug of glass wool to retain
the 0il . The amount of ditolylemine thus separated was 23 . gram

(2ilitres)

The hot flltrataﬁﬁas then treated with 200 ge. NaCl , which
Pregipitated 64.5 grams (&) of p-tolyl-m-toluylene diamine hydro-
c¢hloride (m.p.2351238‘0.) From the mother liquor by saturating
With NaCl & further 5.4 grams (b) were obtained , (mep.I90°-200 G)
The liquor was th en made alkeline with ammonis and yielded 3.5 g (c).
of & substance which softened and darkened at Izgiiﬁé,c . From #4er
this latter there was obtained by crystallisation from benzene

about i £ . . y
* 8ram o diamino ditolylamine hydrochloride (m.p.I51. 1523-}
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The mother liquors of (e¢) still contained some m-diamine which 2
gave chrysoidine with diazo benxehe .
Yield of p-tolyl-m-toluylene hydrochloride (2) = €9 %. on the
f agmount of unrecovered m=toluylene diamine .
; 0f the 34I grems of p-toluidine usdd (base and hydrochloride )

) 278 «8e = 8I.7 % are recovered ( =s base )

2000 8o = Ted ¢ form ditolylamine .

2545 Ze = Ted Y form p-tolylm-toluylene diamine .

_ I1.8 Bw = 305 % are unaccounted for ,

341 o grams , I00 %.

0 f the 48,8 g « m-toluylene diamine used

32412 go = €7,5 3 form p=tolylmm-toluylene diamine .

3445 go = 7.0 % FPpyp/ are unchanged .

275 ge = D46 form diamino ditolylamine .

7,56 g« = Ibs4 % are estimated to form the bases in (b) ,(c)
eand mother liguor .

2ed go are unaccounted for o« = 4.5 G

48.8 g. b IOO ';-Jl




TABLE I. « « « « ¢ « + « & ¢« s + VARIATION IN TIMEOF HEATING.

@ Temp. |Recovered p=Toluidine |Unchanged |[Dismino~ [Tolyl- 0 8L %
E@Etﬂ- p-toluidine., in ag.die- mediamine. |ditelyl- jm=tpl: [M.P. rity :;am"“ Chamina ield of
killata. amine. diamine Up. ysed up Yolylem-
2 cryst. HClide. i) dL&;inylm-
Al ¢ it L i gan L > % £ag :uaﬁﬁ: :2
b 5=210 190.5 6.4 14,26 0.7 6.02 326-232 [70-80 | 10,24 41.8 30,22
g 05=215 169 10.7 .77 0.19 14,17 26-231  |70-80 12.73 51.95 5%, 6
12 [200-215 166 10.2 9. 45 0.75 19.0 30-232 | 90 15.05 6.5 61.9
16 |g0C-216 159 9.9 6.88 0.52 22.5 155~236 94 17.62 71.9 62.7
0 [200-216 145 1647 539 o 22.5 233 90 15.11 78.0 57.8
2h  j200-216 118 3.6 3.0 - 25:6 237 96 2.5 £7.8 58,4
)
TABLE IT. . « . . . . . . VARYING AMOUNT OF HC1 PRESENT OPEN VESSEL,
Time : 2% hours} amount of a=-toluylenediaming = 24%.5 grasg,
Toup, p~tolu=- p=Tol: Recovared Hecovered |Diamino~ | Tolylem- Yield - Puri 4
bid idine. HClide. p~teluldine.; Toluylene jdi-tel: &?ladiami?e n diamine | 'gf,ty &;ma o4 _
¢ dianmine, amine. F.t) h) &d up . Yieid. -ﬁ“fﬂhﬂt.- ;
e Ze Ze g 4] Gz , S | .
2l 171.2 ail 1704 24,16 nil nil nil a8ll pil
26 149.8 26,7 13146 3.0 ail 25.6 |2.8 - U T U e
2 (M.P.237°) (185°-2009 %
26 128.5 57 .4 130.0 4,65 trace 25,1 2.2 - :
(M.P. 230~ (220%°C) | 61.3 85 Ei e <
22°¢c) :
|
)
SAMLE KIX. | it S0 . SR, . CATALYSES.
Method. Time, p~toluidine. | p=tol.Holide. | m~tolidianine, Catﬂyat.’Eiuino-di— H‘rolyl?-n- ' M.P.
hrs oYamine. tol.diamine| °C
’ g ’ : hClide
Open. 6 234 28.6 ko b 1% Iodine 1 gm. 6.38. | 2% ‘
Open, 6 2l. b 28.6 244 1 g.Benzoic. | 1.1 g 3.7  |£32-5%
lutoclave, g 299.6 574 49.0 4 g. Iodine. | trace 25.5  |236-2h2




TABLE IV.. .

VARYING PROPORTION OF p-TOLUIDINE,

Open Vessel.
Time. Tewp. | p=toluidine.|p~Tol-HClide. L:-Tol- Recovered Regovered mammg... @1,1.,,_ -
£ diamine. | p=toluidine |m~-Tol.diamins di-Tolyl- cl:diamine !H.old K.P
nre 8 Cs Be B 2l e Ze smine, HOlide.gms, ; o¢’
§ 215 288.9 43.1 3646 2834 26.1 0.65 -ﬁ‘flS-B i
- it A Bl 5O
ol 215 144.5 43.05 26.6 94,0 2.4 0.3 ' 2.0 | 8.9
15 216 2%0.75 71.75 61.0 181.0 #.9 1.0 fa)bgo | 43.0
N T |
| P i A = Sl A { i
Nota: (a). . allowsd to erystallise from hot sclution. (b). further yield on 09@1#%&' ﬁltingwwt.
TABLE V. AUTOCLAVE.,
Temperature 260-270°C.
fime, | Pressure | p~Tolu~| p~Tol: |[m=Tol: Recov® m-  [Reoov® p= [Diamine kﬁiiﬂ-ﬂ- % ltthad &:I.'
idins, Holide. |diamine. Yol.dlsmine |tcluidine, [di-telyl Tolylens | = >, | jobtsiniang
amine. dismine Yield. | °C . Tay iroohlor.
hrs atm, g & SRR o L it - 2 RoYddy. it 7 e 2 s
20 22=23 200 - us Hollide - 117 - 32.% 3 1 - jorystallisi
20 3 225 - 75 - R 56,2 | 5.3 ma&} lete ss
17-18 268.9 | 43.0 6eb 13.1 254.7 | 2. (a) 13‘-53 o 2‘*3-5
! e ? 5 A (8) 9.5 50 } 223—230 salted.
22-23 288.9 | 86.2 13.2 18,32 283 2.0 59.0 - mm mm:, ki
a) 36. 2 -»a | u Pa sm.
17-18 299.6 | 57.% 49.0 12.2 - 2.3 b; 35 g ME;%%, 5§ Mg:;ld‘
17-18 299.6 | 57.% 49.0 11.5 1




TABLE VI. . . WITH ADDITION OF NH,Cl, pARA TOLUIDIFE = 299.6 g.

p~Toluidine hydrochloride = 57,4 g,
m~Toluylenediamine 8 %

T Recov Recovd Diamino Tolyl-
Time . Pressure | EH,CL Hethod. p=Tolu=- [m=-Teol: gi-Tolyl~t m~Tol:
; idine. diamine. |aming. dlamine.,
hire 2tmost & 3 % i & g
B o Vel (a) 36
2 17 2144 Autoclave 306 16,99 | %75 |
_ _ (p) &
42,8 & 15, 2k 2.15 (a) %67 ok
2& 17 42‘ O = )..@_ . ;
(b) H.9
| e [ 645 | .
24 - 2l.4% Open - L P . L K
(&) 6““0
2 - b2.8 Open - 3.32 - e
# (B) %5
, (a) 60.9 |
2 - 21.% . | Open - 5.2 |68,
(b) Sa@- o4 s
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i pverty  SSMBITEARTTER T e e o i aiscas bl
O Wl w2 b G A OF COLQURING MARDERS DRERIVED BROM

INOLINE, Iu PARTICULAR O DI-METHYL ISOCYANINE,
s At ot ot T o T S o L e e e

Jn 1856 Greville Millians obtained a blue dye by the action
causTic  alrale e .
Gitwor—Smr=e on the Amyl Oxide of Quinoline, though Coal
rar Leucoline gave no such dye. Gk&ns R} Soe, 1856, 27, 3%7)

In 1882 Boogewerf & Van Dorp (Reec.Trav,chin 1882,1,1,107)

establiched the identity of quinoline & Leucoline and proved ;
that pure quinoline alkyl iodides gave no blue dye with }
votassium hydroxide, though guinoline alkyl iodide pgp i
gnd Lepidine alkyl lodide gave the dye. Lepidine alky i
iodide was thus necessary to produce the blue dye. ”
In 1883 Spal@hmlz (B8cr.188%,1847) obtuined a blulsh red i
colouring matter from one part guinaldine etn 1 iodide and ﬁ
1.9 parts guinoline ethyl iodide in alconolic solution by

treatment with potassium ﬁyoro ide. Mo this the name of Lthyl

Red was given, or di-ethyl Isocyanine iodide and the generie E
nate of Iaocfanines aoplied. Syalﬁ%oltz cave to this M

substance the formula Con Hgg s I, while Hoogewerf znd Van
Dorp regarded it as having fthe formula Coz Hog lip I (Rec
mrav.Chim,1883 II,28, 41, & 1884 III.337).

Qhe former assumed that 1 lol, of Hydriodic Acid was
eliminated from 1 liol, quinoline ethiodide and 1. HMol. °
quingldine ecthiodide, The latter be slieved that oxidation
tosk place by removal of two atoms of hydrogen at the same
time, as well a8 elimination of 1. liol. of Hydriodic Acid.

This was the commencement of the controversy on the

(]

constitution of %the Isocyanines.
{Cb em :uér Lousrme
ecoived 1little attention antil liethe ?g.g“

=

The guestion

1903 p. 3¥6) discovered that the ¢yanines and Isocyanines

aeted s & SendiEiser,
when used on a photographic plate produeed & Fof. This
. gensitising action,especially that of Bthyl Red, upon a

selatine bromide photographic plate greatly exceeded that of

any previously lmown dye. This st once gave 1mport3nce

to this class of dye.
Miethe & Book (Ber. 37,2008, (1904} ) investigated the
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He supported this by analogy with dyes from secondary
Amino Pyridinium Haloginides. The Chromophore in the case
of the Isocyanine 1s a chain of 5 carbon atoms with 2
conjugated linkages and in the case of the Cyanine 7 carbon
atoms with three conjugated linkages, the latter being thus

L

deeper in colour than the formere .
In 1908 Vongerichten & Hofchen (Ber. 1908,41,3054) showed
that the llethyl group of the guinaldine residue entered
into the resction by demonstrating that no Isocyanine was
formed by using methiodides of di-methyl-quinaldine or
Benzylidéne quanaldine instead of guinaldine methiodide
itgself, They also eﬁdeavoured to show that the mechanism

el 1

of the reaction was through the carbinol base & isobase

of guinaldine ethiodide as follows,- C*“b G, th-
YT b i A=,
AN (“x/ W‘mz **‘/\} \ws,,ﬁ YﬂtB \
U o S Ay
So .
CARB/NOL BASE VS0 BASE-

They showed also that this last can also be brought into
reaction with H.Methyl )/ guinaldone by Phosphorous
pentachloride in benzene solution,giving dyes which possess
the properties of isocyanines. .

By oxidation of the isocyanine with potassium ferricysnide
in the cold they obtained N ethyl o quinolone, but could pot trace

e other producks o} oxtdal ioe. -
In 1912 Xeufmenn & Vonderwshl (Ber.1912 45, 1404)obtained

further evidence to support Xonig's ¥iew by showing that
4 substituted quinolines did not give the isocysnine reaction

except with substituents like chlorine,which are readily

removed. e.g.- 4 Phenyl derivative does not give

ot
=T e
T
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isocyanine but 4 chloro derivative does., This would
definitely involve Hoogewerf's & Van Dorp's formula

C.. o 1. and disnrove lliethe's ] T »

Com Hog o a IMiethe's Cos Hop Vo 1

W. Konig in 1912 (J.pr.ch 1912, 86,166) revoked his view of

1906 and reviewing the possible formulae came to the

2

-1

conclusion that the evidence seemed to prove that isocyanines
were normal condensation products of Ortho Amino Aldehydes

with quinaldiniun salts of the formula,

0 b Sl
7 CH = A\ —CWn = CH \\RV/\\
.

— W
NHR
He held that this open chain formula, rupture of the ring
having taken place, explained all the properties of the
igocyanines, bringing in as evidence that Hofmann obtained
igsocyanines from 'a mixture of Halogen alkylates of Benzo-
thiazoles & A mothyl benzo thiazoles in which y
condensation cannot oceur. This open chain formula seemed
to be favoured until Otto Fischer (J.pr.ch,1918,(11) 98,204)
stated that he could find no evidence of a ruptured ring
by testing for secondary amines. This formula has now been
definitely disproved by IlMills & Evans (unpublished research)

who gynthesised the substance

N
v
: — —'CH.— CH =~ CH —
\\__a// o H
L i

stating fhdf from ortho nitro cinmamsldehyde and found that
it was not a sensitiser and was hot an isocyanine.
Before commencing on the work of oxidising the isocyanines

with Potassium Permanganate, assuming the open chain formula,

I attenpted to eliminate methyl iodide from di-methyl-
isocyanine iodide by heating to a high temperature in
vacuum and so ovtain the base as Ksufmann had done, and also

by heating with quiﬁoline for several hours, the latter meth@dd




pave a yellow substance which did not contain halogen

B¢ :

wonld not crystalige and which did not melt at 300°. Phis
substance was probably the base.As 1t would not benzoylate

or acetylate,its further invegtigation was discontinued,

The only satisfactory method of establishing tﬂn constitution
of the 1lsocyanines was to carry through a complete oxidation
with aqueous potassium permangaznate at 0°, and to isolate all
the products,identifying each of them, To do this s salt

of di-methyl isocyanine had fto be obtained which was soluble
in water. Affter several trials the acetate was selected

1

as the best suited to the purpose of oxidation, both

e

because of its solubility and because in subsequent treatment
the ecetate radical would lend itself to easy displacement

¥y the chlorine radical, The acetate was easily obtained
from theiodide by boiling with silver acetate in alcoholic
solution, In the first place the oxidation was carried
through with 3% potassium permsnzenute, Owing to the colour
of the sensitigser it was somewhat difficult to determine the
point at which the oxidation was complete, aund this had to

be done by judging the change of colour from sensisiser
colour to the pink of slight emcess of potassium permanganate
using filter paper.

The two constiftuents resulting from.the oxidation were
separated by extraction with chloroform and were found to bg’

on replacing the acetate radical by chlorine in the agueous

portion, 1 Methyl 2 quinolone and lethyl:-chloride of

cinchonginic acid, eliminating hydrochloric acid from the

latter I obtained 1 Methyl cinchonginic betaine.

1 =7

The formula of these two substences, the first and third

Osp—
1

are established as follows.-




-

The yields obtained of each of these substances

from oxidation established the fact that these are the main
vroducts of oxidation and that only a very small amount

of an unidentified substance was obtained in addition,

The amount of oyygen used up from the potassium permanganate
confirmed the view that three atoms of oxygen were used in
oxidising the sensitiser and this agreed with the theory of
the structure as will bs shown. PFrom the two oxidation
products the only conclusion one can come to with regard

to the structure of the isoeyanine is as set forth in the

following reaction,- ' .
- ¢ 0o
= ‘-‘ /’\/
He "\ o : % \
o AN *
> 50, - | e
g e M SR S| N
X oy |
/ ""“\N :
\\/ e N

tne gplitting up of the body taking place as uéual at a double
bond.

It might be contended that using a three percent potassium
permanganate solution would immediately cause the solution

to become alkaline with the formation of %be potassium
hydroxide, and that the first formmla of Kﬁnig & of Keufmann
might still hold, the effect of the alkali being to cause

the Illolecule to assume an isomeric structure more liable

to attach as follows,~

N\\\ o Ae ey A \\ A, — > OWSATION -

v e S
A Uy,

f8gain it was noticed that the concentrated solution of fthe
isocyanine acetate in water had a slightly duller or browner
colour than an glceoholic solution, aﬁd it might be contended
that this igomeric transformation had alrezdy taken plaae

in concentruted agueous solution, This, however, was not
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likely to happen as on slight dilution or on adding

a small quantity of acetone the true colour of the
sensitiser was immediately restored.

In order to counteract any effect of alkali during the
oxidation sufficient glacial acetic acid was added to the
Eﬁ potagsium permanganate to neutralise the end products,
and the oxidation was carried out in strictly neutral

golution, Again the same products were isolated, IT

4.

Kaufmann's formula was the true formula of isocyanine then

~
1

oxidation would tzke pluace at the double bond snd the

products would be,.-

amD
J e
\“\¢/“’F v

Chbas s
e ARe o~ O
or & further oxidation product of the latter, In any case
no trace of the first (1 Methyl 4 guinolone) could be obtained

at &1l, This shows, I think K that an adqueocus geolution* of

(13

the ipocyanine acetate,being a true solution of the
igocyanine salt,is oxidised normally by the agueous

potassium permanganate and that clkalies do not first
transform it into a tautomeric form such as that of Kaufmann'
formula. We must assugme that oxidation would take place

at the double pond and the structure of di-methyl isocyanine

s thus repregented as follows.-

[

e

=

(o)

I\
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It occurred to me that the iodine atom in the above mol,

night possibly oscillate between the two nitrogen atoms in

the mol, In order to obtain information on this point I




and Quinaldine liethiodide by means of piperidine. A

bluiéh green sensitiser of poor quality was formed but the
game sensitiser was also formed.by the action of piperidine
on Quinaldine Methiodide alone, The kynurin does not in
this case enter in the reaction, so that the oscillatory
nature of the iodine seems to be disproved though this does
not at the same time rule out of court the possibility of

the presence of a residual valency between the iodine and the
two nitrogens, There is an interesting analogy in this case

with the benzo thiazole series, Mills and Amiecs condensed

i

-0 T e
l___N/ SR E ‘“'“x-.N"“w..\/
R | R, E

obtained a mixture of yellow body and sensitiser, the yellow body
being the sume as that referred to on page 10, and the sensitiger
having the formula given on that page. Of course one cannot
draw strict analogles in the two cases, but the failure %o

form the sensitiser in the isocyanine series tends to confirm

the view that the iodine is in position indicated in this

paper and not as given by Kaufmann, for if the latter had

been the case one woulu have expected the sensitiser of formuls
/*--._/\_\

gl

\ Gy T
b N/_ i
to have been formed by elimiﬁution of water by analogy from

the Benzo Thiazole series.

Again during the earlier investigations on the Isocyanines

a yellow body was isolated as a product from the boiling of
the isocyanine with quinoline for a short time( as I pointed
out previously if isocyanine is boiled with quinoline for

several hours a brown yellow product can
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be isolated which 1is non crystalline and dbes not contain
iodine) . The yellow body obtained by beilling isocysnine
iodide with quinoline Ior a short time was optained in only
10; yisld, It was an iodide and ite melting point was much

higher than that of the sensitiser, It was difficult to obtain

high melting point, and fthis account ably for the glight
inexactitude of the results of analysis. These, however,

are suifieient to prove it to be an isomer of the isocyanine

jodide.
The discovery of this yellow body was interesting as shedding

further light on the structure of isocyanineg, and confirming

the present view taken of its formula. TFor fthe yellow body

5,

I vould suggest the following formula.-

El

el i
=
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Th the trans form of the isogyanine iodide

,m
o
i
[
e
(48]
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which itgelf wonld have the ¢is formation.
It may be suggested that the formula of the yellow body

might be as follows.-

and that of isocyenine

. .
\ CHy =~
CHQ, = o %
//‘.‘\ e £ o

CHx 7
i.e give to the yellow body Kaufimann's formula and- -regerve  _ —

for the isocyanine itself the formula advocated in this paper.

If this were so then one would have expected that the

corresponding yellow body would have been formed by
condensation from kynurin and ocuinaldine methliodide.

this reaction no trace of yellow andyawaa found,



i i
7he only other structure possible for the yellow isomer
ig as I have suggedted viz.- {tne trans modification of the
formula for the isocyanine, In this connection it is
interesting to observe that recently llills & Amies (unpublished
research) working in the Benzothiazole series prepared isomers
of the sensitlicers which were yellow in colour. These igomers
indeed were formed at the same time as tne sensitisers in the
game reaction, and both were dedpoaited togetﬁer, beins
geparated by thelr dlfference in specific gravity. The
penzothiazole senslitiser was also transformed into a yellow
gubstance by means of Aniline and this yellow isomer had a
very high melting point,being over 300°, These two yellow
bodies were identical, There is a strong analogy between the
benzothiazolé series and isocyanine series, Mills & Amies
give the structural formula of the sensitiser in the Benzothiazo]

geries as -

oD ers v 5——/\\‘

7 .

\/ci CH— C | —_

= \\,N;‘/ A
R R L

and the truns form is given as the structure of the yellow
isomer.,

Referrine to the isocyanine series again the cis configuration
allows the posgsibility of a residual valence of the iodine atom
attaching itself to the nitrogen atom of the second guinoline
nucleus, but from the above structure given to the yellow body
it would appear that the iodine atom.is prevented from having

& residual valence with the other nitrogen




with the other nitrogen. .t the same time there is still
the chain of five carbon abtoms & three conjugated linkages
usually considered the chromophore and yet in this case the

colour of the body is yellow. In tae case of the lsocyanine

we have a chain of five carbon atoms with three conjugated
the possibilily o o
linkages together with,a residual valency closing the whole

A

chain, and this arpears to be the only differsnce in structur
between the lsocyanine and its isomer,the yellow body. The
striking fact is the intensity of colour in fhe isocyanine

o

and the lack of it in the trans form. T would suggest that

this might head to a theory of colour depending not only

on the presence of a chain of conjuzated link s,but also
on the presence of the possipility of a residual valency

closing the whole chain which might give rise to vibratiop
the chain of carbon atomg if one conciders the possibility

of the oseillation of the atom responsible for the residual
J!ﬂLDUgb in U5 case Such & possibiliTy Seems ispgroved by rhe Kynuriiv  Exgersowe
vale ency,as iodine in this case, This would suzgest an

1 o ).
extension of Baeyers theory of colour. But even leaging
the possibility of an oscillating atom apart altogether

or d.fFH}l{y

the presence of a residual valency .closing the chain of
conjurated linkages in carbon atoms might be sufficient o
produece intensiiy of colour.
Agsain, assuming Kaufmann's formula to be the formula for

isocyanine viz.- ,/’h\\\///xx\

ol

r \/'

///“HH
dﬂ-b - -
Phen the isomeric form of this formula which would be that

of the yellow body noulL be grepresented by.-




This seems improbable as the molecule would be too g&gh7M‘J{‘

= S

loaded on one side and steric hindrance would probably

come into play and prevent the formation of suech a body.

-

Steric Hindrance doegs play a part in the formation or rather

- A2 Ay 4 - -£ 3 = Y o9n Sy R e Ay S e o ol e
non-formaction oI certalil 1goeyanlines., Ainoline methlodides

;i

substituted in the 5 position,also f Naphthofuinoline will

not condense to form gengitisgers., This sgain would tend to

O 4= by - <r 1 L o . B P Fp Ll e . - ) N , Pl
CONILYRE tne View put forward as to the structure of di-methyl-

a

- 13
[

Isocyanines hen have the general structural formula,-

¢

by Analogy Cyanines obtained by using lepidines instead of

quinaldine alkyl iodides would have the formula.-
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EXPERTMENTAL.

Preparation of 1 - 1' Di methyl isocyanine iodide.
T 3y

(Pope v Mille e, Sy

11.56 grams quinoline methiodide and 5,70 grams quinaldine
methiodide are disgolved im 200 cc absolute alcohol and
brought to the boil under reflux,¥the solution keot boiling

glowly. .94 grams Sodium are diggsolved in 60 cc rectified

o

spirit and solution broucht to the boil. Dhis is =dded in

& slow stresm to the boiling solution of the methiodides.,

The yellow solution turns purple and the colour darkens,

=
ct

i1g then boiled Tor 15 minutes and two cc of glscial
acetic acid added. It is allowed to remain overnight,
crystals are formed and are collected, The cubstfance is
recrystallised from 120 cc methyl alcohol boiling for: half

an hour under reflux! the solution is filtered hot. On

(40

gooling gre

L o

n plates are obtained with fine I1ustre,. Melting

o

point is 268  with decomposition.
2569 grams substance gave ,1298 grams silyver iodide.

I = 29.62 %. Coq ng N, I requires I = 29.,78%.

Similar preparstions were carried out with twice fthe

above quantities, 23,18 grams guinoline methiodide,l1,40
grams guinaldine methiodide in 400 cec absolute alecohol and
1.08 grams of sodium in 120 cec boiling rectified spirit
added, Xmx 4 cc of‘glacial acetic acid being added at the
end of reaction, The yield of pure substance from above
qguantities was 5:5 grams, i.e about 10% of mixed methiodides,
A bye product, a browvnish yellow substance, was also
obtained when the liother liguor of the above, 1.e, the
absolute alcohol solutions, were allowed to stand Tfor gome
days. This substance was tre&ted with a 1ittle dilute

HC1l to free from isoecyanine and recrystallised from Aniline.




and several recrystallisations from Aniline,

Pinally they were fine elongsated yellowish brown i 1eedles,
an lodide with melting point approximat ely 340°, The

yellow body,isomer of isocyanine referred to in the theory
had approximately the same melting point and the mixed melt

of these two yellow bodies did not appreciably change from

(&

wl

that temperature, being B42° - 345°,
A Xoufnann and I'. Struben (Ber. 1911,44,690-701)
discovered the erythroapocyanines and zanthoapocyanines,
These were prepared from guinoline methiodide alone with
VOH. The latter are Reddish Yellow bodies which melt over
300°.  They suggest that erythroapoecyanines which are
Reddligh bodies are probably lMono acid Salts of 2-2°
Diguinolenyls but they do not suggest a formula for the
xenthoapocyanines,. It is possible that this by¢product
may beaxanthoapcyaninef,yetiit has the same meltinz point
es the trans form of the isocyanine viz.- 340° approx.
and the melting point of a mixture of these two substances
is the same as for each separately; so that on the other
hand it is possible that this byeproduct is the trans form
of the isoecyanine, It is highly probablg that this latter
is tne case, and this would tend to confirm the view taken
of the formula of the trans form, the isoeyanine and the
trans isocyanine being formed at the same time by the
action of sodium ethoxide on the methiodides of gquinoline
and guinaldine, Beyond determining the melting point
and mixed melting point this yellow body " Bye product"
was not further invest ated.

Preparation of 1-1' Di-methylisocyanine acetate

In order to carry out the experiments 1t was necessary
to obtain a salt of isocyanine which would be falrly

soluble in water. The iodide bromide and chloride, as well

as the nitrate, were found to be fairly insoluble in wateri

and unsuitable for our purpose. The iodide was



transformed into the acetate as follows.-

5 grams 1lsocyenine lodide were added to a flask in which
was placed 250 cc rectified spirit, the flask was then
heated under reflux until all the iodide was in solution.
Pnen to the boiling solution 10 grams silver acetate
made into a milky paste with 30 ce rectified spirit were

-

gdded. The mixture wag boiled for half an houry a portion

of the liquid filtered and tested for halogeﬁ. It was

fournd at the end of that time that the whole of the
isoeyanine iodide had beén transformed into the acetate.

The solution was :iltered net and the spirit removed on the
water Eath, the last traces of spirit beinz removed by
blowing a current of hot air through the flask. The acetate
was dissolved ing, 250 cc water and allowed to cool. The
acetate was found to be much more soluble in agueous solution
than any of the former salts, and was then used for

oxidstion purposes. As stated above, the solution had a stight!
duller or browner colour than that of an alcoholic solution
of isocyanine but the true colour was restored on sdding a
little acetake, Acetone was not added to the solution to

be oxidised. The isocyanine acetate waé oxidised with Sﬁ
aqueous poftassium permanganate solution in thecold (0°)

with efficient stirring.

During the preliminary oxidations the colour of the isocyanine
wag ohserved to give.place to a brown colour gradually, and
the completion of the oxidation could be gauged by spotting
a dr0p.of the liquid on filter paper and stopping-ﬁhe action
on the first signs of & permanganate coloured ring round the
moistened spot.

1.45 grams isocyanine acetate dissolved in 100 ¢ water
required 45,7 cc 3% KO, and this was just sufficient to
digcharge all sensitiser colour and render faintly red by

‘permanganate. Taking the molecular weight of the acetate




In subseguent operations the amount of permiunganate
golution to supply 3 aﬁoms of oxygen was caleulated and
this amount vlus 18% was added to the acetate.
5 grams of isocyanine iodide were made into the acetate as
described above. The agueous golution of 250 cc was

-

divided into two partsuand each part was oxidised separately.

To each was added gradually in the cold,snd with efficient

.
o

gtirring, 67.5 cc 3% potassium permanganate solution, The
addition took half an hour. After standing for half an
hour in the cold the manganese di- oxide was filtered off
The 1m0y precipitate was exztracted with pyridine,filtered
and the pyridine removed . Ho‘substance could be traced in
this precipitate except traces of unchanged isocyanine.
The filtrates from the oxidation were then extracted 6 times
with its own volume of chloroform each time, the chloroform
extract dried over potascium carvonate, the.chloroform removed
and the residue dried in a vacuum dessicator for several
days. The resldue was a brownish mass which became solid
after about 7 days,standing over H2 S0, and paraffin wax,
This solid was then placed in a flask and extracted several
times with boiling ligroin { b.p 40°-60°) under reflux.
A light yellow solution was obtained from which loug white
needle shaped crystals separated on cooling, 5 grams
isocyanine iodide gave 1.38 grams crude product,which

&
represents a yield 0¢.231 1 Metnyl 2 Quinolone, The pure
substance recrystallised from ligroin had a melting point of
73°-n14°, 1t formed a hydrochloride when & few drops of
HCl were added to the substance, this Hydrochloride was
recrystalised from 507 HCl end had a melting point of 110°-113%
This again formed a double salt with mercuric chloride of
melting point 189°, after recrystallisation from hot water,
A specimen of 1 XMethyl 2 Juinolone was prepared from
quinoline methiodide and potassium ferricyanide in alkali (Dem@r,

3:
5;,. chem 1893 T%yzz’ 20#%) ;* from this the Hydrochloriae




melting points were as follows.-

Ouinolone 7-3,0 —he 3ame s ghen by AKwovr = Rabe .(_Btr', 1897, 30 qzo)

he Same as giien by

Ostexmeyer (fder 1385, 15 5‘95‘)
7 Friedlander +~Miller (Ber, fSE? 20 .?mo)
The mixed melts of these substances and the similar

Hydrochloride 112°% .
Hg Cly double salt 139“}

.bodies obtained from the sensitiser were as follows.-
9uinolone  73° - 72°
Eydrochloride 112° - 113°
Hg Cls double salt 189°. . :
.1259 grams of substance gave. ,8497 grams 002

and 0644 grams Ezo.

¢ = 75.75% B = 5.68%
Cip Hg N O requires € = 75 5%

H = 5.66%

The aguneous layer obtained after extracting the

oxidiged golution of the acetate with Chloroform was 7
made acid by the additionm of a few ces HCl. It was then . @

boiled wibth 5 grams @nimal charcogl for one hour until
solution was nearly colourless, It was Then filfered, 2

and evaporated to dryness on the water bath,while still

acid. This replaced the acetate radical and gave the
echloride, The solid mags remaining in the evaporating 1

dish was transferred to a flask and extratted three fimes
with absolute alcohol under reflui:' The alcoholic
extract was evaporated to a small volume 5 - 10 CGS

and on cooling twice fhe volume of Efher slowly added.

A floceulent precipitate was obtained which was filtered
and dried. This gave acid reactions in agueous solution

and was a hydrochloride. The first clue to the nature 1
en+t

of this substance was obtained by a preliminary experiment

carried out to determine avproximately its molecular weight,

and its geidity. -

.1030 grame of the hydrochloride were dissolved im 20 ¢




titrated against 20 Sodium Hydroxide solution, 8 ces
of thisg solution were reguired %o meutralise. DHis

neubral solution was agsin titrated against 20 gilver
Nitrate solution,using potasium chromate as indicstor,

T

8.1 cc Silver Hifrate solution were required to replace

)
d

all the Chlorine, 4 second experiment was carried out
using ~10Ll0- grame subetance and 7.9 cec alksli and Sce
Silver HNitrate were the amounts reguired. The molecular

weight of the substance would then be 20,000 X .103 = 85%7.5

R
approxinately. fhis went to prove that onme Hydrogen

da

tom was repliucesabhle znd that
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was also replaceable. It was fthen
Thig experiment wae used merely to act as a guide in
determining its probable congtitution, it showed aft

least that the guinoline nmcleus was probably intact,

and gave a guide as to the number of carbon atoms in the
molecule.

From 5 grams of isocyanine ilodide 1.7 grams of this
hyirochloriﬁe was obtained, which represents a yield

of 70/, of theory,taking this ac subsequsnbly proved to

be, as the methyl Aydfpchloride of cinchonyinic acid.

A specimen of cinchonyginic acid munufactured by Schuchardt
was converted into the methyl iodide by heating with the
theoretical guantity of methyl iodide and sodium carbonate
for 10 hours at 45° = 50°, Hans lleyer(Monatshefte 1203,
24.,201).

On treatment with acid the methiodide of cinchonginic
acid was pr901"1taued This was recrystallised twice

from rectified spirit and was obtained as fine yellow
needles. Anﬁqueous solution of this iodide was then
shaken up with excess of freshly precipitated silver

oxide in the cold, The sollution becamne colourless,

wag filtered, and the filtrate evavorated to dryness in

a vacuum desgsicator. The solid was faken up in

and preciplitated by additi°n=aﬁ.ﬂ$ﬁar_



obtained was the betaine. The kgRrFchloride was nade
by fthe addition of a few drops HCL to an agueous

bataine and &t

" bath, :
to dryness on the wator mMark, [t wag obtained pure

e solution evaporated

by taking up.in alcohol and precipitation by Ether.
On addition of Picriec acid solution to the concentrated

solution of kydrschloride or Befaine long yellow needles

_l

he plemie were deposited which were pur ified by

recryastallisation from hot water.

teturning to the hydrdchloride obtained from the
isoeyanine, this was then converted into the iodide by

- -

adding to the conéentrated solution to which three drons

HC1l was added 1 ce concentrated solution of potassium

iodide. A yellow precipitate was immediately formed
which was filtered and recrystallised from rectified spirit.

If allowed to stand in conftasct with execesc of KI solution

the soluiion also depocited dark browvm hair like crystsals

which were probably periodides 28 they disavoeared on
saturation with sulphur di-oxide, Phe formastion of
thege was avoided by filtering ot once. The yield on

transforming to the iodide was poor, 1.5 grams
HAyxkrgchloride gave 1 gram iodide but the ZyZrpchloride
could be recovered from the liother liquor by boiling up
with freshly precipitated silver chloride, evaporation
of the filtruate to dryness, taking up the residue in
spirit and precipitation by Hther, If the iodide
SOluﬁion‘COAtdlnlﬂ” excess of Kiwks evaporated to dryness
the product wes black and tarry due to excess of iodine,
The first few attempts to convert the hydrocaloride
into the betaine direct by ghakingwith freshly
precipitated silver oxide resulted in a more or less
coloured product being obtained when the solution was

evaporated to dryness. Thig colour was subsequently

got rid of by first converting the My@zrochlorice i

the iodide as described above,



fron rectified spirit and transforming ]

golution of the iodide into ths betaine by shaking

with silyver oxide. ‘fhe only disadvantage was that

the lodide being much less soluble than the zxﬁgdbuloride.

required a considerably greater voliume of water 5o keep
O 1 el V.

it in solution during the action of the silvsr reside,

and @ econsequently longer time bto evaporate to dryness

in vaecuum, Ine chloride or betaine gave with Pierle

geid long yellow needles of the picrate.

The following is a table of melting points obtained,

the synthesisged product from cinchonyinic acid beiung

termed for concisernegs "3Schuchardts™ & the
obtained from the Isocyanine "Sensitiser'.

- Sehuehardt.,

Darkens 170 Darkens st 170°

becomes igh, Behaves in eyvery

then hardens at respect as

201 "sensitiser”

very dark,brown

melts 219°-221° Melis

with ‘decomposi- - 223° with decomp.
tion. .
Chloride. 233-254° 235°

with deconmpn. with decompn.

Picrate. 228 ° 28 ¢
Todige.T  223° 55°

decoup 225-227° Decomp 226°-288°

RESULLS OF ANALYSIS.

"Sensitiser Todide".
0885 grams iodide gave .0585 grams silver

I = 37.04.

"Schuchardt's" ITodideM.

1358 grams iodide gave ,0938 grams ‘silver

T
1

BN s Bies
Both iodides wore found to contain l.s Mol.
% Clays ( ﬂnnl , %92 : :

# 4. Mayer ( Moratsh,

ubstances

Hized.
Behaves exactly
1 ’: , '
as "sensitiger "

P " - 1
and Schuchardb g

Yoléks 229 L2080

with decompn.

234°

oaERe
—ad )

with decompn.
228°2250°

S22°-223°

(<]

decomp 2

SEons

25

iodide

iodide

"



crystallisation.
¢ 11 B 10 NO,,I H,0 requires
B ]

I = 38.17%.

Betaines and iodides were then dried st 110° at 10 m/ms

pressure.
nSensitiser Iodide™,

1391 grams substance gave .2117 grams CO, and .0443 grams

G = 41.51¢ H = B .55,
"Schuchardts” Iodide",
1982 grams substance gave .2408 grams CO, and ,0491 grams

H.0.
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.1040 grams substance gave .2684 grams COs and 0451 =
A
grams Ho0.
—srer T ___ e
¢-= 70.397 H = 4.827,

Schuchardt's

(&

1412 grams substence gave ,3656° grams COs and ,0617

11 Hy N0, requires — C = 70.6%
H. - 4:.815:2-

The alcaoholic efther mother liquors after filtering off
the methyl chloride of cinchonfinic acid were then
examined. The alcohol and etuer were removed on the water
bath. In the flask a small amount of yellow crystalline
material remained. IThis was dissolved in hot alcohol and
crystals were deposited on cooling again. Melting point

as found to be 193°-194°, It wae a hydrochloride and formed

S P4 8
Wwa S

4

H

cric Aclid, also yellow needles of meltix

(e
|

& picrate from P

point 159°-161°. A mereuric chloride double sa
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formed but as the total substance present was merely

®

trace this could not be ianvestigated further.

Oxidation of the Isocyanine in strictly

neutral solution.
9 grams 1lsocyanine iodide were transformed into the
acetate as described above and the-acetate dissolved in
250 Fee of water as before, this aggin was oxidised
in two portions, The oxidising agent used was Bf
potaseium permanganate solution to which had been added
one wquivalent of glacial acetie acid, i.e, to every
six grams potassium permanganate 1.14 grams glacial
acetic acid were added. The oxidatioun was carried
out as before at 0° with very efficient stirring, and
the addition of the permanganate was carried out so
slowly that the whole operation lasted a half to three
gquarters of an hour, At the end of the oxidation it
was found on testing that the solution was strictly
neutral, The manganese dioxide was filtered off, and
again only traces of unchanged isocyanine were found on
eitraeti:g it with pyridine. The mother liguor wasg then
made alkaline by addition of small quahtity of potassium
carbonate & extracted with chloroform as before, The
chloroform extract was dried and the chloroform removed.
The residue was then extracted first with ligroin. This
gave & mercuric chloride double salt of melting point
189°. Again the residue was extracted with benzene and
this gave also a mercuric chloride double salt and a
hydrochloride of melting point 112°-118°. If the ¥
guinolone had been present it would have been taken up
with benzene but no trace of it cuuld be Tound, the
whole of the substance being the & quinoldne already
obtained and described.

The aqueous portion from the chloroform extractio
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wasg cleaned with charcoal as previously described.
On completing the process described above for obtaining
the betaine or the methylchloride of cinchonginic acid
only .17 grams could be traced from 5 grams isoeyanine
iodide. from the alcohol-ether mother liguors,however,
.4 grams of the yellowish needle shsped crystalline body
were obtained, which had a melting point of 193°-194°
as before. The charcoal used for cleaning the substance
was then examined. It was boiled under reflux with
rectified spirit six times. TFrom the alcoholic extracts
on evaporating down and tréating with ether 1,55 grams
of the methyl chloride of cinehoqﬂinic acid was obtained
of melting point 236°. It formed as before the picrate
and the iodide of melting points as previously
indicated, the iodide decomposing 228°-230°, The amount
obtained from the charcoal together with the amount
obtained direct accounted for the same proportion of
methyl chloride of cinéhogﬁinic acid as in the previous
oxidation,
It was thus found that the only difference was a slight
increase in the quantity of the unknown substance of
melting point 193°-194°, This gave acid reactions and
was a hydrochloride,
107 grams of this unidentified substance was dissolved
in 20 cc water and titrated against %D sodium hydroxide
using phenolphthalein as indicator. 16.5 ce 5y solution
were reguired to neutralise. The n point Was'very clear
and distinct. This neutral solution was titrated
againgt %0 silver nitrate solution and 1Y¥.1 ce were
required to precipitate all the chlorine,using potassigm
chromate as indicator, but the n point was indistinct, &
it was observed that = considerable quantity of silver

chromate was precipitated on standing. This would

give as the probable approximate molecular

weight 20.070 X 107 . 3¢
6.



24,

= 130 approximately, which would exclude any formula
having the quinoline nucleus in its structure, and might
lead to the conclusion that rupture of the ring had been

effected to a small extent, This unidentified substﬁnoe was

not investigsted further,

Preparation of the trans form of Di-Methyl
Isocyanine fodide,

2 grams isocyanine iodide were pluced in a small wide test __;'”'



B
pare Quinoline (B.P 230° - 233°). added.
The Quinoline was then boiled on alsanﬁ bath, when tha
igsocyanine gradually went into solutbtion, the colour
uglly echanging to brovan. In about 10-15 minutes
there wag no trace of Idocyanine colour left., the
golution wae boiled for a total of 20 minutes after whiech
it was &allowed %o cool graduslly. Thera was then a
deposit of brown crystals which were collected, washed
with a smallquantity of pure gquinoline, then with
ether. Yield was only 10%,
The substance was recrystallised from Aniline when &
mass of brownish yellow needles were obtained. The
yields of crude products were usually 10% but on one

AT

occasion as much as 305% was obtalned, If the mixture

of quinoline and isocyanine was not heated for a sufficient
ly long time either no yellow body.was obtained at all

or the yellow body was contaminated with unchanged orglie
isocyanine, If, on the other hand, the mixture was

heated too long a solid pitch was obtained which yielded
with difficulty on treatment with pgridine then with

water or spirit, a brown non-crystalline substance which

did not contain iodine.

This substence was not investigated further as if was

found impossible to obtain.it crystalline from any of the
ordinarj crystallising media,

The brownish ﬁellOW'crystals obtained as above recrystallised
from Aniline were found to darken at 320°-325° and melt

at 342°-345° approximately. On account of the high

melting point and the‘difficulty of eorrectly éstimating

it, it was also difficult to gauge the purity of the

substance obtained.

.1252 grams substance gave .2732 grams COp & ,0477

grams 0.

- 4250

Vs SRR S 1
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«1546 grams substance gave ,0875 grams silver
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iodide. I = 30.6;.
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From the forsgoing the structural form of Isocyanines

has been proved to be //,\\\”///

|

H ? ==““~hl//\\“\

(2). The question of eolour has also bsen touched upon,
The structure of the yellow isomer sdmits of only one
interpretation, viz the trans form of the isocyanine,
This precludes the possibility of a residual valency of
the iodine atom attaching itself to the second nitrogen
of this body. This would lead one to connect such a
.formatlon viz, a conjugated chain of carvon atoms,
together with another atom having the possibility of a
residual valency of this atom closing the chain, with

-~

intengsity of colour, Iliany ezamples could be given of

{2
ct

ve guch an

S

uch struectures where it is possible to g

7]

]

igpterpretation, PFor example.- the triphenyl methane
dyes admit of such an interpretation. In the rosolic

acld ceries we hamig and
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and in the rosanlline series we have examples

on the other hand we have many loose molecular combinations
with the possibility of a metal such as Na or Fe aeting

in this way.

gut on the other hand again it is possible to point to many
intensely coloured compounds which cannot be given a
gtructure admitting tnis residusl valency.

this question naturally must be left entirely open as it

is far too complex to come within the limits of such a psper
as this, and cannot,of course, be settled on such meagre

evidence,

B B e o R S S A =
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INTRODUCTION,
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Dyestuffs of the Naphthopheno-sefranine type, and
especially their sulphonic acids, are of considerable
importance. Numberless patents have been taken out
claiming different methods of preparation of these
dyes, and these will be referred to later.

In this paper it is proposed to describe a new

method of synthesising substances of type I:-

Z
b

“N NR3R 4.
NR,

(2%
in which the sulphonic groups may be either in the
benzene nucleus or in the naphthalene nucleus, or in
both, or in which the sulphonic acid grbups may be
abgent altogether. Most patent literature claims are
regtricted to either non- sulphonated or mono-
sulphonated substances. The proceseg to be described
is more general, and applies equally to non-sulphonated,
mono-sulphonated and di-sulphonated substances.

Secondly, it is proposed to describe a new method

of preparing Naphthopheno-safreninones of type IIl:~

=

NRaR,.




in which again the sulphonic acid groups may be in
either the benzene or the naphthalene nucleus or in
both.

The treatment of this type of substance has led
to an interesting sidelight on the question of
fluorescence which will be dealt with.

Thirdly, it is proposed to discuss the question
of the products of scission of these subgtances with
caustic soda, and other reagents, with the production |

of Poly~ hydroxy- Naphthopheno-safranols of type IIa:-

These substences and those of type II have been
exemined spectroscopically, which has led to interest-
ing results.

Alsc a method of identifying & dyestuff of type
I will be described, a method dependent on the products
of scission, and the spectro-asnalysis of the safranin-
‘ones and safranols. At the present time there is no
satisfactory method of analysing a substance of type I,
as, with drastic treatment the ring structure is com=-
pletely disrupted and the products are usually un-
Iidentifiable.

The nomenclature adopted in the following pages
will be in accordance with the following numbered

Iacheme.



S N (CH3)2.

| C;:H?_

|

'will be named 2 - di methyl 9~ phenyl N-tolyl Naphtho-
|

'pheno -safrenine 5-7 disulphonic acid; a substance of

|the following constitution

Ho§ /\TSOZH

N
EHy

' 2= 41 methyl N- tolyl Naphthopheno-gafraninone 5-7
| di-sulphonic acid; and a substence of the constitution

represented by

\will be named 5-7 di hydroxy N - tolyl Naphthopheno-

isafranol.




PART TI.

ON NAPHTHOPHENO-SAFRANINES.
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There exists in the Patent literature a number of
methods of preparing a substance of type I.

Kehrmann end Herzbaum in 1917 (Ber. 1917, B0,

873, 882) obtained Naphthopheno-sefranines of type I

by the action of substituted 1.3 Naphthalene-diamines

on nitroso derivatives; e.g. 1-3 di-phenyl naphthalene
diamine 7-sulphonic acid and nitroso di methyl aniline
hydrochloride gave 2~-dimethyl 9~ phenyl Naphthopheno

gafranine 7- sulphonic acid:=-

HOS -
L J\ \ﬂ N \"{,/' N\

B
L -\N)\)'NKCHS}Z

//.\/ B
NCgHs CsHis

' Kehrmenn end Herzbaum used the method described in

DeR.P. 78497 /1893.

This method is elsborated in another Patent, viz.

| that of Casella D.R.P. 185986/1904. Azo compounds are

elso used in place of nitroso derivatives.

Para diamines having one free NH_ group when

2 |
oxidised with di substituted 1-2 naphthalene diamines

or their sulphonic acids by means of Sodium Bichromate

in acetic acid solution also give Naphtho-Pheno

safranines, as is claimed in D.R.P. 184661/19086.

Again from the same type of intermediate with

fair oxidation, using a solution of copper sulphate

in/



7

in ammonis as a catalyser, Naphthopheno-safranines are
obtained. This is claimed in D.R.P. 208646 /1907.

All these methods have as their starting point
sulphonic acids of diphenyl 1-3 naphthalene diamines,
which in themselves are difficult to obtain in the
pure state.

Another method of arriving at these substances is

' from mono-substituted ortho phenylene diamines having

ione free NH2 group and ortho Naphthoquinones,'e.g.
4-amino @-sulphonic acid of di-phenyl m-phenylense
diemine and 4-phenyl amino g-sulphonic acid of ortho-

Naphthoguinone react to give a product of type I, viz.

Bt (DeR.P. 205358/1907 ).

| 2-9 di-phenyl naphthopheno safranine 3-7 di sulphonic |

' acid.

| Naphthophenosafranines can also be prepared from |
;isorosindulines and arylamines by air oxidation in
‘presence of alkalies, e.g. from di methyl isorosinduline
and aniline, 2- di methyl 9~phenyl naphthopheno
|safranine is obtained, (DR® 193,17, an etier Farents) |
! The esgence of the reaction lies in the absence |
of strong acids, and this probably accounts for the

Ifact/



8.

fact that unsulphonated derivatives of isorosindulines
react well, but that mono-sulphonie acids give poorer
resulte, whilst di-sulphonic acids do not react at all,
the di-sulphonic acids of the isorosindulines being
fairly strong aclds. It was the fact that di-sulphonic
'acids failed to give this reaction that turned the
‘writer's attention to another method of causing the
'anilido group to enter the mucleus in the 9-position.
‘It had been found that sodium bisulphite reacted with
Iisorosindulines, that the sulphonic acid group entered
the nuoleus in the 9-position, and that the hydrogen
' thus liberated formed the leuco compound. This re-
'action was utilised in the hope, that, by boiling the |
.compound formed with aniline and an oxidising agent,
'the sulphonic acid groupwould be further displaced by
the anilido group. This was found to be the case.
When isorosindulines were heated with sodium bisulphité
Iaolution, aniline and an oxidising agent in water |
;suspenaion Naphthophenosafranines were formed. After
' several comparative failures with other oxidising |
‘agents such as air, Mn 02, Fe 013, Iodine, etc., the
|oxidising agent found to give the best results was |
:nitrobenzene. It was found that only a small quantityI
of bisulphite was necessary, as the sulphonic acid
igroup was immediately replaced by the anilido group
iand the bigulphite regenerated. When no oxidising
!&Eent was present the yield of nephthophenosafranine

iwas/



was very small, and the liquors would not oxidise to
the naphthophenosafranine by air oxidation, showing
that the leuco compound of the sulphonic acid inter-
modiate does not react with aniline. It is therefore
necessary to prevent the formation of the leuco com=
pound so that the isorosinduline sulphonic acid itself
may be oxidised to naphthophenosafranine. The amount
of nitrobenzene required was found to be 1/3 gram
molecule, although excess of that amount was not
deleterious to the reaction. Aniline was always used
in excess. The reaction proceeds according to the

following scheme:-

/;\1 + NaH SO, .
N%f/ 5 + /3 CgHsNO, =2
N~ ﬁBst L)

/]

+73%H5NH2 +CsHsNH, /i N 4 NaHSO;
+73H20 [ ¥ /L N . 4+ n*
N N ~ N
' b=
A, R,

This reaction occurs at the boiling point of
' &n aqueous mixture of aniline, sodium bisulphite
' solution, and either a suspension or a solution of

' the isorogsinduline. It was carried out with numerous

unsulphonated/
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unsulphonated isorosindulines as well as mono- and di-|
gsulphonic acids of the series, and was found to act in
the above mammer in every case except one, viz. when

a sulphonic acid group occupied the 8- position in the
isorosinduline nucleus, wheén no reaction took place.
For example 2- phenyl naphthylamine 5- sulphonic acid
reacts with para amino di-phenylamine ortho sulphonic

acid under the influence of Sodium bichromate oxidation

'to form an isorosinduline, but this substance will not

gubsequently react with aniline in the presence of
bisulphite and nitrobenzene to give a naphthopheno
safranine. Evidently steric hindrance comes into play
and prevents the reaction taking place, or if the bi-

sulphite reacts and the —SOSH group enters the nucleus

'in the 9- positiony the two SOzH groups in the peri
; Z b

position form a very stable anhydride, which is not
easily hydrolysed and will not therefore react with
aniline,

It was also found that other aryl-amines, e.g.
métanilic acid will also react in 1like manner to
aniline. When phenyl isorosinduline mono-sulphonic
acid, which is inscluble, was boiled up in aqueous

suspension with metanilic acid, nitrobenzene, and

| sodium bisulphite, & soluble blue dyestuff, was formed,

' Viz, 2~ phenyl 9~ m-sulpho phenyl naphthopheno

' safranine sulphonic acid.

The /
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The times required for the completion of the
reaction varied very considerably with different
gsubstences. In some cases the reaction was complete

in £ to 1 hour, in others 12 hours were necessary.

e
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EXPERIMENTAL. v

Preparation of ﬁ5 Naphthylamine sulphonic acids.
[

As starting points for the above synthesis the
following intermediates were subjected to the Bﬁoherer
reaction with sodium bi-sulphite and toluidine, viz.

2 - Naphthol 8- sulphonic acid. (Schifer's acid).

2 - Naphthylamine 8-8 di sulphonic acid.
(Amido G - acid).

2 - Naphthol 7 - sulphonic acid (Oxy F- acid.)

For example, 102 grams Potassium salt of Amido G -
acid were boiled under reflux with 1000 grams of 33%
sodium bisulphite solution, 600 cc. of water, and 80
grams of pare tolulidine for 24 hours. After steam
distilling, the liquors were acidified with HCl, and
concentrated to 1500 cce. The precipitate obtained
on cooling was redissolved in hot water and re-
precipitated by acid.

Proceeding in the same manner good results were

also obtained of tolyl - Brlinner and tolyl - F - acids.

Preparation of Isorosindulines.

These tolyl derivatives were then condensed with
various nitroso compounds to give isorosindulines.
Isorosindulines were also obtained from them, though
in smaller yield, when they were oxidised with para

amino di-phenylamine o- sulphonic acid by means of

sodium bichromate.
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(1) Preparation of 2- di methyl N- tolyl iso-

rosinduline 5-7 di-sulphonic acid.

:2- tolyl naphthylamine 6-8 di-sulphonic acid condensed
'with 1.5 gram molecules of nitrosodi-methyl aniline

hydrochloride forming IIT. viz.-

oS SO
Nx
N(CH3),
N . ]
Gz,

118

|
On mixing the components (the nitroso compound as

hydrochloride) a blue paste was formed gradually in
the cold, and after stirring overnight the reaction

was completed by heating for three hours on a boiling ;

' water bath. Upon cooling the fairly concentrated
;solution, after partial saiting out, crystals were
' deposited in 80% yield. This product was then re-
' crystalliged from hot water.

l In concentrated sulphuric acid it dissolved with
a brown or dull green colour which on slight dilution |

\with water, changed to blue and on further dilution

1
' to red violet. These colour changes are peculiar,

and do not seem to conform to the genersl reactions

ot/
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of isorosindulines, which usually give with sulphuric
acid a blue or blue violet colour changing to red on
dilution, but seem to indicate that oxidation has

taken place and given rise to a hydroxyl group in the
4- position in the naphthalene nucleus. This was found
not to be the case, so it was concluded that the pro-

duct was in fact the isorosinduline indicated by III.

(2) Preparation of 2- Phenyl N- Tolyl Isorosin-

duline 5 - 7 di-sulphonic acid.

Tolyl amido G - acid in the same way condensed
with nitroso di-phenylamine, but in this case no blue
paste was formed initially and two products were
always formed, one soluble in alcohol, giving with
sulphuric acid a dull brownish green colour, changing
to blue and then to red vioclet on dilution with water;
the other insoluble in spirit or in water, and giving
no definite colour reactions with H 804. The former

2
wag the substance IV.

HOS N SOH

!

- SNHCH,.
L%\\// ~n CL(% o

IV,
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The yields in this case were poorer than in the

cage of substance TTT,

(3) Preparation of Isorosindulines from Tolyl

Briinner acid and Tolyl F- acid.

When tolyl Brinner acid and nitroso di-methyl
aniline were condensed in acetic aéid solution at the
temperature of a boiling water bath the product (V)
obtained on pouring on to water consisted of fine

brown crystale insoluble in water, alkalies or acids.

Ny

N)a- N(CHS) |
é?H? I
- '

Similarly tolyl Brlinner acid and nitroso di phenyl-

amine gave (VI).

\/N\
L \)\N /L\/L WHCHs
Cztiz

VI.
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while tolyl Brimner acid and nitroso ethyl benzyl

sniline sulphonic acid condensed to form VII.

HGSn
t ‘L*- NN
k ,/L\N) %/L*ﬁﬂiﬂ{cs“ 503“
é.’?H? i '
YEI,

' this substance, being soluble in water, was obtained

as & sodium salt by salting out from solution.
In the same way tolyl F-acid and nitroso di-

methyl aniline resulted in the formation of VIII in

' good yield.

SOH

/J"\‘/N ~ / N
L VKN /l, “\/J: §(CH5}2.,

CHp

NLELS

and tolyl F- acid and nitroso di- phenylemine in IX

also in good yield.
SOH
~,

L\) N
L Ay

CoH>

IX.
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() Preparation of unsulphonated isorosindulines.

Unsulphonated isorosindulines, e.g. Neutrasl

Blue (X) wereobtained by the condensation of phenyl (3

'paphthylamine and nitrosodi-methyl eniline in hot

methylated spirit (Witt, Ber 1885, 21, 723)

“l i )\“.‘ /J‘ . ‘:l*jc“*"z.
CHs
X

and Phenyl isorosinduline (XI) simularly from phenyl F

naphthylamine and nitrosgo di-phenylamine. (Fischer and

Hepp. Ber 29, (1898) 2754.)

=

5 _,J\ i,

CcL
C Hs
Xlw

With regard to the colour reactions given by the con- |

' densation products in sulphuric acid, it was noticed

that all the products obtained by condensating nitms"?

;di“ methyl aniline or nitroso-ethyl - benzylaniline
|
sulphonic /
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gulphonic acid with tolyl amido G- acid, with tolyl
Brimner acid and with tolyl F- acid, gave the same
initial colour, viz. a dull greenish brown, while, on
the other hand, the products obtained by condensing
nitroso di-phenylamine with tolyl Brlnner acid or with

tolyl F- acid gave either a blue or a blue violet,

gimilar to that given by Neutral Blue, Phenylisorosind-

uline and their sulphonic acids. It is difficult to
reconcile the reactions of the first named bodies with

their constitution, and no explanation can be offered.

(6) Preparation of isorogindulines having one

sulphonic acid group in the benzene nucleus.

These subsgtances were obtained when phenyl or
tolylﬁ naphthylamine (or a sulphonic acid of this
substance) was oxidised with p-amino diphenylamine
o~ sulphonic acid by means of sodium bi-chromate in
dilute acetic acid solution. The yields were not good

Tolyl Brunner acid and p-amino diphenylamine
o-sulphonic acid when thus oxidised gave rise to XII,
whilst phenyl /3 naphthylamine 5-sulphonic acid and

the same seccnd component yielded XIII.

l ’L‘“ N TN
lL /L\ N) //L l;g—HC; W

G “Som
XII.
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XIII.
In the same way tolyl @n&phthyla.mine 7=~ sulphonic
| ao1d gave rise to XIV, and phenylﬁ naphthylanine 8-

|
' gulphonic acid to XV.
|

20 |
A3 |

!._ /L-.’\\\/N_%{_.f <

=

R R et o
™ - o Hefe,
ST Gyt

X1V ‘
|
NSO, |
\ |

Ls* N \Nu’l’ )Qﬂﬂcdﬂﬁ-

| GHs B,

|
| ' XV.
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preparation of Naphthopheno safranines from the iso-

70 gindulines.
i R et St

These Isorogindulines III to XV inclusive were
subjected to treatment with aniline, sodium bisulphite,
snd nitrobenzense in aqueous suspénsion of golution at
Ithe boiling point, the mono sulpho derivatives being
insoluble in water and soluble in aniline, the di-
| sulpho derivatlives being soluble in water and less
goluble in aniline. Each substance was transformed
into a derivative. of Naphthophenosafranine with the

Isingle exception of XIII.

(1) Preparation of 2- di-methyl 9- phenyl N- tolyl

naphtho-phéno-safranine 5-7 di-sulphonic acid.

Substance III was originally examined, and as this
failed to react with aniline when alr oxidised in
presence of strong alkalies the above method was
‘eventually evolved of transforming it into the safranine
type.

Substance V, which is insoluble, was transformed
iinto a soluble substance when boiled up with sodium |
!bisulphite and subgequently air oxidised, a sulphonic
‘acid group being introduced into the 9- position.

It was found that when para toluidine was added to the
woak bisulphite solution of substance V and this

%mixtuz-e boiled, that an insoluble substance was obtained

which / |
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which was considerably bluer than the original substance
1tg0lf in acetic acid solution. The same reaction
applied to III gave a product in small yield of much
pluer shade than IIT itself. Air oxidation in con-
“junction with bisulphite treatment did not produce

much better results, but when the amount of bisulphite
was cut down to a very smell quantity the yields were
increased to 40%. Various oxidising agents were used
in conjunction with bisulphite; Mnog caused the yield
to become practically theoretical, though the purity

of the substance was not satisfactory. The same remark
applied to the products obtained when Fe Gl5 and

iodine were used, the colour reactions with sulphuric
acid being olive green changing to dull blue or blue
violet on dilution with water, whereas pure safranines
give a very bright green with sulphuric acid. It was
obvious that in no case had the reaction proceeded to
completion. With nitrobenzene safranines were ob=-
tained of very much greater purity and in very much
better yield.

20 grams of substance III in aqueous solution were
boiled up for 16 hours with 3 grams nitrobenzene, 40
grams aniline and 8 cc. 40% sodium bisulphite solution,
The resulting product, after removing excess aniline
in steam, crystallised out from the concentrated
&queous solution in besutiful copper coloured plates
sparingly soluble in water, slightly more so in

alkalies’/
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alkalies, and giving with sulphuric acid a very bright
green colour changing to blue and blue violst on
dilution. The yield was 22 grams of XVI, which con-
tained 2 molecules of water of crystallisation.
For analysis of C and H, the hydrated substance was
used owing to the rapidity with which it absorbed water.
For S. and N the dried substance was analysed.
Found C - 55.80% )
on hydrated substance.
H - 4.12% )
S = 947 9473 9.72%)
) on dried substance.

N - 0.2 9.04 8.97%)

required for 031H25N4820 Na

S - 10.08%
N - 8.80%
required for C, H 5N48206Na,2H20 - C = B5.36%
H = 4.30%
' / p -
HOS <~ ™\ SONa.
w)\, Rl

Aa\ /'N'\.;/°E %/N\c“;}
Caﬂf pHp
XVI.

Further proof of its structure is given by the fact

that, treated with NHz at 150°C, aniline is given off,
and when treated with NagH solution at 220°C. both

aniline and di-methylamine werse isolated.
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(2) Preparation of 2-9 di-phenyl N- tolyl naphtho-

phenosafranine 5-~7 di-sulphonic acid.

substance IV was treated in the same way as
described above and there resulted almost a theorstical

yleld of XVII.

HOS N 50;Na.

L

~ Y

%KHF C?H?

N'\,

=

XVIiI.
This substance also, on treatment with 10% NaOH
solution at 200°C gave among the scission products
sufficient aniline to account for two anilido groups in

the structurs.

(3) Preparation of 2- di methyl 9- phenyl N- "tolyl

naphtho-phenosafranine 7- sulphonic acid.

|
In dealing with the mono sulphonated 1sorosindul-

ines V and VI and with substance VII (di sulphonated,

With one sulphonic acid group in the side chain) it was

found that,when treated with aniline at 90°C in dilute

_cauatic goda solution and air oxidised, naphthopheno-

safranines were obtained; though the products were not

80 pure as when the same safranines were formed by

IﬂBa.ng/



24.

means of the above bisulphite reaction. The times

of reaction were much shorter in the latter reaction
then in the former and the colour reactions were much
pbetter.

In each case the product from the nitrobenzens,
bisulphite process was obtained in crystalline bronze
plates, which with H2504 gave a brilliant bright green
colour, while the greerfs.ig.{ven'by the product of air
oxidation was invariably duller,

To 5 grams of substance V was added 20 grams of
Ia.niline, 1.0 gram nitrobenzene, 80 cc. water, 2 cc.
40% sodium bisulphite solution and the mixture boiled |
for 12 hours. 2.6 grams of coppery lustrous plates |
were deposited, (XVIIa) which with sulphuric acid ga.vel
a bright green colour, changing to red and depositing |
a red violet precipitate on diluting with water. I
Found S- 8.10% N -~ 10.59%. '

R - B = 10
| equlred for 051H26N4305 S - B.99% N - 10.48%

oS~
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The mother liquors contained a bye-product which
probably contained another sulphonic acid group in the
‘nucleus. '

! The main product was sulphonated with monohydrate
' containing a slight amount of sog, the sulphonic acid

 group entering the side chain in the para position.

. (4) Preparation of 2-9~di phenyl N-tolyl naphtho-

phéenogafranine 7- sulphonic acid.

With regard to substance VI the time of reaction
'was reduced to 5 hours. From 10 grams of substance a

. yield of 10.95 grams of a crystalline product was ob-
?tained, which with sulphuric acid gave a bright green

' colour changing to blue and depositing a blue precipit-
‘ate on dilution with water. On drying at 100° - 120° C.
ithe gubstance lost one molecule of water of crystal-
|1isation.

Found S - B.34%

N - 10.2%.

'Ra uired o -0 = B5eb5%.
quir for05326N4505 N - 9.83% S = 5.8%

H(%Sf
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Again, on scission with 10% caustic soda, aniline
was found in sufficient quantity among the products of
the reaction to account for two anilido groups in the
molecule. This substance (XVIII) was sulphonated by
monohydrate at less than 30°C for 11 hours, the pro-
duct, on pouring on to water being a copper coloured
powder, goluble in water to a blue solution. The

S0.H group again enters the side chain in the para

3
| position. Fischer and Hepp (A. 262. 237 - 284) note

 that, when phenyl isorosinduline was heated to 100°C
iwith concentrated sulphuric acid, a sulphonic acid

!group was introduced into the side chain in the meta

position, as metanilic acid was obtained when the pro-
duct was heated to 200°C with water. The writer found
that when the sul.phonic acids of XVIIa and XVIII werse
subjected to treatment with 10% caustic soda solution
at 200°C, sulphanilic acid was produced, which was in |

both cages isolated and identified.

(6) Preparation of 2- phenyl 9- m- sulpho- phenyl

naphtho~pheno safranine 7- mono sulphonic acid,

and g- sulphonic acid.

Metanilic acid was also condensed with substance |

Vs the reaction being carried out in 50% methylated

'8pirit; the yield of soluble dyestuff of constitution |
|

XIX was very small, being about 25 - 30%, the remainder

being unchanged substance,
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| Hozs :. = SN
; L\Y} g N ~ N
| /‘ i‘ /‘\N il N ')‘N“CGHS-

| Hoss..»* 4 J C?H?

XIX. |

With IX (Tolyl F-compound) metanilic acid gave
very good results. 3.0 grams of IX were boiled up
with 3.0 grams metanitic acid in 50% spirit, 0.5
grams nitrobenzene and 2 cc. 40% NaHSO, solution.
After 20 hours boiling and removal of the alcohol, O..5I

| |
grams unchanged substance was recovered, and from the |
|

filtrate 2.8 grams dyestuff were obtained of con-

stitution XX. : |
|

|
SN |
|

- \/kNi /"NH

L
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(6) Preparation of 2-ethyl p- sulpho- benzyl 9.

phenyl N- tolyl naphthophenosafranine 7-gul-

phonic acid.

5.0 grams of substance VII were boiled up with

g0 cc. water, 0.5 grams nitrobenzene, 20 cc. aniline,

o cc. bisulphite solution for 45 minutes, when the

reaction was complete. On steam distillingoff excess

aniline and nitrobenzene, and salting out the violet

coloured filtered liquors 3.8 grams of a copper

' coloured powder were obtained which with concentrated

gulphuric acid gave the safranine test of a bright

green, changing to red and red violet on dilution.

HC?S: |
!'N/l SN~
,l\%)mhl/i\) N.-cHz CsHaSOzH,

CrH?

(7) Preparation of 2- di methyl 9- phenyl N- tolyl

naphtho phenosafranine 6- sulphonic acid.

In the case of substances V, VI, and VII the same

products were obtained, though in a less pure state,

'when thege substances were oxidised with eniline iﬁ

| presence /




:presenoe of caustic alkalies at 90°C, but in each case
‘the time required to complete the reaction was 8 - 12

| hours. The dyestuffs were in most cages duller in ;
| gshade than the corresponding substances made by the |
nitrobenzene process. However, when one turned to
gubstance VIII it was found that the method of air
'oxidation with caustic soda and aniline gave excellent
results and that the time takén was reduced to 45
minutes, the product being beautiful bronze coloured

| crystals.

5.0 grams of VIII, 0.3 cc. 35% caustic soda

solution, 20 cc. aniline, 80 cc. water were mixed in

sugpension, violently stirred and air blown through
\Whilst the mixture was maintained at 90°C.  After

45 minmutes the aniline was removed by steam distilla-
tion, and there remained 4.48 grams of beautiful

'bronze coloured crystals of the naphthophenosafranine

s S0,
oy

g e

__ \)h oA Ay,
QESHS‘ C:'*’H,?

_‘;‘:W

XXb.
With bisulphite, nitrobenzene etc., from 5.0 gram
of VIII the main product after 12 hours boiling was

5446 grams of beautiful green crystals identical with

abOVQ/
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gbove, whilst a soluble bye-product probably having

two sulphonic acid groups, was also isolated.

(8) Preparation of unsulphonated naphtho-

phenosafranines.

Both with Neutral Blue and with Phenyl iso-
roginduline very good results were obtained by the

y |

' getion of aniline and caustic soda on these substances

'in presence of air at 90°C. In both cases from 5

grems of substance, 20 cc. aniline, 3.0 cc. 35% caustio

| gpoda solution, heated on a boiling water bath and
' rapidly stirred in a stream of air (free from 002)
& complete reaction was effected in from 50 to 75

‘minutes. After removing aniline, green lustrous

 crystals were obtained in both cases. Both substanoe&

|
‘gave the safranine test with sulphuric acid. By

boiling up with aniline in small quantity, cooling,

|

|
ifiltering, washing with spirit and ether the pro-
ducts were purified to a certain extent and obtained
‘a8 beautiful lustrous green plates. Using the bi- |
sulphite, nitrobenzene process the reactions went
WGQually well and in almost the same time.

The product in the case of phenyl isorosinduline,

]when basified with dilute caustic soda and crystal-
%1ised first from pyridine and then from aniline, gave

' lustrous green plates which melted at 269°C - 272°C (d

Similar/
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gimilar to those obtained by the air oxidation process
which melted at 270°C - 272°C (a). No difference
could be noticed either in behaviour towards sulphuric
acid, both products giving a bright green colour,
changing to intense blue and precipitating on dilution.

The main product in the two processes is thus the same.

(9) Preparation of naphophenosafranines with a

sulphonic acid group in the benzene nucleus.

These substances were formed in the same way as
‘indicated above. 7.5 grams of the product of con-
densation of tolyl Brimner acid and para amino di-
phenylamine o- sulphonic acid were boiled up with
8.0 cCe 40% sodium bisulphite solution, 15 grams

aniline, 1.2 grams nitroﬁenzene and 100 cc. water for

|15 hours. After steaming off the aniline,-the blue
golution was salted out and yielded 4.2 g. of a sub-
'stance which recrystallised well from 40 - B0% spirit |
to yield beautiful bronze crystals (XXI). |
Found S = 9.80% N - 8.56%. |
Required for C__H__N,S 0 S = 9.67%.

RE 28 47298
S
057 N

!
) |

N - 8.46%

| L _%v//l:%¥¢uﬂ \sJ,/%@%§

11

| NA \/’j“"l’). NHGH,
| CH,

|
Gty Sop |

XXI.
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In the case of tolyl F - acid the time of reaction

was only % - 1 hour, the product being copper plates

: (XXII). SOH

%)m'\‘\/\_

/I\N/‘ /‘LNHLH :
OM

C7H b
L;Hs &

(10) Preparation of 2-9 di-phenyl naphthopheno-

gafranine I-sulphonic acid and 1-5 di- '

sulphonic acid.

When 4,1 grams of phenyl {3 naephthylamine and 5.8
grams of p-amino di-phenylamine o-sulphonic acid werevl
‘oxidised in 50% acetic acid solution by means of sodiuzin
‘blchromate at the temperature of a boiling water bath
there was obtained 3.6 grams of an isorosinduline of

[ constitution

; e
l\l/L\/ = / |
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and when this substance was boiled up for 18 hours with
a trace of nitrobenzene, 1.5 cc. I'&az.HSO:5 solution, 2 cc.
gniline in aqueéeous suspension, there was obtained on
gteam distilling off excess aniline and nitrobenzene

2;0 grams of naphthophencsafranine of constitution

(XXIIIa ).

ke
dig )\ 8 ,,\ ;LNHL ok

cng |

XXIIIa.

which was purified by washing with spirit and ether.

4
which becomes blue on dilution with water and gives a

With H280 thie substance gives a bright green colour

blue precipitate on further dilution.

In a similar way when 9.0 grams of phenyl /3
naphthylamine g~ sulphonic acid and 9.0 grams of p-
Ia.mino di-phenylamine o- sulphonic acid were oxidised |
‘with sodium bicﬁromate, there resulted 16.5 grams !
of the corresponding isorosinduline di-sulphonic acid.l
When this substance (11.0 grams) was boiled up with
i'&niline, bisulphite, and nitro benzene in aqueous

| Suspension for 2-3 hours, there was obtained on saltiﬁg
| out/ J
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out the blue liquors 8.65 grams of a naphthopheno-

safranine of the following constitution (RXXIII).

-

N =~ ‘ ~

' In the case of substance XIII as already stated no
'reaction took place when this isorosinduline was
brought into contact with bisulphite, nitrobenzene,

etc,

- P e e T e - -
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PART | EEs

ON NAPHTHOPHENO-~SAFRANINONE SULPHONIC ACIDS.
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On Naphthophenosafraninone sulphonic acids.

When substance III was gubjected to treatment
with ammonia, sodium bisulphite, and nitrobenzene in
aqueous solution at 100°C for 6 hours in a bomb tube,

the product of the condensation proved to be XXIV.-
HO,8 ¢ TN SOH

4;r4¢‘\w//ﬁﬁ%ﬁ

HNU-“N) \-)‘N(CHg}“-

C7H7.

XXIV.
a safranine, giving a green colour with concentrated
sulphuric acid, which on dilution turned blue then
red, and dyed wool a red colour.
When however the temperature was maintained at
140°C for 12 hours the product from the reaction was a

naphthophenosafraninone of the constitution XXV.-

H035 o 50,NHs

,l- /L /“ N (CH5) A
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ji.e-, mono ammonium salt of 2 di-methyl N- tolyl naphtho-
iphenOS&fl"&ninone 5=7 disulphonic acid. No reaction
|t00k place when substence III was treated with ammonis

alone, with blsulphite alone, with bisulphite and

pitrobenzene, with ammonia and nitrobenzene, or with
i i%
gmmonis and bisulphite. The course of the reaction

'muet then proceed as the following scheme indicateg.- |

| o

- : N 80 ‘
HOSS[ 5H 4+ NaH S0

|

‘-‘f;\N‘) \/N %/ \ + '/3 C6H5N02-

E» \/LN \\)N(ca;% |

(2
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When substance XVI was heated at this temperature
(14003) with water, no reaction took place, but with
dilute ammonia the same naphthophenosafraninone was

iobtail’led as was obtained with ammonis, bisulphite,
Initrdbenzene and substance III, i.e., XXV,

When 2- tolyl naphthylamine 7- sulphonic acid was
icorlltl"lemeu:'sd with nitroso di-methylaniline, and the pro- |
' duct subsequently brought into reaction with emmonia,
| godium bisulphite and nitrobenzense in aqueous sus- |
;pension in a stirring autoclave, and the temperature |
!ma,intained at 140°C for 12 hours, the product ébtainad%
‘consisted of two substances in the proportion of- one

part of the former to two parts of the latter, viz.-

__so.H

| i,
L'w/L’“ e A _ |
! HNA-"'“ /L N /j \/H.N(C“z)z.

C7H7

|

XXVI. |

|

and |
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The former (XXVI) is insoluble in water, alkali
' or acid, and gives with concentrated sulphuric acid a
Igraen colour; whilst the latter (XXVII) is soluble in
;a.lka,lies and gives with concentrated sulphuric acid a
violet colouration. The same types of substances
| were obtained when other phenyl or tolyl naphthylamine
igulphonic acids were used, except in the single casge |
of the B- sulphonic acid when no reaction took place. |
| A considerable number of substances were treated
' in this fashion and the only exceptlon was as stated
;with substance XIII.

The condengation of tolyl F- acid and nitroso=-
iethyl benzylaniline sulphonic acid resulted in the
formation of 2- ethyl p-sulpho benzyl N- tolyl iso- :
'rosinduline G- sulphonic acid, which under this trea.t-i
!ment waes oxidised to the corresponding naphthopheno
safraninone, the analyasis of which for S and N gave

conclusive proof of its structure, viz.-

=0

R

; F7H7 i
| 594 |
| /, |

0
) i o
\/“’\// b B2
| | L ). N(Er)-CH-CH.SO,H
NP e R i
GHy
XXVIII.




The following 2- N alkyl (aryl) naphthophenosafr.
|

gninones were also prepared, viz.- |

S i I
OL )\N‘/\ ~ J‘N &)
‘ ¢ Hq |
_ peod
|
|
| | W/L VN\"// N
L -J\l‘;l /‘ \_/‘Nl&éﬁd NHB,HaHS%J
C7H7 and PhNOg' ‘
XXX
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= 5
( ¢ SN
L.
~ /‘ ‘tn.-fN L) Lt N from L 5 /L WIJ\/ - &
;,‘ /‘.\ /L P
N - ki A A, :, N
G <y
XXX.

CHs " o
e et s A
XUKT and NHS.
a i
O | ~
LR e N S SL )’ »N-
)» /l from ﬁ ‘?/ i

0 CH 5 N i e i

s Chg &ty 3

TRRTL and NHg

S
. %
C-,HT CH3
XXXI1T, and NHs, N\‘.I,HSO3 and PhN02
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The safraninones having only one sulphonic acid
group were only very slightly soluble in water,
alkalles or spirit; those having two sulphonic acid
groups were fairly goluble in these media.

The colour of these safraninones when soluble in
agqueous solution is generally a bright red, some having
s bluish tinge, and thess solutions dye wool a very
bright red colour, with a brilliant bluish tinge.
1t was however found that these dyes were extremely
fugitive to light, but that fastness to light was con-
giderably increased by having a sulphonic acid group
in the 8~ position. All other substituents had no
effect on the fastness, substances having the 1~

position substituted by -SO H group or by -CH; being

3
equally fugltive with substances having the 5-, 8-,
or 7- positions substituted by SOSH groups . Neither
had the N- substituents any effect on increasing
fastness to light.

It was found too that when, e.g. pheny1(3 naphthy-
lamine 5- sulphonic acid and p- amino di-phenylamine

0- sulphonic acid were oxidised with sodium bichromate

there resulted the isorosinduline
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put that this substance gave no reaction with Na.HSOa,
PhNOE: etce.

In general when the 8- position of the iso-
roginduline nucleus was occupied by a sulphonic acid
group, the only method of arriving at a naphthopheno-
gafraninone was through the naphthophéenosafranine and
ammonie.

Thorpe (J.CeS. 1907, 324) found that some naphtho-

phenoxazines e.g. Hils Blue A

L %‘/‘“N/‘ "*v) -~

e

and Meldola RBluse - 5
LR e s

2 L\\,)a.—m,/'k

&

and other similar bodies were easily oxidised to the
corrsgponding phenoxazones. This work arose out of
observations made by Prof. Lorraine Smith that when

cértain tissues were stained by Nile Blue A and similar

dyes,/
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dyes, certain portions of the tissues were stained a
red colour. This colour Thorpe found to be due to the
presence of phenoxazones. It was thought that, there
peing & similarity between the phenoxazones and the
naphthophenosafraninones here described, these new
dyestuffs might be useful in microscoplec work and act
as selective stains. Naphthophenosafraninone XXV was
usged as a counter stain after haemotoxylin in the
gtaining of sections. It was found that the tissues
that usually stain with Eosin were stained a very
bright pink, staining rather more intengely than
Eosin. It does not decolourise with prolonged applica-~
tion of alcohol. When XXV and haematin were mixed
together a precipitate was formed and a section was
stained with the filtrate. The results were not so
satigfactory. Using haematoxylin and XXV geparately
gave better results than when the solutions were mixed
before use, and in this method of application the stain
proved of use as a protoplasmic stain for tissues.

' .I am indebted to Dr Arnold Renshaw, M.D., D.P.H. for
his report on the use of this dyestuff as a micro-
scopic stain.

These gafraninones were generally more or less
soluble in ethyl alcohol. The solutions in this medium
showed definite bands in the spectrum, and these bands
differed in nearly all cases; in most cases the

‘Dosition of the SO4H group, as well as the substituents

in/
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in the 2-N group having an effect on the spectrum.
This is shown in the table of spectrum analysis Ia.t the
end of the paper.

Also an interesting observation was made regard-
ing the phenomenon of fluorescence of these alcoholic
solutions of the safraninones. Fluorescence appeared

when the position 2~ was occupied by -N(CH ‘N(Et)g*

3)o
-NE ~N (Cofy ) (CHy,0gH,SO0H), and -NH(C.H),

but not when the group was -NHC H‘S’ or when the -NH2

8 °

‘group was acetylated. When the group was

'N(OzHg)(GBHS) fluorescence was observed in slight
degree. The position of the SOSH groups had no effect
on fluorescence. It is difficult to see how these
observations can be fitted into Hewitt's theory of

fluorescence. Double syméetrical tautomerism of these

_cdmpounds does not seem to be possible, as the inter-

mediate phase in the oscillation between the two
possible isomeric forms does not present a symetrical
complex. Take for example 2~ dimethyl naphthopheno

safraninone 5-7 di sulphonic acid the various stageés

of the oscillatory period would be represented by

the following scheme.-~ '
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There is no symetrical complex in any of these
phases, all we can say from observationg is that if
the basicity of the aryl or alkyl-amino group in the
o~ position is reduced as by introducing an anilido
group there, or by acetylating a free NH2 group, we
may prevent the last phase (4) from forming at all,
and so having no oscillatory motion in the molscule
we have no fluorescence: or by introducing N(Et)(Ph)
instead of N(H)(Ph) we increase the basicity and tend

to produce fluorescence. If phase 4 does not form

'in the case of & less basic 2- group, but does form

in the case first cited, then in phase 1 and phase 4

‘energy is alternately absorbed and emitted, and this

will give rise to fluorescence in those bodies in
which phase 4 is possible.

Fischer and Hepp in an admirable series of papers

| in the Annalen discuss various reactions of the

rogindulineg, safranines and similar substances. They

confine themselves practically to unsulphonated

derivatives, except in two isolated examples (A, 288

187) in which they treat phenyl isorosinduline

sulphonic acids with caustic soda solution and obtain

oxyrosindones. 1In a previous paper (A. 272, 308~354)

in dealing with the action of a mixture of HCl and
acetic acid on naphthopheno safranines they state that

the substance 9~phenyl naphthophenosafranine when so

‘treated at 200°C gives rise to & safraninone, the

anilido /
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gnilido group being replaced by a hydroxy group, whilst
at 225°C the product was a naphthophenosafranol, the
NH2 group being also replaced by OH;

This was not the experience of the writer, who
round that, when a naphthophenosafranine was treated
with a mixture of hydrochloric and acetic acids a
naphthophenosafranol was formed, there being no inter-
mediate stage in this case. This will be further
discussed under Part III.

Fischer and Hepp state also that these safranin-
ones when dissolved in concentrated sulphuric acid
show & dirty green colour, changing to brown and to
red on dilution, whilst the corresponding safranols
produce a green colour with sulphuric acid. The
writer, however, found that safraninones having a
di-methyl group in the 2~ position gave with sulphuric
acid a violet colour, changing to blue and further to
red on dilution, that safraninones having a phenyl
group in this position gave blue with sulphuric acid,
again changing to red on dilution, whilst a fres NHB
group in the 2- position gave rise to a green colour
with sulphuric acid changing to red on dilution.
With naphthophenosafrenols, which will be discussed
in the next part, the colour given on dissolving in
sulphuric acid was red violet if there was no hydroxyl
group in the 8- position, and blue if a hydroxy grouﬁ
OCCupied that position.

Al11/
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A1l naphthophenosafranines gave a bright green
colour with sulphuric acid.

Figcher and Hepp prefer the para quinoid form for
the naphthopheno safranines and naphthophenosafranin-
onegs., Evidence sgeems to point in this direction asg,
no matter what the side chains were in any naphtho-
phenosafranine, the action of ammonia was to split
off the side chain in the 9- position, and not that
in the 2- position, which required a stronger alkali
(NaOH) to remove. This was true in the case of a

.coznpletely symetrical substance, viz.-

which on treatment with ammonisa at 18000 gave rise to
only one molecule of aniline and not to two molecules.

When an attempt was made to methylate substance
XV by means of di-methyl sulphate it was found that
|di-methyl sulphate added on to the N of the ring but
‘th&t methylation of the ~C=0 group did not take place,
|88 would have been expected if tautomeric change to
‘ortho~quinoid form had taken place. For these reasons |
!I have preferred to write the formulae in the para

Quinoid form in every case.
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EXPERIMENTAL.

' preparation of mono-smmonium salt of 2~ di- methyl

N- tolyl-Naphthophenosafraninone 5-7 di-sulphonic acid.
(XXV)

20 grams of 2~ di-methyl N- tolyl isorosinduline
5.7 di-sulphonic acid, 8 cc. of a 40% solution of
isodium bisulphite, 50 cc. of 88 ammonia, 2.25 grams of
‘nitrobenzens, 200 cc. water were heated in an autoclave
to 140°C for 5 hours. From the resulting intense red
|solution the excess nitrobenzene was steamed distilled
off, and the alkaline liquors after filtering were '
:caref‘ully acidified with hydrochloric acid.
| 14.5 grams of a very fine coppér coloured crystal-
!line product were obtained, which was recrystallised
\from 75% spirit and obtained in fine greenish lustrous
plates. The substance crystallised with two moleoules;
lof water of crystallisation, which were only removed a.!t
1130° - 140°C. It was analysed for S and N in the |
Ianhydr'ous state, but in the hydrated state for C and H,
lowing to its great hydroscopic tendency.
| |Found for § =~ 11.39, 11.78%
i | N =~ 10.17%
'Required for Coploal,S,0,5 S - 11.81% N - 10.07%

‘Found for C - 50.85%, H - 4.98% |

Re u - o
| quired for C,cHo,N,S;05, 2 B0, C ~ 50.84%,

H - 4.73%

With/



With concentrated sulphuric acid a violet coloura~
tion was obtained, changing to blue and brilliant red
on dilution. This product was soluble in water to a
prilliant red solution, also in absolute ethyl alcohol
to & brilliant red solution showing a yellow fluores-
cence., When the ammonium salt was boiled with 7%

NeOH solution, ammonia was given off, and the mono
godium salt was precipitated in fine copper plateé on
acidifying the solution. This too crystallised from

75% spirit, fine copper coloured plates being.obtained.

Found N - 7.87% S -~ 11.29%

Required for C H_ N S Nae N - 7.5% S - e 23%.
quir splota 20, % 11.23%

When 4.0 grams of 2- di-methyl 9-phenyl N~ tolyl
naphthophenosafranine 5-7 di-sulphonic acid were
treated with 15 cc. 88 ammonia, 10 cc. water at 150°C
for 5 hours in a bomb tube, the product was 3.8 grams
of a substance which proved to be identical with XXV,

' the product obtained from the previous reaction.

| ‘Preparation of g2- ethyl p- sulphobenzyl N-tolyl naphtho-

phenosafraninone 6~ sulphonic acid. (XXVIII).

30 gramg of 2- ethyl p-sulphobenzyl N-tolyl
isorosinduline g-sulphonic acid, 90 cc. 88 ammonia,
3.5 grams nitrobenzene, 12 cc. 40% sodium bisulphite

solution, and %00 cc. water were mixed and heated for

5/
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5 hours at 140°C. On steam distilling and acidifying
14,0 grams of copper coloured plates were obtained,
which on recrystallisation from 80% spirit gave 4.2
grems of beautiful bronze lustrous plates of the
gmmonium salt.
Found N = 8.4%. 8.66%.
S = 10.06%

Required for 052H30N48207. N = 8.66%. S = 10.00%

Thie substance was converted into the sodium
galt by boiling with 3% caustic sode for some time,
and acidifying the liquors. The sodium salt was also
recrystallised from spirit. It was soluble in spirit
to a red solution, showing a yellow fluorescence, it
was also of course soluble in water.

Found S = 9.7%. Required S = 9.83%.

Preparation of 2- di ethyl N- tolyl naphthopheno-

safraninone 5-7 di-sulphonic acid. (XXIX).

10 grams of2di-ethyl N-tolyl isorosinduline 5=7
ﬁdi—sulphonio acid, 33 cc. 88 ammonia, 75 cc. water,
1.2 grams nitrobenzene and 4 cc. of sodium bisulphite
solution were heated together in an autoclave for 5
hours at 140°C and the liquors acidified. 5.9 grams
of product were obtained, which yielded 1.2 grams of
fine crystals w‘;’;;,;;l recrystallised from 80% spirit.

Found/
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Found N = 7-72%.
11.57%. N8/s = 3/2

S

Required for C,.H, N,Sc0, - N = 7.40% S = 11.29%

In this case the acid was obtained, the acid being
probably less soluble than the ammonium salt. It is
goluble in water and spirit to a red solution, the

l1atter showing a yellow fluorescence.

Preparation of 2- phenyl naphtho pheno_ safraninone

'1-8 disulphonic acid. (XXXI)

20 grms of the corresponding naphthophenosafranine,
60 cc. 88 ammonia and 200 cc. water were heated to-
Igether- in an autoclave for 5 hours at 140 C. The re-
action mixture was intensely red and completely in
solution. On steam distilling 1.26 grams of aniline
were obteined, and, on acidifying the liquors 13.85
grams of beautiful copper crystals were thrown out of
solution. With sulphuric acid a blue colour was
_obtained, changing to red on dilution. This product
‘recrystallised from 80% spirit in beautiful plates.

Found N = 9.91%. S = 11.22%.

Required for 028H22N48207, N = 9.50%. S = 10.85%.

This product was also soluble in water and spirit,
the latter however showing no fluorescence.
If in the above, instead of using the safranine

there named a homologue having a phenyl-ethyl amino

group/

o
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group in the 2- position was used, a similar reaction
'took place and there was isolated a copper coloured
powder Wwhich with sulphuric acid gave a violet colour
(not blue as in the previous case), changing to red
'on dilution. This product was 2~ phenyl ethyl
naphthophenosafraninone 1-8 di-sulphonic acid, soluble
in water and spirit to a red solution, the latter in
ﬁhis case showing a yellow fluorescence, which was

' more marked in slightly alkaline solution than in
;neutral.

|

|

Preparation of 2- di-methyl N- tolyl naphthopheno-

'safrenine 6-sulphonic acid and 7- sulphonic acid, and

ﬁheir corresponding safraninones. (XXVI and XXVII).
| ,

‘ 25 grems of di-methyl N-tolyl isorosinduline

iB-sulphonic acid 75 cc. 88 ammonia, 8 cc. of 40%
%bimﬂphite solution, 2.5 cc. nitrobenzene with 300 cc.
IWater were stirred in an autoclave, and heated for

12 hours at 140°C. The excess nitrobenzene was re-
imoved by steam dietillation, and the alkaline liquors
filtered. The residue consisted of 8.4 grams of 2-

di-methyl N- tolyl naphthophenosafranine 6-sulphonic

acld, which was then washed with spirit and ether.
iwithsulphuric acid this substance gave the usual green

colour, changing to violet and precipitating on

!d11Ution.

Found/
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Found N - 12.06%. S - 8.85%
C -~ 85+71%. H - 4.90%
Required for C,.H, N, SOz. C - 65.50%. H - 4.80%

N - 12.22%4 S - 8.98%

The alkeline ligquors were acidified and 17.5
grems of & copper coloured precipitate were obtained,
which proved to be 2- di-methyl N-tolyl naphthopheno
gafraninone @~-sulphonic acid.

Found N - 9.23%.

Required for C_ Hp,N5s0, - N - 9+16%

4

Similarly the corresponding 7-sulphonic acid
was prepared from the corresponding tolyl Brlmmer acid
compound. From 26 gramsg of the isorosinduline there
wes obtained 7.4 grams of the safreanine and 16.1 grams

of the naphthophenosafraninone.

Preparation of l-methyl 2-ethyl N-tolyl naphthopheno-

i
' gafranine B-7 di-sulphonic acid, and the corresponding

 1=méthyl g-ethyl N-tolyl nephthophenosafraninone 5-7

di-gulphonic acid. (XXXIII).

| To 8,5 grams of tolyl amido G- acid, in glacial

écetic acid at the boil, 6.0. gramg of nitroso mono-
6thyl o-toluidine hydrochloride were added. After 1
ihou‘r"a boiling & fine amorphous powder (8.2 grams) was
ifiltered offe 6.6 grams of this substance, 12 grams '

#0i1line /
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gniline, 3.0 cc. sodium bisulphite solution, 1.0 cc.
nitrobenzene, and 150 cc. water were bolled together
for 16 to 18 hours. The excess nitrobenzene and
gniline were steam distilled off, the liquors con-
| gentrated and cooled, when 4.0 grams of besutiful bronze
crystals of the above naphthophenosafrenine were
obtained.

When 2.0 grams of this substance were treated
with 8 cc. 88 ammonla, 20 cc. water for 8 hours at
14000 aniline was given off, and the above naphtho-

phenosa.fr&ninone was isolated on acidificetion.,

Preparation of 2-di-methyl naphthophenosafraninone

8-sulphonic acid. (XXXVII).

As 2~ di-methyl naphthophenosafra.niné 8-sulphonic
ecid was insoluble in water or in ammonia, this sub-
stance was first sulphonated by monohydrate at ordinary
tempsrature. 22 grams of the sulphonated product
were treated with 66 cc. 88 ammonia, 250 cc. water at
'140°0 for 6 hours. On the completion of the reaction
15.15 grams of a crystalline product were found in
;suspenaion. With sulphuric acid this gave a bluish
Igreen colour, changing to violet with precipitation
ion dilution with water. It was slightly soluble in

‘absolute alcohol to & brilliant pink colour with

yellow fluorescence, but was practically insoluble in

‘Water o/
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water or alkalies. From the liquors 3.81 grames of
gulphanilic acid were isolated, and identified as
guch by transforming into tri bromaniline of m.p. 118 -
119°C.

Fischer and Hepp state that on sulphonation of
the anilido group in substances of the naphthopheno-
gafranine type, the 805H group enters the side chain
in the meta position, as metanilic acid was isolated

from among the scission products.

Preparation of naphthophenosafraninone 1-8 di-sulph-

onic acid, and its acyl derivative. (XXXII).

3.0 gramg of 9-phenyl naphthcphenosafranine 1-8
di-gulphonic acid 9 cc. 88 ammonia, and 30 cc. water
were maintained at 140°C for 5 hours. A fed solution
was obtained, which on acidification deposited 2.82
grams of & substance which was recrystallised from
80% spirit to yleld 1.85 grams of fine crystels show-
ing a greenish bronze lustre, solubtle in water and
6thyl alcohol, the latter showing a yellow fluores-
cence, When this substance was however boiled up
for a few minutes with acetic anhydride, the acyl
compound was formed, which, though still soluble in
alcohol, showed practically no fluorescence.

With sulphuric acid the colour given is green,
changing to red on dilution with water.

Found /
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Found N = 10.95%. S = 12.72%.

Required for 022H18N48207 (1.e. mono ammonium salt)
N = 10.89%. S = 12.55%.

-
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PART 2 £ B S

ON HYDROXY NAPHTHOPHENOSAFRANOLS.

————— ————— - f——— T -
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On treating 2- di-methyl N-tolyl naphthopheno-
g-?’d{.sulPi;pnl e &cid
safraninone with 10% caustic soda solution at 200°C
for 12 hours in an autoclave, di-methylamine was split
off, the sulphonic acid groups were, for the most part,

' replaced by hydroxyl groups, and two substances were

isolated, viZ.-

Ho SO3H > Hor | N\ O
| h‘\\
N~ OH.
&'.7 H7

XXXIXa. XXXIX.

'the former was deposited from the liquors as the di-

' sodium salt, and was purified by recrystallisation from
6thyl alcohol, the latter was isolated from the |

' filtered liquors by acidification, and obtained in the

‘form of the free acid, which was recrystallised from

:a mixture of pyridine and water. Both these substances
are extremely hygroscopic and, if left open to the air,

take up rapidly two molecules of water of crystallisa-

|tion. It is probable that the sulphonic acid group
in XXXIXe is in the 5- position rather then in the 7-
position, as one would expect a ]3 sulphonic acid

group to be more easily hydrolysed than an of group.
|
|
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This reaction with caustic soda solution has been
' carried out with practically every safraninone mention-
ed in this paper. The following hydroxy safranols in

| particuler have been prepared.

Ho OH "’“\

XLI. XLII.



In the case of XLIV the product isolated in the
:pure state proved to be & monosulphonic acid, probably

| XLVITI.

XLVII.

-

whilst the corresponding hydroxy safranol, having the
same spectrum as above, was obtalned in a somewhat
impure state. In all the other cases the substances

igolated were free from sulphur.

All of these gubstances are extremely hygroscopic,
but give off their water of crystallisation at 120° -
130°cC,

| XXXIX, XL, XLIII, were studied in particular, and

a/
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a spectroscopic study made of all the products. The
bends of the spectrum shown by XXXIX, XLII, XLIII and

' XLIV are all identical, whilst the bands of XL, XLI,
and XLV are also ldentical wlth each other but enﬁirely
' different to the other spectrum. With sulphuric acid
the colour given by the former series is red, changing
:to yellow with slight precipitate on dilutioﬁ with
iwater. With the other series sulphuric acid gives a f
blue colour, changing to red on dilution. Owing to
ftheir extreme hygroscopic tendencies, 1t was difficult
to obtain satisfactory analysis figures for thesse

' substances. At first it was surmised that, in the case
of all sulphonic acid groups not in the 8- position,
‘the action of the caustic soda was to reduce the

i-SOSH group to hydrogen, but that the sulphonic acid
‘group in the 8- position behaved differently and gave
?rise to a hydroxyl group by simple hydrolysis. When

however

| (%Hf ész. SO

\was treated with & mixture of hydrochloric acid and
Iaoetic acid at zoodd in a bomb tube, the product
isoleted from the reaction mixture proved to have the ;
 same / |
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 same gspectrum as XXXIX above, and not as XL. The
colour reactions with sulphuric acid were also gimilar
to XXXIX, i.e. red to yellow, but giving no precipitate.
It would appear that in this case the sulphonic acid
groups have been replaced by hydrogen, and the re-

gulting product is thus:-

(olp]

XLVI.

Now it would appear also that this product shows
the bands in the spectrum as others of similar con-
stitution having hydroxyl groups in any other position
except in the 8~ position, but that if a hydroxyl
group appears in the 8-position, no matter whether
hydroxyl groups appeéar in other positions in addition,

!the gspectrum is entirely different. The only ex-
plenation that seems to fall into line with the ob-
served facte is that substance XLV, for example, must

'agsumé its tautomeric di-quinocid form, thus:-
i OH

OH
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whereas any other similar substance, e.g. XLIII cannot
agsume this form. Those which can assume a di-guinoid

form, ©.g8. XXXIX thus:-

HO N 29

JoH

CqaHh.

‘still do not show the sameé gpectrum bands associated
iwith the first di-quinoid form, where the quinone |
| formation is in the 8-position, giving two quinone
Igroupa in the peri position to each other. i
Again when naphthalene 2-5-7 tri-sulphonic acid

was treated with 10% caustic sodea solution under

exactly similar conditions as the safraninones were
itreatedl SOB was Observed in quantity in the reaction
mixture on acidification, and there was evidence of
 considerable quantities of hydroxyl bodies present,
'as was proved by the formation of azo dyes by con-
densation with diazo salts. It is therefore probable
!that the sulphonic acid groups in thé safraninones
Ihave been replaced by hydroxyl groups, and that the
Iexpla.nation of the difference in behaviour with re-
gard to the bands in the spectrum is as indicated abov%,

i.6. is due to the possibility of a di-quinoid forma- |

tion with the two quinone oxygens in the peri position

Again/

to each other. }
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Again when the substance XLIII was acetylated,
and the product hydrolysed, it was found that in the
acyl derivative there were two acyl groups only, and

that the cecnstitution agreed with the formulea.-

CHE OO?/’&\

k‘ F*t%f J N

L\/LN A

el OH (€O tHa)

The substance 2-9~-di-phenyl naphthophenosafranine
1-8 di-sulphonic acid was subjJected to treatment with
different reagents under varying conditions and the
scission products were studied in each case. The
reagents used were a mixture of hydrochloric and
acetic acids at different temperatures, sulphuric
acid, and caustic soda at different temperatures.

When 10% caustic soda acted on the above safranine
at 220°C for 12 hours aniline was isolated from among
the scission products. The samé also applied to the
action of hydrochloric and acetic acids, but when the
safranine was boiled up with 76% sulphuric acid for
16 hours no aniline was found, but sulphanilic acid
was isolsted; when 65% sulphuric acid was substituted
for/
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for the stronger acid a trace of aniline was detected
among the scission products.

Ceustic soda, as has been stated, caused also the

'hydrolysis of the sulphonic acid groups, giving rise
to hydroxyl groups.

Hydrochloric and acetic acids, on the other hand,
reduced the sulphonic acid groups to hydrogen. There
was evidence that sulphuric acid gave rise to a safranol
sulphonic acid, as the percentage of sulphur in this
case was much higher, though thé spectrum of the sub-
gtance was substantially the same as that from the
ceustic soda scission. Pure éubstances, however, could
not be obtained in this case. Reduction of the temper-
ature from 220°C to 195° - 200°C in the caustic soda
gscission gave a product which differed from the pre-
vious caustic soda scission product in that it con-
tained sulphur in large amount.,

Found S - 9.82%. N - 6.56%.
N - 3/e.

The substance seemed to be somewhat impure and
could not be recrystallised from any solvent. The
‘high percentage of sulphur and low percentage of
nitrogen tends to show that the first action of the
caustic soda is to attack the side chains prior to
attacking the sulphonic acid groups. This view is
supported by the products isolated when the sciésion

‘Was carried out at 20000, as above enumerated, one

of /
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of the products still retaining one sulphonic acid
group.

Turning to the scission with the mixture of hydro-
chloric and acetic acids,it was found that the reverse
geemeod to be the case. As has been stated, when the
temperature of the reaction was 200°C for 12 hours,
naphthophenosafranol XLVI was isolated. When however
the temperature was reduced to 150°C a substance
giving with sulphuric acid the green colour of a
gafranine (changing to blue on dilution) was obtained.
On extracting this substance with water, which removed
a red impurity, a substance insoluble in alkalies re-
mained which gave the following analysis -

N =~ 9.41% and 9.50%. S - B.90%.
N/s - 3.8/1.

The substance was impure and could not be re-
crystallised further.

However it would appear from the high percentage
of nitrogen and low percentage of Sulphur that the
action of the acid is first to eliminate the sulphonic
acid groups prior to attacking the side chains.

‘At 178°C a product was isolated which gave

R - 10.42%. S - 4.25%
which tends to further this theory and would show that
somewhere in the region of 180°C we might find a
critical temperature at which the sulphonic acid groups

would be completely eliminated. Time however did not

permit /
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permit of a more complete investigation, and owing to
the seeming impossibllity of purifying these sub-

stances, the question was not further investigated.

EXPERIMENTAL.

Preparation of 5~7 di-hydroxy N-tolyl naphthopheno-

safranol and 7- mono-hydroxy N-tolyl naphthopheno-

safranol 5 sulphonic acid. (XXXIX and XXXIXa).

When 20 grams of 2- di-methyl N~ tolyl naﬁhtho—
phenosafraninone 5-7 di-sulphonic acid were heated at
200°C with 200 grams of caustic soda solution (10%)
in an autoclave for 12 hours, di-methylamine was given

off, trapped in oxalic ester and identified; SO, was

2
also given off, and the liquors deposited 4.9 grams
of beautiful lustrous green plates. This substance
proved to be the di-sodium salt of XXXIXa, and con-
tained two molecules of water of crystallisation,
‘being extremely hygroscopic.
Found Na =~ 9.26%.
Required for 025H1438068 Nag
When the sodjum salt is taken up in water and

2 a‘HgO, N& - 8.71%.

hydrochloric acid added the free acid 1is obtained as
& bright red powder, insoluble in water or acids. It

containg two molecules of water of crystallisation

which/
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which are only driven off at 14000.
Found for the hydrated substance
C - BB.79%. H - 4.08%. N - B.92%.
Required for 025H16N2068, 2 Hgo I o
C = 57.03%. H - 4.13%. N - 5.78%.

On adding hydrochloric acid to the original mother
liquors of the reaction SOB was given off and 8.75 grams
of & bright red powder were obtained, which was re-
crystallised from a mixture of pyridine and water.

This substance was soluble in alkalies and in methy-
lated spirits but insoluble in water or acids. It did
not contain sulphur, and was very hygroscopic, retain-
ing two moleculeg of water of crystallisation.
Found C ~ 85.92%. H - 3.87%. N - 8.39%.
Reguired for 025H16N204, 2 Hao,
C - 68.71%. H - 3.81%. N - 8.68%.

The bands shovn in the spectrum by tﬁese two
substances were practically identical. Each was
soluble in spirit to a red solution showing a yellow
fluorescence. With sulphuric acid the colour was red

violet, changing to yellow on dilution, with slight

precipitation.

e s e T S e 35 Shw S S D T S W —
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preparation of 1-8 di-hydroxy Naphthophenosafranol.

(XL).

When 10 grams of 2-phenyl naphthophenosafraninone
1-8 di-sulphonic acid were subjected to treatment with
100 grams of 10% NaOH solution at 200°C for 12 hours,
aniline was given off, and after filtering off the
red solution, 3.45 grams of a copper coloured pre-
cipitate were obtained on acidification. With sul-
phuric acid this substance gave a blue colour, changing
to red on dilution. It was possible to rscrystallise
this substance from aniline, but the yield was poor.

Found N - 7.71% and 7.80%.

Required for Gy H, is N = 7.57%.

4¥20,

Preparation of 8- hydroxy Naphthophenosafranol. (XLI)

When 10 grams of 2~ di-methyl naphthophenosafran-
inone 8-sulphonic acid (obtained by splitting off
sulphanilic acid from the corresponding sulphonated
naphthophenosafranine by meané of ammonla) were treated
with 100 grams of 10% caustic soda at 200°C for 15
hours, the red liquors resulting from the reaction gave
off di-methylamine, and, on acidification, soa, whilat
& fine crystalline product was obtained from the
sligh;ly acid solution.

The /



73

The spectrum of this product agreed with that of
1-8 di-hydroxy naphthophenosafranol, and with sul-
phuric acid the colour given was blue to red on
'dilution. From the liquors, however, was obtained a
small quantity of a subgtance which showed bands in
the spectrum similar to those of bodies having no
hydroxyl group in the 8~ position. This shows that
the first and much the main reaction of caustic soda
is to hydrolyse the sulphonic acid groups to hydroxyl
grbupa, but that a further reaction occurs to a small

degree and the hydroxyl groups are reduced to hydrogen.

Preparation of 1«7 di-hydroxy N-tolyl naphthopheno-

safranol. (XLIII).

10 grams of the corresponding naphthophenoaafran—
ine were heated in an autoclave with 100 grams of 10%
caustic soda at 200° for 12 hours. Aniline was iso-
lated from among the scission products, and 8.7 grams
of a brown powder obtained from the liquors on acidi-
fication. This substance was soluble in spirit to a
yellow colour and showed no fluorescence; on adding a
Edr0p of caustic potash solution the colour changed to
pink and the solution now exhibited a yellow fluores-
céence, with excess hydrochloric acid the solution turned
yéllow and the fluorescence disappeared. This be-

‘haviour is general with hydroxy naphthophenosafranols

of/
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of this type. Those having a hydroxyl group in the
8- position show no fluorescence at all and disgolve
in spirit to a red solution, which turns violet in
alkalies. This substance (the 1-7 di-hydroxy compound)
crystalliged from a mixture of pyridine and water in
fine crystals.

Found N - 7.83%.

Required for 025H16N204 is N - 7.3%.

This substance was also acetylated with acetic

'anhydride, and the acyl groups were then split off
and the acetic acid estimated. Two acyl groups were

accounted for, and it would appear that this substance

formed only a di-acyl derivative,.

Preparation of 1- hydroxy naphthophenosafranol

5-sulphonic acid (XLIV).

B0 grams_of pheny1(3 naphthylamine 8~ sulphonic
acld, 5.8 grams of p-amino di-phenylamine o=-sulphonic
acid, 80 cc. water, 33 cc. glacial acetic acid wers
‘mixed and maintained at 80° - 90°C. A solution of
6 grams of sodium bichromate in 12 cc. water was run
'in, and the mixture boiled for 2% hours. The product
was filtered off on cooling, and taken up in 150 cc.
solution, 2 cc.

3
' nitrobenzens, and the mixture again boilesd for 2%

 water, 20 cc. anilins, 3 cc. NaHSO

hours. After steam distilling the liquors wers

' salted/
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salted out and yielded 13 grams of XXIII.

This substance was then heated in an autoclave
with ten times its weight of 10% caustic soda solution
for 12 hours at 200°C. Aniline was split off, and
from the liquors on acidification 7.5 grams of XLVII

wore obtained.

XLVII.

This substance (XLVII) contained two molecules
of water of crystallisation, and was recrystallised
iWith great difficulty from a mixture of pyridine and

Iwa.ter.
Found N - 8.04%. S - 8.75%.
Required for OggHygN,0,S, 2H0. is N - 5.96%.
S ~ 8.81%.
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With sulphuric acid this substance gave a red
vioclet colour, changing to yellow, with precipitation,
| on dilution. The spectrum of this body in ethyl
' alcohol was practically identical with those of the

igroup having no hydroxyl group in the 8- position.

From the liquors there was obtained a small amount of

| a substance containing no sulphur, and having similar
|

| bands in the spectrum to the group just mentioned.

(XLIV).

P e mm ete— - - — e — amm

|
' From the foregoing we have thus a method of
determining the constitution of any sulphonated naphtho-~

phenosafranine of the type

1

RN R S/“ NR3R,
R

Firstly, by subjecting the substance to treat-
‘ment with NH, at 140°C, we determine R, by the product
NH2R1 formed. Secondly the product formed 1s subjected
to treatment with dilute caustic soda solution at
200°C, when R5 and R, are determined by the product

NHR;R, /

4
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NHRSR4 formed. The evolution of SO, indicates the
presence of SOzH groups in the nucleus, and a study
of the gspectrum determines the position of the SOzH
groups in the nucleus. If no SO, is evolved on
treatment with caustic soda solution and_suﬁsequent
acidification, the SOBH groups are in the side chains
and should be detected in the rgdioles Ry » R5 or

R4-

CONCLUSTIONS.

1. Naphthophenosafranine sulphonic acids can be
gynthesised by the action of sodium bisulphite and
a primary or secondary amine, which may also con-
tain a Sulphonic acid group, on 1sorogindu11ne
sulphonic acids, using nitrobenzene as an oxidis-
ing agent. This reaction seems to admit of only
one exception, viz. when a Sulphonic acid group
occupiss the peri position to the active hydrogen
of the isorosinduline. The reaction is explained
by the formation of an intermediate sulphonic
acid compound by the replacement of the active

Hydrogen by SOgH, through oxldation, which group
then/
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then reacts with the alkyl or aryl amine to give

the required Naphthophenosafranine.

This same reaction, using ammonia as the amine,
gives rise to Naphthophenosafranines at tempera-
ture of 140°C. At higher temperatures the re-
action proceeds further, the imino group is re-~
placed by oxygen, and the resulting product is a
Naphthophenosafraninone sulphonic acid. The same
exception to this reaction 1s again noted,

When Naphthophenosafranine sulphonlc acids are
treated with ammonia at high temperatures Naphtho-
phenosafraninonesg are produced, the alkyl or aryl

amino group beilng replaced by the imino group,

"which then is replaced by oxygen.

The Naphthophenosafranines show no fluorescence
when diggolved in ethyl alcohol, whersas the
Naphthophenosafraninones do show fluorescence !
when the substituent alkyl or aryl amino group

is sufficiently besic, but when this basicity is
decreased, se.g. by introducing the group

- NH CSHE s or NH GOOGH5 in that position, then

the fluorescence vanishss.

The actlion of ammonia on Naphthophenosafranine
sulphonic acids gives rise to Naphthophenosafran- |

inone gulphonic acids, all the sulphonic acid

groups /
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groups remaining intact, and only one alkyl or
aryl amino group being replaced by oxygen. This
was 80 in the case of a completely symmetrical
substance, and this fact tends to prove the para
guinonoid structurs of the Naphthophenosafranines.
The action of a 10% Caustic soda solution on the
Naphthophenosafranine sulphonic acids at 200°C

on the other hand eliminated both alkyl or aryl
amino groups. giving rise to Naphthophenosafranols;
the sulphonic acid groups are for the most part
replaced by hydroxyl groups, though in two casesg
one sulphonic acid group remained unattacked.

A series of experiments tends to show that caustic
soda at lower temperatures first attacks the side
chains, at higher temperatures subsequently attack-
ing the sulphonic acid groups; whereas a further
geries of experiments tends to show that the rs-
verge 1s the case when scission is brought about
by a mixture of hydrochloric acid and acetic

acid, - at lower temperatures the -S040 groups
are first eliminated, at higher temperaturses the

gide chains are alsgso attacked.

A curilous phenomenon rslating to the bands shown
in the spectrum by these hydroxy Naphthopheno-
safranols is noted. There are two series of
compounds, the same bands being shown by each of

its/
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its own series. This is explained by the supposi-
tion that these compounds capable of assuming the
tautomeric diquinoid form all show the same bands,
irrespective of the position of the other hydroxzy
groups, while those incapable of this trans-
formation all show another series of bands, and
that the difference in spectrum is in some way
rolated to this diquinoid tautomsric formation.
At the same time Naphthophenosafraninone
Sulphonic acids show different spectrums, the
differsnce being due not only to the different
alkyl or aryl amino side chains but also to the
differsnce in position of the sulphonic acid

groups.

Dyestuffs of the Naphthophenosafraninone sulphonic
acii type were sxzamined as microscopic stainas and
wore found to be of use as protoplasmic stains

for tissuss.

KNOTE. Since this work has been complsted a pre-

liminary spscification for a German Patent has

eppsarsd in the Autumn of 1924. A. 38930 and
39033, claiming the uss of sodium sulphite and
air oxidation with amino bodiss in the formation
of naphthophenosafranines. The work dsscribed

in/
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in Part I of this paper was completed by July 1922,
and the work described in Part II and Part III was
commenced in December 192%, and completed about

August 1924.

Faky

W /d--ff_?ff'z g s (AR S



*aonty
ou ‘xutd

*e8NJITP

ovy

*Jontd
MOTTe4A ‘3jutd

—— - — - —

sgontg

ou ‘xqutd

*e8nIJITP

84S

raontd
e3ueao ‘jutd

G*809 oLS
&S 2%
*Jaonty cJontJ
e8usao ‘jurd ., elueIo ‘jurd
(5741 ggg-v9s
yty LyL
L g~
sl e
f
*XIXX ITIIAXX

*eouUeOBedONTT

*J ou ‘jutd ou ‘jutd °*anoToo
*esnJJITp *e8NIJITP

g%s 348 I0H
*eouUeOB8eIONT T

*3°£ ¢jurd MOTTeA ‘yuld JINOT00
6089 608

274 TS HOX
*60Ue0B0JI0NTS

*J°£ ¢‘jupd MOTTeA ‘xurd  JanoToo
408 409

Py aP9 HOIH Ut

_:L.._ m._.___..u

(427 \ ﬁm:u.uzo Zlﬂ ..,.0

S e &Izmﬁmﬂ \.\.m BTNULLOA
*AXX
O 9T®8 BN * AXX Jequuil

*HAODY QHEIYOSHT SHONVISENS THL J0 SISXTYNV NOHLOUEdS DNIMOHS HTILVL

-t %



sJI00nTF ou
18 TOTA POJd
*o8NJITP “B4Y

*JIontt ou ‘peda
814

Pag

saontg

ou ‘ped

esnJJTP “BYY

‘Ionts

ou “9eT0Ta
6=498
*JIOoNnTF ou
Jutd 3eTOTA
Fated]

098

*aontJ ou
Hutd 3eTOTA
334

394

caontt
ou ‘qeToTA
P A

*aonty

ou ‘jyutrd
8¢
048=998
saontJ

ou ‘jyurd
829
045=99¢

* TAXXX

* 8L =4

qoToTA deep
esnIJITP €94S
*I0NTJ

ou ‘aepped
LG

g8

cq00nTJ

ou ‘yutd

g1g

0488

¢ IXXX

anotoo
ToH
JINOTO0
HOX
INOTO0

HO%H Ut

69
s "HY
.“zm__zQ\?. NP
.5 frﬁ%iAM}bfm
\w .  BTNMIOL

Joqun



*I0oNtI
ou ‘moTIed
IuUTBeI ‘ped

1§
§G3

*JONTSE
ou ‘1eTOTA

4=994

aontJ ou ‘ped

g1s
g8g

IQQ HMJ M. ﬂ \m_,_\f

YLIEE

aontt
ou ‘morred
ystpped TTINP

(3utBy) 9¥¢

*JontJ
o3usa0o ‘ped

918
849

*IONTJI
IUITIs ‘ped

4049
224!

*26TOTA

o8nJJFTP
(0;74°1

caontd
ou ‘jutrd

§0g
L2S

caontJ
ou ‘yutd

g0g
629

g mu

D 35@&.\ mﬂr

* AXXX

eaoniJ ou
£1T80T90%8ad
033 Tp INOTO00
033 TP TOH
033 1P B aale} foio)
033 TP HOY
*JontJ
MoTTeA ‘xutd INOT09
309
L2G HO3H ut
mru lyb

_3,3\433

S A ﬁxf»

m;;\.Wdﬂsﬂﬁom

*ITIXXX dequm



ei é@ﬂ@w

o6p >

-w@ﬂﬂ%

snoiied FxHui

(duted) mmqmwmm

taeited

o6r

i S o W i S i U S L S oy o O W S W W W o e S S vy S S i S S v o — - v T

2=

oep >

1AORY
netted mmﬁ.m
__8od
T4%e

.m@m
o ,m@ﬂmm

11

AN @
%4 “HOFEek

ek >
novieh I

804

¥5

nefied
(36F8d “4) mmww

wg %3
Nm e g @
v \éWH

v 4 - r/
Wﬂﬂ“

2L S

IRV

FRVERR
L
IROERS

Heya Bt

‘BRI CN

Bt



————— T ——— | — T —— o  ——— "

sI0NTJI

caontJ ou ‘mMorTed sJontTI
ou ‘morTel utet ‘peda ou ‘morTed *INOTOO
g1s
06% 7 g8a 06% > _ TOH
caontg sIontJ caontt
#oTTeL ‘jutd ou ‘3eToTa . noTTeL ‘yutd *INOTOO
*ITX 609 808
pus L%S L=999 474 HOM
X
02 caontJ cJIontg
sq0edseda ou ‘morred ou ‘peda MOTTeL JINOTO00
TT®
ut gT¢S
JeTTUTE o6% > ggg 06% > HO3H Ut
hznu
9
“n5 5 Ho¢ :Qﬁf ﬂi
:QD‘ X N SL/ oH SN
~N 7 AQ: axncn.:._c : do: BTN O
\L ”
e "RIEXAL
*ATIX i b4 % BYIXXX Jequny

Og 38



