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PART I.

THE MECHANISM OF THE OXIDATION OF TYPICAL CARBOHYDRATES

WITH HYDROGEN PEROXIDE AND HYPOCHLOROUS ACID.




INTRODUCTION.




INTRODUCTION,

The standard literature of the sugars contains
numerous references to the oxidation of carbohydrates
with acid and alkaliné media .In particular exhaustive
studies have been made of the products formed on sub-
Jecting carbohydrates to the action of nitric acid »
potassium permanganate , dichromate , silver oxide and
other common oxidisers .

It may be recalled that J.U.Nef and his collab-
orators (Annalen, 1907, 357, 214 ; 1910, B7641:3 ;i;éé,
204 .) spent nine years investigating the oxidation of
the simple sugars in the presence of alkali and made s
detailed study of the behaviour of carbohydrates dis-
solved in aqueous alkaline hydroxides towards oxidisimg
agents such as air, hydrogen peroxide and the oxides of
mercury, silver, and copper . It was ascertained
(Annalen , 1914, 403, 204 ) that the oxidation of 47
sugars resulted in the formation of carbon dioxide ,
formic, glycollic, oxalic and d,l-glyceric acids,
four trihydroxy-butyric acids, eight tetrahydroxy-
valeric acids and eight pentahydroxy-hexoic acids .
These results speak sufficiently for the complexity

of the oxidation changes involved .




2

At an earlier date Cross, Bevan and Smith had
pointed out ( T., 1898, 73, 463 ) that only one refer-
ence ( C.Wurster, Ber., 1887, 20, 2613 ) could be foundd
in the literature where the effect of hydrogen peroxide
on the sugars had been tested and the author dismissed
the topic with the remark that glucose and cane sugar
were remarkably stable towards this reagent. On the
other hand, Fenton ( T., 1894, 65, 899; 1895, 67, 48;
1896, 69, 546 ) oxidised tartaric acid by means of
hydrogen peroxide in the presence of ferrous salts wihh
surprising results, and later applied the same reaction
to the oxidation of polyhydric alcohols (T., 1899, 75y 1 ).
As Cross, Bevan and Smith stated in the paper already
mentioned, these results disclose several points of
interest with regard to the mode of actiocn of hydrogen
peroxide more particularly the oxidation of the residue
- CH(OH) - CH(OH) - to - C(OH):C(OH) = . They therefore
undertook the oxidation of a few typical carbohydrates
by hydrogen peroxide in the presence of iron salts but |
apart from this development , there has been practically
no further attempt to apply neutral oxidising agents bo

the carbohydrates.




The purpose of the present work was to study
in detail the mechanism of the oxidising aection of
hydrogen peroxide and hypochlorous ae¢id on non-re-
ducing sugars with the ultimats intention of apply-
ing the results to starch and cellulose. These two
reagents were selected as they are strong oxidisers
and, as one of them is neutral and the other a weak
acid, they are unlikely to cause profound molecular
alteration in the sugars employed. In addition,
both reagents are applied technically to eelluloss.

In the present regearch the oxidation re-
actions were studied under eonditions in which the
ratio of the avallable oxygen atoms to sach 012 unit
in the earbohydrats varied between %2, 1, 2 and 5. In
addition to non-redueing sugars it was found necessary
to use eontrols in which glucose and fructose were
used. The progress of the reactions was traced:-

l. polarimetrically,

2. by determining the rate of disappearance of the
available oxygen,

3. by determining any change in acidity,

4. by estimation of variations in the redueing

power on Fehling's solution,
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5. by the action of phenylhydrazine acetate at 20“,
60" and 100 on the products of the oxidation,
6. by isolation and identification of the indiv-
idual products.
Considering the ultimate object in view the oxidations
were allowed to proceed at ordinary temperature in all
cases.

It was thought advisable to start with saccharides
of simple and known comstitution and for this reason
sucrose was selected as a test substance in view of its
non-reducing properties . In addition the possibility
Was open that this compound containing as it does one

-sugar residue in combination would possess the
property of combining directly with one atom of oxygen
without molecular rupture ( Irvine, Fyfe and Hogg ,

T., 1915, 107, 524 ) In addition, lactose and maltos=e
were selected for experiment as representative of re-
ducing disaccharides differing in essential structure
from sucrose .

A survey of the results taken in conjunction with
recent developments in the chemistry of starch and cellul-

cse quickly showed that they had no direct bearing onthe
|




oxidation of cellulose and it was deemed advisable to
introduce another series of test substances. Thé oxid-
ation of(;f -glucosan was accordingly undertaken as,
although this component is not present in cellulose ,

it bears, as an anhydride possessing the formula

06H1905 s & closer resemblsnce to the group of poly-
saccharides than do any of the sugars proper. In addition
the compound is now the most accessible of the anhydro-
sugars and may be employed in large-scale experiments .
The principal results obtained in this section of the

work ape now described.
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THE ACTION OF HYDROGEN PEROXIDE ON DISACCHARIDES .

SUCROSE , MALTOSE , AND LACTOSE .

In the absence of a catalyst the above disaccharides
were stable at ordinary temperatures towards hydrogen
peroxide but in the presence of ferrous sulphate oxid-
ation proceeded rapidly even at romm temperature. In'
the case of sucrose where the ratio of available
oxygen was over -+ atom per 012 unit it was ascertained
that the oxidising agent attacked one of the primary
alcoholic groups and converted it into the carboxyl
group. The acid thus formed effected inversion of the
remaining sucrose and the scission products then underwent
independent oxidation , to give a complex series of acids.
This development of free organic acid increased rapidly
as the amount of active oxygen was increased. Formic and
acetic acids were then produced in quantity, but there
was no evidence of the presence of gluconic acid, the
molecular rupture giving essentially acids with two and

three carbon atoms in the chain. Judging from the action

of phenyl hydrazine on the products of the change laevulinic

acid was present, & surprising result considering the con-

ditions .
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The precipitates yielded by phenyl hydrazine were

somewhat indefinite and consisted mainly of phenylgluc-

osazone together with mixed hydrazides of organic acids,
the separation of which was difficult. TBhe combined
results of the experiments proved:-

l. If direct addition of oxygen to the sucrose mol-

ecule takes place the product is not neutral

but acidic.
2. The fructose residue in sucrose although of the
7 -type does not undergo oxidation in the
same manner as y -methylglucoside.
3. The formation of free acid precedes hydrolysis.
4, Once hydrolysis commences the oxidation becomes
rapid and ie ultimate .
No part of the evidence obtained seems to have any
bearing on cellulose problems beyond the fact that
any reaction which liberates a reducing sugar in the
Presence of hydrogen peroxide leads to rapid destruc-

tion of the sugar molecule .

In pursuing a parallel series of experiments on
maltose and lactose it was apparent that the reagent

attacked the reducing group of the sugar with the
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formation of maltobionic acid and lactobionic acid respec-
tively . As in the case of sucrose these acid products
effected tthydrolysis of the parent disaccharides , and
oxidatlion of the fragments ensued. Such changes are

notoriously complex and hydrogen peroxide wes abandoned

in favour of hypochlorous scid as the possibility was

not excluded that this reagent might act in an entirely

different manner .

THE ACTION OF HYPOCHLOROUS ACID ON DISACCHARIDES.

SUCROSE , MALTOSE AND LACTOSE .

In the principal experiments the asmount of hypo=-
chlorous acid was adjusted 80 that one atomic propor-
tion of- oxygen was availsble for each C unit of the

12
carbohydrates As before the disaccharides employed

were sucrose, mealtose and lactose . With these bioses
no organic acids were formed as products of oxidation,
the result offering a sharp contrast to thmt obtained
with hydrogen peroxide. Sucrose was remarkably stable
towards hypochlorous acid; in fact , when the oxidatthon
was carried out in the presence of a base to neutralise
the hydrochloric acid formed by the decomposition of

the oxidising acid , 97.6 per cent of the original




weight of sucrose persisted after complete utilisation
of the hypochlorous acid . Even in the absence of a
base reaction was comparatively slow and no acidity was
developed . The final value of the specific rotation
of the oxidised solutions did not coincide with that
calciilated from the composition of the residual sugar
a8 determined from the copper-reducing power. Similar
results were obtained with maltose and lactose, the
same optical lag being recorded in all the experiments,
In the case of lactose the specific rotation actually
diminishes in place of increasing.

In view of these results the general conclusion may
be drawn that hypochlorous acid acts on the disaccharides
through. the preliminary formation of an addition compoudd .
Attempts to isolate such a compound were naturally un-
successful but the combined physical evidence is

strongly in favour of its existence .

THE ACTION OF HYDROGEN PEROXIDE AND HYPOCHLOROUS ACID

ON ﬁ ~GLUCOSAN.,
(

In the absence of a catalyst , /K? =glucosan

proved to be stable towards hydrogen peroxide ’
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practically no change being detected even after
the lapse of several days but in the presence of
ferrous salts reaction was rapld especially in the
earlier stages . Both velatile and non-volatile
acids were formed and simultaneously the glucosan
was partiaslly converted intoc glucose .

Whem hypochlorous acid was used the reaction
wae profoundly modified as the atomic ratio of oxygen
increased . Thus , with one atom of oxygen per 06
unit, very little change was detected . The specific
rotation at the beginning andf‘ﬁg}of the reaction
was the same, but at an intermediate stage ( about
two hours after the start ) the value of Exlmlhowed
& diminution from -68.6°to —55.20. In all probab-
ility this fall in the optical activity followed
by a return to the original value is due to the
temporary addition either of oxygen or of hypo-
chlorous acid to the anhydro-sugar . By increasing
the ratio of oxygen to two atoms per 06 unit a re-
markable result was obtained as the glucosan was
partially converted to glucose although no organic

acids were formed . Finally with five atoms of avail-
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able oxygen per C,. unit acidity was developed equival-

6
ent to 1/20 normal acid and the conversion into glucose
was accelerated .

| These results have an important bearing on the

/".\,
oxidation of celluloss . /5/ -Glucosan has been shown

to possess the structure

Even if Pictet's views as to the relationship of
glucosag to cellulose are not accepted the former
compound must be regarded as being closely related to
the unit of the peolysaccharides. Now glucosan is not
readily hydrolysed even om heating with sulphuric
acid to regenerate glucose, yet the results of the

present research have shown that in the absence of

stable acids the anhydro-ring can be opened out at

ordinary temperatures and that glucese is then formed.
This peints clearly te the idéa of & preliminary add-
ition ef hypochlerous acid to ome of the ring-forming

oxygen atoms (probably that conﬁecting the terminal
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carbons ) . If this view be correct , a necessary

consequence is that the oxidation of /é? -glucosan
should fellow an entirely different course when
occasicned by oxidising agents which do not admit of

molecular addition. The point has been established in

the course of a parallel research, carried out by Iriine
and Oldham , whoe subjected glucesan disselved in

methyl alcohel tec the action of silver oxide.

Essentially three acids are formed containing re-
gspectively 3 , 4 and 5 carbon atems in the chain,

one of these compounds being a ketonic acid contain-

ing two hydrexyl groups . In this type of oxidation

no glucese is liberated and the molecule suffers pro-

gressive disruption.

Action of Hypochlorous Acid on Starch and Cellulose.

The most importanrt result disclesed in the expek-
iments Just described is that dilute hypochlorous

acid is capable of effecting at ordinary temperatures

the hydrolysis of n-saccharides or anhydro-sugars .
Emphesis must be laid on the example of/g,-gluoosan

which requires prolenged beiling with with 4-5 per
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cent. sulphuric acid in order to epen the anhydre-ring
yet undergoes the same change &t 16° 1n#he pPresence
of 1.8 per cent. hypechlerocus acid. Beth reagents efféct
hydrelysis yet the mechanism of the change cannot be
identical in betkh cases . The epening of a ring com-
pound is generally explained by preliminary additien

and applying this principle to the hydrelysis of

glucoesan we have the alternatives:-

By 32304
Ve - ¥
prea CH
H CHOH CHOH
S 0
O™ cI:HgH <]3HOH
P 0 ; -H
L_cm ‘—CH o<
| | OH
clznon C!}HOH
- OFp |
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By HOC1
& A A Y
f T
HO\ CHOH CHOH
P | 0
Ccl ?HOH N?BOH
0 ‘ HO
CH CH o<
| | o1
(IDHOH (I}HOH
2
c. B

Types A and C may reasonably be exeluded as the pro-
duet is the butylene-oxide form of glucose; the compound
B may be transformed directly into the reducing sugar
but D ean undergo this reaction only after secondary
changes involving the liberation of oxygen. It is
highly\éignifieant that in the presence of one molec-
ular proportion of hypochlorous acid , glucosan is
stable .

Evidently support would be lent to the above views
if it ecould be shown that polysaccharides behaved in
the same manner as glucosan and underwent hydrolysis
with low concentrations of hypochlorous aeid. In the e
case of starch this has been confirmed and as much as

80-90 per eent. of the eompound is eonverted into a
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mixture of soluble dextrins, maltose and glucose after
48 hours' action in the cold . The properties of cell-
ulose render a strietly comparative study difficult

and the experiments ecarried out on this polysaccharide
could not be extended beyond the point of aseertaining
thé concentration of hypoehlorous acid at which (1) oxy-
cellulose, (2) oxalic acid first make their appearance.
The results which are given in the experimental part

are capable of eonsiderable theoretical discussion but

this would be premature in the case of a preliminary

research of this nature.




EEPERIMENTAL PART.
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EXPERIMENTAL .

The Aetion of Hydrogen Peroxide on Sucrose:

(a3 Without a catalyst:-~

Typieal experiments only are quoted. The suerocse
solution used in thése experiments was 1/6 molar
( 5.7 per eent. ). Three experiments were carried out
with the ratio of available oxygen ceontributed £y the
hydrogen peroxide in the proportion of 1, 2 and 5 atoms
per 012 unit. There was no rise in temperature on mix-
ing; the optieal activity remained constant; no action
on Fehling's solution was developed and no organic
aclds were formed;vIt was therefore evident that sucrose
was quite stable to hydrogen peroxide in the absence
of a catglyst.
(b) with a eatalyst:-

Fenton and Jaekson ( J.C.S.,T., 1899, 75, 1 )
oxidised polyhydric alechols with hydrogen peroxide in
presence of ferrous sulphate . They used the eatalyst
in the proportion of 1/10 atom Fe'' ;_ erystalline

ferrous sulphate per molecule of the alcochol. Similar
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ratios were used in the present work , the concentration
of the sucrose solution being 1/6 melar . The oxidatimns

woere studied under cenditions in which the oxygen ratho

per Cjp unit varied between 1/4 , 1/2 , 1 and 2 . Un-

fertunately, ewing te the turbidity and brown celeour

of the selution , caused by the oxidation eof the

ferreus salt , it was impossible te study the progress

of the reaction polarimetrically . The disappearance
of activeoxygen and the development of acidity were
determined by direct titratien . When the decomposi-
tien of the hydregen peroxide was cemplete a pertion
of the ligquid was evaporated te dryness under dimish-

ed pressure at a bath temperaturs of abeut 35° . On

extraoting_the residus with 80 per cent. alcohol at
the boiling poeint and distilling the salveﬁt in a
high vacuum a syrup was obtained. The cepper-reducing
poewsr of this syrup was determined befere and after
hydrolysis .

As these experiments wers carried oeut en exactly

gimilar lines it is most convenient te display the re-

sults in tabulated form.
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in HgOg per Ojp 1/4 1/2 1 2
unit.
Riss in Temper-
aturs (on mixing)
Initial 18° 19° 15° L o
Maximum 21° 22° 21’ 20 °
Acidity develeped

N/1 Acid . N/22.5 N/20 N/20 N/20
Time te comple- 25 30 30 45
tien. mins . mins. mins. mins.
Ratie of Cepper
values beferse and
after hydrelysis. - 68.1% 68.1% 68.1%
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The Actien of Hydregen Peroxide on Lactose in presence

of Ferroeus Sulphate.

(a) 0.463 Gram of crystalline ferreus sulphate was dis-
selved in 5c.c. of water and added te 100 c.c. of
a sixth melar selutien of lactese ; this was well

mixed with a solution ef hydreogen peroxids (prev-

iously titrated ) centaining 0.268 gram of avail-
able exygen. The temperature rese on mixing frem
15,5 to 19° . The acidity develeped and the rate

of disappearance of active oexygen were determined

at regular intervals.

Time Acidity Disappearance of
in minutes. . 0Xygen.,

e ' N/17 45.8% of total.

90 ’ N/14.9 97,0% of tetal.

120 N/14 99.5% of tetal.

150 N/13.7 100 % of tetal.

(b) With twe atoms of exygen the rise in temperature
on mixing was from 19" te 21.5 and &t the end of

two heurs a sudden rise to %0 teok place.
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Time Acidity Disappearance of
in minutes. oXyZen.
10 N/18.4 16.1% of total
30 N/17.8 24.3%
90 N/9.5 92.2%
120 N/7.7 99.5%
150 N/7.3 100%

(¢) By using a smaller prepertion ef the oxidiser, viz:-
1/2 atom oxygen per moleculs of lactose, the reactien
folleowed the same course as above but the oxidatimm

was not so complete.

Time Acidity Disappearance of
in minutes. OXyZen,
7 N/19.6 72.6% of total.
30 | N/17.6 87.5%
90 N/17.1 92,.2%
120 N/15.4 ; 96.8%
150 N/15.% 100 %

In each case the residual sugar was isolated as alreagy

described fer sucrese . Analysis of these preducts
showed that there was an increase in melecular rupture
during exidation, as the amount of oxygen was raised

frem 1/2 atom to 8 atems , thus:-
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Proportion of Oxygen
per C,, unit.

1/2
1
e

Reducing Power bhefors
Hydrolysis .

80 % of that of glucose.

80.3 % .
95.72 % "

The oxidation of Maltose with Hydrogen Peroxide in

presence of Kerrous Sulphate .

(a) One atom available oxygen to one molecule Maltose:-

100 C.c. maltose solution containing 5.7 grams of

pure maltose were mixed with 5 c.c. of ferrous

sulphate solutibn containing 0.463 grams crystalline

ferrous sulphate . 25 C.c. of hydrpgen peroxide sol=-

ution.( 0.266 grams available oxygen ) were added

and the mixture well stirred with a thermometer .

The temperaturs ross from 16°to 19°. An examination

at intermediate stages showed:-

Disappearancs of
Available Oxygen.

Time Acidity .
in minutese.
s . N/13.7
90 N/10.4
120 X/10.3
150 N/10.3

40 % of total.

96:5% "

9931 % "
goo ' % *
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(b) Two atoms available oxygen:-

Oon mixing the solutions of meltose and hydrogen
peroxide the temperature showed an increase of 3°,
and after 90 minutes from the start there was another
rise from 14.5°( original temperature ) to 30°,

The figures shown below were recorded:-

Time Acidity. Disappearance of
in minutes. oxygen .
10 N/18.5 18.1 % of total.
50 N/12.3 42,3 % "
90 N/8 ga.1 % "
120 N/7.9 99.5 %4 "
150 N/7.85 00 . % "

(¢) By decreasing the amount of available oxygen to

1/2 atom the rate of the reaction was:-

Time Acidity. Disappearance of
in minutes. oxygen .
10 N/23 82.8 % of total.
30 | N/21.27 92.18% "
90 N/21.4 935.78%  *
120 N/19.7 94,53% "

150 N/19.6 100« %"




23

In all cases the residual productd were isolated afber

removal of volatile acids and inorganic salts .The

syrup obtained was tested with Fehling's solution be-

fere and after hydrolysis . A comparison of the two

copper values showed:=

Atomic Proportion Reducing Power before
of oxygen. Hy@rolysis.
1/2 69.6% of that of glucese.
1 79.93% "
2 84.0 % .

Oxidation of Disaccharides with Hypochlorous Acid:

The hypochlorous acid was prepared by e privats
method deyised by Principalnlrvine which yielded a
solution f;ee from chlorine and more highly concen-
trated than that obtained by ordinary processes .

The progress of the oxidation was now traced

polarimetrically in addition to the controls employed
with hydrogen peroxide .

(a) The Action of Hypochlorous Acid on Sucrose:-

In this series of experiments 1 atom of available
oxygen was used per 012 unit « 50 Cec. of sucross sol=-

ution ( 5.7 per cent. ) were mixed at room temperature,
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with 50 c.c. of hypochlorous acid solution ( 0.87per

cent. ) The reaction was slow , 1 atomic ratio of

oxygen requiring almost 24 hours for complete util=-

isation . No organic acids were formed , the acidity

developed being exactly equivalent
acid from ‘the decomposition of the

used . There was a steady decrseasse

gspecific rotation as shown below:-

to the hydrochloric
hypochlorous acid

in the value of the

Time Disappearance of
i#hours from start. [5<j; active oxygen.
0 + 66.6 " 3.44% of total.
2 8Ny -
4 + 55.7° 68.7 % "
7.5 + 54,7 ° 88.0 % "
22 + 54.0 ° 100 % "

On isolating the residual sugar after all ox-

idation had ceased, the copper value was 23.3 per cent.

of that obtained on complete hydrolys¥s . The specific

rotation calculated on this hydrolysis should have been

Jor.] + 46.4° ., The actual drop in optical activity was

[o<],+66.6° —» 54",

(b) The Action of Hypochlorous Acid on Lactose.

In the following experiments

1l atom of available
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oxygen was allowed per 012 unit.

50 C.e. of lactose solution ( 1/6 molar ) were mix-

ed with 50 ce.e. of hypochlorous acid ( econtaining 0.87
per eent. HOC1l ). The reaction proceeded very slowly

extending over a period of 48 hours. During this time t
no organic acids were formed and the specific rotation

changed from [ol] + 52.5° to + 47.6° .

in hours giﬁ; start. E;CLD F‘
0 + 688 " ‘N
2 + 51,5 ° E\
6 + 518 ° |
20 + 51.3 ° ﬁ
24 t 49.6 °

bl
48 +47.6 ° il

On isolation of the residual sugar, analysis gave ﬁ
a eopper-reducing value of 8l1.9 per eent. of that deter-
mined aftér hydrolysis. This partial hydrolysis of lac- E
tose should give the optieal change E{lj-r 52¢5 %y +6646 W

in plaece of + 47.6°.

(¢c) Action of Hypoehlorous Ae¢id on Maltose.

For each 012 unit, 1 atom of available oxygen from the |

h

JPOehloroue acid was used.
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The solutions were mixed as before in the above

proportions . The reaction was emtremely slow , the
maltoss reacting completely with the hypochlorous

acld only in 80 hours . No organic scids were found
as products of the oxidation . Polarimetric readings

showed a gradual decrease from [pézp + 184°3>+125.5

Time in hours. [?élp
0 + 134°

24 + 125.9°

48 +119.6°

80 + 123,5 °

The total product was isolated and the reducing
power determined before and after hydrolysis, the
ratio being 69.0 per cent. Here again the analytical
results are not consistent with the optical activity
and the general conclusion may be drawn that the oxid-

ising agent acts on the sugar through the preliminary

formation of an addition compound .

OXIDATION OF /f? =GLUCOSANg
{

(a) The Action of Hydrogen Peroxids on,‘g =Glucosan.
Bl

(1 Atom availabls oxygen in hydnogen peroxide

per C, unit. )

6

In the absence of a catalyst hydrogen peroxide
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gave negative results . After standing for seven or
eight days there were only slight traces of acidity
developed and over 50 per cent. of the hydrogen per-
oxide still remained , In presence of ferrous sulphate
the reaction proceeded fairly rapidly .

60 C.ce Of a 2,7 por cent. solution of
glucosan contailning ferrous sulphafe were mixed with
80: cece Of hydrogen peroxide solution ( 0.268 per
cent . available oxygen ). Bhe reaction extended over
a period qf 24 hours . The acidity developed was equiv=-
alent to 1/23 normal acid , almost half of which was @&
due to volatile acids. The progress of the reaction

can be followed from the table below;-

Time ' » Acidity(N/1 acid) Disappearance
of oxygen.

10 minutes N /40 45,9 per cent.

40 " N/38.4 51.9 "

60 - N/37 57.8 »

16 hours. N/27.4 94.3 "

80 N/25.9 95,1 .

21 : N/25.3 ge.e "

2¢ " N/23.2 100,06  *
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A porticn of the liquid was evaporated to dryness
under diminished bressure . The residue was boiled
under reflux condenser with 80 per cent. ethyl alcohol,
the solution filtered and eveporated to a syrup in a
vacuum. This residual product reduced Fehling's solut-
ion and the copper values determined before and after
treatment with dilute acid showed that the oxidation
had yielded

le GlUCOB® .cceccscocessscsscssccsssececsaelle? parts
2e Unchanged glUCOSBIN sesssecscccsscsseeedBed parts

B¢ Non-volatile acids c.scsecssss0sccccesedl,0 partse.

(b) The Action of Hypochlorous Acid on //? -Glucosan.
Oq;ng to the prolonged time necessary for the
preparatién‘or pure hypochlorous acid it was decided
to utilise bleaching powder as the source of the oxid-
ising agent . A good specimen of bleaching powder was
shaken for a considerable time with distilled water .
After standing for a few hours the insoluble calcium
salts were'filtered off and the calcium hypochlorite
present in the filtrate determined by analysis . The
solutions of the carbohydrate and calcium hypochlorite
were mixed in the desired proportions and the hypo-

chlorite was then decomposed by blowing carbon dioxide
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through the solution from time to time until the oxid-

ation was complete ,

(1) 1 Atom available oxygen in hypochlorite per Gi; unit.

Ve |

100 C.ce of a 2,7 per cent, solution of/ﬁ?’-glue-
csan were mixed with 100 c.c., of hypochlorite(solution
containing availablé oxygen in the above proportions.
No variation in temperature took place on mixing or
during the reaction . The total disappearance of oxygen
extended over a period of 20 hours and during that time

no acidity was developed . The opticel activity under-

went the following change:=-

Time. [EK;]ﬁ
0 hours -88,6°Start.
S " =55.2°Minimunm,
g4 " -688.6 Final value.

On isoclating the residual products, a syrup was obtaisded
which did not reduce Fehling's solution . This was to
be expected since the final value of {%{Z@was -68.6" .

(2) 2 Atoms available oxygen per Cg unit.

The solutions were well mixed and carbon diox-
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ide blown through the solution from time to time . The

polarimetric readings indicated & fall in the specific

rotation fromi]-68.6°to -43.7° after 27 hours .
2

Time, E*lﬁ
0 hours -68.6°
g Ly s i

. M -42,9°

- it wd BT °

The residual products when isoclated showed a reducing
action on Fehling's solution . On the basis of titrations
before and after hydrolysis the composition of the
mixture was -

Glucése ...........;....... lpart

Unchanged GlucCOS8N ccecesees B.44 parts
(3) 5Atoms available oxygen provided for each 06 unit.

In these proportions the reaction proceeded more
vigorously . Within @ 10 minutes of mixing the tem-
perature rose from 16 ° to 39°. Acidity was developed
to the extent of 1/20 normal acid . Polarimetric read-
ings were impossible during the intermediate stages
owing to the turbidity of the soclution and evolution

of gas « At the end of 50 hours when the oxidation
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ceased the specific rotation had changed from
[o<l,, -68.6°to -27°,
100 Cece 0of the solution were neutralised and evaporated
to dryness . The residue was boiled under reflux conden-
seyr with alcohol , filtered and evaporated under dimin-
ished pressure to s syrup which reduced Fehling's sol=-
ution . The copper'reducing value found after boiling
with dilute acid showed that a 30.2 per cent. convers-
ion of glucosan to glucose had taken place during the
oxidation .

GlUCOB® = ececcsscccsncsecncecs 1 pArt

Unchanged glUCOSBN .ccesccoes Ded parts .

The Action of Hypochlorous Acid on Starch .

(a) 0.87 grams hypochlorous acid ( from calcium hypo-
chlorite ) per 2.7 grams of starch:
A solution of 5,4 grams of Japanese potato starch
in 100 c.ces of water was mixed with=@ 100 c.c. cf

hypochlorite solution , the concentration of which

was adjusted to give the above proportion of available
oxygen o The reaction was very slow , the hypochlorous
acid being utilised only after the lapse of several

days « On examining the solution polarimetrically it
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was found to be dextro-rotatory , the value of <« in-

creasing as the available oxygen was used . Only a veypy

glight acidity was observed at the end of the reaction.

When all oxidetion had ceased , 100 c.ce. of the
solution were evaporated to dryness uhder diminished
pressure . The residue was boileed under reflux con-
denser with alcohol , filtered and the alcoholic sol=
ution evaporated to a syrup under reduced pressure .
From 2.7 grams of starch the syrup obtained in this
way weighed 1,9581 grams , showing that about 75 per
cent. of the starch had beenkransformed into soluble
products . The syrup reduced Fehling's solution and
the copper reducing power was 33.7 per cent. of that
obtained after boiling with dilute acid .

Precipitates produced by the action of phenyl
hydrazine , as was the case in the earlier stages
of this work , were somewhat in conclusive , but
indicated that maltose together with its oxidation
products was present ,
(b) 1.74 Grams of hypochlorous & id ( from hypochlor-

ite solution ) per 2.7 grams starch .
In theSﬁﬁroportions over 90 per cent. of the

starch reacted . The resulis were very similar to

those quoted above and examination of the residual
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group gave & copper reducing power equal to 90 per centt.

of that obtained on complete hydrolysis .

The Action of Hypochlorous Acid on Cotton Cellulose.

(1) 0.87 Gram hypochlorous acid ( from calcium hypo-
chlorite solution ) per 2.7 grams of celluloss.
Cotton cellulose was found to be remarkably

stable to hypochlorous acid when $he present in the
above proportions and when the concentration was 0.87
grams of hypochlorous acid per 100 c.c.. After 48 hours
the hypochlorous acid was exhausted but an examinstion
of the oxidation products showed that 86 per cent. of
the cellulose still remained intact . Only traces of

oxycellulose and oxalic acid were found .

(2) 1.74 Gram hypochlorous acid per 2.7 grams of
cellulose.( Concentration of acid = 1.74 grams
per 100 CeCes )

Even in these proportiocns the change was not
extensive although the formation of oxycellulose and
oxalic acid was increased . The weight of the residue
from 2.7 grams of cellulose was 2.0711 grams showing

a loss in weight of 23.2 per cent.
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(3) 4.35 Grams of hypochlorous acid ( from hypochlorite
solution ) per 2.7 grams of cellulose .

2.7 Grams of cellulose were mixed with 100 c.ec.
of acid of 4.35 per cent. concentration . At the end Bf
the reaction which extended over almost 48 hours , the
residue and filtrate were examined. 20 C.c. of the fil-
trate gave on evaporating to dryness 1.9120 grams of
residue . Calcium and chlorine were estimated in another
20 c.c. and the results found were:

Calcium: = 0,69 ; Chlorine: = 0.80 gram . Difference 0.41
Gram. No volatile acids were found as products of the
oxidation .

From 2.7 grams. of cellulose the residus weighed
1.9552 grams , showing & loss in weight equivalent to
27.66 per cent. The residue in this case was not fibrous
but amorphous .., It was partially soluble in alkaline
soluticn to the extent

soluble PR R AU R 8.86 parts
1ripoluble  sesssessasecen l.1% parts.

From this alkaline solution the oxycellulose
could be reprecipitated by means of acids , salts or

alcohol It gave no blue colouration with iodine in
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potassium iodide . Concentrated sulphuric acid att-
acked and dissolved it giving a dark brown solution .

It reduced Fehling's solution on boiling .




PART II.

GLUCOSIDES RELATED TO INDIGO.

(a) SYNTHESIS OF THIOINDICAN.

(b) CONDENSATION REACTIONS OF

INDOXYL AND 3-0XY (1 )THIONAPHTHEN .




INTRODUCTION.




INTRODUCTION,

THE CONSTITUTIONAL STUDY OF INDICAN AND THIOINDICAN,

It may be recalled that Irvine and Rose (T.,
1906, 89, 814 ) pointed out that the complete constit-

uticnal study of a glucoside involved the consideratimn

of three factors:-

(1) The identification of the constituent sugar
and of the molecule or molecules with which
it is combined.,

(2) The determination of the configuration of the
glucoside. This is necessary as derivatives of
sugars the formation of which involves conden-
sa£ien of the reducing group may exist in -
or IK?L stereoisomeric forms.

(3) A study of the oxygen-linkege present in the
sugar residue. (See Irvine. T.,1923, 123, 898).

These factors which were developed by Irvine
and his pupils in their studies of artificial glucosides
were first applied to natural compounds by Irvine and
Rose (loc. cit.). Recently in the course of parallel

work Macbeth and Pryde (T., 1922, 121, 1660 ) have
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shown that the important glucoside "Indican" is con-
constituted on the same structural model as salicin
and o« methylglucbside as it may be converted into
the same butylene-oxide form of tetramethyl glucose.

The present research was originally designed
to verify this structure for indican synthetically
and to supplement the above investigation, the results
of which were incomplete owing to experimental diff-
iculties.

Indican was first isolated from Isatis tinc=-
toria, Polygonum tinctorium and other plants by
Schunck (Phil. Mag., 1855, iv, 10, 74; 1888, iv, 15,
127), but its correct formula was not established
until méhy years later (Marchlewski and Radcliffe,
J.Soc. Chem. Ind., 1898, 17, 434). It was shown by
these authors that on hydrolysis indican yielded glucose
and indoxyl, the letter undergoing oxidation into
indigotin. This was confirmed by other workers includ-
ing Ter Meulen (Rec. trav. chim., 1905, 24, 444 ) who
by means of enzyme hydrolysis established the nature
of the component sugar as d=-glucose as did A.G.Perkin

(T., 1905, 91, 1715 ). Although substantial proof
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was avellable that indicen is an indoxyl glucoside
and that the component sugar is d-glucose there was
until recently no direct evidence as to the internal
oxygen=linking of the sugar . The work described by
Macbeth and Pryde (loc. cit. ), to which reference
has already been made, involved the conversion of
indican into a tetramethyl derivative which behaved
ag 8 normal methylated glucoside. The compound was
sub jected to simultaneous hydrolysis and condensation
by treating with methyl alcohol containing #per cent.,
of hydrogen chloride, and this resulted in the form-

ation of the corresponding methyl glucosides accord-

ing to the scheme:

Tetramethyl indican

e i B

Indoxyl derivatives Tetramethyl glucose

l

ol - and /?-tetramethyl methylglucosides.
The alkylated glucoside actually obtained was a mixture
of the & - and/é?- forms of tetramethyl methylgluccs ide

and subsequent hydrolysis with aqueous acid thereafter
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yielded a crystalline tetramethyl glucose which was
readily identified as the 2:3:5:6- or butylene-oxide
compound. From these results it would appear that
indican is derived from a molecule of d=glucose con-
densed with indoxyl, the internal linking of the sugar
being of the butylene-oxide type. The following struc-

ture has therefore been assigned to the glucoside:

CHy (OH) «CH (OH) « CH«CH (OH ) « CH (OH ) « CH+0 « CgHgN

!
0 S

and in view of the optical properties of the glucoside
and its behaviour towards enzymes it is evident that &
the compound like most natural glucosides is derived

from//gy;glucose.

It will be granted that, wherever possible,
constitutional formulae should be verified by synthesis
and in the cases of Salicin, Helicin, Populin (Irvine
and pupils ) and Arbutin (Macbeth and Mackay, T.,

1923, iﬁé’ 717 ) this confirmation has been obtained.
The present work was therefore undertaken with the
object of synthesising indican, but considering the

impossibility of identifying tetramethyl indican ,
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( which#is a glasg ) it wes necessary to proceed by
the interaction of tetra-acetyl bromoglucose and der-
ivatives of indoxyl. A condensation of this nature
secures the necessary conditions of introducing the

correct type of glucose in the correct stereoisomeric

form.

Practical Methods of Applying Tetra-acetyl bromoglucose.

The use of tetra-acetyl bromoglucose as a syn-
thetic reagent is somewhat precariocus and the conditions
of the reaction have to be modified to meet the exig-
encies of each individual case. This is in part reveal-
ed by a study of the standard literature which contains
nuﬁerogs references to the synthesis of glucosides. Thus,

Mauthne; (J. pr. Chem., 1910, ii, 82, 271-274 ) carridd
out a successful condensation of methyl syringate dis-
solved in aqueous sodium hydroxide by shaking for 24
hours with an ethereal solution of tetra-acetyl bromo-
glucose . In this way he obtained methyl tetra-acetyl
glucosyringate, Cgo4Hz0014 » which was hydrolysed by 6
per cent. barium hydroxide solution giving a glucosyr-
ingic acid identical with that produced by the oxid-

ation of syringin. In the following year the same author
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( J. pr. chem., 1911, ii, 83, 556-560 ) published an
account of the synthesis of glucovanilic acid and of
gluco-p-hydroxybenzoic acid both of which were obtain-
ed by condensing the corresponding methyl ester( diss-
olved in agueous sodium hydroxide ) with tetra-acetyl
bromoglucose (dissolved in ether ). The synthesis of
picein also described by Mauthner ( J. pr. Chem.,1913,
ii, 88, 764-770 ) involves another variation as it was
aocomplished by the gradual addition of aqueocus sodium
hydroxide to & solution of p-hydroxy acetophenone and
tetra-acetyl bromoglucose dissolved in acetone, the
temperature being restricted to 16°.

it may also be recalled that Fischer and
Strausz(Ber., 1912, 45, 2468 ) effected the condensat-
jon of tetra-acetyl bromoglucose and resorcinol by
shaking an alkaline solution of the latter with an
ethereal solution of the glucose derivative. In this
way they obtained the crystelline tetra-acetyl brome-
glueess derivative of resorcinol-d-glucoside but only
to the extent of approximately 3.5 - 7.5 per cent. of
the theoretical amount . After hydrolysis of the acetyl

groups by means of barium hydroxide the crystalline un-
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substituted glucoside was obtained.

A few years later Fischer and Bergﬁann (Ber.,
1917, 50, 711 ) introduced an entirely novel procedure
by condensing l-menthol and tetra-acetyl bromoglucocse
in the presence of quinoline at a temperature of about
100°. From 50 grams of tetra-s etyl bromoglucose they
obtained 15.7 grams of the pure tetra-acetyl glucoside
which yielded approximately 10 grams of the crystalline
unsubstituted glucoside on hydrolysis with dilute
barium hydroxide solution.

For the conversion of sitosterol into its
glucoside, Salway (T.,1913, 103, 1022 ) agitated dry
ethereal sblutions of sitosterol and tetra-acetyl
bromoglucose with freshly precipitated silver oxide.

A similar method is described by Fischer (Ber., 1919,
50, 1055, see also Ber., 1919, 52, 197 ) who was succ-
essful in synthesising mandelcnitrile glucoside but

it may be remarked that Fischer does not appear to hawe
explored this reaction fully . The above typical ex-
amples have been quoted to indicate the customary

use of tetra-acetyl bromoglucose and emphasise that

the selection of a working method depends largely on

the properties of the compound with which the reagent
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is to interact . In the particular synthesis under

discussion this is indoxyl which is somewhat in-

accessible and possesses highly inconvenient pro-

perties,

Preparation of Indoxyl.

Indoxyl, which was discovered by Baumann
and Tiemann in 1879 and synthesised by Baeyer in
1881, was first described as an-o0il soluble in water
which could not be obtained in a sufficiently pure
state to give satiéfactory analytical figures. In
1902 however Vorldnder and Drescher (Ber., 1902, 35,
17014) isolated the compound in yellow crystals by
decomposing indoxylic acid with warm water in an
atmosph;re of coal gas. Subsequently Friedldnder and
Risse (Ber., 1914, 47, 1919 ) found a more convenlent
method for its extraction from the indoxyl melt. They
added the roughly powdered solid to 25 per cent. acetic
acid, filtered the warm fluorescent solution and kept
it in an ice-bath for several hours. The indoxyl then
separated in long yellow crystals .

The 1itera£ure contains no experimental de-

tails for the preparation of the indoxyl melt as the
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Proceeses are secret. It is clear however that phenyl
glycine-o-carboxylic acid, when fused with certain
proportions of sodium or potaasium hydroxide or pro=-
bably sodamide, gives a melt rich in indoxyl. The
initial stages of the present‘research thus involved
the preparation of phenylglycine-c-carboxylic acid
which was easlily formed by condensing anthranilic

acid with monochloracetic acid in the presence of ag-
ueous potassium hydroxide. In this way a considerabls
quantity of the starting materiasl was prespared. Fusions
were attempted under varying conditions (1) in an open
crucible, (2) in an atmosphere of coel gas and (3) under
diminished pressurs. It was found that a melt rich in
indoxyi}was best prepared by carryingkut the fusion in
a high vacuum at a temperaturs of 230-250°. A green
fluorescent solution resulted when the powdered mater-
ial was added to a 25 per cent. solution of acetic

acid but the yield of crystalline indoxyl was exceed-
ingly pobr as the solution contained only 1 gram of
indoxyl per 100 c.cs The methods for estimating the

indoxyl content are discussed in the experimental part

of this thesis .
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Several attempts were made to effect the conden-
sation of indoxyl with tetra-acstyl bromoglucose both
reagents being employed in solution as recommended by
Fischer and Strausz (loc. cit.). These were uniformly
unsuccessful but showed that only crystalline indoxyl
could be employed and, further, that large quantities
of material would be necessary. Owing to the difficulty
in obtaining sufficient quantities of crystalline in=-
doxyl and in view of the ease with which oxidation to
indigo took place it was decided that the msthod of
synthesising indican should be standardised in advance
by performing a parallel condensation with tetra-acetdl
bromogluooée and a non-sugar residue unlikely to cause
similar ‘difficulties., Attention was thereforse directed
to "thioindoxyl" or 3-oxy(l)thionap then. This sub-
stance, although not so reactive as indoxyl is similar
in many respects; it oxidises with comparative ease
to the red dyestuff "thioindigo" but is much more

stable and more easily prepared than indoxyl.

Preparation of 3-0xy(l)Thionaphthen.

The preparation of 5-oxy(1)thionaphthen involves

several features of interest. Investigations carried
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out by Smiles and Ghosh (T., 1915, 107, 1377 ) led to
the assumption that concentrated sulphuric acid sol-
utions of certain aromatic mercaptans or disulphides
oontained the corresponding sulphenic acids, these
substances being formed either by the oxidation of
the mercaptan or by hydrolysis of the disulphlide .
These reactions appeared to be reversible and may be
represented as follows:
Ar.SH + 0O =—2 Ar.SOH

Ar.SH + Ar.sOH == Ar.S.S.Ar + Hy0
The application of this hypothesis led to the synthesis
of thioxanthones from o-thiolbenzoic acid and derivatives
of benzene. Smiles and Ghosh (loc. cit.) then ascer-
tained whether this type of condensation could be
effacted with substances containing the keto methylene
group. The interaction of o=thiolbenzoic acid and mal-
onic or acetoacetic acid in concentrated sulphuric
acid yielded 3-0xy(1)thionaphthen when equimolecular
proportions were used. The B3~-0xy(1l)thionaphthen was

converted to "thioindigo" if the temperature rose abow®e

20"
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co
OHi S;OHS + B2H,0 + 00y + CHZCOOH

When the ester was used in place of the corresponding
acid the acetyl derivatives of oxythionaphthen were
formed in the preliminaqy stages of the reaction, these
substituent groups being ultimately removed by the

hydrolytic action of the hot sulphuric acid

//,CO\\ //,R

CpH Cc R = .CO,Et or «CO0,.CH

3

Fufther light was thrown on theses reactions by
Smiles and McClelland (T., 1921, 119, 1810 ). In the
case of sthyl acetoacetate it was shown (r., 1912, 101,
572; 1915, 107, 1379 ) that 2-thiolbenzoic acid and
sulphuric acid at 90° gave "thiobndigo", small quantities
of oxythionaphthen and methylcoumarin. Experiments
carried out at lowsr temperatures ylelded none 6f these

compounds but gave a product which, from its properties,

appeared to be the acid:
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_ B0 60.CH,
08, c
~ 5" ~cooH

Subsequent hydrolysis with alkaline or acid media
Yielded oxythionaphthen and not the 2-acetyl derivative

es expected.

The experimental details given by Smiles and

McClelland (loc.cit.) for the preparation of the

3-oxy(1l)thionaphthen are discussed in another part
of this work, but it may be stated that it was necessary
to make further alteration on the method before obtain-

ing the yield mentioned by these authors.




SYNTHESIS OF THIOINDICAN.
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CONDENSATION OF 3-0XY(1)THIONAPHTHEN WITH TETRA-

ACETYL BROMOGLUCOSE AND ISOLATION OF TETRA-ACETYL

THIOINDICAN .

The work now described may be synopsised in the

schems ¢

3-oxy(1l)thionaphthen and tetra-acetyl bromoglucosse

LCondensation in
quinoline at
105°

‘ -

Reacetylation

|

Tetra-acetyl, 3-oxy(l)thionaphthen glucoside
CHz(OAo).CH(QAG).CH.GH(OAO).CH(OAG).CH.O.CBHss

|

Hydrolysis by means of barium hydroxide or ammonia

i

THIOINDICAN

0

CH2(OH).CH(OH).CH.GH(OH).CH(OH).GH.O.08H5S

0
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Preliminary experiments showed that the most favour-
able method of effecting the initial condensation was
the process described by Fischer and Strausz. When a
mixture of tetra-acetyl bromoglucoss (1 part) and 3-oxy-
(1)thionaphthon‘(1% parts) wers heated in the presence
of quinoline ahd the resulting product reacetylated a
very dark red brown oil was obtained. On repeated pre-
cipitation from;60—70 per cent. ethyl alcohol this oil
finally yielded delicate white needles consisting of
the tetrs-acetyl derivative of the reguired glucoside.
The compound was soluble in organic solvents generally,
behaved as a normel acetylated glucoside and showed

°

Eﬁ]ﬁ?gfr7.4° in acetone. The yield of pure acetylated
glucosiao was however small and difficulty was exper-
jenced in obtaining crystalline crops from the crude
product. After dissolving the o0il in ethyl alcohol

and precipitating partially by the addition of water,
very impure crystalline material was isolated in small
amounts; The red colour of the oil constituting the
main product was probably due to oxidation of the
thioindoxyl during the condensation and in an endeav-

our to remove these impurities the crude oil was sub-
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jected to steam distillation and thersafter reacetyl-
ated. Although after this treatment nucleation with
the crystalline glucoside did not promotse gsolidifica-
tion complete analysis showed that the resulting
syrup was essentially tetra-acetyl thioindican. It was
free from bromine, Fehling's solution was reduced only
after treatment with hydrochloric acid and thioindoxyl
and glucose were identified as the products of hydrol-
ysis. It was therefore justifiable to conclude that
the syrup consisted of the tetra-acetyl glucoslde
which was thus obtained in two forms (a) crystalline

(b) non-crystalline .

Alkaline Hydrolysis of the crystalline Tetra-acetyl

Thioindican by means of Barium Hydroxide.

In the course of preliminary experiments the
conditions were established whereby the acetyl) groups
could be removed quantitatively by the action of N/5
barium hydroxide at 25°. The reaction was however
slow and in subsequent deacetylations the temper-
ature was maintained at 60°. In this way, the parent
glucoside was isolated in the crystalline state

(meps 73.5°)s The compound was soluble in alcohol and
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acetone but insoluble in petroleum ether, and was read-
ily hydrolysed being thereby converted into glucose

and thioindoxyl . The method Jjust described was accom=-
panied by much experimental loss and only small quant-
ities of product were obtained .

Alkaline Hydrolysis of the Non-crystalline Tetra-acetyl

Thioindican by means of messms Ammonia.

The syrup was dissolved in dry ethyl alcohol and the
gsolution saturated with dry ammonia in the cold (Fischer.,
Ber.,1919, 52, 197 ). After standing for about ten homrs
the excess of ammonia was removed and the alcohol dis-
tilled under diminished pressure. The acetamide and
other aceﬁYlated by-products were removed by extracting
with ether, the glucoside remaining undissolved. On
repeated precipitation from absolute ethyl alcohol the
crude product finally yielded delicate white needles
consisting of the parent glucoside and posssssing the
same properties as those isolated from the alkaline

hydrolysis of the tetra-acetyl derivative by means of
barium hydroxide.




CONDENSATION REACTIONS OF
INDOXYL AND 3-0XY(1)THIONAPHTHEN.
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CONDENSATION REACTIONS OF INDOXYL AND THIOINDOXYL.

As an extension of the present research it was
decided to study in some detall other condensation
reactions of indoxyl and thioindoxyl. It was shown
by Baeyer (Ber., 1881, 14,1745 ) that indoxyl con-
denses with isatin to form indirubin

CgHyON + OgH 0N = CaeHy002Ns + HgO
and this rsaction has been employed for the charact-
erisation of the indoxyl produced by the hydrolysis

of indican (Beyerinck, Proc. K. Akad.Wetensch.,

Amsterdam, 1899, 2, 120; Hazewinkel, ibid., 1900,2,
512). Orcﬁﬁrdson, Wood and Bloxam (J.Soc.Chem.Ind.;
1907, éé, 4 ) confirmed the suggestion of Beyerinck
that this reaction is quantitati&e by applying it to
estimate the purity of an authentic crystalline spec-
imen of indican.

It has now been ascertained that indoxyl reacts
quantita£iVQ1y in a parallel manner with derivatives
of anthraquinone to give a series of condensation
compounds characterised by their intense colours,
high melting point and sparing solubility. The indoxyl
was provided from the acetic acid solution obtained

in the preparation of indoxyl already mentioned
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and the indoxyl present was estimated by one of the
following methods: (1) by oxidation in alkaline sol-
ution to indigo, (2) by condensation with isatin,

(3) by condensation with piperonal. Typical conden-
sation products were formed by the interaction of
indoxyl with (a) 2,aldehyde anthraquinone (I) and

(b) 5,nitro 2,aldehyde anthraquinone (II). Thess wers
easily condensed by boiling under a reflux condenser
in the'presenoe of concentrated hydrochloric acid, the
linkage taking place between the aldehyde group of the
anthraguinone derivativé and the 2 position of the

indoxyl ring .
CO ——

000xt

FORMULA I.
co
-~CH=C

~. 00

Co

FORMULA II.
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Both products were very stable, sparingly soluble and
had extremely high melting points. Their formation can
therefore be used to estimate indoxyl either in solut-
jon or as one of the hydrolytic products obtained
from a glucoside of the indican type.

Again, ' 3-oxy(1)thionaphthen like indoxyl is known
to condense quantitatively with various compounds con-
taining

Aan aldsehyde group. For example Friedlander and Risse
(Ber., 1914, 47, 1919 ) showed that in presence of acet-
ic or hydrochloric acid very stable, insoluble compounds
were formed by the combination of thioindoxyl with such
substances as Glyoxal (III) or Maleindialdehyde IV ).

It is also well known that thioindirubin, thioindigo
and othgr products exist which are analogous to those

formed from indoxyl.

It was therefore concluded that 3-oxy(1l)thionaphthen
would probably condense similarly with anthraquinone

derivatives. Starting from 2,methyl anthraquinone the
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c ///“\\\

’ 0 0 r
\/L :cH.CH:CH.cH:c':j J
K e

FORMULA IV

€ —=£

2,aldehyde and 5,nitro 2,aldshyde compounds were pre-
pared; and the 1l,chloro 2,aldehyde was prepared from
the corresponding 2,methyl compound, The aldshyde and
its nitro- and chloro- derivatives were all success-
fully condensed with 3-oxy(l)thionaphthen to givs
stable insoluble substances formulaisd respectively

by V , VI and VII Dbelow.

FORMULA V.

Cco \\\j //S\\T// \\
=CH=C
| \/ cl:o
: *CO

NO
FORMULA VI
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: CO\ (8] S
\"’H""f/ \/\
{ co
CcO

FORMULA VII
In addition a direct condensation was carried out
with 3-oxy(1l)thionaphthen and isatin. 1t may be re-
celled that the anilide of isatin gives a condensat-
ion product in which the linkage couples the 2 pos=-

itions as shown in Formula VIII

[ i]\‘ccl) . Zo—f\
s/c . \NH \/

FORMULA VIII
It hes now been ascertained that when isatin and thio-
indoxyl dissolved in alcohol are bolled in the presence
of concentrated hydrochloric acid condensation takes
placse between the 2 position in thioindoxyl and the
3 position in isatin, giving a compound represented

by rormula IX .

This reaction was quantitative and yielded
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a beautiful red crystalline product, very stable, and

//N

0

Q—Q

FORMULA IX
insoluble in most organic reagents. All thse reactions
now described form the basis of excellent methods for

the estimation of thioindoxyl .
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EXPERIMENTAL.

Preparation of Pure Tetra-acetyl Bromoglucose.

There are certain standard methods for the
preparation of tetra-acetyl bromoglucose but as con-
siderabls quantities were required for the present
research, it was advisable to adopt the quickest and
most practical one. J.K.Dale (J.Amer. Chem.Soc., 19186,
38, 2187 ) treated glucose with acetic anhydride sat-
urated with hydrobromic acid gas and on dissolving the
resulting syrup in chloroform, washing the solution
and evapo?ating to & thick syrup, obtained the crys-
talline product on the addition of excess of petroleum
ether;;Fischer (Ber., 1916, 49, 584 ) prepared glucose
pentacetate in a separate operation and treated it with
the commercial solution of hydrobromic acid in glacial
acetic acid. The results from this preparation were
very poor, but more success was attained when glacial
acetic ﬁcid saturated at 0°C. with pure dry hydrogen
bromide was used in place of the commercial solution.
The quickest and most reliable method of preparation

however, is that dependent on the use of acetyl brom-
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ide. 40 Grams of acetyl bromide were added to 10 grams
of powdered glucose and after preserving for about 10
minutes in the cold, a vigorous reaction ensued most 6f
the glucose having dissolved at the end of 20 minutes.
The resulting solution when poured into 300 c.c. of water
gave a precipitate which soon hardened. This was washdd
twice with sodium bicarbonate solution, then with
water until the washings were free from acid. The white
solid mass was dissolved in ether, the solution dried
for 10 minutes over sodium sulphate, when on removing
most of the solvent, the addition of petroleum ether
caused the separation of an oil which crystallised
spontaneously within twelve hours.

Repid recrystallisation from a little amyl al-
cohol gave a purse crystalline specimen of tetra-acetyl
bromoglucose. Prepared in this way, and if kept in a
vacuum desiccator over calcium chloride or soda lime
the compound can be stored for several months, but
otherwise it decomposes abruptly.

The ylelds and purity of the final product
showed certain variations in different preparations,
and as a rule 10 grams of glucose gave from 8 to 12

grams of the acetylated bromo-compound .
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PREPARATION OF INDOXYL.

As has already been mentioned various attempts
were made to prepare crystalline indoxyl before even
modified success was achieved, When 10 grams of the
potassium salt of phenylglycine were fused in an open
crucible with 20 grams of sodium or potassium hydrox-
ide, until the temperature rose slowly to 250 ,an
orange-coloured melt was obtained. All attempts to ex-
tract crystalline indoxyl from this melt were however
unsuccessful and it was decided that the salt of
phenylglycine was not the best starting material,

Further attempts were made commencing from phenyl-
glycine-o-carboxylic acid. This compound was readily
prepar;a in large quantities from o-aminobenzoic acid
and chloracetic acid. 55 Grams of anthranilic acid
and 38 grams of chloracetic acid were dissolved in
400 c.c. of water containing 45 grams of potassium
hydroxide, and the solution warmed under a reflux
condensér for two hours at a tempreature of 60 to 80 .
Partial separation of the phenylglycine-o-carboxylic
acld took place during this time and on acidifying

slightly with hydrochloric acid the remainder of the
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product was precipitated. This was filtered, dried and
used for the next stage without further purification.
A number of fusions was carried out varylng the pro-
portions of alkali from 1 - 3 parts to 1 part of tHe
godium or potassium salt of the carboxylic acid. In
different experiments the fusions were conducted in
an open crucible, in an atmosphere of coal gas and
in a high vacuum. The best melt was obtained by fusing
50 grams of dry phenylglycine-o-carboxylic acid with
125 grams of finely-powdered potassium hfdroxide (as
dry as possible ) in the presence of a little sodamide.
The operation was carried out under diminished press-
ure in a glass flask which was heated in an air bath,
ét first slowly and thereafter at 230-250° for ten
minutes .During the reaction the colour changed to
bright orangeAand finally to lemon yellow throughout.
The presence of a white core in the centre of the
melt showed that the fusion was not complete.

The melt prepared in this way was roughly pow-
dered and added to 900 c.c. of a 25 per cent. solution
of acetic acid kept at & temperature of 60-70°. The

beautiful green fluorescent liquid was filtered while

still warm to remove slight traces of indigo which had
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been formed. Crystalline indoxyl separated in small
amount after standing in ice overnight and this
method requires further modification in order to give
good results. 100 C.6. of the acetic acid solution
were treated so as to estimate the indoxyl content
(1) by oxidation in alkaline solution to indigo, (2)
by the formation of indirubin with isatin, and (3) by
means of other condensation reactions .

Estimation of Indoxyl in the Acetic Acid Solution.

The experimental data how quoted are those given
by estimations conducted on different mother liquorse.
The ma jority of these solutions were found to contain
approximately 1 gram of indoxyl per 100 c.c., but, on

some occasions, only half of this amount was present.

(1) By oxidation to indigo.

50 C.c. of the mother liquor were rendered al-
kaline with excess of sodium hydroxide and on aspirat-
ing air through this solution for 30 minutes the indox-
vyl was completely oxidised to indigo . The indigo was
collected in a Gooch crucible, washed, dried and weigh-
ed e 50 C.cs of the mother liquor yielded 0.4825 gram

of indigo, showing that 100 c.c. of the liquid con-
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tained 0.9800 gream of indoxyl in soclutlon .

(2) By condensation with isatin to form indirubin.

0.25 Gram of isatin, 300 c.c. of water and 50
c.0es Of indoxyl solution were buidsé heated under a
reflux condenser, the flask being immersed in boil-
ing water. An atmosphere of carbon dioxide was main-
tained in order to prevent any oxidation to indigo .
15 C.c. of concentrated hydrochloric acid were added
and the heating continued for one hour . Separation
of indirubin soon commsenced and at the end of the
reaction the liquid was cooled and filtered . The

product was washed with a little 1 per cent. golu-
tion of wérm sodium hydroxide and a few drops of

4 per cent. solution of acetic acid, dried and weighed.
50 C.c. of the mother liquor geve 0.,4220 gram of indi-

rubin. 100 C.c. of the original solution contained
0.4286 gram of indoxyl .

(3) By condensation with piperonal.

2 Grams of pipercnal, 300 c.c. of water and
100 c.c. of the indoxyl solution were heated under e
reflux condenser in presence of 15 c.c. of concentratéd

hydrochloric acid in a menner similar to the above. A
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dirty orange coloured precipitate soon formed and the
heating was continued for two hours. At the end of
this time the liquid was qooled, and the precipitate
collected, washed and dried. The yield of the conden-
sation product was 2.12 grams showing that 100 c.c.

of the original solution contained 0.9964 gram of

indoxyl .
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Attempt to condense Indoxyl in soclution with

Tetra=-acetyl Bromogluccse.

Only one attempt was made to condense the indox-
y1 present in the acetic acid solution with tetra-
acetyl bromoglucose as it was considered unlikely
that the pepaction would be successful unless pure
crystalline indoxyl were employed.

800 C.c. of the acetic acid solutlion con-
taining in all about & grams of indoxyl were neutralis-
ed with sodium hydroxide. To this were added 50 c.C.
normal sodium hydroxide and 20 grams of tetra-acetyl
bromog}ucose in 600 c.c. of ether. After shaking
on a mébhanical shaker for 24 hours at room tempsr-
ature another 20 c.c. of normal sodium hydroxide
were added and the shaking continued for an addition-
al periocd of 24 hours. At the end of this time the
ethereal solution was separated and evaporated to a
SyTrup. fhis was heated on the water bath with about
200 c.c. warm water when most of the materisl went
into solution. The solution was very dark, almost

black, and an attempt to isoclate the desired product




69

gave only negative results.

The 1 per cent. solution ef indoxyl inm acstlc
acid was however utilised, as subsequently described,
for the preparation of a mew series of condensation

preducts (cf. pages 80-84).
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PREPARATION OF 3-0XY(1)THIONAPHTHEN &

3-0xy(1)thionaphthen (thioindoxyl) was prepared
by Smiles and McClelland (T., 1921, 119, 1813 ) on
adding 12 grame of ethyl acetocacetate very slowly
to a mixture of 10 grams of 2,thilolbenzoic scid and
120 grams of concéntrated sulphuric acid. The temper-
ature was kept at 28-30° and the authors claimed that
the reactiocn was over after 35 mimutes, after which
time the solution was poured on to crushed ice, filter-
ed and the precipitate washed. When treated with a
current of steam in presence of a 1ittle dilute sul-
phuric acid the substence yielded 3-oxy(1)thionaphthen.
From 10 grams of thiolbenzoic acid they isolated 5
grams og'oxythionaphthen.

In the course of the work now described the above
preparatiorn was carried out repseatedly, but in noc case
were more than 2.5 grams isolated. If the temperature
were raised to 40-45" however, and the reaction allow-
ed to coﬁtinue for two hours the yield of oxythicnaph-
then was increased to 5 grams. It was not advissble
to prepare more than this quantity in one experiment

but if kept in an atmosphere of carbon dioxide ths




T3

the product could be preserved for a few days.

CONDENSATION OF 3-0XY(1l)THIONAPHTHEN WITH

TETRA-ACETYL BROMOGLUCOSE.

(1) Attempted condensstion in ether with silver oxide.

14 Grams of tetra-acetyl bromoglucose (2 mol.)
and 5 grams of 3-oxy(l)thionaphthen (2 mol.) were dis-
solved in dry ether. 5Grams of freshly precipitated
silver oxide (1/mol.) were added and the mixture was
agitated on a mechanical shaker for 24 hours., After
adding a drop of nitric acid to coagulate the suspen-
sion of silver compounds the ethereal solution wes fil-
tered, waéhed and evaporated. The residue was very red
in colotr and consisted chiefly of thioindigo. No trace
of the tetra-acetyl glucoside could be detected. The
yield of sitosterol-d-glucoside obtained by Salway
by this method was also low and the experiment may
have been on too small a scale to give «2 positive
result. it.was also apparent that a considerable
quantity of the thioindoxyl underwent oxidation to

thioindigoe during the experiment.
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A Synthesis of Tetra-acetyl, 3-oxy(l)thionaphthen

Glucoside ( "Thioindigan" ) .

(2) Condensation in presence of guinoline:

25 Grams of pure tetra-acetyl bromoglucose
and 13 grams of 3-oxy(l)thionaphthen along with 10
grams of quinoline were heated on an oil bath to a
temperature of 105-110°. The air in the flask was
displaced by carbon dioxide to minimise oxidation
to thioindigo. During the reaction the mixture turn-
ed red-brown in colour and finally became dark brown,
After about two hours the warm viscous mass was poured
into 300 c.c.(approximately) ice water and brought
into solufion in ether. The ethereal layer was wash-
eé with-a litre of normal sulphuric acid to remove
quinoline, then with sodium bicarbonate solution
and finally with water until free from acid. After
. evaporation of the solution the excess of thioindoxyl
was removed as quickly as possible by a rapid steam
distillation, and when the water had been removed
under greatly reduced pressure, the residue consisted
mainly of acetylated and partlally acetylated deriv-
atives of the required glucoside. In order to acetyl-

ate the latter fully, the residue was dissolved in
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60 c.c. Of pYridine and 60 c.c. of acetic anhydnide
were added, the solution being allowed to stend in
the cold for 24 hours. It was then poured into ice
water and the oil which separated was extracted with
ether. As before the ethereal solution was washed with
sulphuric acid, sodium bicarbonate and water, and on
distilling away the ether a red-brown mass remained.
This was dissolved in about 150 c.c. of warm alcohol
and, after cooling, treated with water until perman-
ent turbidity was Just commencing. In the course of

e few hours a brown solid separated which on repeated
crystallisation from 60-70 per cent. alcohol yielded
beautifulrwhito needles of the tetra-acetyl gluccside.
The yigid of the pure product was invariably very
poor only about 2.5 grams having been isoclated from
the best experiment.

Subsequent experiments yielded a very dark
syrup which could not be crystellised. After various
unsuccessful attempts to obtain erystals by precipit-
ation with water and petroleum ether from the alcoholic
solution it was decided to subject the whole product

to another steam distillation in the hope that by-
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products which might hinder crysteallisation would
be removed. This was carried out and after removal
of the water the syrup was reacetylated as before,
as the steam distillation causes partial deacetylat-
ion. Although a few crystals were isolated from this
reacetylated syrup the yield was practically neglig-
ible.

Tetra-acetyl thioindican melts sharply at 106 .
The compound which 1is soluble in alcohol, ether,
scetone, pyridine and benzene but insoluble in water,
shows Pnly a slight dextro-rotation in acetone

E“J;g = 7.36 .
Anelysis of the substance gave:

= C = 54.,7; H

4.81; B8 = 6.68.,
CooHoy090S requires: C = 55.0; H

5.00; S = 6.66
per cent.

Quantitstive Estimation of Acetyl groups with stand-

ard Barium Hydroxide.

0.2640 Gram of substance was dissolved in 15 c.c.
warm aleohol (absolute), 30 c.c. of barium hydroxide
golution (0.174 N) were added and the mixture kept
at 25°for 6 hours. The excess of barium hydroxide was

titrated with hydrochloric acid (0.114 N) using
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phencolphthalein as an indicator.

25.2 C.c. 0,114 N hydrochloric acid were requir-
ed to neutralise the excess of barium hydroxide. Hence
13,49 c.c. barium hydroxide solution were required to
hydrolyse the acetyl groups in 0.2640 gram of substanee,

the theoretical amount required for the tetra-acetyl @
derivative being 12.64 c.c.

Hy#rolysis of the Tetra-acetyl Derivative to give

the free Glucoside.

0.8268 Gram of the crystalline tetra-acetyl pro-
duct was dissolved in 40 c.c. of absolute alcohol,
warmed to. 60°. 45 C.c. (0.174 N) barium hydroxide sol-
ution at 60° were added to the above. By this means the
hydrolgsis proceeded repidly but was accompanied by
slight colouration. Carbon dioxide was bubbled into
the warm solution, the barium carbonate being filtered

and washed with alcochol. The united filtrates on evap-
oration under diminished pressure gave a syrup mixed
with white erystals. To isclate the glucoside this
was extracted with absolute ethyl alcohol and a

little water added to the warm solution. On cooling,

crystals were deposited which were coloured slightly
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red. Recrystallisation from ethyl alcohol did not
remove this red colour but on boiling for a few minutes
with animal charcoal beautiful long white needles
were obtained. These melted sharply at 73.5 .« The ylield
was very poor, only 0.13 gram being isolated. They
were soluble in alcohol and acetone but insoluble in
petroleum ether and water. The rotation value, although
showing very slight dextro properties, was too small
at the low concentration available to give a reliable
reeding. The substance possessed the property of a
gluccside as it d4id not reduce Fehling's solution
until after hydrolysis with acid. It was also proved
that it contained the thioindoxyl residue, which was
easilygidentified after the hydrolysis by its char-
acteristic properties.

As so little of the product was available
1t was decided to attempt an estimation of the thio-
indoxyl content by simultaneous hydrolysis and con-
densation with isatin (cf. page 58 of this thesis)
according to the method outlined for estimating
indican in plsnt extracts (Orchardson, Wood and Bloxam,

loc.cit.). The acid concentration was increased and
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the time of refluxing much extended but the ®® results
obtained with the glucdside were much too low, owing
to the low melting point of the substance and its in-
solubility in water, both of which factors make hydro-
lyesis extremely difficult. The characteristic red coi-
densation product was obtained but the yield was only
47,2 per cent. of the theoretical amount. 150 C.c.of
water, 0.1 gram of isatin and 0,02 gram of the glucosdde
were boiled under a reflux condenser with 60 c.c. oOf
hydrochloric acid for seven hours. After cooling,the
red product was collected in a Gooch crucible, washed
with water, dried and weighed. 0,09 Gram of the gluc-

oside gavé 0.038 gram of the condensation product. The
theoretical amount required was 0.0845 gram.

Treatment of reacetylated syrup.

When all attempts to crystallise the reacetyl-
ated syrup failed it was examined to ascertain whether
it was essentlally glucosidic. It did not reduce
Fehling's solution until boiled with hydrochloric acid
and thioindoxyl was identified as one of the products
of hydrolysis. The syrup was entirely free from bromine.

An gcetyl estimation was carried out with barium hydrsx-

o e L S 2 e P 7 M e PRI
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jde solution. 0.5039 gram of the syrup was dissolved

in 25 c.c. absolute alcohol at 60°, and 20 c.c. of warm
barium hydroxide solution (0.34 N) were added. Bhen the
hydrolysis was complete the excess of barium hydroxide
was titrated with hydrochloric acid (0,117 N).0.5039
gram of the syrup required 11.23 c.c. of 0.34 N. bar-
jum hydroxide, the theoretical volume being 10.5c.c.

Action of Ammonia on the Reacetylated Syrup.

Since the syrup proved to be essentially gluc-
osidic and gave satisfactory figures for the acetyl
content it was justifiable to subject it to treatment
with ammopia.

2 Grams of the syrup were dissolved in absol-
ute aiéohol and the solution was saturated in the cold
with thoroughly dried ammonie gas, special precautions
being taken to exclude atmospheric moisture. The solut-
ion was allowed to stand for ten hours, when the excess
of ammonia was removed and the alcohol distilled under
greatly'reduced pressure at a bath temperature of 20° 4
Acetemide and other acetylated bodies were removed by
extracting at the boiling point with ether. A very

dark syrup remained which weas dissolved in a mixture
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of petroleum ether and ethyl alcohol at the boiling
point. As &% on eooling nothing gseparated most of the
solvent was therefore removed and petroleum ether was
added slowly at first and then in excess. A red solid
was precipitated which on repeated crystallisation
from absolute ethyl alcohol yielded fine white needles
of the parent glucoside. These melted sharply at 735
They were soluble in alcohol and acetone but insoluble
in water and petroleum ether. The new glucoside poss-
saged feebly dextro-rotatory properties but the spec-
ific rotation was too small for a definite value to

be ascribed.

Analysis of the pure product gave:

C11L 6 requires: C = 53.84; H

il

5.13 per cent.
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CONDENSATION REACTIONS OF INDOXYL.,

Reference has been made to the preparation of
acetic acid solutions comtsining approximetely 1 gram
of indoxyl per 100 c.c. and it was decided to utilise
this material for condensation with anthraquinone,=2,
aldehyde and its derivatives. Owing to the ease with
which the formation of indirubin takes place with is-
atin it was reasonsble to expect that analogous con-

densations would proceed smoothly.

(1) Condsensation of 2,aldehyde anthraquinone with

Indoxyl.
(a) Preparation of 2,aldehyde anthraquinone from

2,methyl anthraquinome (Ullman and Klingenmberg, Ber.,

1913, 46, 712 ).

17.75 Grams of 2,methyl anthraquirone were dis-
gsolved in 17.75 grams of mitrobenzene at 145°. To this
solutioi 28,4 grams (12.4 c.c.) of bromine were gradual-
ly added from a droppimg fumnel. The temperature of the
0il bath was kept at 145-150° until the end of the re-
sction when it was raised to 160°. Bromimation extenrddd

over a period of sevenm hours and after about three




8l

quarters of the reagent had been added crystals of the

dibromide began to settle at the foot of the flask,
filled with

which finally became)a mass of crystaels. It is essential

that the addition of the bromine be carried out very

slowly otherwise the tribromo-compound is formed.

After cooling, the mass was treated with alco-
hol, filtered and agair boiled with alcohol, By this
method 27.77 grams (91.8 per cent. of the theoretical
smount ) of the dibromo-methyl amthraquinone were ob-
tained, sufficiently pure for conmversion to the alde-
hyde.

27.77 Grams of the crude dibromide were warméd at
125-1§p° with 278 grams of concentrated sulphuric acid
in a l;rge flask. Hydrogen bromide was evolved from the
orenge yellow solution, and wes removed by a current
of air. After three hours the reaction was complete.
Ico was added to the cooled solution, the aldehyde
filtereﬁ and washed with water (hot) . The residuse,
still moist, was boiled with water and a little ammonis
ium hydroxide to remove the carboxylic acid and the
aldehyde, free from acid, was thereafter extracted 6-8

times with dilute sodium bisulphite solutiom at the
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boiling poimt. On additiom of comcentrated hydrochlor-
je acld to this solutiom the aldehyde separated in
needles. From 17.7 grams of 2, methyl amnthraquinone
13.2 grams of produect (m.p. 185-186°) were obtaimed,
this being 70 per cent. of the theoretical amount .

(b3 Comdenmsatiom with Imdoxyl. (Fofmula I) .

100 C.c. of the indoxyl acetdc acid solution
(containing 0.98 gram of imdoxyl) and 1.8 grams of 2,
aldehyde anthraquinone were heated under a reflux con-
denser for two hours in the presence of 15 c.c.. of cmn-
centrated hydroehloric acid, a stream of carbon dioxidse
being passed through the solutiom to minimise oxidationm
to indigd. A large crop of red crystals was formed and,
after eooling, thess were filtered, washed with water
and dried im a steam oven. The product was imsoluble
in most orgamic reagents with the exceptliom of glacial
acetic acid im which it was only sparingly soluble at
the boiling point. Recrystallisation from this solvent
yielded red meedles which melted at 227° .In boiling
alechol the product gave a very faint characteristic
purple tint. The condensation was quantitative, 2.58

grams of the compound being isolated.
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An analysis of the recrystallised substance gave:

C = 78.50; H = 3.67; N = 4,10

i

022H13NO3 requires: C 78,6035 H

2.7 § R = 5,99
per cent.

(2) Condensatlion of 5,nitro 2,aldehyde anthraguinone

with Indoxyl.

(a) Preparation of 5,mitro 2,aldshyde anthraguinone

from 2,aldehyde anthraguinone. (Eckert, Monatsh. 1914,

35y 289) .

5 Grames of the aldehyds derivative were dissolved
in 50 grams of concentrated sulphuric acid and after
cooling the solution was treated with 3 e¢.c. of mitrat-
ing aeidr(so% sulphuric acid and 50% nitric acid) .
Afteryétanding for three hours the mixture was poured
on ice. The nitro-aldehyde was obtained pure after one
recrystallisation from glasial acetic acid. It erystall-
ised in pale yellow meedles which melted at 268° .

(b) Condensation with Imdoxyl. (Fermula II)

100 C.c. of the indoxyl solution, eontaining 0.80
gram of indoxyl, werse heated umder a reflux condenser
with 2 grams of thevnitro-aldehyde of anthraquinone,

together with 15¢.c. of concemtrared hydrochloric aeid.
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As before, the experiment was earried out in an atmos-
phere of carbom dioxide. A dark brown preeipitate soon
separated amd the heatimg was Fontinued for one hour.
After cooling the product was filtered, washed with
alcohol and water, and finally dried at 100°. The eom-
pound separated in dark brown meedle shaped erystals
from a very large excess of boilimg glaecial acetlc
agid , but was insoluble in all ether organic solvents.
The reerystallised product decomposed without melting
at a temperature ef about 315°. Yield:- Quantitative.

Analysis of the recrystallised product gave:

C = 69.55; H = 3.15; N = 7,12

025H12N205 requires: C 69.69; H = 3.,03; N = 7.07
> per cont.
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CONDENSATION REACTIONS OF 3-0XY(1)THIONAPHTHEN.

(1) 3-exy(1l)thiomaphthen with 2,aldehyde anthraguinone.

(Fermula V)

Equivalent weights of 3-oxy(l)thionaphthen and
anthraquinone saldehyde, dissolved in aestic acld, re-
acted quantitatively in the presence of a few drops of
concentrated hydrochlorie acid. The produet was recrys-
tallised from excess of boiling glacial acetic acid
forming bright yellow needles melting at 320°.

Anelysis gave: -

C

]
i

74,813 H = 5,15; S = 8,77

025H12303 requirss: C = 75.0 ;3 H

B.26; S = 8.70
per eent.

With the exeeption of glaeial acetic acid, the sub-

stance was insoluble in organic reagents.

(2) 3-0xy(l)thionaphthen with 5,nitro 2,aldehyde

snthraquinons. (Formula VI).

‘Nitroaldshyde anthraguinone and thioindoxyl
in aeetiec acid solution, condensed easily in the pre-
sence of coneentrared hydrochloriec acid when heated
under a reflux eondenser for one hour. The condensation
product was deposited in yellow needles, and the yield

was quantitative. When recrystallised from glaclal
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agetic aeld the produet melted at 275° . Like the
other sondensation produets obtalned from indoxyl

and thioindoxyl it was extremely insoluble in organiec

reagents.
A sulphur estimation showed:-
S = 7.70

025H11N805 requires: S = 7,74 per esent.

(3) Thioindoxyl with l,chloro 2,aldehyde anthraquinone.

(a) Preparation of l,chloro 2,aldshyde anthraquinone

from l,ehloro 2,asidshyds= methyl anthraquinone.

'Starting from the 1l,chloro 2,msethyl ecompound,
the aldshyde derivative was prepared in two stages:
(1) tgé formation of the dibromomethyl anthraquinaﬁe
and (2) the eonversion of the dibromide into the alde-
hyde., The experimental details were similar to those
already given for the preparation of the 2,aldehyde
anthraguinone from the methyl eompound.

(b) Condensation .

The shloro-eompound econdensed readily with

thioindoxyl when the acetie aeid solutions were heated

in the presence of eoncentrated hydroechloric acid and




87

a quantitative yield of small yellow needles was obtain-
ed. The product was recrystallised from glaclial acetile
acid .

Analysis gave:y

79

Cl = 8,793 S

res: = 8.82; = 7495 nt,
023H1103301 requires: Cl 8.82; S 7.95 per cent

The substance decomposed without melting at 264°.

(4) Condensation of %-oxy(l)thionaphthen with Isatin.
(Formula IX) .

Isatin and thioindoxyl underwent quantitative
eondensation to give a characteristic bright red erys-
talliﬂé compound. 0.8 Gram of isatin and P.8 gram of
thioindoxyl were dissolved in aleohol and boiled under
a reflux condenser for one hour in the pressnce of con-
gentrated hydrochloric aeid. The produci which was
purified by recrystallisation from a large excess of
boiling glaeial aecetic aeid was insoluble in most
organie solvents but was found to be sparingly soluble
in ethyl aleohol. It did not melt below 330° .The

Yield was l.4 grams,
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A sulphur estimation gave:=-

S = 11.49

requires: S

il

C HQSNO 11,47 per eente.

16 2

=,

In coneclusion, the author wishes to express his
indebtedness to Prineipal Irvine, F.R.S., and Dr. A.
K.Macbeth for the interest they have taken in the
work throughout its course; and to Mr. C.F.Cross, F.R$S.,
who selected the topic for the first part of this
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