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INTRODUCTION

The term glucoside has besn applled to those
gompounds whieh have the property of supplylng,
upon hydrolysis, a sugar and one or more other pro-
ducts, Nearly all organic compounds which eecur
in plants (frult, bark, roots) are in combination
with a sugar, They all reszmble the simple methyl
glucosides., In many cases, the glucoside form 1s
more soluble than the substance ltselfl,

Haturally occurring glucosides are prepared
by extracting from the plant, by means of a sole
vent such as water or alcohol,

Blucosides are synthesized (generally) from
the nenwsacqﬁrido constituent and acstobromeglucese
in the presence of Ag0 or AgyCO.,

The rates of hydrolysis of glucosides vary
widely. They are hydrolyzed in the presence of

mineral aclds or en:ymes, the rate inereasing

" with increasing temperature. The erdinary physico~-

chemical laws governing reversible reactions apply

here.
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HISTORICAL

Blagoveschnskii (2) found that in the pro-
ducte of synthesis in plants, substanees other
than protelns play an luportant role., These are
the sllkaloids, glucoslides, methylated amines,
gaponins and other substances which form in the
geeondary conversion of the amine acids whieh
could not be utilized in building up proteins,

Miller (3) proved through the iselation as
the tetraacetate, that p-2 trichloreethyl d-glucoside
was formed in both roots and leaves of the radish
from absorbed. chloral hydrate,

Veibel and Frederikeen (4) have reported the
rates of hydrolyeis, energies of activation (Q), and
the eonetante (B) in the Arrhenius equation ln k =
(«@/RT) + B for the hydrolysis of several P-glucosidss
of primary, sscondary and tertiary aleohols., A
possible mechanism for hydrelysis of glucosldes 1s
discussed.

Veibel (5) has shown, in agreement with the
results of Helsig (Diss., Breslsu, 1937) that a
Walden inversion wa: found for alcoholysls cata-
lyzed by H ilon, No Walden inverslon occurs with

acld hydrolysis in HpgO, According to Lettre



(C.A, 31,70?42) for enzymlic hydrolyslias, an OH group

in the enzyme sxchanges with an OR group of the
glucoside, ©On becoming free, the enzyme reexchanges OR
for OH aﬁ& coumpletes the hydrelysis. From the ratle

| Heat of activation

it ie concluded that the mechanieme of the acid hyd-

golysia and the enszymatie hydrolysic are the same,
Veibel and Lillelund (6) have shown that com-

parable velocity constants for 13 glucosides show that -

steric factors in the aglucone are masked by other

factors influencing the rate of hydrolysis or are

absent altogether,




EXPERIMENTAL

A% the start, it was decided to prepare a
glmple glucoslde, about which adequate litersture
wag avallable, By preparing thie compound it would
be poseible to'ramillarizc ourselves with the tech~-
nigue recuired in the preparstion, and to cheock the
method of measuring rotation,

It was declded to nakc' a-riethyl d-glucoside
for this purpose. The compound was prepared in the
rallowing mannsr (7):

Dry HOL (prepared by reacting Nall and Hy80,
and dried by vassing thru concentrated 5250‘).wa-
passed into 200 g (251 oc; 6.2 moles) of anhydrous
methyl aleohol with ice oooling and exclusion of
molet alr, until an increase of § g resultsd, This
was diluted with 1800 g (2254 ce) of anhyd CHzOH

(this gave a solution of 0,25% HCL), %o all this
was added 500 g (2,77 mol! of powdered d-glucose,

The mixture was refluxed for 72 hours,

This yellow-colored mixture was cooled to 09
and the orystals allowed o fonm, Afterallowing
the mixture to stand for 2 hours, the erystals were
filtered by suection. The product wee washed twice
with 100 ce portions of absolute methanol, The
yield should be 85100 g (M,p, 168°)




The mother liguor and washings were returned
te the flaek and refluxed for another 72 hours,.
This materlial was then concentrated to 200 ge, chilled
to 0° and allowed to stand for Z4 hours,

After that perlod of time, the ﬁraducﬁ wae
filtersd and washed with three 100 ec portions
of absolute methanol. The yleld should be 110~
145 g (M,P, 164-168°)

The mother ilquor and washings were concen-
trated to 300 ge, Thie concentrate was chilled to
0¢ and allowed te stand for 24 hours, The product
was again filtered and washed,

The product can be recrystallized from absolute
methanol, The yleld should be from 16-18 g (M.p,
1641689 ), '

NOTES: Getting a seed orystal wus somewhat of &
problen, 'The method which succeeded was to take

a few gamples from the flask and to dilute ons,
and concentrate another and leave the third as 1%
wae, These were placed in an iee bath until they
were cold and then %o serateh the side of the test
tube with a stirring rod, After some time, the
solutions became milky, and then the one of the
game concentration as in the flask, showed signs

of good orystals. The resction flask was then




inoculated with these crystals, and after m
12 hours at 0%, the product hed eorystalized. All
subsequent orystellizations took place qu

To carry out the problem of checking methods,
the rotation of pure dextrose was found, and the
caleulated specific rotation was checked against a
value found in the literature.

Two runs were taken of the asectual hydrolysis.
The first run was not very sueccessful because of
diffieulties encountered in the mechanics and tech~
nigue of thermostating. The second run was suceoss-
ful, and the ﬂﬁlha wore used in calenlating the

A= 25 Ly gi?{" ‘;—:‘:

On first looking at the resetion, it appears to
be of the second order, but it is actually of the
first order, This is true because the concentration
of the one constituent remains essentlally constant.

It was thought expedient to include a proof jue~
tifying the use of the sbove formmla,

In the following proof, it is assumed that the
graph drawn is & linear relationship. This was
checked experimentelly by making up solutions which
are the equivalint of those at Of hydrolyeis, 50%
hydrolysis and 100% hydrolysis. In doing this, the
concentration of acid, amount of glucoside, lM anowrtt
of dextrose were taken into account, The amount of



aloohol formed in the hAydrolysis is negligible.

The results of this work are shown late in the

report. Ve can now continue with the proof,

1o T 0
lucoside [acoside

d,= original rotation (100% glucoside)
%> final rotation (0% glucoside)
«,srotation after amount (100«T) has
hydrolyzed
Slope of graph k& % fois

~lo0 = T T-100

«100 k= o,- dw ¥{Tr66) = a,- a,

(7-100) = %% (2)
Concentration a-100 by definition

100 - %t (1)

g = o~ &

From equation (2) T-100=amount hydrolysed

a=( T=100) = mt‘mehmcd
| { = a=x)
Subtracting (2) from (1),

oA~ A 2
Awx - —t =<
-k

Substituting for a end a-x in the equation

t o -%
da'd”
By - 23, £,-as



After the (pmlwmy work was completed, work
was started to determine the effect of different atoms
end groups in the ( f-ethyl) position of some { p=ethyl)
glucosides, The proposed glucosides to be studied were
those of

HO~CHg~CHg
HO=CHg=CHg=0H
HO=CHg=CHp=01
HO=(Hg=CHg=Br
HO-Olig-OHg=l

In each osmse, the tetresscetate has to be pre-
pared first, and then hydrolyszed.

" e p-tetrancetylethylgiucoside was prepared (8)
by mixing 25 grams of glucose pentascetate with 51
greme of & solution of glacisl acetic acid containing
32% of dry HBr (9) by weight, The mixture was sllowed
to stand at 26° until solution was effected and &
deep reddish-brown color apreared (this took sbout 1
hour), The solution was diluted with 102 ces of
cooled ehloroform end pouved into 150 se. of iece
water. The layers were shaken together and separated.
The water layer was washed three times with 10 cc.
portions of chloroform. The total of chloroform
washings wes washed with sodium bicarbonate until
neutral., The biearbonate was removed by washing with
ice water. The chloroform layer was then dried over

Callg.




The sblution was vacuum distilled at 40% to &
thick syraps The syrup wae dissolved in 176 co. of
absolute alcohol end shaken in 32 g, of freshly pre-
paved AgpC0z for a half hour, The silver residus was
removed by filtration snd washed with ether. The
filtrate and washings were evaporated to # volume on
a steam bath end further by a stream of air. The sol-
ution was eooled overnight snd filtered. (M. P, 1089
(Absolute alcohol was used for reerystallizations)

The next preperation attempted was that of the
glucoside of ethylene chlorohydrin. Since the procedure
wee not available et the time, an analogy was drawn to
the preparation of Fwwemwﬂﬂothﬂauwddo, After
two unsuecessful attempts, this work was sbandoned, and
work on ethylene glyeol F-dmammim tetraascotate
was started.

In this preparation, and in all subsequent pre-
perations, acetobromoglucose was used, so it is expedi-
ent to inclunde at this point the preparation of that
compound (10).

In & 1 L. round-bottomed flask were placed 66 g.
of d-glucose end 302 g. (280 ce.) of 95% acetic anhye
dride, To this mixbure were added o fow small drops
of concentrated sulfurie acid. (Addition of Yoo much
scid makes the resetion so vigorous that 1t le not pos~



eible to conbtrol it,) After swirling the mixture for
s short time, the resstion started. The swirling wes
gontinued Waut the reaction. It was necessary &
times to cool the mixture momentarily. The flask was
loosely stoppered after the glucose had 8ll dissolved
(10-15 min,)} the mixture was heated on 8 steam bath
for two hours. About 200 ce. of mixed scetic acid and
acetic anhydride were removed by vacuum distillation.

Seventy~five greams (60 cc.) of acetic enhydride
was added to the warm, viseous, light yellow Byrup,
The mixture was warmed slightly, end swirled until the
solution sppeared homogensous.

Pry HBr was passed into this solution until =&
gain in weight of 150 g. wan regorded. The flask was
uaiod with & rubber stopper end allowed to gtand
over night at 5%

The hydrogen bromide, acetlc acid and acetic anhy=
dride were then removed by vacuum distillation. A
water bath (not over 60°) was used to heat the mix~
ture. During the distillation the golution became
slightly darker, When no more distillate ceme over,
distillation was stopped, and 250-300 ce. of dry iso~
propyl ether was added. The mixture was warmed on &
steam bath to hasten solution. The hot solution was
trensferred to & 1 L. Erlenmeyer flask and repldly
sooled to about 45°, The mixture was then allowed to
cool slowly to room temperature and then placed in the



refrigerator for two hours (or longer). The aceto=
bromoglucose wes ¢ollected and washed with dry iso=-
propyl ether and dried in vacuo over Ca(OH)g. (M. P,
87-88°%).

 Ethylene glycol {-d-monoglucpside tetraacetate
was prepared (11) by edding to 40 g. of ethylene gly~
eol 12 g. of acetobromoglucose and 14.4 g. of Azgﬁﬂag
The mixture was ahakin until no more C0y wae evolved,
Anhydrous bengene (75 g.) wes added, end the ﬁ&xtura
shaken overnight, The Ag salts were removed by fil-
tration, and the bengzene layer was removed from the
glyeol layer. The glyeol layer was further extracted
with enhydrous benzene., The benzene iqrurn woere eooled
and vacuum distilled %o a syrup, which erystallized
resdily, The ethylens glycol f-d-monoglucoside tetrae
acetate was reerystallized from water. (M.P. 106-1069
LdE-ﬂG.a). |

The preparation of tetrsasetyl [-d-(p=chloroethyl)
glucoside wes again tried, this time sccording to the
following prosedure (12).

To 25.2 g (20,8 ce.) of othylene chlorchydrin were
added 6 g. of acetobromoglucose and 7.2 g. of silver
carbonate. Carbon dloxide is evolved, snd the flask
contents were allowed to stand overnight in complete
darkness at room tempersture. The silver salts were



removed by filtration and washed with hot sbsolute al-
eohol. The slocholiec filtrate was then vacuum distilled
to remove the excess aleohol snd ethylene ehlorohydrin,
The residue wes taken up in hot sbsolute aloshol, file
tered, and on stending, the glucoside started to erys-
tallize out. The crystallization was completed by
further cooling the pertly erystalline contents. The
erystals were filtered and washed well with sbsolute
aleohol. Absolute aleohol was used for recrystalli- |
gation, (M.P, 11403[0(],2;{'21.25 in ecetone). »

Tetrascetyl f -d-(f~bromoethyl) glucoside can be
preparsd in & s&zﬁuw menner, using 38.1 g. of sthylene
bromohydrin in place of ethylene chlorohydrin. (.2,
117.9;[«]:75 -20;5 in acetone) (13).



RESULTS
Proof of Formula
Polarimeter reading (tube containing distilled water) 56.5
Solution-«0,5N. with respect to HpS04. Glucoside 10%

by weight.
% HYDROLYSIS OBSERVED ROTATION
100% (after mtarotetion) 86,1
50% 7.8
0% 87.8
See greph I

Hydrolyeis of (-methyl d-glucoside

Time (hours) Rotation
0 81.8
1 31.4
3 30,7
6.6 29.6

10, 5% 28.1
18.0 20.8
20, 5% 25.1
26.5 28,7
41,.6% gy 20.8
50.5 Y 19.4

Solution==0.E6§, with respect to H28504.
Glucoside 108 by weigit., Temperature 76°%,
# Values used in computing kps
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gSeveral points were chosen after the grerh was
drawn, end those marked with an ssterisk (#) were used
in computing k, in the derived formmla, The average
value was found to be 2,078x10™%,

YIELDS
¢ -methyl d-glucoside
Preperation Tield % Yield M. Pu
1s 47 g. 14%  166,5-168°
22.8 166,6=168.5
2 36 11% 165-168

f~tetrancetyl ethyl glucoside
Yield 5.58. % Yield 22% M, P. 104-105.4°

kthylene glyecol {-d-momoglucoside tetraacetate
Yield 4.2 g. % Yield 44% M. P. 105-108°

g-tatranoetyl ~d~(¢-chloroethyl) glucoside
Yield 2.8 g % Yield 66% M. Po 112.5-114°
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