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A STUDY OF THE COMPOUNDS FORMED BY THE INTERACTION

OF SUGARS WITH THE HYDROXIDES OF THE ALKALINE

EARTH METALS,

The use of lime in the manufacture of sugar

dates back at least to the 17th Century, and probably|

' to a much earlier period, When the julce is heated

with 1lime the albuminoid substances present as

‘impurities are coagulated, and, together with the

' the surface which cen be removed. On completion of |

lime salts of any accompenying acids, form a scum on ‘
|

the purification the excess of lime is precipitated
by carbon dioxide, and the julce concentrated till

‘crystallisation of cane sugar occurs, Notwithstanding

. this practical application, little was known of the

- chemical nature of the compounds formed by sugar

' with the slkeline earths until less then a hundred

| years ago, when, in 1838, Péligot published a paper

' "Recherches -sur la nsture et les propriétés chimiques

| des sucrea"l in which he gave an sccount of his

' investigations on the compounds obtained by the union

| of various sugars with metallic oxides,

By the addition of alcohol to a solution of

ibaryta in suger: solution s compound of Composition

' Opg /

1. Compt, rend,, 1838, 8, 232.238.



;024522011350 was precipltated, and by the same
' treatment of & solution of lime in syrup of sugar the
' correspondin lcium oxide derivative C_ H Ca
ico es8sp g ca o4 22011 0
| 2 Hgo weas isolated,

Lead oxide compounds such as 024H220113 Pb 0O

' end © S Pb 0 were also obtained,

24%18% _
At this period the atomic welight of carbon was
;assumad to be one half of that now adopted, so that

' G54 then becomes 0, now,

Reducing sugars such as glucose and fructose

| yielded acidic products following on the loss of water
when acted on by alkalis, :

The chemical literature of the subject may be
ésummarised under the headings of the compdunds as

; described, though in some cases the present author has

!been uneble to confirm the existence of these com.

| pounds,

| (1) SUCROSE.

(a) Lime.Sucrose Compounds, 1

(1) Monolime.monosucrose Oléﬂgéoil Cao
(2) Trilime_disucrose (012323011)3 2z Ca0
| (3) Dilime.monosucrose CioH00047 2 Cao
: (4) Trilime.monosucrose Cq0Hon077 3 Cald
' (5) Tetralime.monosucrose CyoHgg077 4 Cao0
' (8) Hexalime.monosucrose Cy1oHy5044 6 C20

(7) Octalims.monosucrose CyoHg00,4 8 Cal.
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(b) Strontis-Sucrose Compounds,

(1) Monostrontia.monosucrose Cq5Hss0 r0

11 5
(2) Distronties-trisucrose (012H22011)3 2 Sro
(3) Distrontia.monosucrose CqoHos079 2 STO

(4) Tristrontia.monosuecrose 0, H,5097 3 STO

] (c) Baryta.Sucrose Compounds,

(1) Monobaryta.monosucrose CqoHp5077 Bal
(2) Monobaryts.disucrose (C15H22071), BeO

(3) Dibaryta.monosucrose C,0Hg0097 2 Bao

(2) GLUCOSE,

Lime.Glucose Compounds,

E (1) Monolime.monoglucoss CgH,004 Ca0
' (2) Trilime.diglucose (0631206)230&0
(3) Trilime.tetraglucose (Cat1504), B Ca0

(3) FRUCTOSE,

Lime.fructose compounds,

(1) Monolime.monofructose GSleoe Ca0
(2) pilime.monofructose Cgly00g 2 080
(3) Trilime.monofructose GSHIBOB 3 Ca0

| (4) MALTOSE,

Lime.Maltose Compounds,

(1) Monolime.monomaltose CqgHgn0q7 Ceo.



(5) LACTOSE.

Lime.lactose Compound,

(1) Monolime.monolactose 01952001103-

The state of hydration 1s not indicated in the

. 2bove summary,

MONOLIME-MONOSUCROSE,

By precipitating with slcohol a solution con.
taining for every molecular proportion of sucrose not
quite one molecular proportion of 1ime, Peligot1

isolated monolime.monosucross 01§H2201l' Ca0 2H40,

;whioh became on drying 012H22011 Cao.

Bonedikt® found that, when the 1lime in a sucrose

solution contalning excess of lime was precipitated

| with magnesium chloride so as to leave one molecular :

| proportion of 1lime to one of sucrose, and the in.

' soluble magnesium hydroxide filtered off, a compound ;

| of composition CqoHgn047 Ca H,0 was obtained when
. the solution was precipitated with alcohol, On
. drying at 100°C the compound lost one molecule of

| water and becams 012H20011 Ce,

Stromeyer®, however, showed these formulae to be

 inaccurate, the correct form being Oq5Hnn0qq Ca0,

1., Compt, rend,, 1864, 59, 980.
2. Ber,, 1873, 8, 413,
3. Arch, Pharm,, 1887, III, 25, 229,



TRILIME_DISUCROSE,

: 11
Trilime.monosucrose was prepared by Brendekse,

| who obtained 1t by precipitating with alcohol a 11me-!

Esu.ga,r solution containing one part of sugar and one

> i
pert of lime in water; by Soubeyran , who isolated it
by evaporating s water solution contalning thirteen

: 3
parts sucrose and two parts lime; and by Peligot ,

who found that on precipating a concentrated sucrose

| solution saturated with lime with alcohol a compound

' of this composition was formed,

5 5
S*bromeyer4 and also Dubrunfaut likewise claimed

' to have prepared it,

DILIME_MONOSUCROSE,

6 1
In 1884 Pelouze in a report on a memoir by |
Boivin and Lolsesu drew attention to the exlistence of;

yot another lime sucrose compound, When sgueous

. solutions of lime in sucrose solution were incompletely

| precipitated with alcohol, and the precipitate washsd:

' well with 60% elcohol and dried st 115°C., the per.

centage of lime pressent was more than was necessary |
for monolime.monosucrose, and further washings with

aqueoué glcohol soon raised the lime content to two |

| for/

. Arch, Pharm,, 1842, II, 29, 73.
. Annalen,, 1842, 43, 229,
. Amn, Chim,, 1858, III, 54, 384,

. Jahresb, Fort, Chem., 1851, 550.
8. Compt. rend,, 1864, 59, 1073.

1
2
3
| 4, Arch, Pharm,, 1887, III, 25, 229,
B
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for one of sugar, Lime sugar solutions mixed with

80% alcohol at 50°.80°C, gave dilime.monosucrose very|

gulckly,

1 |
Peligot , however, pointed out that in solution |

the proportions two of 1lime to one of sugar were navef
reached, and that though the quantity of lime dissolved

|
was proportional to the density of the sugar solution;

' 1t did not attain to that required for dilime.mono.

sucrose, i

TRILIME-MONOSUCROSE,

By the action of three molecular proportions of f

' 1ime on sn alcoholic solution containing one mole.

cular proportion of sucrose, Sayffart2 prepared

| sugar solution when Ramsay

trilime.monosucrose, of formula Glezgollscao. 4 HoO.
It was more easily obtained by heating a lime

5, Soubeyran4, Wachtel®

and Lippma.nn6 8ll obtained 613H220115'Ga0 3_H30
Trilime-monosucrose was obtained only from

golutions of sugar saturated with lime; from un.

saturated solutions so-called compounds rising from

CqioHpn077 3 Ca0 to 012523011 9 Ce0 were precipitated,
end finally, from very slightly alkaline solutions,

| almost pure lime,

» U1 p G 0 -
[ ]

. Compt, rend,, 1884, 59, 930.

. N,Z, Rubenzuckerind,, 3, 178.
Bull, Pharm,, 1, 510.

J. Pharm, 1842, I, 449,

0.Z2, Zuckerind,, 7, 7043 8, 860,
» 0.2, Zuckerind,, 9, 95.
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Lippmannl suggested that the resction took place

ags follows:. 5

| the trilime monosucrose being insoluble in hot sucrose

| ocour,

ésolution. On cooling recombination was asssumed to

|
A brief description of the conditions under which

| the trilime-monosucrose can be precipitated on heating

4
was given by Horsin Deong, who found that very con.

centrated and very dilute solutions act abnormally,

' 1ittle precipitation occurring,

| TETRALIME-MONOSUCROSE,

Sostmann

This compound was prepared by Stulzer end |

3, and by Wolters4, who gave some of its

properties, Degener5 wes unable to isolate 1t,

iana its existence is improbable,

Jahresb, Fort, Chem,, 1883, 738,
J.C.8,, 1872, 25, 810,

Z, Ver, deut, Zuckerind,, 34, 85,
N.Z, Rubenzuckerind,, 10, 287-298,
Z, Ver, deut, Zuckerind,, 34, 283,



HEXALIME-MONOSUCROSE,

Hexalime_monosucrose was prepared by Soubeyranl,

but Peligot2 was unable to confirm his work, though
later Horsin De;on3 claimed to have isolated 1t,

| OCTALIME-MONOSUCROSE,

Wolters® claimed to have prepared thls compound,
| but gave only a brief description of his method,

Its existence is improbable,

There are few physical data to support the
iexistencs of most of these Compounds,
Potit”? investigated the heats of formation of
the 1lime sugar compounds by the action of sodium
Ehydrozida on a mixed solution of sucrose and calcium

| chloride, and obtained:.

C12Hoo0717 (diss, ) 4 Ca(OH )g(Sol) = C10Ho0071020 (diss, )
4 7.2 Cal,
19322011 (diss, ) 4 2Ce(OH)g(Sol) -012H3201120a0(d133 )
4 11,7 Cal,

f The formation of more calcium hydroxide waes un.

i accompanied/

' 1, J, Pharm,, 1842, ITI, 1, 489,

' 2. Compt, rand 1851 58 335

| &, Bull, Soo, Ghim 1872 1%, 155,

| "4, N Z, Rubenzuckerind 10 287_898.
Be Oompt rend,, 1893, 116, 825.



' unaccompanied by further heat production, and no

| trilime compound was formed,

The action of monolime.monosucrose on freshly
procipitated calcium hydroxide led to the same value
4 4,5 cal, for the formation of dilime.monosucrose,

A study of the solubllity of 1lime in sucrose
solution revealed that at infinite concentfation two

moleculaer proportions of calcium oxide to one of

| sugar would dissolve,

1
Claassen pointed out that the solubility of

 1ime in sucrose solutions, although independent of

the kind of 1lime used, depended on its state of
divigion, rate of addition, and many other factors,
Aten, Ven Ginneken and Engelhardg determined thef
activities of hydroxyl ions in solutions containing
sucrose and the hydroxides of potassium, 1ithium,

. barium or calcium respectively by means of the

. hydrogen electrods,

In dilute alkaline solution (up to ,1 N) sucrose

. behaved as & monobasic acid with dissociation constant

-14
14,8 x 10 at 18°0, In solutions of higher con.
contration the constant could not be calculated,

The activity of the metal ions in solutions of

' potassium, /

1. Z, Ver, deut, Zuokerind., 1911, 489-.509.
2, Rec, trav, Chim,, 19026, 45, 753.771..
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potassium, 1ithium, or barium hydroxides of concentra.

tions up to normel was but slightly altered by the

| addition of sucrose; so that the alkall sucrose com-

pounds are largely lonlsed in solution,

Conductivity measurements made on solutions

| containing sucrose and any one of the four given

hydroxides were consistent with complete 1ohisation
of the alkali sucrose compounds in dilute solution,
In more concentrated solutions, especially with
calcium hydroxlde, low values of conductivity were
obtained, which mey be due to the presence of un.

dissociated molecules of mono. dl, or trl lime sucrose,

Waterman and Van Akenl from a consideration of
the phenomens Which appeared on treating lime with
sucrose solution, suggested that trilime.monosucrose
was an adsorption compound, and existed as a colloid.é
Their results were in sgreement with those of Dedekz,f
who made potentiometrical measursments of the hydroxyi

ion concentration in sgueous solutions of calcium

 and sodium hydroxides with snd without sucrose, and

 came to the conclusion that his tests gave no

| indication of the formation of a trilime compound,

 He suggested that a colloidal adsorptive compound

. was obtained by edding pulverised and solid calcium

oxide/

1. J.C.8.I., 1927, 48, 411T,
2. Z, Zuckerind, Ozechoslov,, 1925, 28, 349,
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oxide to the sucrose solution, or at the precipitetion
which occurred by heating a lime sugar solution

gatureted in the cold,

. That the preparation of the lime sugar solution
iteelf may give varying results is seen from the work
of Cameron and Pattenl who found that Wwhen excess Of |
lime was added to & sucrose solution not only was a

;soluhle compound of lime and sucrose formed, but also
ésome of the sucrose was removed from solution by fhe
|undissolved lime, and passed into the solid phase.

| The barium and strontium compounds described are
;ot 80 numerous as those of calclium, but appear to be
 better defined. | |

| MONOSTRONTIA-MONOSUCROSE,
i

By dissolving in a sucrose solution of about
| 20-25% concentration at about 70°C one moleculsr

| proportion of strontia and cooling with shaking,

'Sohaiblsrg prepared crystals of monostrontis.

. mONosuCrose 013522011 Sro 5H,0.

| DISTRONTI A-TRISUCROSE, i

Distrontis.trisucrose was prepared by Scheibla% !
? by slowly cooling moist distrontis.monosucrose,

.?1. Cemeron end Patten: J. Physical Chem,, 1911,151

87-88,
| 2. N,Z, Rubenzuckerind, 9, 8335 10, 143,

B8N Zs Rubenzuckerind., 9, 85



DISTRONTI A-MONOSUCROSE,

Scheibler1 obtained distrontia.monosucrose by
dissolving in a boiling 15% sucrose solution three
molecular proportions of strontia and continuing to

' boil for ten miﬁutes, when crystals of the compound
were precipitated in an anhydrous state as a sandy

mase,

' TRISTRONTIA-MONOSUCROSE.

Scheibler? claimed to heve isolated this compound,
 but Wolfmann® gshowed that it was a mixture of

!strontium hydroxide and distrontia.monosucrose, i

 MONOBARYTA-MONOSUCROSE,

i When a solution of one part sucrose in two parts

|of water was boiled with an equal volume of & barium
'hydrozide solution containing one part baryte in

% ana PeligotS obtained |

three of water, both Souﬁeyr&n
'a White precipitate of monoberyte.monosucrose of
formula Oy Hpn0,, BaoO.

Stein® rejected thlg formula for CIEHgoollBa’

but / '
‘1. N.Z. Ruberzuckerind,, 8, 49. |
[2e N2 Rubenzuckerind, , 8, 49,

13, 2, Ver deut, Zuckerind,, 52, 587. |
‘4. J. Pherm; 1842, ITT, 1, 449, |
‘5. Amn, Chim,, II, 87, 135, ' |
18 Annalen,, 50, 89, '
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but Soubeyranl, Dubrunfaut and Leplayz, and Stromeysr3
' all supported it as correct,

The compound may also be prepared by the action |
' of barium sulphide on sucrose, as Dubrunfaut and
éLepl&y4 showed, The action took place as follows:.

| MONOBARYTA-DISUCROSE,
| 5
Brendeke hes described a compound which he

Eclaimed to be Monoberyte.disucrose,

| DIBARYTA-MONOSUCROSE,
sou.beyra.n6 claimed to have isolated this com.

pound,

| GLUCOSE,

Owing to their lack of industrial importance
.the compounds of the alkaline earths with other

| sugare have not been studied so fully as those of

| sucrose, Only the lime compounds are considered in

this research,

J. pr, Chem,, 1842, I, 28, 498,
Compt, rend,, 1851, 32, 498,
Arch, Pharm,, 1887, ITI, 25, 229,
Bl = Asa ., =2 0as. = :

Arch, Pharm,, 1842, II, 29, 73,
Compt. rend,, 1843, 14, 848,

D U1 s I 0 A
L
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| MONOLIME-MONOGLUCOSE,

1
Soubeyran prepared s monolime_monoglucose of

. formula CgHq504C0a0 by precipitating an aqueous solu.

| tion of 1ime in glucose solution with alcohol,

In the same way Peligot2 obtained from invert

f [
 sugar a compound CgH, 04080 2Hg0, as did Maumene |

| by the same process as Soubeyran,

TRILIME-DIGLUCOSE,

Maumens 4 alsc claimed to have iscolated trilime.

%diglucose 106H1206)2 3Ca0., Hzo, while Paligot5 and

Dubrunfaut® obtained (06H1206)2 3Ca0, BHQO. é

TRILIME-TETRAGLUCOSE, |

Brendecke” described compound which he termed |

trilime-tetraglucose,

FRUCTOSH,

MONOL IME~MONOFRUCTOSH,

By shaking 12.15 gms, of lime with %00 c.c,
invert sugar solution at 25°C, for two minutes, and

filtering into a cold flask surrounded by ice, |

 Peligot/ |
1. J. Pharm,, 1842, III, 1, A49. |
9. Jahresb, fFort, Ghem,, 1880, 1018,
| 3. Lippmann, Chem, der Zuckerarten 19041, 551,
4, Annalen, 30, V3.
|25 Annalsn 50 73,

8. Ann, Chim,, 1847, IIT 21, 169.

7. Arch, Pharm,, 1842, If, 29, sa4.
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.Peligotl obtained crystals of monolime.monofructose

' of formula csﬂlgoscao 2Ho0.

By a similar process Winter> obtained the hexa. i

'hydrate CgH,,0, Ca0 6H,0, Which when dried gave

|OgH, 0, C80 1 H,0. Winter found no trace of sny

15
| other 1lime fructose compounds.

| DILIME-MONOFRUCTOSE,

Peligot3 clgimed to have prepsred this compound,

fIts exigtence is very improbable,

' TRILIME~-MONOFRUCTOSE, !

Du_brunfau.t4 obtained from invsrt_sugar crystals

; of a compound of formula CgH, 04 3020, soluble in

12
. about 300 parts water,
Subsequent workers have been unablse to repeat

. this preparation, and have always obtalned monolime-

monofructose,

_ ~ MALTOSE, |
| MONOLIME-MONOMAI TOSE,

Harzf91d5 obtained this compound by precipitatiﬁg
. & lime maltose solution with B0% alcohol,

Bull, Soc, Chim., 1881, 38, 224,

Annglen, 1888, 244, 317, f
Jour, Fehr, d, Sucre,, 21, 8,

Ann, Chim,, 1847, 21, 189. |
Anmnalen, 1883, 220, 214.

Cﬂphf.ﬂml—'
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LACTOSE,

MONOLIME-MONOLACTOSE,

According to Lippmannl Dubrunfaut obtained mono. |
lime.monolactose by precipitatiﬁg e lime lactose

. solution with alcohol,

i
It must be noted that the evidence adduced for-

:the existence of many of the preceeding compounds is
| vague, and seems without sufficient foundation,

iThe precipltates formed when alcohol is added to

' agueous solutions of sugar and alkaline earths vary

in composition with the concentrations of the com.

!ponents in solution, as does the composition of the

| precipitates obtained by heating such solutions, and |

inﬁ difficulty was experienced in the present investi.|

‘gation in producing white amorphous earths of vastly E
| different composition even from the same solution, |
| The present investigation was desighed to
Edistinguish between true compounds formed by the
%union of various sugars with alkaline earth oxides,
;and intimate mechanicel mixtures of such compounds

| with either sugar or oxide on proportions which ;

§simu1ate the composltion of another compound; and to ;

give exact data regarding the definite compounds, |
iBefbra going further, it is necessary to say a word
- on/

| 1. Chem, der Zuckerarten, (1904), 2, 1574,
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' on the nomenclature of these compounds, The matter

 appears to offer some difficulty, and various names

gslidered in turm,

| (1)

(2)

(3)

Saccharate,

Saccharose,

Sucrate,

The /

- | are used indiscriminately. The terms are now con.

This, of course, rightly applies to

’
salts of saccharic acid, and not t0,
combinations of alkali and sugar, |
gsuch as are considered here, l
If saccharose be adopted, then the

goneric name must be saccharoses,

which is the name of the sugars

-themsgelves,

This confusion may be avoided by thé
use of the somewhat similar term |
"saccharogate"; thus the compound
formed by the union of lime and
gluocse would be 1lime glucosate,

As an attempt will be made later to

ngme the lime hexoses from con.

slderations of structure, the latter
term is unsultable,

Sucrate would be excellent if only
Bucrose was considered, but a

lactate 1s a salt of lactic acid,
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The nomenclature finally adopted was a simple
combination of the name of the sugar and the alkalinei
' earth, viz,, lime glucose; and the composition was
;indicatea as follows: trilime.monosucrose, monobaryta.

' monoglucose,
|

- T i S S T T e M
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EXPERIMENTAL,

In the following experiments the work was carried
out in glass.vassals which haed been used to contain
both sugar and lime sugar solutions, and which were
thoroughly washed with succesgive portions of alkali,

acid, and finally with conductivity water,

| Owing to the rapld decomposition of the compounds

by carbon dioxide, great difficulty was experienced
E:l.n obteining them free.from carbonate, but by ensuring
éthat all solutions used in the work were prepared |
Ifrom conductivity water, and handling any precipitateé

| in an atmosphere of purified air, the effects of this|

gas were largely avolded,

\ ; Rapidity of work, however, proved essential at

|the critical stages, and later preoautions were little

;compensation for undue exposure during filtration, @
The dried compounds were found to resist the é

' action of carbon dioxide much more strongly than Wheni

?wet, and crystals were comparatively stable,

. The lime used during the work was prepared by
éheating elther Buxton limestone or precipitated
iOalciumcarbonate (Kehlbaum) for six hours in a muffile
- furnece, powdering and grinding the resulting quick. |

lime as finely as possible, and then reigniting for

ifour hours, The calcium oxide, which must not give

%any/
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any effervescence with acid, was preserved in the

absence of carbon dioxide,

PREPARATION OF A SATURATED SOLUTION OF LIME IN

SUCROSE SOLUTION,

|
A five per cent sucrose solution was prepared by

making up 100 grm, purs sucrose (Austrian crystals) |
| to 2000 c.c, With conductivity water, Powdered lime j
'waa added in small quantities to the sucrose solution
| which was vigorously stirred, each portion being
allowed to dissolve completely before any further
- addition was made, The amount of lime dissolved is
Eirregular, and depends on many factors, such as

(1) Concentration of sugar solution, (2) State of

 divislon of the calcium oxide, (3) Temperature of

solution, more being dissolved in the cold, (4) Rate
:of addition of 1lime, more lime being dissolved when |
}the addition is slow,

| The rate at which the lime dissolved was ob-
;servad to fluctuate considsrsbly, After four days

? it was found that no more lime would dissolve,

éA very slight excess was then added, meking in all

| 28 grm,, and after stirring six hours more, the
ésolution allowed to stand overnight, 1In the morning
' the solution was syphoned off through cotton wool

 which had been Well washed With distilled water, snd |
;the/
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' the clear product bottled and set aside; It is quite|

' steble in the absence of carbon dioxide, Unless it

: is stated to the contrary, this solution was used in |

the following experiments,

| and its rotation in a 2 dem, tube using sodium light |

The % lime dissolved appeared to vary,

Thus Sample I contained 11,7 grm, cslcium oxide per

 1itre, and its rotation in a 2 dom, tube using sodium

(e
light at 18,5 C, was ¢ 5, 550.

T I8ES

= - "T“-?"BO
= JE =

 Sample ITI contained 12,3 grm, calcium oxide per litre;

at 15°0, was 4 5,30°

P ' S
| =L 5'5 253 S0
= i

| According to. Muntz' in a 10% sucrose solution one

 molecular proportion of lime gave

-
] sy
L A=

While 2 molecular proportions gave.

1, 2, Ver, deut, Zuckerind., 28, 737.



MONOLIME~-MONOSUCROSE,

Peligotl elaimed to have isolated this compound |

by precipitating a solution containing nearly equi.

:molecﬁlar quantities of sucrose and 1ime with alcohol,
A 5% sucrose solution was therefore prepared,

and sufficient lime added to give ,9 of a moleculsr

proportion of 1lime., On precipitation with 80% alcohol

by adding about 500 cc., to 200 cec, of the éolution

' a white amorphous earth was obtained which corres.

;ponded closely.in composition to 012H220110a0 2Ho0.

' Yield 80% theory,

1l

Wt, of Crucible 15,1382 grm,

Wt, of Crucible 4 substance 15,5892 "

Wt. of Crucible 4 lime 15,1982 "

% lime = 12.88 | i
On drying at 100°C, for thres days, ,2139 grm, of
the compound lost ,0189 grm, water,

% water = 7,90

12,84%

0123220110&0 2H20 requires CaQ I
8. 298% |
i

Ho0

| There is reason to suppose these figures are entirelyé

fallacious, Thus & small change in the proportions ?
I

of 1ime and sucrose in the original solution was
accompanied by a change in the composition of the
E precipitate, Agasin the compound obtained above Bhoweﬁ

f the following behaviour when ground with 60% alcohol,

' 1. Compt, rend., 1864, 59, 980.
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Numbser of times ground, g Ca0, |

0 : 12.90
1 14,00
2 19,37
3 21,21
4 23,05

23,10

23,90

B
5]
7 24,28
8 24, 50
9

After * Constant 24, 50

| The 1ime content therefore rigss to very nearly that |
:raquired for dilime_monosucrose,

Oy0Hgp077 2 Ca0 Hy0 Toquires 23.74% Cao,

CyoHos079 2 Ca0 requires 24,87% Ca0,

150 c.c, of the solution used above were

jevaporatad at 0°C, over phosphorus pentoxide in a
jvacunm, the pentoxide being changed when nscessary
; and the vacuum renewed daily, At the end of three
| months the solution, which had turned s faint yellow,
deposited a hard syrupy mess which, when examined

under the microscope, appeared to contein ill.defined
microscopic crystals, After pouring.off the mother |
liguid the mass was well washed with ice cold conduct;
| 1vity water, ice cold 50% alcohol, and then ice cold ?

éconductivity water again, The substance was then

;dried/
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dried between filter paper at 000, Four grm, of a

' glightly sticky solid were obtained,

' Wt, of Crucible

14, 5132 grm, 14,5133 grm,

|We, of Crucible 4
lime sugar

14,6890 grm, 14, 6548 grm,

§Wt. of Crucible
. 4 lime

14, 5342 grm, 14, 5208 grm,
4 1ime = 11,53 11,53

Two separately prepared samples had the same lime
content as shown above,

When ,1502 grm, of the substance was dried at 100°C.

| for four days ,1201 grm, lime sugar remained,

| % Water = 19,97.

%Clgﬂggoll Ca0 B8H,0 requires Ca0 = 11, 48% Ho0 = 18,447
C1gHg504, Ca0 BH,0 requires Cag = 11,074 Ho0 = 21,467

On grinding those crystals, which msy be monolime.
morosucrose hexehydrate, the lime content rose till
it reached that required for dilime.monosucrose,

It must therefore be considered a matter of doubt

whether monclime.monosucrose sctually exists,



' be difficult. The precipitate was then well washed

' and ground with 60% alcohol severel times, and a

25,

DILIME-MONOSUCROSE,

500 ¢.c. of B0% alcochol cooled at 0°C, were

added to 250 c,c, 1ime sugar solution at the same

| temperature, snd the white gelatinous precipitate

Especimau'dried as far as possible by blowing air free

‘—““‘/f___n--h%:ua_-_‘
e e — T < '_‘._;7/‘..' a

;fbrmed filtered at the pump, When the process was

carried out at room temperature filiration proved to

from carbon dloxide over it, and then between filter

paper, Yield 8 grm,

This dry sample was then dehydreted et 100°C,

in a vacuum of about 1 mm,

e T R
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If was necessary to have the mess of compound
?evanly distributed over the bottom of a copper boat,
' which was heated to 100°C or thereby, and purified
éair was passed over 1t slowly by having a leak which
' conmunicated with the pump through e tube containing i
jsods, lime and saveral containing phosphorus pentoxide;
During the proceas the compound turned slightly
yellow, probably owing to traces of lower sugars,
| It should not char or turn deep brown, and if it
.showed any tendency to do so the temperature was
| lowered slightly and a fresh sample introduced into

| the boat, The timo of drying was lengthy,

| Wt, of Wt, of

| Time, lime sugar, Time, lime sugar,
-0 5, 4400 grm, 0 1.9080 grm,
|35 days  4.4210 grm. 32 days 1.5667 grm,

At the end of this period constant weight was reached;

Ho0 = 18.427% H,0 = 17.80%

012H22011 2Ca0 SHBO requires HBO = 19.22%
16, 54% ;

019322011 2Ca0 5H20 requires Ho0

Several attempts were made to obtain crystals of

dilime_monosucrose from ice cooled solutions of lime é

sucrose (Lippmemnl), No crystals could be isolated,
but on standing crystals of calcium carbonate appearea
- Whereupon the process was abendoned,

1., 7, Ver, deut, Zuckerind,, 33, 883,
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The solubility of the amorphous precipitated

compound was found by'shaking-a sample at 1500, for;

| twelve hours 1n conductivity water,

| Compare Lippmenn

10 c,c, 0of the saturated solution required 22,2 éc.
121 N, hydrochloric acid using phenclphthalein as |
indicator,
Solubility = 30,50 grm, per litre,

1 who gave 1 part in 33 of water,

This method of drying was very tedious, The fbllowing

method gave good results in a much shorter time,

A sample of dilime.monosucrose was prepared in
the usual way, and dried at room temperature in s
vacuum, The white powder was then ground several timés

with 80% alcohol, a little pyridine, and then with

 absolute alcchol severasl times, and dried in a vacuum

egain, From 250 c.c, lime sucrose solution 7 grm, !
finsl product was obtained,

It was observed that on drying in this way some

'samples of the compound took on a crystalline appear_?

ance, although when examined under the microscope thsE
crystals could not be distinguished positively from a
glﬁsa, For & crystallographic examination I am
indebted to Dr R, Campbell who found the crystals to
be all isotropic, showing conohoidal fracture, but
with /

1. 0 Z. Zuckerind,, 9, 35,
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with no definite cleavage., These facts point either |

' to cublc crystals or glass, The appearance of faults

' in the unformed material points to the former,

Refractive Index 1, 52458 1, 52904

Refractive Index Sucrose oL1.5397, P 1.5667, | 1.5716

| Several attempts were made to recrystallise this

 compound without success, A saturated solution of

| the crystals obtained sbove was made at 0°G, and the

jtemperaturs then allowed to rise to 1500, very alowly:

' in a constent temperature vessel, A syrupy paste was;

?obtained, BEventually crystals of calcium carbonate

. appeared, and the process was stopped,

' The /

1. 0 2. Zuckerind,, 9, 35.

The solubllity of the crystalline compound was
found to be 4,523, grm, per 100 c¢,c, at 18°C, .
Thie is greater then ﬁhe value given by Lippmannl,
which is 1 in 33 parts water,

A 2,5% solution gave a rotation of % 1.8% 4in a
2 dom, tube at 17°C. using sodium light.

e
The dried product gave the following analytical data,é
Wt, of Crucible = 14,5133 grm,
Wt. of Crucible 4 lime sugar = 14,6382 grm,
Wt, of Crucible { 1lime
% Ca0

14, 5435 grm,

i

24,75



29,

The determination of carbon snd hydrogen in the lime

| sugar compounds in general is not easy as celcium

' carbonate is formed in the prccess, After various

' attempts at combustions with lead chromate, the method

finelly adopted was to heat very strongly using s
copper oxide tube. The compound was introduced in a
platinum boat,

1210 grm, dilime_moﬁosucrose gave .0540 grm

water and ,1480 grm, carbon dioxide,

c = 31,88% H = 5,004
CioH,5017 2 Ca0 requires Cag = 24,674 |
' H = 4,85 |
o = 31,72% |

TRILIME-MONOSUCROSE, !

3200 c.,c, of lime sucrcse solution were heated in
8 conicel flask on the water bath, At sbout 58°C, a |

|
white precipitate began to form, and, on raising the

| temperature to 80°C,, collected in a thick mass at the

| bottom of the flask, The precipltate was then filtered

as rapldly as possible through a hot fumnel, and well
washed with hot conductivity water, The white earth

was now thoroughly dried between filter paper for |
about half an hour in a carbon dioxide frese atmosphe:e

and /
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and then dried in the same apparatus as was used for

the dilime compound, |
!

Samples that show any marked colour must be i

_rejected, but it is impossible to prevent the appear_i

ance of a golden tint,

Time of Wwt, of Time of Wt, of !

drying, 1lime sugar, drying, lime sugar,
0 1.7640 grm, 0 4,2180 grm,
86 days 1.4R597 grm, 58 days 3. 5143 grm,

; At the end of these periods constant weight was reaahéd,

Haos 17, 23% 18, 68%

C. Hoo0

55 3 Ca0 6H,0 requires H,0 = 17, 28%.

11
It was found that trilime monosucrose could bs

largely dried by treatment with sbsolute alcohol as

in the case of dilime.monosucrose, !
Trilime_monosucrose is a white amorphous earth

which turns a light yellow on drying at 10000.

It is readily attacked by carbon dioxlde, and dried

| samples are very hygroscopic, Thus 1t i1s difficult té

obtein pure, The results, however, point to the
exigtence of either a pentshydrate or a hexshydrate,

No trace of drystalline structure could be

| detected under the microscope, and all attempts to

| obtain crystals by slow precipitation were failures,

In this Laboratory an attempt was made to obtain
this /
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this compound in a crystalline state, Some lime sugaf
] |
solution was enclosed in s sealed tube, which was '

_suspsnded in a thermostat, and the temperature slowly
' reised from 10°C to 58°C during a period of eight I
days, when the solution became turbid, From the 8th !

day to the 12th the temperature was keopt between 82°

5 and 7200, No evidence of crystalline structure was
:obtained (private communication by Dr J,E. Mackenzie)%
The solubility 1s slight in water, and almost |
' negligible in orgenic solvents, !
| In order to determine the solubility of the
dried trilime_monosucrose a sample was stirred six

- | hours with conductivlity water at ODG. |
; i
The temperature was then allewed to rise to about

: 1500. and any precipitated trilime sucrose filtered

off through cotton wool,

10 c,c. of the resulting solution required
for 5

14,91 c,c., ,121 N, hydrochloric acid neutrslisation i

using phenolphthalein as indicator,

Solubility = 15.39 grm. per litre at 15°0, |
' This is considerably higher than the value obtained by

gLippmannl which was 1 part in 100 cold water,

2

| This saturated solution gave a rotation of 4 1,12°

é in a 2 dem, tube using sodium light at 1500.

s,
S : = 4 36.52°.
| Analyticel data.

.0941 grm, compound gave ,0974 grm, carbon dioxid?

| and ,0377 grm, water,

1 |
1. O, Z. Zuckerind.,, 9, 35, |

B
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C = 28,2%% H = 4,499

Wt, of Gruoible

15.4500 grm,

Wt, of Crucible 4 lime sugar = 15,5541 grm,
Wt, of Crucible 4 lime = 15,4843 grm,
% Cao = 32.96
012H23011 %0a0 requires C = 28,23
H =  4,31%
Cap = 32, 047

HIGHER LIME SUCROSE COMPOUNDS,

When unsaturated solutions of lime in sucrose
fsolution were heated precipitates of lime content
approximating to tetralime.monosucrose, hexalime. _
:monosucrose, and octalime_monosugrése were obtained, |
:The precipitates showed no trace of crystalline |
structure, and by using original solutions of slightlé
different concentrations, could be obtained in a

jaeriea where the lime content of each member very .
gradually increased. On grinding with 90% alcohol,

; the lime content invariably rose to about 90-100%. i
It 1s therefore highly probable that these so-called %

| compounds consist of sucrose adsorped by lime, or a

mixture of a lime sucrose compound with lime itself,
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MONOSTRONTI A-MONOSUCROSE,

200 ¢,c, of a 20% sucrose solution was saturated

é at 75°C, with one molecular proportion of strontis,

:and the clear solution formed cooled with vigorous

5 shaking, when crystals of monostrontia_monosucrose

crystallised out, If the solutlon was allowed to

cool undisturbed, or 1f 1t was seeded with a crystal |

. of strontia, crystals of strontium hydroxide were

;obtained,

Monostrontia.monosucrose is a white solid which |

gshowed small needle like crystals clustered together |

| in masses when examined under ths microscope, It wasg|

 difficult to obtain the compound dry, but by constant

| pressing between filter paper for 2 of am hour the

adherent water wes eliminated, Scheibler found theé

crystals to correspond to CqpHo00.,ST0 5 Ho0,

11
but the present results point to the hexshydrate
instead,

The solubility of monostrontia.monosucrose was

| 43,95 grm, per litre at 18°C, Scheiblert by inter.

polation gave 43,90 grm, per litre at 18°C, (It should
be noted that the monostrontia.monosucrose was
calculated as 012H220118r0).

The rotation of this saturated solution was 4

' 3,70° in a 2 dem, tube at 18°C, using sodium light,

[ek}:’ =+ 42.09°

1. ¥.,Z, Rubenzuckerind,, 10, 229,
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:Bodarbanderl by extrapolation geve [ﬁgjla =4 41,07

| for the rotation given when one molecular proportion i

: of sucrose and one molecular proportion of strontia

i were dissolved in water, Neglect of concentration, |
a8 Pellet8 has pointed out, render his results uséles?.
| On analysis of the monostrontia.monosucrose it
% was found that the % strontis was approximately that
é required for the hexshydrate, but that the water

5 content itself was always & trifle low,

‘Wt., of Crucible = 17,5195 grm.
Wt, of Crucible 4 Stronits Sugar = 18,2185 grm,
Wt, of Crucible 4 Strontie e Y8R0 orm a e
% Strontia = 18,69
|

f .2513 grm, Compound lost ,0448 grm., on heating to
| 100°c, for six hours.

Hgo = 17.80%

| |
CqoHo0077 STO BH,0 requires Sro = 18.71% Ho0 = 19.167%

i

IB.BO%i

F12H32011 Sr0 BH,0 requires Sro = 19.33% Hg0

It may be that the last traces of water are
difficult to remove, and thus the water content does
not reach. theat required for the hexahydrate,

It was possible to obtain a dry sample of the

. compound /
| 1, Z, Ver, deut, Zuckerind., 15, 167,
:2. Bull, Soec. Ghim., 1877, 28, 250.
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|
écompound by treatment with absolute alcohol in the
Eusual way. A combustion was performed on this
“;anhydrous gample with the following results. |
. 2101 grm, monostrontis.monosucrose gave ,2488 grm,

!
carbon dloxide, and ,0933 grm, water,

| c = 32,28% |
| |
| H = 4,944 ’
012H22011 Sro rTequires C = 32,36%
H = 4,95

DISTRONTIA-MONOSUCROSE,

A little more than three molecular proportions

Eof crystalline strontium hydroxide were added to a
iboiling 18% sucrose solution, and boiling continued
for a few minutes, when completse precipitation of
isucroae as distrontia.monosucrose took place,
Filtration should prove easy if the instructions haveg
besn carried out properly, but excessive boiling |

rendered 1t difficult. The compound was well washed |

_ |
with hot 10% strontia solution, and, when quite white,

: : |
with boiling water, It may be dried oither between |

filter paper, which was difficult, or in s vacuum, !

Distrontis.monosucross /




56,

Distrontia.monosucrose is a white and sandy
crystallina compound, which decomposes in thse presence
of cold water into monostrontia.monosucrose and
Ftronium hydroxide,
| The same deéomposition was obgerved when 8
%artially dry sample was kept for a few days, granular
crystals of strontium hydroxide appearing in the massa,
bompletely dry samples may be kept without decompositibn
for much 1onger periods. |

An gttempt was mede to find the solubility in
boiling water by filtering a saturated and boiling
solution through cotton wool, and rapidly cooling to
15°G. 10 ¢,c, of the resulting solution required
68.8% c.c, ,1296 N, hydrochloric acid for neutralisatién,
thus |

Solubility in boiling water = 1,189 gms, in 100 grm,

wate“ at 102°C, |

@his was in agreement with the result of siderskyl _
1 in 84 parts watér, - but it cannot be regarded as

other than an approximation,

The rotation of this solution at 1500. in a 2 dcm, !

tube using sodium light was g ,90° _

= ";\S
sty = 4 37.79°,
1 The following smalytical data were obtainsd,

Strontia /

1, Bull, Ass,, 3, 240.
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' Strontia Content,

i

Wt., of Crucible 14,3210 grm,
Wt, of Crucible L Strontia Sucrose = 15,3278 grm,

Wt, of Crucible 4 Strontia

14,7001 grm,
% Strontia = 37,64 |

5?.75% strontia;

i
{ .1575 grm, of the compound gave ,1544 grm carbon

|
' dloxide and ,0483 grm, water; thus it was found
| C = 26,127

H = 3,40%

CioH00017 2 STO requires C = 28,22%

| H = 3,18% |

DISTRONTIA-TRISUCROSE,

i No other strontia sucroses could be isolated, anﬁ
; their existence is improbable, In particular,

distrontia.trisucrose could not be prepared, a mixture

|
. of monostrontia.monosucrose and strontia crystels

| !
. being obtained instead,

MONOBARYTA-MONOSUCROSE,

| A 5% solution of sucrose was saturated with
baryta, and then precipitated by the addition of en
equel /
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?aqual volume of 80% alcohol, The white granular eartﬁ
% so formed quickly subsgided to the bottom of the vessei
E used, and could be filtered without difficulty,

After washing well with 80% alcohol, the pre-
cipitate was dried between filter paper at room
tempersture, The composition was in agreement with
that of anhydrous monobaryta.monosucrose, and no
hydrate could bé isolsted, -

Monobaryta.monosucrosge is e finely crystalline
powder which is not completely decomposed by carbon
! dioxide, It is insoluble in glcohol and other organiE
%301VBnta, and also in bsryta solution, but resdily
!soluble in sugar sclution, In water the solﬁbility |
iwas found to be 22,10 grm, per litre at 20°C,
Eloonrers Peligot’, who gave the result 21,0 grm. per
' 1itre at 15°C, )., This saturated solution gave a |
| rotation of * 1.94° in a 2 dom, tube at 20°C. using é
. sodium 1light,

; B EGe0s

0 - Eoie = § 45,89°

A1l attempts to obtein other baryts sucrose compounds
resulted in the preparation of monobaryta_monosuorcse;
Thus a saturated solution of baryta in sucrose

| solution gave a precipitate of the mono-compound on i

boiling, A similar result may be obtained by shaking|

a/
e

'|1. Anm, Chim, 1858 (3), 54, 379.
|

{
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a saturated sclution of qﬂcrose with exXcesgs of

| powdered baryta for ten minutes,filtering at the

pump, and'seeding the filtrete with a crystal of the

 already prepared compound, A copious formation of

monobaryta.monosucrose occurred in a few hours, but

:the crystals were always small, They are prismatic

in hablt, show straight extinction to polarised 1ight;
and exhibit very weak double refraction, (I em in- |
debted to Dr R, Campbell for these crystallogrephic
data),

The baryta content approached very closely that |

required for monoberyta.monosucrose, !

Wt, of Crucible

17,3815 grm,

Wt, of Crucible 4 Compound = 17,5775 grm,
Wt, of Crucible 4 Barium Carbonate = 17,4800 gm,
% baryte. = 31,08,

«2010 grm, compound gave ,2141 grm, carbon

dioxide and ,0796 grm, water,

C = 29.05%

H = 4,45
C1oH55017 Ba0 rTequires C = 29,01%
H = 4,43%

STRUCTURE OF ALKALINE EARTH SUCROSES,

Ag these compounds are readily decomposed by

| carbon dioxide the investigation of their structure

is a matter of very great difficulty,

A/



A number of trisls were made, however, to find
' 1f, when dimethyl sulphate was added to the solution
| of an alkaline earth sucrose compound the alkali of
. the compound would interact with the'methylating agent,
gand evacuate 1lts position in the sucrose moleculs in '
. favour of a methyl group, Thus if the alkaline earﬂ;q
' is attached to a definlte hydroxyl group in the |
isu,crose, that group and no other should be msﬁhylatedé
Unfortunately alkylation did not appear to be quen.
| titative and a great deal of pure sucrose was obtained,
Eas well as a syrup of low methoxy content., All effor%e

| to obtain definite products of methylation were

'failures, and the process had to be abandoned,
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LIME GLUCOSE,

A 1lime glucose solution was prepasred in the

E following way,

fwith vigorous stirring over about an hour,

| filtered off, and the solution, which was faintly

| yellow, used to prepare lime glucose,

in ice, and one molecular equlvalent of 1lime sdded

500 c¢.c. 5% glucose solution was cooled to 0°C. |

At the end of this time any excess of lime was

MONOLIME-MONO GLUCOSE,

To 250 c¢.,c, of the above solution an equal
volume of B0% alcohol was added, and after stirring
for several minutes, the white earthy precipitate
filtered at the pump, It was then well washed and
ground at least six times with 60% alcohol, and dried
ag far as possible between filter paper. The pre- |
cilpitate was then ground several times with absolute %
alcohol, and finally with ether, and the drylng com- |

pleted in a vacuum over phosphorus pentoxide,

| It was absolutely essential that the process should

be carried out rapidly, and that dfying ghould be
complete, as it was found that traces of water brought
about decomposition of the compound in a few hours,
In the anhydrous state mo such change took place, and?
& sample may be kept for months without apparent

!
|
decomposition, i
|
|

In/



42,

In order to obtain the pure compound it was
often necessary to repeat the grindings two or three |
times, taking care to dry carefully after each treat. |
ment, Yield 10 grm. An analysis of the compound
gave the following results,

Wt, of Crucible

17.3828 grm,

Wt, of Crucible 4 Compound = 17,5179 grm.
Wt, of Crucible 4 lime = 17.4120 grm,
. % Ceo = 21.62.°

0 gH 1504020 requires Cao = 23,73%

CgH1,04080 Ho0 requires Ca0 22,00%

The monolime._monoglucose when dry is a white amorphoué
powder which can be preserved for months; when wet |
it is a pasty earth which decomposes overnight,

No hexahydrate oould be isolated, but when the freshly
iprepared cbmpound wag dried between filter paper, and|
then the drying completed by standing in a deaiccator%
at 0°0 for 5 hrs, over calcium chloride the dihydrate.

was obtained,

Wt, of Crucible = 12,4288 grm,

Wt, of Crucible 4 lime glucose

]

12,7875 grm,

Wt, of 1lime

12,5025 grm, |
% lime = 20.8 |

CgH10, 020 2H,0 Toguires Ca0 = 20, 59%.

It was found that lime lowered the rotation of

| & glucose solution considerably, A 5% glucose

solution of rotation 45.25° in a 2 dom, tube at/



;at 150°C, using sodium light, fell to 14.40° when |

| shaken with excess of lime for 15 minutes,

43

T s r %
1'9'1:i11>= ¥ 52.8° f£oll to | J |

=

3;=*44.-

“‘I

| On precipitation of the lime with oxalic acid the

| rotation rose again to 4 52,30°, 10 c.c, of this

' acld for neutralisation using phenolphthalein as

|
solution required 12,85 c¢,c. ,121 N, hydrochloric i
|
|

indicator, end it therefore contained ,4854 grm, 1imei

' per 100 c.c,

éparts water, The rotation presented similar

| monoglucosse,

When this solution was precipltated with alcohol

in the usual way a white earth was obteined, which

. after drying well between filter paper gave the

following analytical results,

Wt, of Crucible

12,4285 grm,
Wt, of Crucible 4 lime glucose = 12,8296 grm,
. Wt., of lime

12,4788
% Ce0 = 11,99
CgHq150g 3020 2H,0 requires 0Ca0p = 11, 52%.

On grinding with 80% alcohol end drying, however, the

1lime content rose to that required for monolime.

No consistent results were obtained for the

solubility, which Peligotl gave a8 ,73 parts in 100

difficulties, /

1, Jshresb, Fort, Chem., 1880, 1018,




difficulties, as the solution, unless quite fresh,

' was too discoloured for polarimetric work,

A solution containing ,7368 grm, monolime.

monoglucose per 100 c.c, gave a rotation of +.1.48°

| at 1600. in a 2 dem, tube using sodium light,

r T o
LS s = 4 10.07

HIGHER LIME GLUCOSE COMPOUNDS,

An s ttempt has been made to show that the so-
called compounds of 1lime and glucose containing more
than one molecular propdrtion of glucose to cne of
lime are really impure monolime.monoglucose, -
No higher combinations of lime and glucose were

sncountered, and their existence is doubtful,

T s N e S M P DS S W e S S O e
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ol aNp B METHYL GLUCOSIDES.
]

| ol NETHYI. GLUCOSIDE,

A sample of ok methyl glucoside was prepared by |

| the method of Fischer (Bourquelot's modification'),
| using acetone free methyl alcohol,
[ :

(0] TR s : O
M. P, = 185 C, 1Ny = & 157

- =15
Fischer® found M,P, = 165°0 and [d) = 4 157°

B METHYL GLUCOSIDE,
4

As it is not possible to obtain a good yield of

F methyl glucoside from the above preparation, that

.compound was prepared by the methylation of glucoss,
This partial methylation is important from the point

of view of the structure of the alkall sugars, and
3

therefore must be considered carefully., Magquenne's

f process was used, wWith slight modifications,

|

| 20 grm, glucose was dissolved in the minimum
amount of water, and 24 grm, dimethyl sulphate added,

The mixture was vigorously stirred at 30°C, and the

' equivalent amount of potassium hydroxide (10,34 grm, )

? dropped in slowly in the form of a saturated solution

. over a period of three hours, After standing over.
:night, the neutral solution was found to be without
;action/

1, Ann, Chim,, 1915, (9), 3, 298.

@i Ber,. 1895, 28, 1151,
' 3, Bull, Soc, Chim,, 1905, (3), 33, 469.-471,
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| action on Fehlings solution, After evaporating to

| smaell bulk under reduced pressure, five volumes of

alcohol were added, the mixture boiled, and, after
cooling most of the potassium methyl sulphate filtered
off as a precipitate, The filtrate was concentrated é
to a syrup, and.place& in the refrigerator at ; 600.
for one day, A large crop of crystals was then

|
|
|
filtered from the mother liguor, snd recrystallised
|

 from methyl alcohol after the removel of any potassium

| carried/

. at the pump with ease, provided the operation is

by the addition of a very slight exXcess of perchloricé
acid., Thoe temperature must be kept low,

Yield 8 grm,

: S : :
M,P, = 108%, Tuk] = . 3%
L S
Fischer found M,P, = 108°0C, '&QH‘S = _ 239

ATTEMPTED ISOLATION OF LIME METHYL GLUCOSIDE COMPOUNDS,

1.94 grm, methyl glucoside was dissolved in
water and the solution made up to 100 c.cC.
.58 grm, finely powdered freshly burnt lime was then
added, and the mixture shaken vigorcusly for six
hours, at the end of which time very little lime
appeared to have gone into solution,

To 5 c,¢c, of the filtered aolution 4 ¢c.c,
absolute alcohol were added slowly, When a thick

golstinous precipitate was formed. It may be filtered




| appeared quite dry,

| glucoside but only a trace of lime, Large quantities

a7,

- carried out quickly, and the resulting jelly.like mass

The filtrate was a clear liquid containing methyl

of water appeared to be present in the jelly in Bpita

' of its apparent dryness, for on drying in a vacuum

ifor geveral days the substance shrank to small bulk,

| is soluble in slcohol, though this is most improbeble,

' saturating with lime, strontia, or baryta, no visible

change /

|
|
|

| white precipitates were obtained on the addition of

alcohol or acetone which consisted essentielly of

giving a white mass consisting essentially of lime,
and containing very little organic matter,

It was obvious no combination of 1ime and

glucoside had occurred; lest the action should be a
glow one a similar experiment was carried out, mein_
taining the solution at 0°C, for one month, and
shaking frequently. The results did not differ from
those given by the freshly prepared solutlon, :

A ten times more concentrated solution of glucoside
gshowed the same behaviour,

It is possible the lime methyl glucoside compound

Similar results, however, were obtained using acetone, .

When strontium and barium hydroxides respectivel:

<

were substituted for lime in the above experiments,

inorganic hydroxidse,

When a solution of the glucoside was bolled after




| change could be observed ssve in the case of the first
Ementioned hydroxide, when precipitation occurred due :
| to the iower solubiliiy of lime at higher temperatura%.
Cooling a solution of alkaline earth in glucoside
solution produced no effect, even over several weeks,
Methyl glucoside showed similar behaviour,

The rotation of oLend 3 Methyl glucosides were not '
influenced by the addition of these hydroxides to
their aqueous solutions, : i

It was therefore concluded that neither oL nor i
p Methyl glucosides formed compounds with the

glkaline earths,

- e S e B2 S e e e e O e S




LIME FRUCTOSE,

A fructose solution was prepared by the method
| of Soxhlet'.
. 100 grm, sucrose was dissolved in 300 c,c.
: alcohol contalning 12 c.,c., concentrated hydrochloric
ﬁcid at 4500, and, after standing several days, the
deposited crystals of glucose filtered off, Yield =
! 45 grm, glucose, The filtrate was neutralised with
silver carbonate, and, after filtration, concentrated
to a syrup in a vacuum, Sufficient water was then i
added to glve a 10% solution, As most of the pre.
vicus investigators of the interaction of lime and
fructose have used such a solution, it is to be pre.- |
ferred to one of pure fructose when attempting to

repeat their work,

MONOLIME-MONOFRUCTOSE, : :

This compound was first prepared by Peligotg,
who found it -to be the dehydrate, and later by Winter

who isolated the hexshydrate, The method of prepara_l

tion is in both cases the same, i
|
| |
exXcess of slaked lime for two minutes at 20-25°G, and

BOO c.c.of fructose solution were shaken with

then filtered repidly into a wide-necked conical flask.
|
On/

|
i, J. pr, Chem,, 1880, (2), 21, 245, |
2. Bull., Soc. Chim,, 1881, 38, 224,
3, Amnalen, 1888, 244, 317,
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On stending at 0°C. for twelve hours small crystals
began to form on the bottom of the vessel, To obtain
the maximum yield, however, it was essentisl to let
f the flask stand several days, The yield was poor,
:but it may be slightly increased by filtering off the

crystals and repesting the process,

The filtered crystals were well weshed with ice |
water, The method of drying was important, Various
| dryings were attempted in a vacuum, but the best

results were obtained by spreading about 5 grm,

crystale on filter paper at room temperature in carboﬁ
' dloxide free air, and constantly pressing them %111 |
%a white crystalline mess free from adherent water wasi
. obtained, It is not advisable to prolong the drying é

more than half an hour, The dry product may be

preserved several days at 0°C, without change, The
5compositidn agreed very closely with that required

for Winter's monolime.monofructose hexahydrate,

| Wt. of Crucible = 18,5178 grm.
' i

| Wt, of Crucible 4 Compound = ~ 19,2810 grm,
| Wt, of Orucible 4 lime -  18.8382 grm, |
% lime S8, 20 |
| 3 |
. CgHi50, Ca0 6H,0 requires Cap = 16,287 |
|

‘I am indebted to Dr R, Cempbell for a qrysta1lograpn1§
%ex&minatioh of the compound, The crystals showed weakE
gdouble refraction, and gave obligue extinction to
?polarised 1ight; they are very small and needle shaped,

‘and/



and are either triclinic or monoclihic, Ag lime

' appeared to attack fructose even at low temperature,

' attempts to obtain larger crystals by letting the |

 the lime content gradually rose till it approached

thet of Peligot's compound, which is described as

solution stand at 0°C, for some Weeks merely fesulted:
in the decomposition of those already formed.,
When Winter's compound was placed over concentraﬁed

sulphuric acid at 0°C, for several days in a low vacuum,

being of a golden colour, It was suspected that the

coloration was due to decomposition, but even when

the dehydration took place at low tempersture the

same colour change wasg observed, The loss of water

corregponded to that required for the convertion of
monolime.monofructose hexahydrate to monolime-
monofructose dehydrate,
W+, of Crucible

il

17.3840 grm,

1]

Wt. of Crucible 4 Compound 17.8012 grm,

Wt, of Crucible 4 dried Compound = 17.7140 grm,

% H0 = 20,90
CaH1004C20 8 Ho0 Trequires loss of 20,93%

weter to give OgH,,04020 2 HoO. |

The lime content of the compound corresponded with
that required for the dshydrate,

- Wt, of Crucible 17. 5195 grm,

Wt, of Crucible 4 Compound = 18.0298 grm,

Wt, of Crucible 4 lime = 17,6246 grm,
% Ca0 = 20,80
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| CgHyg0g 080 M0 requires Ga0 = 20.59%.
iFurther drying did not completely remove the water,

and a compound 063120 Ca0 % H20 or Gengoacao H O

was obtained,
i
According to Peligot, the solubility 1s 1 part

compound in 137 parts "cold" water, while Winter gives

it as 1 part in 118 parts water at 17°C., Excess of
;the compound was therefore shaken in a Jena glass
%essel at 15°C, for eight hours in the presence of
ioonductivity water, The resulting solution, which
must be quite colorless, was filtered in a carbon
édioxide_free atmosphere, and the alkalinity estimated |
%y titraﬁion, using standard hydrochloric acid and |
%henoiphtﬁalein as indicator, 10 c,c, of the aaturat;d

ésolution-required for neutralisation 5,51 c.c, .121 NL
hydrochlorio acid, |
'.. Solubility of compound celculated as 0831206 Cao Hgo.
= ,8451 grm, per 100 c,c, at 15°C,
This is in agreement with the result of Winter,

The saturated solution gave a rotation of . .86° in a

2 dem, tube at 15°C., using sodium 1light,
' S
o |

J:“) = - 59.050

| L.

PREPARATION OF FRUCTOSE FROM MONOLIHE—MOHOFBUCTOSE.

In order to test the purity of the compound a

semple of fructose was prepared from it by precipiltating

‘the 1ime With the caloulated amount of oxalic acid,/



- fructose compounds by the method of Dubrunf&utl.
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acid, filtering, and seeding the concentrated filtrate

;with'fructose, whereon the syrup completely crystal-

lised, The crystals of fructose obtained were then

recrystallised from agueous alcohol,

- —z.";q
E A B

M,P, 94.95°¢C 1ol | = . 91,8 after 1 hour,

| |
| &

HIGHER LIME FRUCTOSE COMPOUNDS,

An attempt was made to prepare other lime _

|
200 ¢.,c, fructose solution was shaken two minutes

@with 12 grm, freshly prepared slaked lime, at - 5°C.

| flltered through a funnel surrounded with ice, and

| kept &t about 0°Cc, for 24 hours, Small crystals of a

?monofructosa. On grinding with alcohel, however,

lime fructose then appeared, The composition was

variable; some samples, however, gave a lime content |

| approximating closely that required for trilime-

| the 1ime content rose to about 95%; Wwhile miscoscoplc

| examination revealed crystals strongly resembling

i those of monolime.monofructose embedded in a matrix

' of much less definite crystals, It is therefors very

ﬁdouptful whether trilime.monofructose exists, i

No other lime fructoses were met with, and.thairi

oxistence is improbabls,

| 1, Oompt, rend., 1847, 25, 307; 1869, 89, 13686.
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B METHYL FRUCTOSIDE,
]

The preparation was carried out according to the
;method of Hudson and Braumsl,

| . 20 grm, finely powdersd fructose was added to a
golution of 1,8 grm, zinc chloride in 100 c.c. acetic

' anhydride at 0°C. over a period of half an hour,

éThe gsolution was then maintained at 0°C, for two hrs, |
' at 10°C, for half an hour, at 16°C, for one houf, and
? finally at OOG for three hours again, After stirring
| with 100 c,c, water at 0°C, for two hours the excess -
; of acid was neutralised with sodium carbonete, and the
? neutral solution extracted with chloroform, The

§ extract was dried snd reduced to small bulk under

é reduced pressure, ather was added to the syrup, and

% the mixture allowed to crystallise, The white

| crystals of tetracetyl fructose obtained wers fe_
| erystallised from absolute alcohol containing s

i 1ittle ether, ' { i |
Yield 18 grum, M,P, = 130°C,

| A 5% chloroform solution gave a rotation of ; 9,28% |

at 15°C, in a 2 dom., tube using sodium 1ight,

8 o
L'e«,;:b = 2 9980 |
| Hudson and Braums found M,P, = 120.130°C, |
& s |
= 0
[Sh) = -~92.30

. The tetracetyl fructose was then converted into
| tetracetyl/ . |

| 1. J.A.0,8., 1918, 38, 121e.
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| tetrecetyl methyl fructoside,
14 grm.'tetracatyl'fructose was dissolved in
85 c,c, mothyl iodide and 93,75 grm, silver oxide :

added slowly with shaking, The reagents must be i

dry, After six hours bolling to complete the Treaction,
| the excess of methyl iodide was distilled off, and

the residue extracted with ether, On evaporating the!

| dried ether extract in air at room temperature s |

yollow syrup was obtained which was recrystallised

from hot petrol ether, As the solubility was only
about 1 part in 400 parts solvent a very large quantity
of petrol ether was necessary, Yisld 7 grm, The
Ecryatals obtained had a slightly yellow tint,

- M.P, = 75°0,

A 1% chloroform solution gave a rotation of . 2,48° |

at 1500, in a 2 dem, tube using sodium light
t;"' ‘-——»% 15
%y = - 124°,

Hudson and Braums found M,P, 75760,

— 120
s

- 124.8°

METHYL, FRUCTOSIDE,

|
|
| 70 grm, crystalline barium hydroxide was heated j
| . |
| with one litre water on the steam bath till solution |
occurred, and then filtered into a stoppered bottle

and/




56,

o i
and cooled to 5 .C, The solution was supersaturated,:

| but no precipitation ocoufred during the experiment,

iThe_tetracetyl methyl fructoside was then added slowly,

and after shaking well, the whole maintained at 5°C
for one hour, and then at 0°C, for twelve hours,
Any excess of baryta was now removed by carbon dioxidé,

and, after evaporating down in s large flask to a E

'much smaller volume the solution filtered and evapor_i

| ated to dryness under reduced pressurs, ‘The residue

' was extracted with agqueous alcohol, which removed most

gbination could be found,

| of the fructoside from the insoluble barium acetate,

Iand, after agein taking to dryness, the methyl fruct_g

oslide was crystallised several times from absolute

alcohol, Yield 25% theory,

Methyl fructoside is a falntly yellow crystalline |
substance, readily soluble in water and alcohol, and |
very slightly soluble in benzense,

¥.P, .- 318°90;
The rotation of a 1% solution at 15°¢, in a 2 dem,
tube using & sodium 1ight was ; 3, 42°

T M :
| == =177 0%
v

| Hudson and Braums found M,P, = 119-120°G;'J%l5= & 172;10.

Several sttempts were made to isolate a lime methyl
fructoside compound by the seme methods as were
adopted in the case of the glucosides, but wi thout

success, The rotation was uninfluenced by barium,

' strontium or calcium oxides and no evidence of com.




i LIME MALTOSE,

Monolime.monomaltose Was prepared in a similar
émannsr to monolime.monoglucose, The yleld, however,
éwas poorer, being about 2574 theory. The calcium ;
onida content indicated the presence of about &
jmolecula of water even after the most vigorous drying%

' at 0%,

‘Wt, of Crucible

17,3843 grm, ?

Wt, of Crucible 4 Compound = 17.8é45 grm,
Wt. of Crucible 4 lime = 17,4532 grn,
% 1lime = 13.77.
G=—H 10
12722711 Ga0 requires Ca0 = 14,074

012322011 Cao H,0 requires Ca0 13, 48%

Lime maltose is an amorphous white earth which |

tends to decompose unless dehydrated, It probably

contains water of crystallisation, but to what extent

was not possible to determine, A saturated solution i
was prepared by shaking the dried compound with i
conductivity water at 1500, for six hours, Longer |
shaking resulted in very marked decomposition, The

alkalinity of the solution was then found by titra-

tion with standard hydrochloric acid using phenol.
phthalein as indicator,

| 10 c.c. . solution required 7.50 c¢.c. .121 N, hydro-
, chloric acid,

Solubility = 19,36 grm, per litre,

This solution gave a rotation of +-4.55° at 15°C

in/

:
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'in a 2 dom, tube using sodium light,

e 113
|Se = 4 117.6°

' If the rotation is calculated for the % maltose in

' the solution then

e S
(Shly = g 187.8°.

LS

ithus it may be seen the rotation of maltose was un.
| affected by 1lime, This might be ascribed to non.

. formation of any compound, but 1t is very probable

that 1t is due simply to colncidence, |

B METHYL, MALTOSIDE,

[3 Methyl maltoside was first prepared by Fischer
and-Armstrongl, who prepared it from acetochloro-

maltose, Latar Roenigs and Knorr2 obtained it from
3

|
|
|
|
|
|
|
|
.|..

acetonitromaltose, Irvine” introduced some modifica
tions into the former method but the process became

- somewhat tedious, although a very pure product was
obtained, An attempt was therefore made to prepare
methyl maltoside using the method of Xoenigs and

Knorr, The work may be divided into four stages,

STAGE I,/

1, Ber,, 1901,, 34, 2885,
2. Ber,, 1901, 34, 4343,
B J.0e5e, 1926, 1.-.873)
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| STAGE I, MALTOSE OCTACETATE,

A solution of 5 grm, anhydrous sodium acetaté

Ein 500 c.c, acetic anhydride was ralsed to boiling

?point, and after the removal of the flame, 50 grm.

' poured into a large excess of water, After washing
E the syrupy mass several times by decantation it was

Eallowed to stand six hours under wa.ter, when it be.

maltose added in quantities sufficient to maintain the
temperature at boiling point, When the reaction was

complete the solution was boiled 15 minutes and then |

came quite brittle, and could be filtered at the
pump, It was then recrystalllised several times from :
elcoheol,

Yield 80% theory. M,P, = 15720,

- STAGE II, ACETONITROMALTOSE,

Slight modifications were introduced into thé
method'in‘order to apply it to larger quantities ﬁhan%
were used by the previous workers, |

50 grm, dry'maltose octacetate was dissolved
in 500 ge, dry chloroform and cooled to - 5°C, g
500 ¢,¢. red fuming nitric acid were prepared by the
distillation of the green fuming acid with two
volumes of sulphuric gcid and a little starch, and
the freshly distilled-aoid.mixed with 750 c.c., chloro.
form and cooled to -5°C, The two solutions Were now

mixed and maintained at 0°C. for 2% hours with gentle

|

gtirring, /
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stirring, The mixture wes then poured on ice, and,
after being well washed with ice water, the separated|
chloroform shaken with ice cold sodium bicarbonate

solution, and then with water again, After drying

| over anhydrous sodium gulphate the chloroform was

' distilled off and the acetonitromaltose crystallised |

. Prom ether,

day to 4 1.53°.

Yield 27 grm. M.P, 94°C,

Koenigs and Knorr found M, P, = 93_9500,

When the mother ligquor was further concentrated a
yollow pagte was deposited which, after standing in
the ice house for 48 hrs,, became crystalline,

The melting point of the white crystals obtained from
1t was 177°C, so that it was obvious a further yield
of acstonitromaltose had not been obtained, An 1somef
wasg suspected, but the crystals conteined no hitregen;
After one recrystallisation from chloroform { ether i
the melting point rose to 178°C, The rotation of a i
.69347% solution in chloroform at 15°C, in a 2 dom, i
tube using sodium light was 4 1,10° '

¥

|

1S !
Tact™ =y mg 840 |
L Y i !

On the addition of a drop of ammonis thls rose in one§

=~ 1S
F b |

Ay = 110,49,

|
This is obviously maltose heptacetate, for which Hudsdn

gave the following figures,

‘M, P,/

1. J.A.C,S., 1916, 38, 1871,




81,

M, P, = 18100. after gixteen recrystallisations from

chloroform 4 ether,

¥ “-":
|

|

-

st} = 678° rising to 4 111°,

>
( Lwde "ale = 2:0°)
The acetyl content was found by boiling with g

' sulphuric acid for four hours, Found = 47, 15%,

| theoretial = 47, 36%.

e

The formetlon of meltose heptacetate may be die

to traces of water present in the chloroform, and

| probably could be eliminated by very careful drying,

excess of barium salts, the filtrate was evaporated

to dryness under reduced pressure., The residue was

- and also by the use of smallér quentities of reagentSE

STAGE III, HEPTACETYL METHYL. MATLTOSIDE, |
268 grm, dry acetonitromaltose was dissolved ;

in 500 c.c, absolute acetcne fres methyl alcohol, andi
a drop of pure dried pyridine added, i
When soluticn was complete 80 gm, barium_carboné

ate which had been well dried at 20000. for seversl E
days wes introduced, and the whole boiled for 12 hrs.f
under the reflux on the water bath, after which time |
e filtered sample of the solution was almost without

action on Fehlings solutlion, After filtering off any

|
|

extracted with ether, and after shaking successively
with dilute hydrochloric acid, sodium bicarbonate and

water, the etheral extract was dried over anhydrous |

sodium /
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?sqdium sulphate. On standing crystals of hept&cetylé

fmethyl maltoside were found in good yield, The pro- |

Iduct was recrystallised twice in alcohol, '
Yield 15 grm, M,P, 128°C,

| A 2. 5% chloroform solution gave a rotation of *.2,6905

'at 15°C, in a 2 dom, tube using sodium light.

r o)

Sy = 4 53.6°

| Koenigs and Knorr found M,P, = 129°C, while Hudson

gave the rotation as [:&:]b = 53.8° in chloroform, |

| STAGE IV, METHYL. MALTOSIDE, i

15 grm, heptacetyl methyl maltoside was dis- %
?solved in 150 c¢.c. absolute methyl alcohol by heatingi
'?and dry ammonis passed in at 0°c. t111 the solution |
éwas saturatsd.g After standing twenty.four hours
!&t room temperature, the alcohol and any acetamide
?that had been formed were removed under reduced

| pressure at 50°C,

The resulting mass was crystallised from absolute
éalcohol to which a 1little ether had been added, and
%3.8 grm, of methyl maltoside hydrate were obtained.
M., P, 105°C,

; A 1.3548% agueous gsolution gave a rotation of 4.3.050

; in s 2 dem, tube at 2000.'ﬁsihg-sodium light,

[$E1§° = 4 78.79.

1. J.A.0.8., 1918, 38, 1870,
2. Helferich and Becker, Annalen, 1924, 440, 17,

"On/
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On saturating with baryte or strontis the rotation
| fell slightly, 1.e. to 4 2.03°.

-

' l_“*:?‘ze = 74,910,

iLima produced no change, and no compounds of the

' maltoside with the alkeline earths could be isolated, |
iThis fall in the rotation may be regarded as due to
 impurities, The maltoside was now recrystallised
éseveral times from alcohol and a 1ittle;ethy1 acetatai
5 The loss is great however, and a final yiseld of ,B gmé
' was obtained, After drying two days in a vacuum at :
i100°0. it was found that a 1% solution gave a rotatiog
of 4 1.68° in a 2 dom, tube at 15°C, using sodium |
?1ight.

- .’-”1‘5
Lty = 382,

iHo trace of a 1lime methyl maltoside could be isolated
i with the purified substance, The calculsted value

. for the rotation of F; methyl maltoside is

E;i}m = } 85°.

o P S BT IS S e Do TR S e T 5, S
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LIME

LACTOSE,

A sample of monolime._monoclactose was prepared by!

the same method as was used for lime glucose,

yield was about 50% theory,

The

The compound is probably

hydrated, but to what extent was not possible to

: determinate,

Dehydretion, however, gave a

compound which

corresponded in composition to monolime.monolactose

012H23011 Ca0 or 012323011 Ca0 Ho0 and not to

2012320011030’ 28 hasg been claimed

Wt, of Crucible

1l

Wt, of Crucible 4 Compound

1l

Wt., of Crucible ¢ lime

% 1ime =

0 c
012H22011 Ca requires 80
C1oH20017 Ca0 Ho0 Tequires Cao

by Dubrunfaut,

17. 5156 grm,
17.68620 grm,
17. 5360 grm,
13.93

14.,07%

13, 46%

Lime Lactose is a white amorphous earth, and

. readily decomposes on stending in the presence of

| moisture,

; be preserved for weeks without appreciable changs,

| An attempt was made to find the solubility by
gshaking a dried sample of the compound with conduct-
ivity water at 15°C, for five hours, but as decom.
position almost invarisbly set in the result cannot

i be regarded as other than an approximation,

10-6,0. 7/

If it is thoroughly dry, however, 1t may
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10 c,.c, saturated solution required 7.2 c.C.
.12968 N, hydrochloric acid for meutralisation, using
phenolphthalein gs indicator, ;

Solubility = 18,58 grm, per litre,

Thie solution gave a rotation of 1.70° at 15°C,

in a 2 dem, tube using sodium light,

= =S 3t
LX)y = + 46.08

HIGHER LIME LACTOSES,

No higher lime lactoses were encountered,

@ METHYL, TLACTOSIDE, ;

B Methyl lactoside wag prepared by Ditmarl but he
did not find its rotation, which.Hutaong calculated
as +»6° in water. The rotation of the intermediate

products also by no means agreed with the calculated

valus, However, the same method was used in the

present research,

STAGE I, ACETOBROMOLACTOSE, : |

A sample of acetobromolactose was prepared
by the method of Dale®,
25 grm, powdered anhydrous lactose was dissolve
in/
. Monatsh,, 1902, 23, 8865.

1
2, J.A.0;5, -lole, 47, 277
3, J,4.0,8., 1918, 38, 2187.
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in 125 c.c, acetic anhydride saturated with hydro-
bromic aéid at room temperature, Much shaking was |
necessary to maintain the reaction within bounds, |
All the lactoge dissolved snd the resulting straw
coloured golution was cooled, mixed with 300 c,c,
chlecroform, washed with water, sodium bicarbonate,
and water once more, and then dried over anhydrous
gsodium sulphate. The solution was then evaporated
to a thick syrup at 5000. under reduced pressurs,
precipitated with petrol ether, and crystallised by |
gstirring in an ice bath, The crystals were then |
filtered off and recrystallised from dry ether,
Yield 60% theory. M,P, = 140°C,

A 19 solution in chloroform gave a rotation of

4 2.13° in a 2 dom, tube at 20°C, using a sodium

light,

7 ;2»0
Ld‘]s = 4 108.5.

E, and H, Fischer  found M,P, 145.144°, &ndf[?fng

|
= 104.9°. |
The above compound, however, would not permit of %

further purification,

STAGE IT, HEPTACETYL METHYL LACTOSIDE,

25 grm, dried acetobromolactose crystals were
digsolved in 300 c.c, anhydrous methyl alcchol, end |
boiled with dry freshly precipitated silver carbonat%
for/ |

1. Ber., 1910, 43, 2521, | |
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%for 48 hrs,, when 1t was found that no bromine was
épresent in the solution, After filtering off the
éexoeas of silver salts, and evaporating to dryness
?under reduced pressurs, the resulting product was
édissolved in the minimum emount of benzene, and, after
| filtering to remove any traces of inorgenic matter, |
Eprecipitated with petrol ether, On cooling in the
ice bath and stirring vigorously the syrupy mass
became sufficiently solid to permit filtration,
It was then dissolved in glcohol and reprecipitated
| by cold water, when it was found to be without power |
Eto reduce Fehling's sblution, The substance simulated
éthe Grystailine state very closely when dry, but was |
Enot actually crystalline, and could nbt be obtained
gso, although Ditmen clasimed to have got crystals,

A 1% solution in chloroform at 15°C, in a
2 dem, tube using sodium light gave & rotation of
= e,

= 8%;

il

=g
| L |
5% _.:i)
5 0e0 e | 0
According to Hudson Lckb = _ 15, The Tresult
0

obtained by Ditmen was -~ 8 , Several other samples

prepared as above gave varying results some even

having a positive rotation, It should be noted thet
the compound failed.to crystallise,

M,P.  79°.80°C. sintered, melted at 11300,
Ditman found 76°.77°C sintered, melted at 110°C,

1, 7.A,0,8,, 1925, 47, 277.
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| STAGE IITI, METHYI. TLACTOSIDE,

Heptacetyl methyl lactoside was deacetylated by
the same method as was used for heptacetyl methyl
maltoside,

From 10 gms, heptacetyl methyl maltoside 3 grm,
;methyl lactoside was obtained in the form of a thick
| syrup which when dried became & brittle glass, The
; lactoside did not reduce Fehlings solution, It could:
%not be obtained crystalline, however, and the rotatioﬁ
was considerably grester than the calculated wvalue of
éHudson_ _ E
A BZ solution gave a rotation of 4 1,20° at
§ 18°%c, 1n.a 2 dem, tube using sodium light, |

r b - ;

B SRRS = 12, |

M,P, = 173°0C. = é

Ditman found M,P, = 171°C, He did not give any
velue for the specific rotation,

The rotation was not influenced by baryta,
strontia, or lime,

Another and presumably less pure sample gave a

specific rotation of 4 20°, It aléo was uninflﬁenoe}
by the alkaline earths, :

No alkaline earth methyl lactosides could be
isolated, .Thus the impurity of the lactoside was

immaterial for the present research.

11732/
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. 1732 grm, lactoside gave ,2825 gm, Carbon dioxide

and ,1083 grm, water,

€ = 41,33%%
E = 6.87
C = 41,70%
H = 7.00%

. «2020 grm, lactoside gave ,1203 grm, Silver Iodide,

0CH; _ o g

c 0 GH5 H

12821%1

,0 Trequires OGH5 8.29%.,

2

DOUBLE SALTS,

Gunningl prepared samples of double salts of
5 sucrose with organic acid salts by mixing solutions ‘f
Z containing one molecular proportion of a potassium
5 salt of an organic acid With solutions containing onei
- molecular proportion of sucrose, He obtained thick
juncrystalliaable syrups which dialysed freely, : ;
| Potassium scetate sucrose and potassium citrate
é sucrose were accordingly prepared by mixing one
émalecular proportion of potassium acetate snd one
émelacular proportion of potassium citrate with one
imolaoular/ |

1, N,Z, Rubenzuckerind,, 21, 338,
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molecular proportion of sucrose in aqueous solution,
' Both doubls salts yielded thick non_crystalline syrupy
masses, |
The preparation of definite crystalline double
; galts was more difficult., According to Lippmann1
Maumen; claimed to have prepared double salts of
f lactose, but subsequent workers have been unable to
répeat his work,
An attempt was made to isolats potaséium acetateé
. lactose by adding omne molecular proportion of potas-
fsium acetate to a concentrated solution of lactose
; in water, On evaporating either in the air or over |
concentrated sulphuric acid, crystals of lactose werei
_obtained, and on further concentration, the potassium!
aqétate began to crystallise also, é
Similar results were obtained in the case of |

' 1lactose and potassium chloride, and no trace of any |

double salt could be found,

One molscular proportion of sucrose was dis.- ;
' solved in the minimum amount of boiling water, and
iadded to a saturated and boiling solution containing
one molecular proportion of potassium chloride, On
cooling in a Vacuum over concentrated sulphuric acid,
crystals of the double salt were obtained. (violettezj

1, Lippmann, Chem, der, Zuckerarten, (1904), 2, 1575.
2. Compt, rend,, 1873, 78, 485. =
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The following asnalytical data were obtained:.
Wt, of Crucible = 17,5105 grm,

Wt, of Crucible 4 Sucrose
potagsium chloride,

1l

18.0208 grm,

Wt, of Crucible i potassium
chloride =] = 17,8181 grm,

% Kol = 21.10.
C,oHo0077 Kol 2H,0 requires Kol = 21,14%.

fTha percentage chlorine was found using silver nitrate

:and potassium thiocyanate,

: One grm, compound was edquivalent to 22,12 c.c.

5.1003 N, Silver nitrats, |

s. One grm. contained 22,12 x .1003 X 35.5/1000 grm.
chlorine,

<s One grm, contained , 7880 grm chlorine,

2. % Ohlorine = 78,860.

2012H22011 Kel 2 Hy0 requires Chlorine = 78, 76%.

DIFFUSION,

In order to test the colloidal nature of trilimei
| MONOSUCTOSS & golution of that compound on conductiviiy
 waiter wag placed in a collodion membran; and suspendeé
!in water in the absence of carbon dioxide, Diffusioné
%oocurred readily. Similar behaviour was met with in ;
éﬁhe case of the sucfosa compounds of strontis and
baryta, Thus when 20 c,c., of a saturated solution

:of monostrontia.-monosucrose containing 9,9% grm,

strontia/
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: gtrontis and 32,8 grm, sucrose per litre at 15°C, was
? sugpended in g collodién membrene in 50 c,c, conduct-
| ivity water for twenty-four hours, it was found that
(=10 c,o; of the solution of monostrontia.monosucrose

| was neutralised., 2,68 ¢,c, ,121 N, hydrochloric acid

using phenolphthalein as indicator

o Concentration of Strontia = 1,748 grm, per litre,|
i

| When the excess of alkali was precipitated by oxalic
; acid this solution gave a rotation of.+.2.20° in 8

; 2 dem, tube at 1500. using sodium light,

; «s Concentration of Sucrose = 15.0 grm, per litre,
é Thus in the original solution the ratio of sucrose toé
é'strontia wes 32.8 % 9.9% = 3,3, and after dialysis
Ethis has risen to 15,0 — 1.748 = 8;6. It will

' therefore be seen that the basic portion dialyses

congiderably faster than the sucrose portion of the

compound, This separstion hasg already been observed ;

for the double salts of sucrose,
A similar experiment was carried out using baryta
sucrose,

20 ¢.c, of a saturated solution of monobaryta-

;monosucrose containing 13,80 grm, sucrose and 8,20 grﬁ.

Ebaryta per litre at 15°C, was suspended in a collodion

membrane in 50 c.c, water for twenty-four hoursiit was
found that 10-c,c., of the monobaryta.monosucrose
golution required 3,50 c.c¢. ,1210 N hydrochloric acidg

for/ i
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for neutralisation, using phenolphthaelein as indicator,
.» Concentration of baryta = 2,53 grm, per 1itre;

The rotatlon of a precipitated solution in a 2 dem, ;

é tube at 15’0, using sodium light was 4.,863. |

| .%» Concentration of Sucreose = ,830 grm, per litrai

éThus the proportion of sucrose to baryta which was

éoriginally 13,80 — 6.2 = 2 has now risen to

6.30 £ 2.530 = 2.5.

The membranes used in the above experiments

 were tested with verious colloidel solutions, such 28|

| silver and gold sols, and gelatine, and were found

Z to be impermeable to them,

o e g T T P g T Y P R P
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DISCUSSION,

It would appear that the compounds formed by the
union of sugars with the alkaline earths are not so |
numerous as has been claimed by previous investigators.

In the case of sucrose only three lime sucrose
compoundsg could be igolated and the existence of any |

:others is improbablse, |
Monolime-monosucrose wasg prepared as a hex&hydra%e
' and also as a dihydrate, but the coﬁpound is csrtainlg
iunstahle and is probably decomposed by slight tsmpsra;
; ture rises if 1t actually exists at all, for its

. behaviour would point to its being really a mixture

- of sugar and dilime-monosucrose,

Dilime_monosucrose and trilime.monosucrose wers i

ifound to be hexahydrates, In the past ﬁheae'oom_l
!pounds hsve been considered as containing three or
at the most four molecules of water of crystallisation
ia.nd, as the water content seems to vary with the time
of drying, the existence of the hexahydrates cannot

be cleimed with certainty, The amorphous nature of |
these compounds makes removal of the adherent water

without affecting the water of crystallisation a

matter of difficulty. The lengthy time of complete |

dehydration may also account for the low values

| obtained for their water content in previous invasti_é
- gations, i
The/ i

i
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The strontia sucroges, on the other hand, exlst
' a8 microscopic crystals and are therefore more aasily;
hgndled then the lime sucroses, |
Monostrontia-monosucrose was found to have a
| water content slightly above that required for the
;pentqhydrate, while the strontia content was almost
Ithe theoretical value required for the hexahydrate,

It is probable complete dehydration is difficult,

| while partial dehydration occurs readily,
Distrontie-monogucrose Was completely anhydrous,
%No other strontis sucroses Wers encountersed,

Only one baryta-sucrose was met with, and all the

usual methods of preparation yielded only monobaryta-|
| monosucrose, which is an anhydrous crystalline powderi
Glucose, fructose, maltose and lactose were found to |
unite-with lime to form a mono compound only,

Monolime.monoglucose was prepared as & dihydratei

but all attempts to isolate a hexahydrate were un- ;
successful,

Monolime.-monofructose, on the other hand, gave |

two crystalline hydrates, the hexshydrate and the |
| dihydrate, which could be obtained with ease,

| The water content of monolime-monolactose and
émonolima_monomaltose was doubtful; but all these
?four compounds retained at least 4 a moleculs of
éwater which céuld not be eliminated, although it did
Ennt geem to influence the stability of the compounds,
1: Which / |
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:whioh could be kept over long periods, whereas in the
.presenoe of water they invariably decomposed overnighf.
' It is probable that we really have a molecule of watef-
-?in the oxonium position, as in glucose hydrate, where
| Armatrongl suppdses the water molecule to form an
;oxonium compound,

It should be noted that the composgition of 1lime é

| lactose corresponded to C Cap 8nd not to

15720011 _
CqoHo009108, a8 was suggested by Dubrunfaut,

As has been already mentioned, combinations of
glime with glucose and fructose which contain more
éthan one molecule oxide to one of sugar are said to
éhave been prepered at various times, though that theyé
5 are true compounds is doubtful, Maltose and 1actose,;
éprobably because they have not been the subject of ao!
gmuch-rese&rch as the commoner sugars, are given as
é forming only one compound with lime, |
| Owing to its practical utility in the preparation
éof fructose, the union of lime with that sugar has
-?been studied somewhat extensively, and with widely
different resulits., The present research revesled only
one definite compound, viz, monolime_monofructose,
but & go-called trilime-monofructose was preparsd by é
sheking lime with fructose solution at . B°C., and |
allowing the temperature to remain at about 0°¢, for
24 hours, when fine crystals were obtained,

a/

1. Simple Garbohydrates and Glucosides, 1924, 43,
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A great objection to this method is that, lime

being more soluble in cold fructose solution than in

hot, as the temperature rises from -5°C, to 0°C. lime

; itself may be precipltated as well as lime fructose,

| That this was actually the case was supportsd by

' microscopic examination, which revealed crystals

strongly resembling those of monolime-monofructose,

| embedded in less definite crystals, and by the fact

- that on grinding with alcohol a residus of high lime

content remainad,

On an analogy with sucrose, fructose would be

| U
| expected by yield a trilime compound by heating a

lime fructose solution to about 7000. As alkalis _
: i

~attack reducing sugars even at moderate temperatures,!

| guch a procedure is clearly impossible. It was thougﬁt,

'with 1ime Wifhout the troublesome enolisation which

l

however, that i1f the reducing group were protected,
it might be possible, by bolling a solution of lime

in such a non.-reducing sugar solution, to precipitate%
|

'a lime sugar compound without fear of decomposition, |

|The glucosides of the reducing sugars are well known

to resist decomposition in the presence of alkalisg,

end there sesmed no reason Why they should not react

takes place for the sugars themselves, The glucosides
are also the simplest disaocharié%, and their behaviour

|
with 1lims should throw light on the probable structurq

'of lime sucrose, Before going further, the previous |

theories /
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. theories as to the structure of the lime hexXoses must

be consgidered,

The constitution of the compounds formed by the

union of the alkaline earths end sugars is not under_;

: ;atood. In the case of glucose the formation of the

| saccharins in alkaline solution suggested that the

| sldehydic group was at least influenced by the alkeli,

From & considseration of the fact that alkali !

glucose compounds, such as the sodium de?ivative, and!

; also glucosides, the formula of which was then not

5 known, did not react with phenylhydrazin, Schunck and;

“could be represented by a formuls such as

. from that of their parent compound, and also that

1

| Marchlewski suggested that both types of compounds

H

=S
H —0

R

Q

OH)

{ 5

e G T Gy e GR)
2o

GHQPH

It must be noteﬂ? however, that the failure of the

alkeline earth derivatives of glucose to unite with

|

phenylhydrazin is of 1little significance, for the

gtructure of metallic derivatives frequently differs

small / _
|
1. Ber,, 1893, 28, 2928, : f
2. Lippmenn Chem, der, Zuckerarten, (1904), 2, 1890,
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smell quantities of alkali greatly hindered the union|

of glucose and phenylhydrazin, although very little

. alkali glucose compound wag formed,

. suggestion of Schunck and Marchlewski,

| constitution for monolime.monofructose; but these

.| the alksline earths, and F methyl fructoside showed

| of the hexose which possesses the property of uniting

' with metallic oxides, and that the hydroxyl groups &ar

| comperatively inactive., In order to permit this, &

There thus was no experimental evidence for the |

Maquennel, however, has put forward s similar

. formulae failed to explain the congtitution of the
. numerous other compounds of glucose and fructose with

= 2
| 1ime that were supposed to exist, Herzfeld , on

the other hend regarded these compounds as loose

compounds of the elcoholate type.
C OH
A

C H O

| > Ca
CHDO

)

((;J HOH ), . |

GHBOH.

In the present research it was found that neithe

o nor B methyl glucosides formed compounds with

{
i

similar behaviour,

Thus it would seem that it is the reducing group

close /

1. Lippmenn Chem, der Zuckerarter, (1904), 1, 882,
2. 2, Ver, deut, Zuckerind,, 44, 293,

b |
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| clogedchein structure must be regarded as existing in

| the hexoses

?HOG&PH ¢ H, OH
) i
c HOH\ -0 X oa.0m
¢ HOH Ve
¢ HOH / 9 HOH\
| G HOH 0O
¢ B C HOH /
| |
CH ,OH CH,,
Lime glucose, Lime fructosse,

| As there is only one labile hydrogen atom it is to be;
é expected that only one molecule of lime can react witﬁ
it splitting off water to give a lime glucose compound
When this 1sbile hydrogen is replaced with a non- i

1abile group, as in the glucosides,no interaction cani
!
. take place between the sugar and the metallic oxide,

It may seem strange that the remaining hydroxyl |

; groups do not unite.with lime to give other lime sugar
%compounds, but 1t must be remembered that the lower
ialcohols, such as ethyl and methyl alcochol, do no%
%nite with 1lime in aqueous solution, and they would be
é expocted to be more reactive than s hexose, - é
The decomposition by alkali of methylated hexoses
Ewhich still contain a free reducing group such as
tetramethyl glucosel is in harmony with this suggestion,
If alkslis unite only with the reactive group in
a hexose, 1t would be expected that on methylation of

glucose /

1., Wolfrom end Lewis, J,A.C,S., 1928, 50, 837.
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glucose with sodium hydroxide snd dimethyl sulphate,
methyl glucoside would be the first produce of the

? reaction, When all the glucose had been transformed
into glucoside, then either no further action would

; take place, or else momentary combination between the
- remeining hydroxyl groups and the alkell would enabla;

complete methylation to occur,

Maguenne observed that when glucose was methy.
' lated the reactive group interacte first; and i3 |
methyl glucoside may be isclateds further methy-
? lation resulted in the formation of the pentamethyl |
?compdund. |
Indeed, that the methylation of glucose occurs ;
Ein this manner is essential for the interpretation of?

éLowry'sl theory of mutrarotation in terms of fact,

According to Lowry's view the change is re-

Ipresented by the scheme of equilibrium:.
. B0 —o08 o H (0H), HOGH
| b : [
C HOH - ? HOH ¢ HO
'
c HOH O C HOH C HOH
| =
o HOH = G HOH ~> ofon |
? H 0 Hom oH |
i |
C H,OH OH,OH CH0H.

Lowry holds that an aqueous solution of glucose
| contains a considerable proportion of the open

' chein/

1. J3.0.s., 1903, 8%, 1314.1323,
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chain form, If all the hydroxyl groups reacted with
alksll with equal readiness it would be expected that

on mothylation the open chain form would yield hepta-

methyl glucose or at least hexamethyl glucose, whereas

f penta methyl glucose is actually obtained., This can |

. be explained by the fact that the glucose and alkalil
é first interact at the reducing group, and that when
i the alkall there is replaced with a methoxy group,
' the resulting methyl glucoside, which has a closed
ring structure, is further methylated to give the
- pentamethyl derivative,

As the alkaline earth molecule is attached to
. the reducing group, these compounds must be in the
; nature of glucosides, and should therefore exist in
? ol and i3 forms, though no trace of any such differ.
fantiation can be observed,
| As methylation of glucose with potassium hydroxi

|
! and dimethyl sulphate gave the F’ Compound only, it
| _

. the {3 igomers, or thet an equilibrium of C%.andl3

f exists, but that the P reacts with the dimethyl sulph
i first, sny SL then passing over instentaneously into

i the [ to replace what has been removed, so that only
i ?“gluoosida is produced., That the latter auggeétibn
J is the case is what would be expected from a consider
5 tion of the properties of ﬁethyl glucoside, glucose

é or hydrogsn glucoside, and lime glucoside, Methyl

. glucoside/

de

|
might be assumed either that the lime glucosides are %

ate
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glucoside does not show mutarotation, a solution of
glucose, whether sk or'-i?> , gradually chsnges to an

| equilibrium mixture of both forms, and with lime

| glucosiée any change takes place so rapidly tﬁat it

5 cennot be observed, Thus when the methyl group of

; methyl glucoside is replaced by hydrogen the tendency.
; of the sugar to undergo isomeric change is greatly

| increased, In the same way when the hydrogen is

' replaced by & = Ca,OH. group the isomerio change

é becomes very rapid indeed, It is therefore probable %
é thet lime glucoside exists not as ? lime glucoside

é but as a mixture of the S\ and F= forms,

It was thought that in nonagueous solution mufa_%
5 rotation might not be so rapid, and an attempt was maﬁe
. to prepare a solution of lime glucoside in a number o%
é organic solvents; but it proved most insoluble exca'ptE
é in water, The rapid mutarotation of glucose in the |

| 1 |
. presence of organic bases such as pyridine or when |

?

315colyed Ir rformemlds. would lond s to muapoct that

2
| these bages also unite With the hexoses to form some
é sort of a labile glucoside, although the reaction is
| generelly considered as due to the formation of
oxonium qompounda.

In order to complete the study of the lime
glucosides, and also to obtain an idea of what might
jocour/

' 1., Lowry and Feulkmer J,0,S., 1935, 2883,
| 2. Mackenzie and Ghosh, Proc, Roy, Soc., Edin,, 1914
! 35, 22.
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occur in the cese of disaccharides, methyl maltoside
and methyl lactoside were prepared. Only the 7 forms
are known, and methyl lesctoside could not be obtained
pure, No compounds of eoither the maltoside or the

. lactoside with alkaline earths could be lsolated,

| thus making it very probable that monolime.monomaltose

; and monolime.monolactose, or more properly lime

; maltoside and lime lactoside, are the dnly compounds é

. these sugars form with lime, Thé work of Haworthl

on
;the methylation of msltose and lactose revealed ﬁhat;
é as in the case of gluCose, the reducing group was
' methylated first,

It might be argued that ©L methyl maltoside and ;
= methyl lactoside would interact with the alkaline é
earths, although their [3 isomers do not, However, |
| Michaelis” found that the dissocistion constant & of%
A methyl glucoside = 1.97.*.10';4, and for,g methyi
gilucoside K = 2,84 x 16‘1?' In other words, the
2 1somer'is more acidic than the X , and presumablyé
should be more ready to react with alkali,

The cage of sucrose must now be comsidered,

From the previous results it wéuld be expected
.i that sucrose, which is a glucoside containing no
reducing groups, would not unite with the alkaline

earths., That sucrose does so is perhaps its best

known /

| 1, J.0.S., 1918, 113, 188; 1919, 115, 815,
' 2. Ber,, 1914, 48, 3683-3693,
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| known and most important property, which is verifled

| daily in the menufacture of sugar,

The previous explanations of this reaction are
now considered, |

The sarly school of sugar chemists, men such as é
Peligot, Soubeyran, Herzfeld_ new 1little of the |
structure of sucross except that it was the product
of a moleculs of glucoss uniting with a molecule of
fructose to give a non-reducing disaccheride con-

taining eight hydroxyl groups, Thers are therefore

small temptation to sssign any definite structure to é

. the alkaline earth sucroses, It became generally

acoepte&l however, that the alkaline hydroxide inter-|

acted with sucrose splitting of one molecule of water

‘to give an alcoholats, viz,

[ - { ' |
C HOH Ca (OH = CHOCaOH H.O f

? Sometimes the action was regarded as taking place

é between a molecule of oxide and a mclecule of sucrose

% viz,

. and Compounds of the type C

| The position of the hydroxyl groups which took part

1. Herzfeld, 2z, Ver. deut, Zuckerind,, 44, 293,

C HOH ¢ H O\\

! + Ca o0 = | Ca i+ HO
CHOH G H 0~ 2
1

12Hzo°11 wore obtgined.

|

in the reaction was not known, but there seemed ho
reason why they should not all interact with the
alkaline/ |
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| alkaline earths, to give compounds containing from one

 to eight molecules of alkali, A number of supposed |

compounds formed in this way have been mentioned in

| the introduction,

This theory appeared to supersede ths earlier

views of Peligot and Stromeyer, which will be con.

gidered later,

A modern development doubts true combinstion

?between sucrose and lime, and implies the formstion of

a colloid,
These two theories will now be dealt with in turﬁ.

Although it was found that methyl glucoside and.

 methyl fructoside did not unite with the alkeline

 earths, 1t might be expected that when the methyl

ggroup of a glucoside was replaced by a much larger
| molecule of the type of another sugar, then the

jproperties of the glucoside would so be changed as

: to admit such interaction, From a consideration of i

the present day formule of sucrose

? H20 H
C H C
/ *\H\‘\- Q ‘ \
(¢ HOH):S‘*x\\ (C HOH), -
OR — 0 fe
C HO H c H0 H.
the formation of mono, di, and tri compounds could
be /
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be regarded as due to the substitution of the three | -

primary hydroxyl groups, However, Purdie and Irvinel

found that on alkylation of sugars by mesns of silver

oxlde and methyl iodide, the primary groups probably |

- proved most difficult to methylate, and therefors

must be considered as least prone to unite with a

' metallic oxide, The existence of compounds of the

change in properties, then glucosides of the type of

and 5 glucose B galactoside respectively, should

%abnormal properties of sucrose are due to the fact

§that/

' the reducing group is masked as in methyl maltoside

| type CygH, 0y, Ca. 1s mot in harmony with the experi.

mental results obtained for the composition of such
compounds, even after drying long periods,
If the replacement of the methyl group of a

glucoside with a larger molecule, brings about a

maltose and lactose, which are 6 glucose Sk glucoside!

unite with the alkaline earths,

They were found to- do so, but the reaction is i
due solely to the introduction of a reducing group ;
with the glucoside, and not to any alteration in the |

properties of the original glucose residue, for when

and methyl lactoside the power to unite with the
alkaline earths was found to disappear,

We are now reduced to the supposition that the

‘1. J.0.S., 1903, 83, 1034, =
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that it conteins labile fructose, but it is doubtful
whether this can explain the formation of these
compounds,
Trehalose, which has a normal structure, was
found by Schukow® to unite with lime,
As the "alcoholate" theory was proved unsatis.

. factory, the colloidal theory will now be considered,é
| It has already been mentioned that Petit's® work !
' on heat of formation gave no indication of the exist-?
ience of trilime_monosucrose, and that the exporiments
;of Dedsks on the influence of sﬁprose on squeous %
- solutions of calcium hydroxide was in sgreement with é
| this, Sen and Dhar4 suggested that various colloidalé
Emeta,llio hydroxides were peptised by sucrose and
éWaterman and Aken’ applied this to lime., It is well
éknbwn that of a given substance in molecular 901utioné
éat a given tempersture and in a given golvent, a j
éfixed quantity is dissolved, which is independent of !
' éthe quantity of substance at the bottom. This does
;not hold with colloids, and Von Buza.g;h6 pointed ﬁut |
;that the solubility incréased with the quantity of

i gel to a maximum, so that with very large quantities |
?of gol, the peptisability of the colloidal substance
;deoreaaed. %
Waterman and Aken produced results showing‘ﬁhat/?
Z. Ver, deut, Zuckerind,, 50, 818. ;
Compt., rend., 1893, 118, 8233, : g
Z. Zuckerind, Czechoslov., 1925, 28, 349, ‘
Kolloid Zeit,, 1923, 33, 193,

J_.G.S.’ I'n 9 1927, 46’ 411. T.
Kolloia Zeit., 1927, 41, 169.

L]



that thls effect may be observed by the action of
sucrose solution on lime,

There is absolutely no reason to suspect that

. the compounds which sucrose forms with lime in any

way differ from those of sucrose With strontis or

baryta., Now both strontia sucrose and baryta sucrose

- are definite crystalline compounds, so there is

really no inherent reason why lime should not act

on sucrose in the same way to glve true compounds,
even though these have not yet been obtained in o

crystalline form, The fact that lime and sucrose

' unite in molecular proportions also supports this,

The difficulty with which trilime, monosucrose

é and dilime.monosucroge were dehydrated was precisely i

 what would be expsected from colloids; but 1t must be |

? remembered that the process was carried out at 10000,

I

' Dedek pointed to the non.existence of trilime-mono. _

; sucrose, It may be, however, that this compound is

' while copper sulphate crystals only lose their final

| molecule of water at 20000, end sugars like maltose

end lectose give up their water of crystallisstion :
very slowly, .
On the other hand, physical date favours the

colloidal theory, end the work of both Petit and

not formed under the conditions of thelr experiments,
Gomp&fe distrontla.monosucrose, which wag found to
decompose in cold water,

In/
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In the experiments of Watermsn and Aken lime was |
added to a sucrose solution with stirring, samples of?
the solution being removed periodically and filterad,?
while how and then fresh portions of lime were added.é
The effects of the quantity of lime added on the limai

;content as Well as the sucrose content of the Ffiltrate
.were found, and the results were in agreement with ﬁhé

 maximum solubility phenomenon, | i

A great objection to their work is that the
 experiments extended over a period less than 300 hrs,
| The interaction of 1lime snd sucrose is not rapld, so

that in the short time allotted for the work no true |
|

equilibrium was reached, and variations would appear |

in the solubility, which would depend on the concentré_
tions of the components of the solution,

Similerly, the lime sucrose precipitate was ;
obtalned by sllowing lime sucrose solutions to rise ié
=temparature from 0°0, to 25°C, This is not oomparable
Iwith the usual practice, where precipitatlon is brought
about by boiling,
| If the action is one of peptisation, then the '
épaasing of lime into sucrose solution should result

%in the formation of a sol, =

_ 1
Aten, Ginneken, and Engelhard found thet the

conductivity of such solutions was consistent with

complete /

il. Rec, trac. Chim,, 1926, 45, 753.
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complete dissociation when dilute, though more con-

centrated solutions, especielly of calcium hyaroxide,:

gave low values, The effect of sucrose on the conduct.-

ivity of calcium hydroxide solutions was determined

in the present research, and results agreeing with

thoge of the above mentioned experimenters were found,

| The decrease in the conductivity may be due fo the i

presence of undissociated molecules of mono, di, or

tri lime sucroses, or alternatively to the existence_;

 of colloidal particless but 1f the action is one of

. solutions cannot be colloidal unless it is stipulated

readily through collodion membranes, Thus their

peptisation it is strange that a colloidal solution
should not be obtained in all cases,

Lime sucrose compounds wWere also found to dialys

@

| that a mixturs of crystalloid and colloid exist in _

| equilibrium, which is improbsbls,

| colloidal form; that it must do so has yet to be proved,

The acceptance of the colloidal theory, hOWGVBP;
would go far to'explain the divergences met with in
the work of previous investigators,

It ig probable thet lime sucrose may exist in

Both the colloidal theory and the theory of
alcoholate formation have now been considered, and
both seem unaatisfactorj, But there is another
pogsibility which caﬁnot be neglected,

. It is well known that in the msnufacture of

sucrose /



' f and Stromeyera, who, however, regarded some of the
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- sucroge from plant juice a residue of molasses is
. obtained, from which finally no moré gugar can be
extracted, The exhausted molasses, however, containsz
considerable quantities of sucrose which cannot be
extractod in the usual way as 1t ig fixed, i,e, com-
 bined with the potassium salts of organic acids to

| give compounds not readily decomposed,

Sucrose potassium ohloridal 012H22011 Kol 2320
' 1s of the same type, and is a definite crystalline
ﬁsalt. Maumenég pointed out that no replacement of

é the hydroxyl groups occurs, and that the compound is |
éone of addition and not substitution, The union is E
é therefore of a different types from that of the hexoses
; with the alkaline earths, and is probably dus to

residual affinity.

As has already been sald, sucroge contains nb

; reducing groups and therefore should not unite with |
;the alkaline esarths, It is therefore suggested that
? the combination which does take place is of an entirely
g different natufe from that which occurs when a Teo-

é ducing sugar interacts with bases, and is of the same
% type as the union of sucrose and a salt such as

é potassium chloride,

That this is the case was maintained by Peligot

é compounds of sucrose with bases as substitution
goompounds./

| 1. Compt. rend., -1873,- 78, 485,

g 2. Bull, Soc, Chim,, 1873, II, 19, g2mo,
| 3. 2, Ver, desut, Zuckering,

2 57: 959,
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compounds, Other Chemigts grouped all compounds of
| the alkaline earths with both monosaccherides and
disaccharides together as purely additive, Little
:experimental evidence was produced to support their
gviewa, and the theory appears to have been supersaded%
éto a great extent by that of alcoholate formation,
| It should be noted that the properties of the |
ialkaline earth sucroses and the sucrose double salts i
%are vefy similar, The sase wlth which sucrose may be%

| obtained from its alkaline earth derivatives, as com-|

pered with the difficulty of preparation from the

| double salts, may be ascribed to the ease with which |
- the base is converted into a salt which does not unit%
. the sugar, Yot attention must be drawn to the fact |
that during the decomposition of 1ime sucrosse solutioﬁs

| |
with carbon dioxide, partially carbonated compounds,

| containing sucrose, lime, and calcium carbonate are !
obtained.l i

It was generally assumed that the carbon dioxideé
was replacing the vacent hydroxyl group of the lime |

sucrose, .Viz,

L

HOGCaOH 4 00, = CHOOa. 00gH.
|

— e

?Thera is no reason, however, why the sction should

énot be supposed to proceed as though the omnly change
'is the conversion of the Iime to calcium cafbonata, |
and /

1. Barreswill and Dubrunfaut, Annalen, 1851, 80, 344.
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and this calcium carbonate forms with the sucrose a |
. compound of exactly the same type as the oriéinal
isucrose, which continues to exist as a double salt,

' notwithstanding the small tendency of these two

| substances to unite.

Sucrose double saslts and sucrose bases show

gimiler behaviour during dialysis,

"It is now evident why methyl maltoside and methyi

flactoside should faill %o unite with the alkaline earﬁis,

|
gfor neither maltoseg or 1act0395 form double salts

|
| themselves, and it is very unlikely that their methylf
fderivatives would do so,

| The indecisive results of the methylation of
éalkaiina earth sucroses may perhaps be attributed to |
iths fact thaet the alkali doés not replace any &efinité
.hydrogen group of the molecule, i ;

On the other hand, it must mot be thought that |
.reduoing sugars, such as the hexoses, cannot form
double salts, In the case of sucrose ﬁha~fbrmation
of the double salt may be regarded as due to the
éresidu&l affinity of the entire molecule, while with
the monosaccharides it may be regarded as due to the
reactivity of the so-called aldshydic group. Whers
ﬁhe_coﬁbipation is due fo one reactive hydroxyl group,
= : : | =
1,Boivin .and.Loiseaﬁ, Compt. fend.,.1885, 97, 1159,(@qbu&msb13)

2, Herzfeld, Annalen, 1883, 220; 210.
3, Lembert, Compt, rend,, 1889, 108, 1018.
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a8 in the hexXoses, the resulting compound might be

distinguished from double galt formetion brought

about by the residual affinity of an entire molecule

by being looked on as a salt containing glucose of |

crystallisation, just as it might contein alcohol of

crystallisation, Such glucated salts should be more

| stable than those formed by the weak residual valencyé

of sucrosse, Geerlingsl found this to be so, and was

' able to obtain crystalline sucrose from a solution Of |

sucrose potassium acetate by the addition of glucose, |

which displsced the sucrose and combined with the

| acetate, |

It is strange that maltose and lactose do not E

' give double salts for it would bs expected that, evenj

' if the residual affinity of the molecule did not

. enable them to do so, the reducing group would be

' called into play as in glucose, But no such action

écould be chservad,

' alkaline earth sugars have been determined, In the

‘in/

‘1. 7. Ver, deut, Zuckerind., 45, 320.

'alkall they themselves contain, so great sccuracy

|

A number of solubilities and rotations of ;

case of the reducing sugars, the Qompounds are not

merely decomposed by carbon dioxide, but also by the

cannot be olaimed, while the smallness of the crystals
|
of the sucrose derivatives appeared to cause variation
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| in the solubility, With the exception of fructose,

éths rotation of the pure compound was found to be very

| similar to that obtained when the theoretical amount

' of alkaline earth was added to & sugar solution.

' not possible to compare the rotation of the compound
| with previous results obtained at different concentra.

gtions.

In the case of fructose, concentration probably pro- |
duces very marked effects, so that rotations obtained
by extrapolation are of little value, Hence it is !
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SUMMARY,

Lime unites with glucose, fructose, maltose and

lactose respectively to give one Compound only,

consisting of one molecule of lime combined with ;

one molecule of the sugar,

Lime fructose exists as a hexahydrate and di-

hydrate, lime glucose as & dihydrate, while lime |

maltose and lime lactose give only a monohydrate.

When apparently completely dehydrated, these
compounds retain from a half to one molecule

of water,

As methyl glucoside, methyl fructoside, methyl
maltoside and methyl lactoside do not unite with
the alkaline earths, it 1ls probably that the abov
1lime sugars are formed by the interaction of the
reducing group of the sugar with lime to give &

'lime glucoside' and water,

No trsce of L and {3 forms can be sencountered in

the lime glucosides,

Sucrosge unites with lime to give a monolime-
monosucrose which exists as a hexahydrate and a
dihydrate, but Which may not be a true compound,
and dilime_monosucrose and trilime monosucrose,
Which are probably hexahydrates,

Strontia /

|
i

I
i
{
i

|
|
{
i
i



5 to Dr J,E, Mackenzie fqr his helpful suggestions and

| advice during the course of this work,

98,

Strontis and sucrose give monostrontia_monoaucrosé
which is probebly a hexahydrate, and distrontia.
monosucrosge which is anhydrous,

Baryte and sucrose yield only anhydrous mono-

baryta.monosgucrose,

It is suggested that the compounds of sucrose with
the alkaline earths are neither alcoholates nor |
colloids, but of the same type as the double

salts obtained when sucrose unites with potassiumi

chloride,

The author wishes to express his indebtedness



