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0Investigations Of mustard oil glycosides. IV. Phenyl-thiourethane-i-
Cyco side.

by Alhelm 6ohnej.der and Doulas Clibben. '

Lerichte d. Ueutschen Chain. Ges. Vol 47 (1914), pp 2218-22,24.

imlarly to ti'e silver salts of other t.LiourehaiCL (1), pr-cniy1-t.oure-
thane silver isolated by Uieberainn (2) also reacts writh aceto-bro:..o-gl-ucose,
forming a tetru cety2l-thio-urethianc-glycosiue corremporw.n . 'D thec equation;

however, upon sApooification of t he cet-yl h-,'u utN)-u~ iIue

solution, thie prima~ry product p)-enyl-thiourethaii--g-C- ycosiut eous
unicr the effect of aqueous alkali, (similarly to the xe-lc i.L
u cscribtx,- previoualy,) to phenyl-urcthane ald the deco, P, i~iu.1 pnP; uts of
thiotglucose.

If saponifi cation is effected by me -i)s of a.lco1ol': . w.c syrup/W
reAction iroduct is obtained wiicih, in addition to acet~cnide, coiz'airns oniy

tot~lly undecompooed phenyl-thiourcthnare-d-ilyco side, of~c unequivo..0 pCQ;;f can oc subrittea. In 5pite of nwirterol.3 dttLC7ISt W'. n~c rot u~~~~
o obt-in the glycoside in crystalline form, altnou gh it -4s uvery

0 corm;2ound upon complete occlusion of wrater.

Fartictalar i~irerest is offered 'oy, the decomposition to -Wa:cirr~at
uretharie-a-glyco side is subjected by thie influence of wa.ter anLc acids. ;t
-ssu:.esg here, as it does in respect to its st,&'biity, a .cdizan )osition.
b2tviccn thioure thane-gliycosides syuitiesi~ud to d-te oni one aa;id t..u-

r~l m-:3tArd oil 6lycosiaes (sririIuco-cheirolin) on t.~ otrner. 1
th-,iouretbatne-glycosicde.s, ailiohati cu ly substituted in con:.--c-lor. W-t. Z~ -,Lr .
uecompo)c -.nd form urethanes arna thioglIucose, mustard oil c"1 'cosiu-es ..ve
to *at.e yielaea only a cleavag;e into Egiucose on one nr.inQ ali Oil~r Q- L

its decom 3sition prod1ucts) and Potass;iu:-i bisulfate on the oti-rTi
ij5of phenyl-th-iour 'thazie-d-jgicosiae progresses in t,.) r~l2 ie-l

once likewise with foriikiion of phenyluretiiane- ac . toio,-uo- 1'in ti'c s~.of

equation 1, but. simultineously, and si~ailarly to t '-e uLCCCm, ;3ti'Or of ,;.u:
oil gl'ycoside, accoiapanied by be-pArutiori of sulfur fromn t.Ilre'-u
in theQ reconstitution of phenyl-thiourethane according to oquaLioz- !I-.

T -e . ffinity of sy nti-esizea phoin~l-ti~iouretha:ie-d--lyc.Diao Lo riatual
J.'usti ra Oil giyco~ides is shownm with particulir cl~rity by its reaLction with1,
silver nitrate. It should be reznembereo th~t mustari oil g;Icosi uas. upon
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1 0 ~ ~treatment with this reagent, Yield xm.stard oil silver sulik~tcs in adcdtio
to glucose (3), a process formiulated by Gadamer in the followin,.nnr

alcoholiIc-aqueous reaction soluti o accoripqinie3 by the ?Liber.Ltion- of fo

of ammonia. The reforma~tion of pihenyl-thiioureth,,ane-sgilver i:usl, be rcgi-r--eu
as being p~irallel to the fornution of mustard oil silver suifitcs. wit"- thu
exception that the latter, due to the acid nature of th ufhdy roup i
the hypothetical acids on which they are based,

ray already form in the acid solution.

The assumption that the Constitution of naturljr.-ustard oil yoIc
in the sense of Gadamer's sinierin formula i~y 'be uerivc- froL. ahpthtc2
izino-thiol-carbonic acid, receives coiiside rable support, fromia LhQ rsa
vctigation. The stability of glycosides of Lhis typeC as WC111 13 the moda of0their hydrolytic decomposition seewis to bie in close -,rclation w.ith 'L"-, : -- cr
or less acid character of the substi-.utes which, in dddtion to t..c;e S'-r
m.olev-ule, are attached to the imin-o-,hiol-carbonic acid complex.

Experimertal part.

Met raacetyl-pheriyl-t- iioure .hane-d-glyoo sio: e,

The silver salt necessary for the synthei fta c...d~aopo~~c
accordin to Liebermann's (4) instructions. It diffelrS fro..L L s- v r 1 V t3
of other thiourethas by its poor srlubility in, chioruforin, Ce 'e Ut Lihe

l~trjboilin- point. It dissolves easily i ~~e-o~m ~oj: >
carloons, su ch a 5 bromobenzene and tetrachioroacetyls, fro,-- -w:ici. it .

i n s:-i needles u ' on cooling, w'&i'ch Lielt at 2060C (uncor.,ecteci, cc
by decomposition. The compound also Liisaolve5 to sume extent in bobn c--
zene, r.,ther eas~ly in boiling toluene, very catsily in Woiling xyc o2~i
insoluble in al.,ohol. ether and water.

20Oigphenyl-thiourethane silver weeiso din20c:,'oln

alcohol. 7he yield amounted to 22 g acetylglycosicde with a meiLin'; oo-;,
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tI o 5300,correspondin,, to 62% of the theory.

The pure compound, recrystallized froia hot alcohol, me,,lts, sharel at
1,90C (unicorre2cted) . It is insoluble in water, also in cold :lg-roin, densest,,f
toluene, xyle-ie aria alcohol, but dissoliVes easily in other, chllorofor., LL;,d in
hiot alcohol UndA Y ieZne, ieuction5 with aialinc lead oltnaiiui tehlin'sz
s5olution are the same as those of other acctyl-thiiourethane-lycosidius5)
di-scribed heretofore.

t) -, A.

.AA n1 -;

±ne optical dletermninationi was .aoc with the solution in uctye .ttix-
cnloriae.

For sodium light, alpna at 1500, equals -0,22o (2n tube, concentration
4.4650). -

Therefore a - -

Q.San-onification of

a) .!ith lxryts, water: The effect of b.r-ta W~tlcr alon; 1.- nttuc~gi
7'-cza sex.traordinarlsow it iLS speedel up szwu yteaU~~f

of a little alcohol to the sCuspensioL~n of tiic. Zcullcoie of aey
co.nnouna- were shikezi for 2 days with a solution of 16 crsllzubim
hyaooxide in 200 corn water and 100 COcn alcohol. Ihe resultingzlq uttr
wras separated fromn excesas 'caryta by a .-cns Of c'trusnac acla.. one..

uarreduced pressu;re at 30'C'. .f'ter reAvlof aleoh-o1 ,l ~ .~a

brow-; oil, soluble in ether, wras obtaLined. Tfhe ethereal so-lutio)n, aft 'r
evapo ration, yielded 0.7 g of d trk oil, .thich set in cryso-tliinc form after

digfor seve ral t-ys. Thc ;ryjst_3ls were recrys-talhe fru- lo bolin
11 ge i. Tey we; re free of' sulfur arid. %-nejltea s rLit.50 u~orcaj

Lthercfo re consisted of ohen-yl-urethane. The aqueous rmotuier liquor of Sa tri-
fIc tin, e.,.r-acted with eth-er, developed -.ydrogen sul fiocus ucllfic."tloc,
which, evideintly hsd formed by aecomposition of primary tlioglucoso withi alrzali.

b) *ith alcohiolic 4 :uniua. 5 .g acetyl,:lyoo)side weEr: (Lu 50:vCLI in 400 corn
hioL absolute alcohal. The solution, aftet.r Oooliiw t 0% .:as saturate- with

urya .oraia g-,s under occlusion of mioisture..'ectlgysxewar..a
initially sc-parated in fine-cr: s-talline forfocrn u'ig lw 3OVv

a clear solution wititin a few hours, aided by occasi:onal aj nal'.
lution now rested for 2 da.ys at room tuap er-ture, ti;cn was3 fi'ue. of isle
-- d:Oflia at the vac-uum pump. iubsequentL to evapor lion of tnre .ilcou u.cr
low pressure, a sy-npy residue waus obtained, which could iut bv transforac', dJ in'to a crystalline product by any methiod. The non-alcoholic .--./up is3nolb.



in ether, but is very easily dissolved with a little alcohol. In this co-
centrated alcoholic solution, however, even a large adi.tur, of ether cuLot
cause significant separation. The syrup dissolves easily iI watch, an, quite
clearly, if it is freshly producea or stored ua&er strict uxc .usiOn of hund-
dity. This shows that the syrup contains, in addition to acot .zide, only
totally undecomposed phenyyl-thiuurthane-d-glco ide, since othervi ;u
iiLSoluble decomposition products would be .isible. The ,yrui proveu to be
dextrorotazory in the polarization apparatus.

iydrolysis of

phenyl-thiourethane-d-lyco side.

The clear n-u-i solution of the syrupy acet, .aide-Clyco'ide axture
gradually becomes turuid upon standing at room teCiWVLAyLurv, -U oe-osllts "n
oily emulsion which settles after a few hours. .,fter a longer perioci of
standing, small amounts of phenyl-thiourethane with a e.ulting point of 721C
(uncorrected) crystallize from the aqueous solution above the oil. ,s the
following test will prove, the oil consists of phenyl-urethane, wooso crySt!-
lization is prevented by Lhe admixture of a little thiourethiane.

The syrupy saponification product from 5 g tetraacetyl-p. ;y.thiourethan -
d-glycoside was dissolved in 100 ccm water and allowed to stid at tooi.; top-
e:ature for 2 days. The oily de, osit wa- absorbed in ether tocctner ;it,,, te
crystalline sediment. kfter evaporation, the ether yielded abcut 1.5 , of
an oily residue that was dissolved in a out 100 ccm of S0,, alcohol. By tile0addition of a sufficient amount of amzoniacal silver solution, pheriyl-thio-
urethane was separated as silver s it which gradually c:2stallizou in tio0 form of needles. It melted at 2060 C (u.,corrected) anu aountcu to .3 <,
corresponding to about 0.16 g phenylthiourethane. The alcoholic ; other iiquor
was freed of alcoholic content under reduced presoure, the rcaidx.e was -
sorbed with ether, dried, and isolated by separation from ether. '..us ib,)ut
1.3 g of an oil were obtained which rapidly solidified in cr.stLli:,c fo- "
after inoculation with a crystal of )hcnylurethine. The cr. tal o nc± 1us was
recrystallized from petroleum ether and the compound identified by its
melting point as phenyl-urethane. In the ori nal aqueous glycosilue solution,
freed with ether of urethane and thiourethano, thu presence of z.. u . uc -s
the cleavage product corresponding to pheyl-urethane could be proven by t:e
"ddiLion uf ainmriacal silver solution ar(d mch alcol, thu ,lvvr Zjul .,f
which was separated in t-is manner in the 'haracu:ristic, a7orphous, ycl.lo:,
easily water-soluble flakes.

Upon boiling with diluted acids the hydrolysis of phenyl-thiou-etlo,;--
glycoside progresses sirdlarly, but much faster. 'owever, ,,e,y-t.
aeems to be produced in preponderant amounts, since the obtained ...
oil solidified rapidly into crystals during cooling, which melted ci' a
70-710 C. The direction in which phcnyl-thiourethane-d-glycosidc is r
n~ntly split during hydrolysis, apparently dependi on the -eactiui, Uf '
aqueous solution. In alkaline solution (see bar-yt sao:ification) on. y
pherylurethane was observed as sugar-free cleavage product. in aquoGus sol'-
tion urethane and thiourethane are obtained simultaneously; in acid solution,

0priuarily phenyl-thiourethane (6).
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The enzyyno nyrosirn, dich splits mustard oil cycow ies, igiictl
hs n1o noticeable effect on Iiey-hortan--lcii. n t -;artllcl

tests, in which equal quantit~ies of glycoside were subjected to aqueous hydro-
lysis under otherwise identical condition's, once witho~ut, once w-ith nd,.ixturu
of Vyrosin solution, the amounts of oily decompsition products cxtracted from
timie to tine with ether, were quantit tively equal.

ThoiLyJ-tniourothazle-d-Glyco side
with silver nitrate.

The saponification product of tetraacctyl-pheriyl,-thiioure~thn-di-gly1.coside
inC~~rof 80~ alcohol and mixecl witn lu cc., s4i.vcr -Iit"'te

solution (1:10). tfter a short time thio_,lucose silver .. th £r,
of an arnrphous, brown powder. The solution wasi stored inl the refr".
for 4 hours to cotipletu the reaiction. Subsequointly th-, s -ar-tcd po-;.JeIr w~s
drawn off by suction throuGh a layer of siliceous earthl and uucoipsou by
introduction of hydrogcn sulfide. ;,ftur filt1rtior, 'frv;m Lthe sllver 5uifjdu('
precipitate, a colorless, aqueous solution wis obtainod, waicn wa comletely
irecd of ci3solved hydrogen sulfide at the vacuum, Dula. .~t'th. dto
of 3 ccm of an a;w;,niacal silver nitratc solution (1:10), tho ' ilver
sep ~rat~ed in purified forme. It foriacG snow-white, amiorphous fla'Ae wi-ich
durin, scaimentaion turned slightly yelws.ln u~~ iq a
poured off, the precipitaite was again decarntea -ith 103 ccma t!, '1±co"'l an
finally drown off by suction. Thc prep,.r~rion was first urica for one d.ay inQ v~cuo over -phosphorous pento)dde, theni, to con-stant-' w2iht ;t V xtr
o, c IcLroforis vapor. The yieli a;:io)uited- 'o 0.46 g 7:o zii.vrtojC~
t ,us obt.~ned represeritei a weakl.y yellowish, amorpl*ous, \cz- %it b_
which even withstood extended heatin- at 100 wt,~cr~to p~cz.t
ch~nLge. ..,hen heited in the mielting :.oinL Itats ~ tur_-_
at abo:,ve 1U0)OQL; and melted at about 1650C after tur,'n' t~'.~ co U a

ou~rontritcJ thut tne increased stability of this nrenration s~ co.. ),r,,i to
revi ously described ones (7) is attribut,'ble L.)th L!~ c 1r cu ts e t e ~

eAc.,js of 5ilver Liolution had been avoided iin the prcui"fonc ~CQ
on- the contr~ry, too Little Liilver hid buen u.ca Voi n a.oc s
thi.s Prcp~ration w":3 quite stable, it even; withstLOOL 31nOrtcil- .. rs
:iiort intensive yellowing only developed very sli;-aly. .,w.er trCc
:.ck33sive 5ilvor salt soluzion c~uzstd rapi d dtco P0i tioln dVtji at, i'0A o..e..
tui-e, aiccompanidL by blickeninZ, 0f ttie <uo soslution of uud~~e

aswcill as of the flake upnio isl precipi: aued t ~ th alcoho 1wit

in1 pcpxLritioin was entirely free of -Itrogenp- nevr- sivercntt
waLs fosnia to be about 2 too low, siimilarly to previoua '~iCti
sulfur content dreeU well with the forixula for tldug..co:.s vu .a
resIult proably c,.n be e.%plained ;;o"st si[t..ly by s'&yi'-,: titit -;. veiilv ztr

uou;.d hau adsorbed anc. carried over a small quAntity of t .1io,, a-cose our s'
.Ui3ul fide resulting therefrom).

-. , * 7.
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The ori inal, uilver nitrate-containing reaction mixturc, fil 1co off

, from crude thioglucose silver, was mixed with an exce5 of o.oial. "i•copious quintities of phenyl-thiouruthane silvur cryst a cp r-tcd ut, wni ch

were identified by their solubility and malting point. -ienco it. follows UtL,
in the presence of silver nitr±te, the decomposition of phcrl-thiourut!iutic-
d-glycoside takes pl2.ce in both of two possible directions.

(I) Cf. v. .chneider, 1. Clibben, G. liullweck and teibelt, Vol. 47,
1 1258 (1914).J (2) i'aper 207, 142 (1881).

(.) Gadtmer, paper 235, 47 "nd following ('1897); , L~idr .
I f:uCtz, Vol. 46, 2634 (1913".': , P. 207. 142 (1881).

(5) Vol. 47, 1261 nd follow ng ( .1 L4 ..
(6) To d ertain egree, inigrin reacts9 sinularly, ilvr nir. ate-I il!

aqueous olution (i .e. in A s olut ion " ,. c ru i l "u i j i v n - f

nitric acid) produces from it only ullyl-mustird oil silver sulfte wnd
glucose. Throuoh the effect of alcoholic anmonia, a svll anouat cf thio-
&.ucose results as the decomposition product of this naturl nus.. .oil

61yooside. Cf. the following paper.
(7) See Vol. 47, 1263, 1265, 1268 (1914).
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