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Investigations of mustard oil glycosides. IV.

glycoside. ; 23
o~
by wilhelm Schneider and Ucuglas Clibben. B

Lerichte d. Deutschen Chem. Ges., Vol 47 (1914), pp 2218-2224.

similarly to tie silver s«lts of other t.dourethuncs (1}, phenyl-tiioure-
thane silver isolated by ilebermann (2) also reacts with aceto-bromo-glucose,
forming a tetruacetyl-thlo-urethane-glycosiue corresponaing to the equation:
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liowever, upon saponificition of the acetyl groups wilh barium hydroidude
solution, the primary product phenyl-tniourethane—d-giycosice azconmposcs,
under the effect of aqueous alkali, (similarly te the thiourethane-glycosices
described previously,) to phenyl-urcthane ond the decompositlion pruuucts of
thioglucose.

I{ ssponification is effected by means of alcohiciic awticnis, o syrupy
reiction product is obtained which, in addition to acetwnide, contuins ouly
tot:lly undecomposed phenyl-thiourcthane-d-ilycoside, of which unequivocal
proofl can pe submittea. In spite of numerons attem:ls, we have ol becn able
to obtiin the giycoside in crystalline form, although it is o very siable
commound upon complete occlusion of water.

Particular interest is of{ered b, the decomposition Lo wiilci |
urcthane-d-glycoside is supjected by the infiuence of water ana acids. It
L.ssumes here, as it does in respect to its stability, s median nosition
between thiourethane-giycosides syntnesized to dute on one hana, aid tie natu-
ril mustard oil glycosides (sinigrin, gluco-cheirolin) on the other. T5il
thiourethuane~glycosides, «liphatically substituted in contection witiho niir
uecompese <nd form urethanes ana thioglucose, mustard oll glycesiaes oive
te dute yielcea only a cleavaze intc giucose on OnNe nand, and inusts L
its decompositicn products) and polassium bisulfate on the other. Lyaro-
1yois of phenyl-thiour :thane-d-giycosiae progresses in two parallel cirections,
once likewise with formation of phenyluretiiane a= ! thloglucose in the sense of
equation I, but simultaneously, and siailarly to “ne cecomposition of ausgtard
oil slycoside, accoipuanied by sevaration of sulfur {rom the suge.r, rasuatiig
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in the reconstitution of phenyl-thiourethane accoraing to cguation 1il: !
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The oflinity of syntiesizea phenyl-thiourethane-d-;lycosice vo maturil
mustsrd oil glycosides is shown with particular clarity by its resctlon with
silver nitrate. It should be rememberea that mustarad oil giycosices, upon
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treatment with this reagent, yield rmstard oil silver sulfutes in wddition
to glucose (3), a prucess formwlated by Gadamer in the following iuiner:
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Phenyl-thlouxethane-d-glycosxde, upon identical treatwehu, ylelas the
silver salt of thioglucose oun one hand, which im.waiately sTparates lroun Lhe
alcoholic-iqueous reaction solution accsmpanied by the liberation of fro
nitric acid, but it also reconstitutes phenyl-tniourethane silver, waich iu-
turally sepirates only after neutraliz.tion of the nitric acidé by an exces
of ammonia. The reformstion of phenyl-thiouretnane-silver rust be re- sarcea
as being pirallel to the formution of mustard oil silver sulfites, with the
exception that the latter, due to the acld nature of the uuhf.uury' Sroup in
the hypothetical acids on which they are based,
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may already form in the acid solution.

The assumption that the constitution of natursl mustard oil ;lycosiacs
in the sense of Gadamer's sinigrin forimula may be uerivew Irou u Aypoihviical
izmino-thicl-carbonic acid, receives considerable support Ironi the preseny iine-
vestigation., The stabliity of glycosides of this tyve as well us the node of
their hydrolytic decomposition seews to be in close correlation with the nore
or less acld character of the substi-utes which, in aduition to tae sugar
molevule, are attached to the imino-thiol-carbonic acid complex.

Experimental part.

Tetraacetyl-phenyl-thiourethane-d-glycosiie,
~ < ’ . . ~ o~ 4 ’ ., . 3y )
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The silver salt necessary for the synthesis of tuis co¢p1;"- Wa5 prowat
according to Liebermann's (4) instructions. It differs frow ine silver sul
of other thiourethanes by its poor solubility in uu;oru;uzm, sren ab Lie
litter’y boiling point. It dissolves easily in higier-Lolliig raroseon oy
cuarbons, such as bromobenzene and tetrachloroacetyls, rros which it ¢
in smull needles u)on cooling, which melt at 206°C (uncorcected) accowm
by decoinposition. The compound also dissolves to some extent in ooiling oen-
zene, rather eusily in boiling toluene, very cusily in wiling xylene., it
insoiuble in alcohol, ether and water.

20 g phenyl-thiocurethane silver were dissolved in 230 ccan
w6 mixed with a hot solution of 28.6 g oeta-aueto—unumo-r;p«J;
«ylene,  after about 3/4 of an hour of boiling on thu oil b.th the
tion wus separated from the precipitated silver bivmide by Tiitr o0
cooling, tetraacetyl-phenyl-thiourethane-d- ilycnsiue fell out directly in ihe
fora of colorless crystals, which were drawn off by suction anad washeu ¥Witi
alcohol. Thne yield amounted to 22 g acetylglycosice with a nelting puiat of
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: t:, 158°C, corrasponding to €2k of the theory.

The pure comwound, recrystallized frew hot aleohol, melts sharply at
1:99C (uncorr cted). It is insoluble in water, also in cold ligroin, benzeune,
toluene, xyleiie ana alcohol, but dissoives easily in cther, chlorotora wid in
hot alcohol and xylene, leactions with alkaline lead sol tion anu csehling's
solution are the same as those of other acetyl-thiocurethane-glycosides (5)
d.scribed heretofore.
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Tne optical determination was uwade with the solution in cceiylene tetra-
chloride,

For sodium light, alpha at 15°C equals -0,22° (2 dm tute, concentrution
L.4650) . e ~ 4

Therefore ot .0 + -- [/ . 7.
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Saponificution of
tetraacetyli-paenyl-thiourethnare-d-ziycoside.

00

a) .Jith burytas water: The effect of baryta waber alone on vebra.ncciyi-
coside is extraordinarily slow; it is speaded up somewhat Uy the aluition
£ a little alcohol to the suspension ol the acctylilycosize. 5§ g of ;cct
o compound were shiken for 2 duys witn a solution of 16 g crpsvullizea barl
) hyaroxide in 200 ccm water and 100 ccm alcohol. ‘the rc‘u‘u*no cleas uo;u
wis separaled {rom excess oar;ta by iwens Ol Ccaruvnic ac

Wder reduced pressure at 309C.  fter resoval of slcolo LJ wrSLLLIOVI0, 2
1 browr: 0il, soluble in ether, wus oat¢1“ed The etheresl selution, after
evaporation, yielded C.7 g of 4 dark oil, which set in crystalline form after
standing for several days. The crystuls were recrystallized ‘;v.‘¢uw UQ*Lth
l".u in. Tney were freec ¢f sulfur and meltea sharply at 5290 (uncorrected;,
efore coasisted of phenyl-urethune. Tne aqueous mouier liquor of sustoni-
‘1uuthn, e tracted with ether, developed Lydrogen suliiae u.on ecldification,
which evidenitly had formed by decomposition of primary tiioglucose with saiduli.
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b} uith alcotiolic wmwonia. § g acetyloiycoside were dissolved i
lict absolute alcohul. Tne solution, after cooiing vo ¢9C, was satura
Ury a ..onda gas under occlusion of moisture. The acety l“l"CleuP n“;
initially sepurated in {ine-cryztalline foma waring cooling, now aisss
. 4 clear solution witiin a few hours, aided by occusional aitution., The 5o-
iution now rested for 2 days at room tuiaperature, then was Irova of dissolved
J4..:0Ni8 at the vasuun pwnp. Subsequent to evapor.tion of tne alconol w.cr

. (:) low nressure, a syrupy residue wus obtained, which could not ote trunsforied
int a crystalline product by any metiiod, The non-alcohoiic sy/rup 15 insdoliubie |
1
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in ether, but is very easily dissolved with « little alcohol. In 3his con-
centrated alcoholic solution, however, even a large aduisturc of « r cantiot
cause significant separation. The syrup dissolves easily in water, anu guite
clearly, if it is freshly produced or stored unier strict cxcliusion of hwi-
dity. This shows that the syrup contains, in addition to aceciwside, only
totally undecomposed phenyl-thivurethane-d-glycoside, since otherwise watcr-
insoluble decomposition products would be visible., The syrup proved to be
dextrorotatory in the polarization apparatus.
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iydrolysis of
phenyl-thiourethane~i-glycoside.

The clear aqueona golution of the syrupy acetuiide-glycoside :ixture
gradually becomes turoid upon standing al room tewmgciwlure, wia @enosits un
olly emulsion which settles after a few hours. .fter a longer veriod of
standing, small amounts of phenyl-thiourethane with a melting point of 72°C
(uncorrected) crystallize from the aqucous solution above the 0il, .s whe
following test will prove, the ¢il consists of phenyl-urethane, wiose crystal-
lization is prevented by vhe admixture of a little thiouretiune.

The syrupy saponification product from 5 g tetrsuaceiyl-picuylihiourcihanc-
d-glycoside was dissolved in 100 ccm water and allowed o stand 4t tooi te.p-
erature for 2 days. The oily denosit wa: absorbed in ether togcther iita tue
crystalline sediment. after evaporation, the ether yielded abuut 1.5 5 of
an oily residue thut was dissolved in a.out 100 cem of 80, alcohol. By tiie
addition of a sufficient amount of amroriacal silver solution, phenyl-thio-
urethane was separated as silver salt which grauyually crrstuallizea in tiw
form of needles. It melted at 206°C (uwicorrected) and anountea to <.3 3,
corresponding to about 0.16 g pnenyltniourethane. The alcoholic mother liquor
was freed of alcoholic content under reduced pressure, the residue wag ab-
sorved with ether, dried, and isolated by separation froum ethcr. Tius aboutb
1.3 g of 4n oil were obtained which rapidly solidified in crystailine Jori
after inoculation with a crystal of phenylurethune., ‘The cryrstalline miss wus
rocrystallized from petroleun ether and the compound identified by its
melting polnt 4us phenyl-urethane. In the original agueous glycosice solutlon,
freed with eiher of urethane and thiourethane, thu presence ol l.lvjlucuse &
the cleavage product corresponding to phenyl-urethane could ve proved oy tne
wddition of amnoniacal silver solution and much aliconol; the oilver salt of
which was separated in txis manner in the characceristic, amorphous, ycllow,
easily water-solutle {lakes.

Upon boiling with diluted acids the hydroiysis ol prenyl-tniourethuiic-d-
flycoside progresses similarly, v much faster. iowever, vhenyl-Lilourciiaag
scems to be produced in preponderant amounts, since tne obtained wuler-l.assiuvze
oil solidified rapidly into crystals during ccoling, which melted cirecily at
70-71°C. The direction in which phenyl-thiourethane-d-glycoside is predcidi=-
nantly split during hydrolysis, apparently depends on the creactiuvn of iis
aqucous solution. In alkaline solution (see baryta sasosification) only
phenylurethane was observed as sugar-free cleavage product. In aguedsus solu-

. tion urethane and thioursthane ars obtained sirultaneously; in acid sclutiorn,
primirily phenyl-thiourethane (6).
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The enzyme myrosin, which splits nustard oil slycosiaes, signilicantly
hus no noticeable cffect on puenyl-tiiourethune-d-glycoside. In two narallel
tests, in which equal quantities of glycoside were subjected to aqueous hydro-
lysis urder otherwise identical conditions, once witheut, once with adaixture
of myrosin solution, the amounts of oily decomposition products cxtracied from
time to time with ether, were quantitutively equal.

deacticn of
pheiyl-tniourcthane-d-glycoside
with silver nitirate.

The SAponlflcatlon product of tetraacetyl-phenyl-thioureinane-d=-glycozide
wes 2dsoilved in 1M com of 804 alcohol and mixed with 1o ccm silver aitrate
solution (1:10). .fter 4 short time thioglucuse silver abydAu-bu in the forn
of an amorphous, brown powder. The solution wuas stored in the re ffl jerator
for 4 hours to conplete the reaction. Subsequeatly ths soparated powder was
drawn off by sucticn through a layer of siliceous earlh and decomposcd by
introduction of hydrogen sulfide. atter filtration froin vhe silver suliide
pracipitate, a colorless, agueous solution wis obtained, whicn wus connlelely
Ireed of dissolved hydrogsen sulfide at the vacuwnm puwap. .lter the wddition
ol 3 cem of an aiwoniacal silver nitrate solution (1:10), thio_-lucuse silver
sepirated 1n purified form. It formea snow-white, amorphous flakes wiich
during scdimentaution turned slightly yellowish. The rerainings liquid was
noured off, the precipitate was again decantea witn 100 ccm 8¢, alconul wnd
firully drown off by suctivn. The preparation was first cried for one duy in
vicuo over rhosphorous pentoxide, then to constuni wei it gt the vainerature
of cnleroform vapor. The yield asounted to 0.46 2. Tne silver-tiiojlucuse
thus obtiined represented a weakly yellﬁwish, amorphious, very stabtle powder,

Aich even withstood extended heating at 100°C {water steum) withoui appuarern
chang ahen heated in the melting woint apparatus, it gracually turnes trown
at 4Love 100Y%C and melted at about lUSOu after turidn, black., It could o
ceronstrited thit tne increased stability of this preparation s comparaa to
previously described ones (7) is attributuble to the circwastsnce that en
excess of silver solution had been avoided 1n the prucipitation o Lhid . ucCosg;
on. the contrary, too lLittle silver had Leen ulva. _van 1n ALUVWE Sualillon
this preparation was quite stable, it even withstood shiori Toiling, w.ereb,
mare intensive yellowing only developed very slowly. HOngur, a Lrace of
c.cessive siiver salt solution caused rapid decomposivion even al rovu Lenpera-
ture, uccomparied by bluackening, of the sjueous solution of L.ilvgiucosc-sliver,
au welil us of the flakey suspension Iresnly precipiiuted thnerefroan with alicobol.
“nr preparation was entxrc;y Jree of oitrogen; nevertheless Ul silver convuid
was founa to be aboul 26 too low, 51m1l¢rlj to previous experieace, w.lle tie

suifur content a, reed well with the forwula for thilugiucose silver. ily

result provably can be espluined most simply oy saying tint the siiver cous
pouid hau adsorbed dana carried over a small quantity of thiogiucose (o7 sowue
disulride resulting therefrom).
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The original, silver nitrute-contuining reaction mixture, filtercu oif
from crude thioglucose silver, was mixed with an excess of wiwolda. osoon
copious quantities of phenyl-thiourethane silver erystals acparatuid ouds, wnich
wore idontified by their solubility and melting point. iience it follows Liat,

in the presence of silver nitrite, the decomnosition of phenyl-thiourcthunc=
d-glycoside takes place in both of two posaible directions,
NOTES
(1) cf. W, schnelder, L. Clibben, G. lHullweek and .. oteibelt, Vol. 47,
1258 (1914). 3
] (2) paper 207, 142 (1881),
1 (.) Gadumer, paper 235, 47 and following {(1897); w. Schucldpr wid L.d.
: Sehuetz, Vol. 46, 2034 (1913).
] (Y raper 207, 142 (1881).
: (5) Vol. 47, 1261 and followang (1%i4).
(6) To a certain degree, sinigrin reacts similarly. oilver nitratc is
3 aquecus solution (i.e. in u solution wiich rupidly tums scid ovinz o frecd
E nitric acid) produces from it only allyl-mustard oil silver sulfute and
E glucose. Through the effect of alcoholic ammonia, a smill amount of thio-
] glucose results as the decomposition product of this nutural musturd oil
glycoaide. Cf. the followlng paper.
{7) see Vol. 47, 1263, 1265, 1268 (1914).
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