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Sulfuric sugars and their derivutivcs. XII. Xanthogenic glucose and
its cleavage into glucothiose (l-thio-glucose).

by J. Schneider, .Z. Gille and K. .isfeld. V,

J'3erichte d.Deutschen Chem. Ges. 61, 1244-1259 (1928). Orly designated
( porbions have been translated.

/incce wei.xe vi;-lly interested in glucotlhiose and the glucothiosides
d-rived ti.ezefrom in vie-; of the ,odl wie had set ourselves long ag, of synthe-
sizing ndturlu. 1 oil glycoside, we again attacked the investigation of
these comoounas in the present L.boratory. The impetus ti'erefor Teas given by
in observwtion imparted to us some time -go by 14. Bergmun, to the effect that
dceto-bro.a1oglucose can be transformed swoothly to aceto-x."nthogenic glucose with
potasuiwu-ethyl "athohenate, a compound which apparently yields glucothiose
upon si onification, ,- 'e-tcnsided.ethyl-xtnthogen-c glucose (hereafter called
xanthogenic glucose') Andeed a favorable starting material for the convenient
production of 1-thio-lucose on one hand, dnd suited for the collection of ex-
perience in 9reliminaryj work aimed at the synthesis of mustard oil glycosides,
on the other. Ie therefore subjected aeto-xanthogenic glucose to closer
scrutiny, with the concurrence of lh. Bergman.

A - * .W-l-ebp the compound in two different dimorphous modifications; of
"wnich the one with the higher melting point ias found to be stable at room
temperature. Upon saponifLcation with alkaline agents, especially with methyl
alcoholic ammonia, free xanthogenic glucose in fact cannot be isolated, but
glucothiose is obtained directly instead.<ItJis noteworthy that we succeeded.
in splitting off the acetyl groups with acids, & changing the xanthogenate
residue on the sugar in the process(l). It is best to complish saponification
of the acetyl groups with methyl alcoholic hydrogen chlorik but sulfuric acid
"in methyl alcohol, even aqueous hydrochloric acid will also wor der certain
conditions.

-Xanthogenic glucos-,

&N7(~).CH.( (OH.).CH (ON.cHi(o4)C•CS.ýI.OC1j9

crystallizes from concentruted aqueous solution, or better, from water-,saturated
ether, with 2 moles crystal water. It cannot be obtained in a completely pure
form anhydrously. It is conspicuously stable even in aqueous solution and de-
composes slowly upon boiling with diluted sulfuric acid in the presence of
copper sulfate, wmith separation of copper(I)-xanthogenate.

I-thio-glucose, forming upon ammoniacal sponification of tetraacetate,
has the properties described in preceding papers. Despite a very large nuaber

* of tests with multifarious changes in the conditions of saponification and
isolation (2) the obtained preparations of sulfuric sugar never showed such a

_JFgn content of sulfur (approaching the theoretical 16%) as found by v;rede;
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-- ; .... ' it amounted to a maximum of 157, therefore agreed with previous inldirnzs

Coirrespondingly exaggerated values were obtained for Carbon ana hiydroscQ; thus
the presence of 1 mole of water assuned earlier is negated. The acetyl,,Lion
of isolated samples of glucothiose as well as of the syrupy s.,poi-•ificational
residue yielded only amorphous products from wnich pentaacetyi..-glxucoLhiose

I: ' could not be obtained in crystalline form, suggesting that midx~ure* of various
acetyl compounds were present. In fact, we succeeded occasionally in isolating
the acetate of diglucosyl disulfide from one such mixture. The disulfide sceers
to be adaixed to the glucothiose in fluctuating but considerable amounts upon
anilrniacal saponification without occlusion of air, even during rapid execution.

SThis assumption is supported bj the strongly deviating, ,.ore or less strongly
negative values of the optical rotatory power of variously produced preparations.
Strict exclusion of aerial oxygen during the production of glucothiose by
a'.Lmoniacal saponification of ,ceto-xanthogenic glucose remarkably enoudi yielaed
preparations with an even lower sulfur content, only about 13-i4&.

Optical observation of the progress of saponification by methyl alcoholic
ammonia revealed that the xanthogenate residue is degraded thereby with con-
sider~bly higher speed .than that required by the cleavage of the acetyl groups.
Therefore tetraacetyl-glucothiose must from in the first phase of saoonifica-
tion. This again could not be isolated as such, but we succeeded in obtaining
crystallized pentaacetyl-glucothiose, with properties reported by ..rede, in
almost quantitative a yield by the interruption of saponification (started at0OC) after 1 hour, evaporation in vacuo and reacetylation of the syrupy residue.

Attempts to prepare glucothiose from this pure pentaacetate precisely
according to "Trede' s instructions with methyl alcoholic ammonia did not lead to
better preparations than those obtained from the acetate of xanthogenic glucose.SInvariably the sulfur content was unsatisfactory. An important step forward
in the characterization of glucothiose Vas achieved, however, when Zemplen' s
method was used in the saponification of aceto-xanthogenic glucose. This
method makes it easy to produce crystalline alkali salts of glucothiose in
good yield.

in the following, sodium-glucothiosate, O6HllO5.SNa , 2H2O, and the test-
ing of the properties of glucothiose accomolished with it, shill be described
in detail (4). The salt can be obtained easily in pure form, it- is quite
durable •when dried in the air and shows surprising stability, even in heat,
in aqueous solution under exclusion of aerial oxygen. Its metallic content
can be determ;dned acidimetrically in agreement with gravimetric analysis when
methyl orange is used as indicator, not so with phenol-phthalein, since gluco-
thiose is a frank, if weak, acid. In the air, in aqueous solution, it ovydizes
to diglucosyl disulfide within a few days. iMomentary oxydation is achieved by
means of hydrogen peroxide. Ahen the destructive effect of surplus peroxide
on the formed disulfide is inhibited by weak acidification, a solution is ob-
tained the maximal negative rotatory power of which approaches within a few %
the value determined for amorphous disulfide by Wrede.

i, The silver compound of alucothiose, gained from sodium s;alt in aqueous-
alcoholic solution (it was produced with amoniacil silver acetate solution

in order to retain the sodium as acetate in solution) is identical exterualI
and in constitujtion with amorphous preparations previously precipitat.ed from

2
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* free sulifric sugar, but differs from those by the compiete loss of its water-"

solubility after isolation and desiccation. The cause of this durprising fact r
shall be discussed later.

The freshly prepared aqueous solution of the sodiwu compound is dextrdo-
rotatory (see below) and retains this rotatory power perianently under occlusion'
of acrial oxygen. It coos not show a pronounced mutarotation; insignificant
fluctuations in numerical value noted during 10 aays of observationi in the
closed .ube iay be ascribed to trivial decoLiposition. Upon acetylation with a-

cetic anhydride in pyridine, the soaium salt yields a single product, beta-
puntaacetyl-glucothiose, by reaction vwith ethyl iodide, beta-aethyl-glucoth-o-
side. The formation of the latter wus determined by optical observation of
the reaction and also by preparative isolation of its tetraacetate. Thus the
tested soaiutn-4lucothiosate is unquestionably characterized as the sodium
compound of beta-glucothiose.

The true specific rotatory power of pure beta-glucothiose can now be de-
termined easily by adding an equivalent amount of a mineral acid to the newly
prepared solution of the sodium salt in erater. The test led to the interesting

result that beta-Zlucothiose is also dextro-rotatory, and that the nuaerical
value of the rotation closely approaches the 1 200 (5) listed in the literature

for beta-glucose (see below). It was also important to note that the solution
of free sulfuric sugar shows mutarotation. The rotatory value rose, even if'

slowly, and achieved a mixiraL final fixure after about 10 days. However,

during this long period of time a decomposition of thioglucose was notable

despite exclusion of aerial oxygen, and this obviously influenced the final

rotatory value. The progress of mutarotation is speeded up considerably by
the presence of a certain amount of hydrogen ions. Ohen the solution of free

glucothiose is given a low excess of free mineral acid (it suffices if 'the

: solution-acid ratio is about 1/500-n)i a constant maxilal final rotation is
achieved in a'bout 3 days. In this case it has a higher numerical value, which
'is not inconsequential *(see below) and ag ain is not too far removed from the

constant terminal rotation of d-glucose (, 52.30). Since no important. decom-
position of glucothiose was not~ed under these circumstances - qualitatively,
only-a minimal separation of hydrogen sulfide was demonstrated - the-constant
specific final rotatory power of glucothiose determined under these circum-

stances shoula largely correspond to the mutarotatory equilibrium of its alpha

and beta form.
r 2 0

The discussed specific rotations I in .rater were for:,

beta-glucothdose-sodium u 2220 --- 15-50

beta-glucothiose (initial rotation - / 16.50
glucothiose in mutarotational

equilibrium - / 58.40

'.nhen the rotation of sodium salt is converted from 7 15.50 to the basic

quantity of sulfuric sugar, a specific rotation of 7, 20.1 is obtained. This
value, however, corresponds to the- ion of glucobhiose, u..ile the value of

1 16.50 is valid for the compound which is present in a free state in solution,

primarily as undissoviated beta-glucothiose. It is noteworthy that a higher

concentration of free acid does not influence the speed or the final value of

3
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<toai~j' :iotalyrstri n :tiuleaweak influence of smee aluctis n
'furtladrj, bince the sodium salt does not show x1utbarot.Ltion, the conclusion
seems justified thAt only undissociated sulfuric sugar is capable of rearrange-

hydrogen ions" tebeepandbisefcto neutralizing the dis-
sociation of g~vcothiose.

The fact of irndtafotation of t-uotils gleaned frm huptical behatior
of acidificd sodiu, ulicothiosate *olution can also be suoported fi~rthcr by
preparative mathods: ..Iwn a glucoth iose solutio wa eVapoae fe du
ment of the miutarotatory eqailibriuni ind the residue subjected to acetylation
in pyridifid, the resultant. "c.tyl pVoQuet., which according to it s sulfur conten~t
had the compoosition of a ZD.uc~tniose-pentaacetate., could be spl)it into twvo diiffe-
rent fractions by crystaf izatioii, of -ai~ch the first tras identified as the
well-known beta-pentaacetate by its low positive rotatory power -of about i 100
(in acetylene tetrachloride) arnd its mielting point. The second crystalline
fraction subsequently separating from the u:olther liquor wrad identified as a
new copound by the crystal habit, a melting boint higher by several degrees,
and mainly by its hijh rotatory pdwer of about L 1200, quite probably containing
alphaý-pentaacetyl-glucothio se. The possibility is given herewith to investig4t~e

The present exami~nations already permit the certain conclusion that
alpha-glucothniose., similarly to the ~alpha form of dw-,gl7,ucose., will show a high
de~xtro;--oriented optical rotatory power, probably in exces's of 1000. 'Hereby
Wrede's (7) assumption., deduced from an initial negat~qivertatory value ofI? thioglucose from sinigrin observed by himi to the effect t-tL hi sulfuri
sugar is the alpha ,form Qf'syhthetic thibglucose (dextro-rotdtoxy, to start with)
becomes untenable. For' t he time being ih,ý _hfueof' glcothiose' from sinigrin
is still totally' unexplainea. If it should-reveal a negative rot~atory power
after, all - and we hope to clarify] tbis point by production ýand ýdarnin.~.tion of

r a ~crystallizable sodium-glucothiosate -from mustard- oil Zlydoside starbedints
ltboratory a gluacothiose-wth;nunnoimal'lactolxing c6ud

I. Xanthogenic glucose and its ammoniacal cleavage (ed.by; Rudol Gille).

~ Tetraacetyl-d-glucose-ethyl minthogenatei

C& Hco) c-o 5E4S cs, 0c2 ý.7
A hot concentrated solution-~of 9 g potasiium-ethyl xanthogenate in absolute

alcohol is poured onto 23 S aceto;-bromogludose. The mi~ctu e i~s brought to the
boiling point on the wrater bath for 5 miinutes,. Almost ihstanll-6'y copious quariLi-
ties of pot-Assium bromide' settle out. -Now water at room Leniparature is c-Arefully
added to, the hot reaction mixture in such amounts that turbidity is just visible.,
and after inoculatidn with crystals obtained in a -preliminary tes't and suatained
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• I sstirring of the iaitially forming oily emulsion it is allowed to cool spooita-
neously. The precipitate slowly turns into crystals and the aqtion niay bb c0bz"
pleted by further addition of water. T•:e tolerably pure crude -roduct .elb
at 87-890C and is obtained in a yicld of almost 90% of the theory. For the,
purpose of total purification the compound is first recrystallized once from
petruleui ether, then again frou alcohol. The compound forms colorless, rough,
prisirs vith a melting point of 88-890C, is easily soluble in ether, methyl aid
ethyl _lcohol, acetone, acetic cste: and glacial acetic acid, slightly soluble
in cold benzene, very poorly soluble in cold petroleum ether.

0.1790 g substaince: 0.2945 g C02, 0.0871 g H2 0;
0.1563 g substance: 0.2579 g C021 0.0783 a H20.
0.1530 g substance: 0.1590 g BaS0 4 .
0,3002 g substance: 0.3098 g BaSO.

C17 H2 401 0 S2  Calculated: 0 45.09 H 5.35 S 14.17

Found: C 44.87, 45.00 H 5.45, 5.61 S 14.27, 14.17.

in acetylene tetrachloride (c equals 3.197)

/1.970 X 100/2 X 3.197 / 30.80.

In the course of numerous productions of the compound, fine needles were
frequently obtained in place of rough prisms, •ith a considerably lower melting
point. Now and then it happened th-±t upon recrystallization of the prisnmati-
cally crjstallizing substance the melting point sank by several degrees and
small needles settled out. This phenomenon occurred especially often at the
start of treatment eith aceto-Yanthogenic glucose; later it became more and
more difficult to obtain crystals with a lower melting point. The loistOb
served melting point of the fine needles vas about 74-760C, 'ut all stages
between these and 600C were observed. The tuo forms did not differ markedly
in constitution and properties, other than that the low-melting modification
seemed to have a somewhat lower optical rotat6ryj power than that uith the
higher melting point. .ie are apparently dealing here with an unstable modifi-
cation of aceto-glycoside favored by small impurities, since in the presence
of its saturated alcoholic solution the low-melting needles are converted to

prisms erithin 1-2 weeks at room temperature, accompanied by a rise in the

melting point. The prisms represent the sole stable form, since they remain
unchanged under identical conditions. Exact conditions leading to reliable

preparation of the low-melting modification have not been discvered as yet.

1reparation with m.p. 78-8200: 0.2657 g substance: 0.2801 g BaSo0.
Preparation with mr.p. 75-770C: 0.1683 g substance: 0.2804 g C02,

0.0818 g H20. -- 0.2189 g substance: 0.3644 g C02 , 0.1077 g 210.

F17H240102 Calculated: C 45.09 H 5.35 S 14.17
Found: C 45.44, 45.40 H 5.44, 5.51 S 14.48

Preparation with m.p. 85-86oC (rough prisms):

(c 3.469) = 2.060 X 100/2 X 3.469 = ' 29.740
2.146) = 1.270 X 100/2 X= . 29.64

y y7
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Preparation with m-p. 77-81o*C (fine needles): H
i.68) I0.960 X 100/2 X 1.668 129.00

Preparation with m.p. 74-770" (fine needles):%

[jA,ý(c= 1.-346) 0L o.7: X 100/2 X 1-.346 =/27.120.

II. Rlotation and mutarotation of beta-glucothiose (ed.by Kurt 1ýisfeld).

-Sodium-beta-Clucothiosate (beta-g-lucothiiose-sodiumi),'

10 g aceto-icantho.-enic glucose is dissolved in 20 ccm chlor~oform, cooled

to -200C and mi.-ed under continued cooling with 30 ccra of an equally cold
sodium methylate solution of 3 Z i'.T : 100. In order to start the reaction., the
Vlask is briefly removed frorm the cooling mixture, causing the tem.)erature of
the contents to rise somewhat,, until the separation of the deposited compound
takes place in form of a gel. Now the flasik is reintroduced into the cooling

.mixture for 5-8 niinutes and the prodluct is decomposed bj the addition of about
50 ccm ice water, containn cti cd until phenol-phthalein indicates a

neutral reaction. Now the aqueous solution is lifted from the chlorofonrm,
filtered and comr-essed in vacuo at 35-400C, until crystallization se'ts in.
Then a 2-3-fold volume of methyl alcohol is added and crystallization isa pro-

Y moted by the trituration of already formed crusts in the liquid. ifter I hour
-the product is removed by suction, thoroughly vrashed with methanol and dried at

Uroom temperature and humidity. The yield of salt amounts to 4.8 9, i.e. more
than 85/%' of the theory. The crystals represent compact, rather uniform tetra-
hedrons wich frequently occur in the form of selrahsin;te r

double-refractory with linear disappearance in one directin The compound
is obtained Idi rectly in analytically pure form in this process (preparation 1)
and welts in the capillary tube upon rapid heating (about 100 elevation every
3 seconds) after turoing brow~n,, at 173-17400, accompanied by decomaposition.

Upon slower heating, considerably lower melting points were observed.

if more starting material is used in the production, e.g-. 20 g aceiWo
A-ycoside all at, once., the preparation is not quite as pure, notwithstandinlL
identical analy-Li cal results (as shown by a sli ghtly lower dextro-rotation),
but may be induced to show the same maxim~al rotatory value =fJ 'about /15.50)
by solution in water and 6rystallization by meains ofmethanol (p6reparation II).
The salt is easilyf soluble in water, almost insoluble in methyl and ethyl
alcohol. it i*s completely durable in air ana. does not effloresce noticeably*
The crystal water is bound quite strongly and cannot be r.ý:moved below 80~0

-even in vacuo, but only by heatoing at steam temperature for several1 hours.
The broined compound caehldrated in this manner reabsorbs the entire origL.fl .l

back into the colorless crystals by recrystallization. Teso~jium cun~.cnt- can
be determined precisely by titrimetric *nieans in the presence o, -cethyl oranze *

(T) In tests with phenol-phthalein,, the glucothiose isolated from the salt proved

to be a distinct acid.

6
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0.1779 g substance: 0.1636 g BaO 4
0.1958 g substance: 0.0548 g!%a2304
0.1819 g substance: 0.0506 g la2SO
0.4298 g substance: 16.9 ccm n/lO-hCl1.
0.1926 g substance: 7.7 ccm n/I0-HCI.

0.1607 g substance: loss after 6 hours in vacuo at 980C 6.0226 g. -
.After 6 days reabsorbed by the suae quantity of substance at room humidity
0.0210 t.

C6H 10P5SNa / 2 H2 0.

Calculated: C 28.33 H 5.95 S 12.62 Na 9.05 Ai2 0 14.18
Found: C 28.10 H 6.06 S 12.63 Na * H2 14.06 (loss)

13.20 (reabsorption).

* 9.06, 9.01 (gravimetrically)
9.04, 9.19 (titrimetrically)

Preparation I. !&J' in water (c= 1.4785) = , 0.460 X 100/2 X 1.4785
/15.560, converted to C6HllO5 SNa = / 18.130, to C6H12 05S = L 20.160.

Preparation II.Ljp in water (c= 4.273) / 1.310 X 100/2 X 4.273 =
() / 15.46, converted to C6Hl-.0 Slia = / 18.01o, to C6H10 5 S = / 20.030.

Glucothiose-sodium is also remarkably stable in pure aqueous solution
under exclusion of aerial oxygen; even boiling for several minutes does not
cause .Lppreciable separation, of sodium sulfide, since the cooled solutionJ
shows only a weak yellow color upon addition of alkaline lead solution; only
when the compound is reheated in Lhe presence of the reagent, gradual formation
of lead sulfide occurs in the proximity of ebullition. The rotatory power also
suffers only very gradual and insignificant changes upon.storage in the closed
poolarization tube at room temperature, if boiled water is used as solvent, as
has been done in every case. If the solution is allowed to come in contact
with air, the rotation soon assumes a negative value, attribwted to the forma-
tion of disulfide. This does no' take place quantitatively, however, and
oppareiltl.y is acco•z!anied by other processes and is partly superimposed, since
the substance not only fails to reach the full rotatory power of diglucosyl
disulfide (Ltti -144.40) (8)," but the observed xmaumal negative rotatoryUD
value suffers "a sligit deurease after a longer period of time.,

Preparation II (see above) in the closed tube stored at about 2000:
alpha after 2 days = / 1.210, after 5 days = / 1.130, after 10 6days / 1.260.

Preparation I (see above) in the half-filled metric flask; daily shalzen
with air after removal of the stopper and stored at about 200 C: alpha
(starting value: see above) after 20 days -2.150 (expected upon quanLitative
transformation to disulfide: -3.280), after 30 days -1.910.

J 7
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The oib"AtiOn Of d~isunlfide upon expmosure to air is reveal.ed also by the
o reaction of the sodium t3alt solution to pinol-pllhthalein. .then the freshSsolution, reacting, in U10 alkatline ,rea Vjigh Uhs indictor, is titrated wAth

n/10 acid, the rod indicator hue disappears (very ,radtutlly turning pink and
pale) already after addition of a quantity equal to the souitu content. If
the solution is now e.:posod to air, it ulowl.y roaunItu.oa Lhc rod colors apirant-
ly because of the form-.tion of the much loss acid disulfide. Several days
later tae same quantity of acid nay be added auain in order to titrate until
colorless. For the titration of the last tihird of the alkalinoemctal, mnethyl
orange must be used as indicator, even after the influence of aerial oxygen
has ceased.

a.rapid and nearly complete trunsfoxnation into diglIucosyl disulfidie
takes place upon the contact of ,lucothiose sodiuw.a with hydrogen perox&.e.

4 - However, in alkaline solution an excess of this reagent has a raoid deterio-
rating effect on the formed disulfide. To prevent this, the solution is either
"acidified shortly after the addition of peroxide, or the reaction is conducted

Sfrom the start with a weakly acidified solution. In the latter case o=Ydation
is considerably slower, but a solution is obtained which shows a very slow and
slight change in its maximal negative rotatory power.

0.3634 g salt (containing crystal water) dissolved in about 5 ccm water,"
mixed with 10 ccm 6,• H20 and filled to 25 cem; inmediately observedc '3 = -2.980.
- 0.4345 g of the same substance, identically dissolved, mixed with 10 ccr
3% H2 02 and filled to 25 ccm with water: 3= - .42.

0t L D= 102.5, - 98.40, converted to agree uith disulfide- 133.50,
- 128.20. The rotatory angles diminish rapidly.

0.3131 Z of the same substance, dissolved in about 5. cem water, mixed w•ith
ccm 6z H2 02, after about 3 minutes admixed with 12.4 ccm n/l0-H0l (trace of

- acid excess ' and filled with water to 25 cer; immediately observedL -2.42°.'

96.60, eoverted to disulfide - 125-.8. The rotatory angle
slowly diminishes, after 2 hours 1 - - 2.120.

0.3605 L; of the same substance, dissolved in about 5 cem 'ater, this timefirst mixed with 15.2 cem n/l0-HCl.• 1 cer excess), then with 2 ce & 15% H202
and filled to 25 cen with vrater;d. • after 2 minutes = - 0.570, after 7 mm.
= - 1.720, after 17 minutes = - 2.950, after 20 minutes = - 3.020 (highest
numerical value).

- 104.80, converted to disulfide - 136.4°.

The rotatory angle only changes very slowly and insignificantly: .M -D
after 2 hours =- 2.990, after 4 hours =- 2.970, after 1 day =- 2.950, afterS~2 days =-2.820.

J Optical properties of beta-glucothiose

"" from sodium eluothiosate.

2 difen aqueous solutions of sodium salt are mixed with a quantity of rineral

S~8



i~~~~li~i ;recsel e ... ......... .. -a. bu............... ....U;U"o ... a .Uj; Wd.;... .... ....
solubions Of free clucothiose 2re obtuined w"hich i•ake the study of the optic, I
ueh-.vior 'f sulfuric sugar possible, since the unimportant quantities of in-

orj-.ni- s3-lt for:,in • he,.eby shoulu not effect rotation sigaifici•ily. 'he

fo13,owiný., tc-•o show-t thAt nerly tho same soecific rotations L.re found for
slucothiose just isolatei from the salt, ru,'rdLess of Mhether prcciseyr the
cqkiv-alent a,:.ount of n/il-:,,ydrochloric acid is used or a sligh, t e:.cess (9).
in both cas,,i t solutions reveal ,uutaro~ation accompanied by an increase in
rot..tory dower. ..nile this occurs very slowly in the absence of free mineral
acid, it is speeded u:, considerably by %he presence of acid (the concentration
amounted to 1/500 and 1/6-0 of normality).

Test i: 0.-3539 L, soUimu: salt (contaiiiing crystal water) (&XJi= /15.46°), j
corresponding to 0.2731 - alucothiose, wore dissolved wiith 13.95 ccm n/10-HCl1
(exactly 1 equivalence, deturmined by titration against methyl orange) and
water to obtain 20 ccim. ID.miediately observed:

i (c= 1.3655 -alucot*io-e) = 0.450 X 100/2 X 1.3655 $ 16.48'.

Test Ila: 0.3346 z. of the same subst-nce, corresponding to 0.2428 g
glucothiose, dissolved with 12.9 ccm n/10-IiC1 (0.5 ccm excess) and water to
obtain 25 ccm. Imnediately observed:

L ~~(c= 0.9712 3.ucothiose) = l 0.330 C 100/2 X 0.9712 = / 16.990.

Test Ilb: 0.3033 g of the same substance / 15.560), corresponding
to 0.231a g glucothiose, dissolved with 12.5 ccx n/i0-HC1 (0.4 ccm excess), and
water to obtain 25 ccm. Ininediately observed:

a . (c= 0.9364 glucothiose) / 0.336 X 100/2 X 0.9364 1 $ 17.620.

in all three tests mutarotation w•as observed in the closed polarization
tube, which had been stored at room temperature.

Test I ' Test Iia 1% Test lib 23
after " after *Z i3 after --A D

20 hrs • 0.740 3 hrs $ 0.480 15 hrs L 0.880
5 days 1.050 23 hrs -1 0.920 24 hrs 0.980
7 days $ 1.280 40 hrs , 1.060 48 hrs 1.070
8 days / 1.320 64 hrs 1.140° 64 hrs$ 1.090

20 days 1.330 88 hrs / I.W4° 88 hrs $ 1.090

LA 48'70° 5/58.690 : 58.210

Upon 9emoval of the contents from the tube following test I, a strong
odor of hydrogen sulfide was noted. The odor was weak in the other two tests.
.,hile the very slowly transpiring mutarotation iras accompLnied by a consider-
able decomposition of glucothiose in the first case, and the observed maxdim1l
rotation certainly did not correspond to mutarotatory equilibriuam, the decom-
position of sulfuric sugar in the solutions with an acid excess was so slight

( that the separated amount of hydrogen sulfide, which doubtless remained
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unaltered in solution a1uithin the closed polarization tube, upon adkiition of
jalkaline lead solution revealed itself only by A very weak ycllow color.

The constant final rotatory power of the solutions used iii tests I1a and
lIb prob-'bly correspond very closely to the true mutarotatory equilibrium.
It is riot changed importantly by the bond between equilibilal glucothiose and
alkali:

Thc tube contenbs of test Ila were combined with the rest of the solution,
wihich -ae.Lawhilc had been stored in a closed metric. flask; 15 con were drawn off
with a pipette wid filled to 25 ccmr with 7.8 ccm n/l0-soda lye (calculated at

4 7.7 ccm)u Lna water.

(c= 0.5827 glucothiose) =/0.690 X 100/2 X 0.58'27 =/59.210.
In another test it was demonstrated that a twofold increase in the con-

Scentration of free acid (n/250) does not influence either the speed of muta-
rotation or the value of the constant final rotation to a noticeable degree.

NOTES.

(1) Since glycosidal compounds usually are easily hydrolyzed by acids,
this observation may perhaps take on more general signific.rncc for the pro-
duction of free glycosides from their -cetates in those cases where, as is the
case here, very alkali-sensitive glycosides are involved which., however, are
relatively resistant to acids. (2) For detailed data see the dissertation by
R.udolf Gille, "On xanthogenic glucose and thioglucose, Jena 1927 (in print).
(3) Vol. 47, 1263 (1914). (4) ipparently the potassium salt of glucothiose
only crystallizes with 1 mole of water. Since its production wcith invariably
identical optical properties so far has been beset by difficulties, its des-

cription shall be dispensed with for the time being. - It should be mentioned
that Ir. I. Bielig of this laboratory in the meantime has produced a sodium-- salt and even a crystallized amnioniacal salt of galactothiose'via xant~hoeenic

igalactose. (5) Cf. P. Karrer., Lhrbuch d. organ. Chemie, p., 343.(1928).
(6) The average value of the inaividual values of tests ila and hib listed in
the experimental part. (7) Zeitschrift physiol. Chem. 126, 210 (1923).
(8) Cf. F. drede, Vol. 52, 1760 (1919). (9) The slightly higher rotations of
the solutions with acid excess may be attributed to the Mutar6tation which

occurred between the moment of solution and-the reading of the polarimeter.
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