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Arabans, galactans and galactoarabans are sa id to be contained 
in the hemicellulosfs of Leguminosae. but they are not yet deter­
mined to be either one compound or a mixture of the polysac­
charides . 

Especially concerning the 11emicelluloses in the seeds of the 
peanut. as far as we know there are very few reports and it is 
hard to judge them to be a compound by the determination of com­
position only_ 

In respect to the polysaccharide, moreover, its colloidal property 
makes it hard to separate from impurities. 

No form of hemicellulose can be said to be absolutely pure if 
it is not changed to a derivative from the natural state. 

The author tried to separate galactoaraban from the seeds of 
the peanut and sought to show that it might be constructed in 
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the ratio of one molecule of galactose to two molecules of arabinose. 
as in the case of the ga lactoaraban of the pea. 

Then it was thought that the next problem to solve was how 
the components are arranged. If by acetolysis the galactoaraban 
could be decomposed into a derivative of galactoarabotriosc, which 
contains one molecule of galactose and two molecules of arabinose. 
it would be ascertained that the ga lactoaraban should be constructed 
of this triose, and that galactose and arabinose should be combinerl 
in the same molecular ratio, (1 : 2) in the galactoaraban as in this 
trisaccharide. Then the author wanted to settle the arrangement 
of every sugar radical according to the assumption of polysaccharide. 

The remaining problem for investigation seemed to be to de· 
termine the configurations of these sugars. The author tried to 
methylate the galactoaraban and decompose it to the scission pro­
duct , which was then distilled to several fractions, and they were 
investigated for the purpose of seeking the connecting points of 
every sugar radical. 

After they were fount!, the author intended to insert each of 
them as free sugar radicals into the arrangement of the galacto· 
araban to make the constitutional formulae. 

CHAPTER I 

Preparation of Galactoaraban and its Compositions. 

It is said that galactoaiaban is distributed widely in the botani­
cal kingdom, especially in seeds, plant substances, mucilages and 
gummy substances such as seeds of Leguminosael. ' . 3. <." pollens 
of the timothy grass', fruits of Grevia robus/a', " wasser fenchels"," 
J(haya sene'ia/ensis", young beet lO

: mucilage of Acasia arabica ll
, 

the lichen12, Sten-If/ea planfolea. Oenothera jacquinin, J(adsura japo­
nical:< and gum of Acasia decurrens1

', etc. 
Concerning the hemicelluloses in Leguminosae, several kinds 

of galactan with different properties were separated into the fol­
lowing groups as "·galactan in the seeds of the common wicken '; 
and the bean ''', ;"l-galactan in the seeds of the lupin l7. " . 19, i-galactan 
in the seeds of Lupinus {{ugustiJolius"o and paragalactan in seeds" , 
bod ies" and shells" of the lupin. 

Earlier investigators, after hydrolising the hemicelluloses anr! 



A Chemic:11 Investigation of the Galactoaraban Preparecl from 197 

detecting only the constituental monosaccharides because of the 
difficulty and incompleteness of the treatments of polysaccharide, 
customarily reported that the hemicelluloses were xylan, araban 
and galactan, etc. 

It is hard to determine the kind of polysaccharide merely by 
the detection of cleavage product, owing to the difficulties of isola· 
tion of the polysaccharide and to constitutional difference of the 
components. 

Paragalactan came to be called paragalactoaraban after arabinose 
was identified as one of its constituents, but its composition varied 
according to the observer owing to the incompleteness of the treat­
ment, and it may be said that it is still unsettled as to whether 
it is a compound or a mixture. 

Concerning the separation of the hemicelluloses contained in 
the seeds of Leguminosae, MIKI21 separated the alkali extract of 
the seeds of Phaseolus radiatus into two fractions by fractional pre­
cipitation with aceton, and purified each of the hemicellulose with 
FEHLING'S solution. 

HEIDUSCHUKA and TETTENBOR'i~' precipitated the copper salt 
of galactoaraban by addition of copper sulphate to the water solu­
tion of its alkali compound which was separated from the pea. 

Though the purifications of the polysaccharide were repeated, 
it remained still colloid and the hemicellulose which had two com­
ponents could not be determined to be either one compound or a 
mixture of compounds by its colloidal nature and disturbances of 
analogous substances. 

The author tried to make further investigations of the galacto­
araban which was studied by HEIDl'SCHllKA and TETTE"BORN, but 
the source of the galactoaraban used was the seeds of the peanut 
and not the pea. 

rt was extracted with hot 0.2 < caustic potash solution from 
the fat free peanut powder and prepared as copper free substance 
after being precipitated as copper salt, and it was purified until 
it gave no iodin nor zinc chloriorlin reaction. 

The galactan which was prepared from the shells of the lupin 
by SCHULZE"!; was a yellowish powder and could be dissolved in 
2?(, caustic potash solution converting it into potassium salt, the 
salt being- soluble in water making a colloidal solution. 

The paragalactoarahan which was prepared from the seeds of 
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the lupin2", was discovered to be constructed of 53.34 ~{ galactose 
and 14.02 c, arabinose, and it gave zinc chloriodin reaction. 

The two hemicelluloses which were isolated from the seeds of 
Phaseolus radiatus by MAKI", were proved to be constructed of 
arabinose, galactose, uronic acid and xylose, but one of the hemi· 
cell uloses seemed to be galactoaraban of considerable purity, though 
a part of galactose was found to be oxidised to uronic acid accor· 
ding to the data of MIKI. 

Yellowish powder which was prepared from peanuts by the 
author was insoluble in water and organic solvents but dissolved 
in alkaline solution making salt. 

On the addition of alcohol to the alkaline solution, the alkali 
salt was precipitated, which was dispersed in water as colloidal 
solution and again precipitated with the addition of alcohoL 

The copper salt was precipitated by adding FEHLING'S solution 
or copper sUlphate solution to the colloidal solution of galactoaraban. 

The galactoaraban which was separated by the author con· 
tained not only galactose and arabinose, but also uronic acid, the 
oxidation product of combined galactose. But it contained neither 
methoxyl nor xylose, and, moreOver, was negative for both iodin 
and zincchloriodin reactions. 

All these findings might be explained by assuming that it 
contained no polysaccharide such as pectin, xylan, starch, and 
cellulose. 

But it was found to be constructed chiefly of galactoaraban, 
though a part of the galactose was found to be oxidised to uronic 
acid as the result of the experiment 

Galactose lJ ronie acid Arabinose Tvloisture Ash Total 

% % % % rJ/ 
/() '}6 

:N'o. 1 25.52 7.76 57.:34 10.59 0.88 102.90 

~o. 2 25.11 7.52 56.58 10.98 1.21 101.{0 

No. 0 25.10 IJil 56.43 10.36 1.06 100.56 

Calculated value 40.50 67_57 108.07 

On tbe above mentioned table, the total quantity of uromc 
acid might be derived from the quantity of galactose, by the reason 
of the fact that not only xylose was not detected in the product of 
hydrolysis and therefore the glucuronic acid might be concluded 
to he absent, hut also that brucin salt of 5 keto·galactonic acid, the 
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derivative of galacturonic acid, was isolated, and, moreover, that 
the quantity of uronic acid increased because of the different 
methods of extractions for the preparation. 

The ratio of arabinose to galactose was compared with the 
theoretical ratio after having calculated the substance to be free 
from ash and moisture and also uronic acid was added to galactose 
multiplying the theoretical factor. 

No.1 No.2 No.3 Mean Theoretical 
value 

Arabinose 57.37 56.5H 50.43 56.79 67.57 

Galactose :12.59 31.91 32.02 32.19 ,to.50 

It was hard to compare them, and so the mean value was cal­
culated to compare easily to the theoretical value, and the result of 
hemicellulose II which was reported by MIKI was also calculated as 
follows: 

Galactoaraban prepared from the pe;'.Il1ut . 

Hendcellulose II prepared frum P/wseo/us radio/us 

Theoretical valu~. . 

Arabinose : Galactose 

67.57 

67.57 

67.57 

:\836 

37.U:j 

,10.50 

From these results it may be concluded that the galactoaraban 
was constructed in the ratio of two molecules of arabinose to one 

molecule of galactose, though a part of the latter was oxidised. 

EXPERIMENTS 

(1) Preparation of galactoaraban. 

The oil free peanut powder was extracted with cold 0.2 q .• 
caustic soda solution repeatedly to remove protein, and the residue 
was again extracted with hot 0.2 qlo caustic potash solution. 

To the clear solution which was decanted from the filtrate, 
filtered with hemp clothes and settled for several days, three 
volumes of 95 % alcohol was added, and the galactoaraban was 
precipitated out as potassium salt. 

After having dissolved the precipitate in water, the solution 
was decanted several days later to separate from the insoluble 
substances. 

The potassium salt of galactoaraban was precipitated again by 
adding two volumes of 95 % alcohol to the solution. 
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By further purifications, repeated treatments of dissolution and 
precipitation, the precipitate was converted into potassium salt of 
polysaccharide free from nitrogen and excess of alkali. 

The copper sulphate solution was added drop by drop to the 
dilute aqueous solution of the potassium salt of polysaccharide 
stirring vigorously, then a bluish copper salt of galactoaraban was 
precipitated, the other polysaccharides being left in the rnuther 
liquor. After the precipitate was filtered and washed well, it was 
decomposed into free galactoaraban and alcoholic copper chloride 
solution, by adding alcohol containing two volume percent of cone. 
hydrochloric acid. 

After having decanted the solution, the precipitate of galacto· 
araban was washed successively with 95 '!b alochol, absolute alco­
hol and ether, and then dried. 

When it was positive with iodin reaction, it had to be dissolved 
to alkaline solution and then the above mentioned reaction had to 
be repeated. 

The yield of galactoaraban was 0.6 cG of the seeds of the 
peanut. 

(2) The properties of galactoaraban. 

The galactoaraban was insoluble in water and organic solvents, 
but soluble in alkaline solution converting it into salt, which was 
precipitated with sufficient addition of alcohol and aceton. 

But -when FEHLING'S solution or copper sulphate solution \Vas 

added to the aqneous solution of the salt, copper salt was separated. 
It gave neither iodin reaction nor zinc chloriodin reaction. 

(3) Hydrolysis of galactoaraban. 

It was hard to hydrolyse the galactoaraban quantitatively like 
xylan. 

The galactoaraban is hydrolysed with :J q, sulphuric acid on 
the water bath for 28 hours into 73.121; reducing sugar. 

After being neutralised and bleached, the hydrolysed solution 
was condensed to syrup by vacuum evoporation, extracted with 
\)5 ,:, al<;ohol, and was condensed to syrup again, 
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The residue which was not extracted with alcohol, was dried 
and was used for the detection of galaeturonic acid. 

(4) Detection of sugar. 

a) Arabinose. 
2 g. of diphenylhydrazin was added to the 50 % alcoholic solu· 

lion containing 2.1791 g. of the syrup and was warmed for 30 min. 
on the water bath and cooled, then crystals of diphenylhydrazon 
occurred. Accicular crystals of pink colour were separated after 
being recrystallised twice and they melted at 203°C. and showed 
no depression of melting point on admixture with an authentic 
specimen of /·arabinose·diphenylhydrazon. 

Nitrogen content corresponded to the calculation. 

Anal. subst. 3.61 mg. N = 0.2-10 cc. (IlOC 768 mm.":, 

Calc. for C17Ht{jOjN2 

N = 8S1 ?ij 

N = 8.86 % 

b) Galactose. 
The syrup was oxidised with nitric acid to get mucic acid 

according to the usual method and crystals of mucic acid were 
separated. 

They melted at 213°C. and after being dissolved in ammonia, 
calcium chloride was added to it, then calcium mucate was pre­
cipitated. 

Anal. value 

Calc. for CaC€H10! + 1 ~ Hl) 

c) Galacturonic acid. 

19.97 % CaO 19.931<) CaO 

2().9:~% Cao 

Having added a calculated amount of dilute sulphuric acid to 
the residue, the barium salt of uronic acid, for the purpose of 
making free uronic acid, and filtered off the barium sulphate, 
the filtrate was condensed to syrup and it was detected to have 
been galacturonic acid by the method reported by EHRLICH", as 
follows: 

Clear solution of calcium hydroxide was added to the syrup, 
calcium salt of 5-keto-galactonic acid precipitated and filtered it, a 
calculated quantity of oxalic acid was added to the filtrate to preci­
pitate the calcium as calcium oxalate and filtered, the filtrate was 
then condensed to syrup and dissolved into aceton, brucin was added 
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to the solution and warmed and then cooled over night , the brucin 
salt of 5·keto·galactonic acid crystallised out, it was recrystallised. 

It decomposed at 146°C. 

Anal. subst. 6.398 mg. N = 0.398 ce. (18SC 771.8 mOl. ;' N = 5.07 % 
Calc. for ~H~N~O,C:HJOO'jH~O . . .. N = ,1.62 % 

Nitrogen content corresponded to the calculation. 

d) Xylose. 
Xylose could not be found in the syrup after treating the syrup 

with BERTRAND'S xylose reaction. 

e) Mannose. 
Mannose was not detected m the syrup with phcnylhydrazin , 

as it is usually detected. 

f ) Fructose. 
The syrup gave the ketose reactions, both of SELlWANOFF'S and 

PINOFF'S ones, then the quantity of ketose was calculated by th~ 
difference of the quantity of total sugar and that of the aldose. 

4 g. of air dried sample was hydrolised with the 1 sG solution 
of sulphuric acid for 5 hrs. on the water bath . 5 C.c. of neutralised 
solutions corresponding 4/30 g. of sample were used for determina· 
tions of total sugar and aldose. 

Total sugar: 
It reduced 136.2 mg. Cu, then it corresponded 76.9 mg. of 

galactose or 69.3 mg. of arabinose. 
Then each sugar was calculated by using the quantitative ratio 

of galactose to arabinose as follows: 

Gal ~ctu:sc = Total sugar (calc. as galactose) x 
Galactose 

1 glactose-+-Z' arabinosl! 

~t:: n 40.50 = <)8.822 nlg. = iu.;;J X ·---:.jo~51) + 67.57 .:... 

, :2 arabinose 
Arabinose = Total sugar (cule. as arabinose,; X 1 galactose- + 2 -a-rabinose 

67.5i 
= 69.3 X ---';4"0."'50"""'+";6"'7"'.577- = 43.3::!6 mg. 

Tula l sugar :=: 0.028812 + !UH::J326 = U.072148 g . 

~~r cent. of total sugur = . :.~ ~JF~148 __ _ 54 11 ,/ 
30 X 100 - . , 0 
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Aldose: 
It consumed 8.5 C.c. of thiosulphate solution. 
Every molecule of sugar, even if it was pentose or hexose, 

consumed 2 atoms of iodin. The factors then were 0.5912 for 
pentose and 0.7094 for hexose. 

If the sample contained as the ratio of 2 mol. of arabinose and 
one mol. of galactose, the consumption of iodin of every sugar 
should be shown as follows: 

0.012658 >< 8.S x 0.0:3586 g. for galactose. 

2 
0.012658 X (:\.5 3;'::: 0.07172 g. I for arabinose. 

Then the quantity of every sugar was calculated as follows: 
0.03586 x 0.7094 = 0.02543 g. 

0.07172 0.5915 = 0.0·1242 g. 

0.02543 + O.04~42 = 0.006785 g. 

galactose. 

arabinose. 

30 x 0.06785 
Per cent of aldose"-'" . 4 X 100 - ---' S{).S~) % 

:. Ketose = 5tl1 ~ 50.89 = 3.22% 

Though the quantity of ketose in the syrup was detennined, 
it "vas not more than that of uronic acid. 

This finding might be explained by assuming that the galac­
turonic acid was transformed into 5-keto-galactonic acid, even if 
the small quantity of fructose might have been contained as the 
Inixture in the sample. 

g) Methyl pentosc. 
An attempt was made to detect methyl pentose by the different 

yields of phloroglucid, in one case directly obtained and in the 
other extracted with alcohol according to the method of the deter· 
mination of methyl pentose. 

But the difference between the results was (00 small to think 
the existence of the methyl pentose in the sample as one consti­
tuent. 

Yield of phloroglucid directly obtained 

Yield of phloroglucid extracted with alcohol 

(5) Quantitative analysis. 

1 

57.3'1 

56.05 

2 

56.58 

5G.13 

3 

56.<1:1 

55.8H 

It has already been shown that the polysaccharide contained 
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chiefly arabinose, galactose and its oxidised form, the uronic acid. 
Then the next problem was to investigate the quantitative 

ratio of all its components. Galactose was determined as mucic 
acid, arabinose as furfurol, and uronic acid" was calculated from 
the carbon dioxide which was evolved by decarboxylation. 

Galactose was determined as follows: 

Sample used Mucic acid Galactose 
(~:JJ;Ktmje determined calculated 

g g g % 
3.8'156 0.8179 0.981;-; 25.52 

3.0876 (J.6·161 0.7753 25.11 

3.3073 0.6918 O.l:l316 25.10 

Uronic acid was determined as follows and was calculated as 
galactose. 

Sample CO~ Uronic acid Uronic acid 
Uronic acid culculated as used determined calculated galactose 

g g g % ~~ 

2.3152 0.04·18 0.1796 7.76 7.07 

3.2651 0.0682 0.2728 7.52 6.85 

2.9712 0.0565 0.2265 7.60 6.92 

The arabinose was calculated" from the difference between the 
lolal yield of furfurol and the yield of furfural caused by the uronic 
acid. 

Sample Total Furfurol caused Furfural caused Arabinose 
furfural by uronic acid bv arabinose Arabinose used determined calculated calculated calculated 

g g g g g % 
0.4·677 0.1329 0.0060 0.1269 0.268:1 57.:H 

0.3627 0.1012 0.0045 0.0967 0.2053 56.58 

U..1053 0.1135 0.0051 0.108c1 0.2287 56..l3 

Moisture and ash were determined and the above mentioned 
results were also arranged as follows: 

Galactose tJranic acid Arabinose J\Ioisturc Ash Total 
0/ ,0/0 % % ~~ J( 
" No. 2'" r.:') ;).v~ 7.76 57.:3-1 10.59 O.S8 102.mJ 

No. 2 25.11 7.52 56.SB 10.98 1.21 101.10 

No. " 25.10 7.61 56.43 10.36 1.0B 100.56 ,> 

The ratio of arabinose to galactose was calculated, the quantity 
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of galactose including thal calculated from the quantity of lIfOI11C 

add. 

No.1 :-.Jo. L 

I\rabinosl: 57.37 36.5t! 

::\2.59 :31.96 

No. ;) 

56.H 

32.02 

]\1call 

36:19 

32.l!J 

The mean values of these were calculated (0 compare easily 
to the theoretical values as in the following table. 

Theoretical ratio 

Determined ratio 

Arabinose 

67.57 

67.57 

Galactose 

40.50 

3S.30 

The results of the determinations of uronic acid in galacto· 
araban have been already mentioned. but they were the nearest 
content of them selected from all of the preparations. 

In respect to the content of uronic acid, though the results 
corresponded closely in the above mentioned table. they fluctuated 
more or less in many other specimens prepared as in the usual 
manner, as shown in the next table. 

Sample COzevolved Uronic acid tlronic acid calculated 
g g g J1 

1.0894 0.0155 0.0620 5.69 

2 0.9795 0.0227 O.09OS 9.27 

3 0.8204 0.0224- 0.0896 10.92 

They were well known matters that the many carbohydrates 
were oxydised by the treatment with alkali. 

By all of these factors-the fluctuating content of uronic acid, 
the hot extraction of the peanut with alkali, and the connection 
between the carbon atoms which were described in Chapter III, in 
the every componental sugar,-the author came to assume that the 
galactose radical might be oxydised to galacturonic acid. 

Then the several examples which have been effected upon 
in c<?ntent of monic acid caused by the repeated treatments of 
the different concentration of alkaline solution are mentioned as 
follows; 
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Sample COJcvolvc<.l U ron it: ,Kid Urouic acid calculated 
g g g 0/ 

" Galactuaraban used U371 0.0279 0.1116 ~.34 

After extracted with l.0184 0.0366 0.1098 10.78 hot 0.2% KOH 
After extracted with 0.9476 0.0405 0.1620 17.1 4% KOH 
After extracted with 0.5530 0.0387 0.1548 27.96 30% KOH 

All of these results corresponded to the assumption that the 
galactose might have been oxydised to galacturonic acid. 

The ratio of arabinose to galactose corresponded almost to the 
theoretical ratio, but the reduction of few percent of galactose 
might be the reason that the uronic acid was decarboxylated" by 
the treatment of hot extraction of alkali. 

CHAPTER IT 

Acetolysis of Galactoaraban. 

As already described, a hemicellulose usually contains impuri­
ties caused by imperfect purification and though the method of 
purification was improved, the impurities could not be removed 
completely. 

In a polysaccharide , it was uncertain whether the properties 
and connecting points of the componental sugars are the same as 
each other or not, though they were found to be the same mono­
saccharide as scission products. 

In the case of a polysacchari'de which contains two or more 
components, such as glucomannan'1 , it cannot be decided whether 
it is one compound, or a mixture, by the determination of the 
componental ratio obtained from the scission products. 

But a crystal of glucomannotriose was separated as an inter­
mediate product of decomposition. and the conclusion was reached 
that this was the suga r which constructed the glucomannan. 

The galactoaraban prepared by the author from the peanut was 
proved to be constructed in the ratio of two molecules of arabinose 
to one molecule of galactose, though a small part of it was oxidised. 
but it is doubtful whether it is eIther a compound with two com­
ponents, or only a mixture of compounds, and also it is still un-
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certain if it can be decomposed as an intermediate product, though 
it might have been a compound. 

Then the author tried to determine these problems after de­
cQmposing the galactoaraban by acetolysis , but the acetolysis was 
restricted in order to produce a trisaccharide derivative or multiplied 
trisaccharide derivatives, on the supposition that was a homogeneous 
polysaccharide. 

For this purpose, the author used the methods applied by 
S KRAUP and K ONIG" , WISF. and RUSSEI." , H AWORTH" , HEss~i, 0 5T 

and K NOTH'", and N ISHIDA" , it was made clear that the methods 
of OST and K NOTH. HESS and N rs HIDA were suitable to separate 
the trisaccharide derivative from its products. 

When it was thought to be homogeneous substance, it would 
seem that the galactoaraban was acetylated and it was then de-
composed into simpler substances in the course of acetolysis as 
shown m the next table. 

Mol. formulae Mol. we ight C% II % Acetic 
acid % 

C>l I:1ctoanban CC]; II .,\,OIJ XY (-116.2028) X\' ,HU :l G.:IO (l 

Heptacetyl-
CC" J-lI~q; (Cfl ;COt \ )xv (7l3.257·1) Xy !'"){J.'1-7 ·l .GG SS.!12 galactoaraban 

ACf'tyl· hig her- [C"H"O, (CH,cOJ J , (713.25711) X 50A7 ,U )(i !lS.92 polymeride 

NonacetyJ· 
CI;Hl~Q {CHzCOJ)., 822.:)588 49.61 5.f>-1 65.70 galactoarabotriose 

Heptacety l · C" H,,o., (CH,CO,\ 1)(15.2574 49.fil 5.30 ·19.·1:{ g<l lactoorabotriose 

Hexacety l-arabobiose CI,J-l 1GOJ j,CH~C02\ 512.218-1 ·l 9.57 !lAg 67.6X 

Pentacelyl·galactose C" H, ° (CH,CO,). 390.171(; 119.20 5.68 67.93 

T et racety J-ara binose C, H, 0 (CHj C01)1 318. 14()' 49.31 5.70 75.47 

The author tried to discover the condition which produced 
much more nonacetyl-galactoarabotriose. 

Concerning the reaction of acetolysis of polysaccharide like 
galactoaraban, it did not proceed unifo rmly, and an intermediate 
prod uct of homogeneous constitution could not be obtained. 

The lower polymer ids were extracted with ether from the 
crude product and the residue was acetolysed again. 

Thus the twice acetolysed product was extracted p~rfectly with 
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ether again and the residue was acetolysed for the third time. 
This product was extracted almost completely with ether. 

The substance extracted from ether assumed the form of a 
white crystal of needle shape by purification. 

Molecular weight, Quantities of acetyl radicals, and Quantity of 
arabinose radicals were determined. Galactose was detected, and 
from a ll these results, it might be explained that the crystal was 
nonacetyl 'galactciarabotriose which had been assumed. 

Melt . Acetic C:xJ I) 
).\01. C II Ar<lbino~f' 

point acid,%' weiR'ht .' M fl / 

Non<lcetyl· 
.. ,~ /0 i f) 

galacto· 115' -lHfC fl!i.99 -1· 9:'.'1.1- H20.9 -- ~1;).9 ·1!l.:-Xi :i.!'i8 :!!'i.2l! aral>otrjoR~ 
obtained. 

CakuhHed va lue. 65.70 82236 ·19.61 !l.(..-1 :165H 

It was expressed as follows from the calculation: 

.Acet.ic Ar abinose rad ical Two Galactose radical 

acid free from oxygen free from 
hydroxyl r adical bridge. hydroxyl radical 

% 0' /0 % % 
~onacetyl -
galactoa rabotriosc (l4.Cll') 19.95 U 9 11.5(; 
obtained . . 

C:llcuhlted va lue. 6488 19 .20 ~.89 10.92 

The polymerisation theory combined with the primary valency 
in the polysaccharide prevailed, but the association theory associated 
with the auxiliary valency was seldom considered. 

Though in few cases the polysaccharide might be considered 
to be associated, H AWORTH"-:!>, concluded that it must have been 
the polymerid from the products of acetolysis and assumed it to 
be a long chain of sugar radicals combined with the primary 
valency. 

The author then presumed that the galactoaraban was made 
up of a long chain of sugar radicals, and on this assumption, he 
tried to make further research on the construction. 

The residue which was obtained by the ether extraction of 
the acetolysis product was divided into three fractions accord ing 
to the solubility in alcohol and every fraction wa~ purified except 
the insoluble substance. 
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Me-II. point Acetic :lcid C IT 
0 ' , U u" . " 

Cnld alcohol ~oll1ble 12W-l:'lfi"C (;O.(J9 t19.70 substance 

lIot alcohol soluble l1 1i' -HG'C :;9.17 !Jo.r;:; sub5itance 

C.akulatL>t1 heptacetyl· !"i8.92 !'"iU7 galacto:lraban 4.fjG 

The properties of the two fractions were determined and from 
these results it may be thought that the fraction soluble in hot 
alcohol is heptacetyl-galactoaraban and the fraction soluble in cold 
alcohol is of more decomposed acetyl substances. 

The yield of the product of the acetolysis has been frequently 
discussed in the case of cellulose. The yield of cellobiose acetate 
was reported to be 37,2 ~:; by OST" , 43 ?_ by MADSOl\~o and 
reached up to 51 1G by HESS", but this highest yield is doubted 
not only in the yield by SPENCERH , but also in the purity by 
HAWORTH"', 

Concerning the yield of acetolysis, it is appreciably smaller than 
the theoretical value, but it was assumed that this smaller value 
was caused only by one fraction ir the intermediate products of 
decomposition, and then FREUDENBERG" proposed a fOlmula to 
calculate the velocity of reaction of acetolysis, after determining 
the velocity of decomposition of the products, 

The author decomposed the galactoaraban by acetolysis and 
determined the quantity of acetyl radical of the product and found 
that the yield of crude acetate reached to 63 qG of the theoretic~1 
yield, 

From all these findings and hypotheses the following conclu­
sions might be derived, 

1) The galactoaraban from peanuts can be decomposed into the 
trisaccharide constructed in the ratio of two molecules of arabinose 
to one molecule of galactose, and therefore the galactoaraban is 
assumed to be galactoarabotriose combined uniformly, 

2) Six arrangements of the components of the trisaccharide, 
which is constructed of two molecules of arabinose anel one mole­
cule of galactose, by definite bond, can he made. 



210 RY0!=>:.1ke MrYAMA 

® ~ '0 represent the each arabinose radical. 

@ represents the galactose rad ical. 

3) Galactoaraban may be considered to be formed with galacto· 
arabotriose which are combined with each other to make a chain 
with definite bond. 

4) Then the arrangements of the trisaccharide in the galacto· 
araban come under the following two cases : 

®--©--@ .. . 

. -........ @-®'-©-®--®--©-@ ............ . 

EXPERIMENTS 

(1) Acetolysis and its reaction temperature. 

The method of reaction at high temperature used by SKRAUP 

and K(iNIG was applied to the galactoaraban, but the product was 
too much decomposed to be made acetyl trisaccharide. 

When the treatment of WISE and RUSSEL was applied to this 
galactoaraban, a few prod ucts of acetolysi s was obtained but the 
quantity was too little to purify as crystal. 

The treatment at low temperature as applied ·by H AWORTH to 
methyl xylan , could not decompose the galactoaraban for this 
purpose. 

(2) Acetolysis with several kinds of acid mixtUl'e. 

Acetolysis were carried out with the solutions that were used 
by HESS, OST and KNOTH, NISHIDA, and a solution containing 40 g. 
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of acetic anhydride, 40 g. of glacial acetic acid and 4 g. of suJ-
phuric acid respectively, at room temperature in September. 

At the end of the reactions, every solution was cooled and 
sodium acetate was added to remove the free sulphuric acid and 
every solution was dropped into ice cooled water to precipitate the 
acetates. 

After filtering, the precipitates were washed, dried and then 
weighed as crude acetate. 

Reagent of the acetolysis 

No. nf group S:lInpie Glaci~l Acetic Sulphuric 
~celic acid anhydride :lcid 

g g g g 

1 :J.(j :v, 0..1 

2 :15 5.0 11.4 

J S.O 1.:) 0..1 

4 .. to ·1.0 0 .. 1 

Change of the yield caused by time of reaction 

1'\0. of (j day~ 9 day~ 12 days 1S days 1B days 20 days 
group Ii g g g g Ii 

1 o.BG 0.90 l.lO 1.02 l.1n O.9O 

2 0.90 O,9l 1.00 U~) 1.10 1.01 

:1 ().&~ 0.92 0.98 0.99 1.07 l.lO 

·1 0.89 0.90 1.0:1 1.07 1.11 1.10 

In the above mentioned table, the solutions of No. I, No.2, No. :1 
corresponded to the treatments of HESS, OST and KNOTH and NISHIDA 

respectively. 

(3) Infiuence of concentration of sulphuric acid 
on acetolysis. 

By using the different concentrations of sulphuric acid on 
acetolysis, the yields were determined after 15 days. 

The acetolysed reagent contained 4 g. of glacial acetic acid, 
·1 g. ,if acetic anhydride and variable quantity of sulphuric acid for 
'1 g. of sample. 
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Sulpburic acid llsed 

Yit:'ld 
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1\'0. 1 No, ~~ 

0.1 (),? 

g 

(J.4 

O.9Y 

(4) The influence of the time of reaction, 

No.4 
g 

OJ-s 

( 1.87 

If the free galactoaraban was reacted on with acid mixture in 
such a way as to take several days to dissolve, it was thought 
that, on the one hand, the first acetylated surface of the grain 
dissolved to acid solution and was acetolysed progressively, and, 
on the other hand, the solid neucleous remained unchanged. 

Thus the reaction did not proceed uniformly and therefore the 
yidd of intennediate substance might have been reduced. 

To avoid this defect, the free galactoaraban was acetylated pre­
liminarily, and then acetolysed so as to react smoothly. 

Galactoaraban was acetylated with acetic anhydride by using 
methyl suiphate as cataiizer, and afler it WaS acetylated, the other 
acid solution was added to it to make the solution contain 40 g. 
of acetic anhydride. 40 g. of glacial acetic acid, 2 g. of methyl 
sulphate, and 3 g. of sulphuric acid for 10 g. of sample. Thus it 
was acetolysed as follows: 

No. :r-;o. :2 Ko. 3 No. 1 No. " Re:tction time day's 12 15 15 IR IH 

Crude acetate ohtained g 9.12 11.2:3 10.17 11.% 12.1:1 

Yield :IS acetnje o~ 91.2 112.:\ lOL7 lI9.f) 12l.'l ,d,' 

No. G No. 7 No. s No. g i\o. 10 

Reaction time clays 18 20 20 2:1 26 

Crude acetate obtained f1: 12.07 11.53 W.G7 9.87 8.87 

Yield as acetate % 120.7 115.3 106.7 98.7 88.7 

The crude acetate which was obtained by the acetolysis of 
No.6 contained 38.41?~ acetic acid, and the product came to be 
63.l2?~ of the theoretical value. 

(5) Acetolysis of the substances insoluble in ether, 

The residue which was obtained from the acetolysed product 
by ('xtraction with ether was acetolysed again. 
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The results of the second acetolysation are indicated as Nos. 11, 
12, 13, 14, and the residue of these product was acetolys"d for 
the third time, and result being shown as No. 15. 

No. II No. 12 -:\0. J:l No. H No. IS 

Residue used g 10 10 10 10 S 

Reaction time days 10 10 12 15 12 

Crude acetate obtained g 0.91 7.12 7.00 5.78 2.G8 

Yield JC fi9.1 71.2 70.0 57B 51.G 

(6) Treatment of the acetolysis product and 
its properties. 

The crude acetate of the acetolysis was separated into two 
fractions by extraction with ether. 

a) The substance soluble in ether. 
The acetate which was obtained by evaporating ether from 

the ether solution was washed with hot water and purified with 
bone charcoal and recrystallised with methanol. 

Purified ether extract subst. 

Crude Ether ext. Acetic add acetate subst. determined Melt. point 
used obtained 

g g % 
No. 2 11.23 2.3027 f)f).82 10,j.'--10GoC 

No. S 11.9(j 3.4972 (ifiAB 102'-105~C 

No. II G.97 3.IOIK n7.;H lO:l'-IOWC 

No. E; 2.G:! 2Ji()S2 m.12 10·J'-10WC 

Anal. stlbst. COz H~O C H 
determined determined found found 

g g g '" /0 % 
No. 2 0.0911 0.1650 0.0451 49.39 5.54 

No. 5 0.0539 0.0983 0.0288 49.73 5.98 

No. II 0.0517 0.0932 0.0279 49.15 0.03 

No. 15 0.0821 0.1448 0.0419 !9.12 ".71 

Cn.lculaterl vn.lne (C],H]!,Oc, I,CH,CO,\J x 49.01 5.(j'1 

Mol. weight, measured by the freezing point depression, benzol 
being used as solvent. 
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No. S 

No. 11 

No. 15 

Ryosuke l\frYA:\IA 

M= 5120 x 0.4016 =R4:l 
0.185 x 15 x 0.879 

M= 5120 x 0.3507 =851 
0.160 x 15 x 0.879 

M= 5120 x 0.3387 =797 
0.175 x 15 x 0.879 

5120 x 0.3652 M=--- .. -····----=810 
0.175 x 15 x 0.879 

Specific rotary power was determined, benzol being used as 
solvent. 

[ri.]200 --

t, 

No. !i i"J2
()O = 

I> 

No. 11 [
. ]2(P 
IJ = 

u 

No. 1 G I "fo'> = 
j) 

(4.60-0.64) x 100 

2 x (0.3054 x \°5°) 
(3.62-0.64) x 100 

2 x (0.3812 ~ \O~) 
=97.72" 

(4.62-0.64) x 100 
- - .. =97.04" 

2 x (0.5127 x 10.0) 
• Ib> 

(5.07 - 0.64) x 100 -----.- =96.10° 
2 x (0.5762 x ~lO~) 

J 

b) The substance insoluble in ether. 

The residue of the ether extraction was divided into three 
fractions by alcohol extraction; first with cold alcohol, second with 
hot alcohol, and third, the residue. Each fraction other than the 
residue was purified. 

The substance soluble in cold alcohol. 
It melted at 1280 ~ 135°C, acetic acid being measured after 

FREUDENBERG 60.09~;. 

AnaL sllbst. O.OG77g. CO,."...O.l23hJ.:. IIcO,.....,O_O:~:-i4y:. found C-49.79,u,--C 1I,-, 584.1I( 

The substance soluble in hol alcohol. 
It melted at 140o~ 146°C, acetic acid being measured after 

FREUDENBERG 59.17~;. 
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C--,, 30,47% H= 'L66.% 

c) Fractional precipitation o( t he substance extracted with 
ether. 

The purified substance which was extracted with ether was 
further purified after bein)( dissolved with hot 50 q,,; methanol and 
separated by fractional prec ipitation. 

Fin;!: fraction. 
This fract ion was precipitated al the (f,mperaturc between 7° 

and 10°C, and it melted at 1080 _113°C. 
Mol. weight, measured after freezing poin t depression. benzol 

being used as solvent. 

M 5120 x 0.:~a89 =842 
~ 0.102 x 15,, 0-:879 

Second fraction 
This fraction was precipitated under 7°C and it melted at 

106° _113°C. 
Mol. weight measured after depression of freez ing point, benzol 

being used as solvent. 

Third fraction 
This fraction was obtained from the liltrate of the above 

mentioned fraction. 
It melted at 88° -72°C, mol. weight measured after freezing 

point depression, benzol being used as solvent. 

5120 x 0.3747 M= .. _-_._- - .. _ - =619 
0.235 x 15 x 0.879 

d) Nonacetyl·galactoarabotriose. 
The difference between the properties of the fi rst fraction 

and the second fraction were thought to be an error of measure· 
ment. 

The second fraction was recrystaIlised with methanol contain· 
ing a smaIl quantity of gracial acetic acid, and then a white crystal 
was separated. 
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Mol. weight measured after freezing point depression, benzol 
being uscd as solvent. 

M = O.~§42,A~:t}(j6,~19 =8~ 1 

5120 x 0.3767 
M = 0.157 x 15 x 0.879 8aG 

Anal. s ub~t. OJ)801g. CO~ = O.H56g. H20 = O.O-108g. founnt! <..:=·19.67% 1~ = .) .. 70Jh 

O.1117g. O.2030g. O.0557g. 

Calc. for CH,HJ;O~ (CRCOt\ 

Acetic acid was measured afler t'R Et; IJ' .XHI'.!(f; 65.99 :, 

Calc. for 65.70 !J(, 

,Arabinose was measur~ a):l furfural 35.12 34.45 ~( 

C -·:49.56% H- 5.58% 

C=49.61%' H= 5.6>1% 

Galactose was detected as mucic acid , it melted at 212uC and 
it was transformed into calcium salt. 

Calcium ox ide was measured CaO= 19.99 y( 
Calc. for 

CHAPTER In 

Methylation of Galactoaraban and its Decompositioll 
Products. 

As already described, galactoaraban could be thought to be a 
long chain made of galactoarabotrioses, which was the trisaccharide 
constructed of one molecule of galactose and two molecules of 
arabinose. 

But it was not known by which bonds of the sugar radicals 
they combine with each other and whether every sugar belongs to 
pyranose or furanose. 

Then the author tried to methylate the galactoaraban and to 
decompose the fully methylated derivative into each component, and 
also tried to investigate the connected point of every sugar radical 
after the decomposed product was c1 istillated to several fractions. 

Concerning the methylation of polysaccharide, cellulose was 
lirst methylated wit h methyl iodide and silver oxide by DEHNHAM 

and WOOD HAUSE, then methyl'sulphate and alkali were used to 
methylate the polysaccharides such as cellulose''', starch' ''. and 
inulin". 
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'Though these investigators endeavoured to get fully lnethylated 
products, the methyl derivatives still contained poor methoxyl, 
moreover the purifications of the methyl derivatives were imperfect, 
but finally URBAN" purified the methylated polysaccharide as chloro­
form solution. 

It was hard to replace the total hydroxyl radicals of polysac­
charide with methoxyl radicals, and the methyl products always 
contained less methoxyl than the calculated value. 

Afterward HAWOI<'fH" methylated the acetyl cellulose with onl' 
trial of methylation into trimethyl cellulose containing the theoretical 
methoxyl value. 

Attempts were made to methylate many polysaccharides by this 
treatment and the products were reported to have much methoxyl 
content, but BELL"" doubted if the methyl cellulose might be de­
composed because the decomposition usually accompanied the 
acetylation_ 

It is hard to think that the polysaccharide can be obtained 
unchanged from the natural state, and it is not clear if all of the 
polysaccharides decomposed with one trial of acetylation. 

If a polysaccharide could not be methylated completely 011 

account of the combination of basic metals or phosphoric acid of 
ashy substances, it would have been possible to purify by acetyla­
tion and the purified acetate could then be methylated easily. 

The galactoaraban prepared by the author might he changed 
more or less from that of the natural state by the treatments of 
alkali extraction and acid purification. 

On one hand the galactoaraban was methylated 12 times re­
peatedly by common treatment, and on the other hand the acetyl­
galactoaraban also was methylated three times according to HA­
WORTH'S method, and both of the methyl derivatives almost cor­
responded to the heptamethyl-galactoaraban in so far as the 
methoxyl content was concerned. 

The mother substance might he concluded to be polynlerid 
for the methoxyl content of the methyl galactoaraban. 

Concerning the yield of the methyl product, it could not reach 
the theoretical value, and further, the substances which were ill' 
vestigated were restricted to the substances which had been pre­
pared. 

On one hand 30 g, of galactoaraban was methylated into 6 g_ 
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of heptamethyl galactoaraban and on 1 he other hand the acetyl 
product obtained from the acetylation of 30 g. of galactoaraban 
was also methylated and 11 g. of heptamethyl'galactoaraban was 
prepared. 

Though it was reported that the methyl product of arabinose 
was hydrolised with the solution containing 5 s- or 8 SG of hydro­
chloric acid, recently decomposition has heen noticed when treated 
with dilute hydrochloric acidso_ 

BOT and HIRST'] found that the methyl derivatives of xylose 
and arabinose were decomposed almost to furfural when they were 
heated with 12 9' hYdrochloric acid, and the pentose derivatives were 
also decomposed to furfurol with;) '!' dilute hydrochloric acid, so 
the author gave consideration to this point and selected the follow­
ing treatment. 

Heptamethyl-galactoaraban was heated with absolute methanol 
containing 1 9··; Hel in the sealed tube to make a cleavage product, 
and the reduction of the qnantity was fonnd to be small, and the 
cleavage products were separated by vacuum distillation. 

After distillating the methyl derivative to four fractions, each 
fraction was investigated. 

If the treatments proceeded to completion on these conditions, 
the produced methyl monosaccharides would come to contain one 
free hydroxyl radical when they were connected with the primary 
carbon atom in the polysaccharide. 

If the primary carbon atom was occupied with methoxyl radical 
completely by this treatment, it could be detected that it ,vas the 
derivative of arabinose or galactose by the determination of meth­
oxyl content only. 

Though the methoxyl content of heptamethyl-galactoaraball 
approached the theoretical value, it was always smaller than that 
of the theoretical value, and it was donbtful whether the simul­
taneous decomposition and methylation was carried out completely 
and also whether the arabinose derivatives were not decomposed 
further by the treatment of hydrochloric acid, and it was hard to 
think that they were separated completely with one distillation 
only. 

Considerinl' the above mentioned matters, the author deter-
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mined the substances ,lftcr invcsti!:atillg title properties of every 
fraction. 

Yield l;>; J I) ~LJ Mcthoxyl 
g- fl.' 

" 
1st fraction 1I.7825 98.7:3 IA4SD ~5.UR 

2nd fraction :3.891:2 (i7.Sl JA4!lJ H.7;) 

Jrd fraction <1.3107 h:HH 1.-1508 H.9U 

·ltb fraction ,!.2WS 1/)0.10 L!7R1 11.00 

After methylating each of the fractions in order to replace the 
free hydroxyl radical with methoxyl onc perfectly. they were tested 
by !nethoxyl content to judge ,vhether they Vilere tetramethyl­
methylgalactosid or trimcthyl·methylarabinosid, and the results arc 
as follows: 

Mcthoxyl determined 9( 

L1}£r lalcohol solution) 
I) 

Calc. for 

Calc. for 

W.OO 

+187.15 

C,H.;O (OCH;\ 

CoH,a (OCH,;, 

60.61 

+ 185.63 

60.20 ;1.0 

61.70 % 

.Ith h<lctiOll 

61.08 

+ 151.·H 

The problems to be investigated are thought to be two, aile 
of which might be to determine the positions of carbon atoms 
which are connected to other sugar radicals, and the other to 
determine to whether the sugar in each fraction belonged to 
furanose or to pyranose. 

Then the author tried to examine the properties of each carbon 
atom in the sugar radicals as follows: 

1) The methoxyl radical at the first carbon atom. 

The methoxyl radical at the first carhon atom may be hydroiisl'd 
off by heating with 5:, hydrochloric acid, but arabinose derivative 
Illay be decomposed to furfurol on this condition, and then every 
fraction was hydrolised with 2 0; hydrochloric acid on the water 
bath and clarified. 

They were discovered to be as follows: 

Yield % 
Methoxyl measured 'Yo 

1st fracLion 2nd fraction 3rd fraction ,Hh fractioll 

36.64 

41.71 

23.33 

33.70 

23.81 

33.25 

74.20 

39.61 



220 RY05Ukc MIYAi\IA 

All these findings might be explained by assuming that the 
first carbon atom was to be combined with mcthoxyl radical in 
each fraction. 

2) rvIet.hoxyl radical at the second carbon atoHl. 
Though the above hydrolised syrups of every fraction reduced 

FEHLING'S solution, they did not build the osazon at all. These 
phenomena might be explained by assuming that the hydroxyl 
radicals of the second carbon atoms in all the fractions are replaced 
with methoxyl radical. 

3) CH,OH radical. 
The author tried in vain (0 get the trityl compounds with the 

syrups of all the fractions, after (reating with triphenyl chlormethan 
respectively. 

Therefore every syrup of all the fractions may be ascertained 
(0 contain no CH20H radical. 

4) The fifth carbon atom m the arabinose. 
In order to show that the derivatives of arabinose to be pyra-

noses, the fully methylated arabinoses of (he second and the third 
fractions, after being oxidised, were determined to have been trans· 
formed into trimethyl glutaric acid, and the trimethyl glutaric acid 
were also ascertained with the crystals of diamid. 

Then the arabi noses of the second and the third fractions were 
[ouncl to be pyranoses and the author was convinced that all the 
judgements hitherto were true for the crystal, for arabinose deriva· 
tives were not isolated as crystals except diphenyl hydrazon. 

,0) The fifth carbon atom in the galactose. 
For the purpose of obtaining tetramethyl·galactopyranose·anilid, 

tctramethyl·methylgalactosicl was saponified to tetramethyl·galactose 
and afterwards it was treated with anilin, anilid was separated as 
crystal and then it was found that the properties of the crystal 
corresponded to that of the 2: 3 : 6·tetramethyl·d·galatopyranose· 
anilid. 

This finding might be explained by assuming that the hydroxyl 
radical of the fifth carbon atom was used to make oxide ring in 
the fourth fraction. 
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6) The sixth carbon atom in the galactose. 
Though it was suggested by 3) that the hydroxyl radical at 

thc sixth carbon atom in the galactose might be methylated, it 
was demonstrated with dimethyl mucic acid obtained by tbe 
oxidation. 

This phenomenon might be explained as that the hydroxyl 
radicals at the first and the sixth carbon atom arc replaced by 
md hoxy I radicals. 

7) The methoxyl radical In the third and the fourth carbon 
alom. 

It was impossible to ascertain the position of methoxvl radical 
combined with either the 3rd carbon atom or the 4th carbon alom 
in the methyl monosaccharide. 

Then they were assumed to be combined with the 4th carbon 
atom as usual. 

All the courses of the investigation arc graphed as follows : 

hI fraction 

't 'ri llleth~" I · 
Ill d hyl a rabino::oid 

\ , 
Dimethyl. 

11lC t hylarabinosid 

I 

I 
Trilllethyl· 
;Irabillose 

\ 
j 

Uimethyl· 
arabinose 

G~l, lcto ,lrab<ln 
I 

llcptamethyl-gal acto<l nlu;\ll , 
DecomiJosition 

j 
Ii'ractiona l disti ll ation 

\ 1 . . . ___ _ . 

I 
I 

2nd fraction 

.2:3-dimet bvl· 
mcthvla r <lbino~ i d . , 

:~rd frac.:tion 
I 

:l:3·di mcthvl · 
me t hylarabinosid 

4t lt Ira~tioll ( res i d u~) 
l 

~:a:6- t rimct h v l · 
111ethrlgalactosi(1 

I . 
. 2:3-dimcthyl · 

(lrahi n{)~ 

2::)>1-( rimeth v!· 
methvl ara bin()sid 

I -
2:3: ·j·trimet hy ]· 
,dlllar!r acid 
I 

2:3:-1·tri lllct h .,:J· 
arabog lutark 

acid·diamid 

, 

1 
2:3-d ime thyl · 

arabinose 

2~:~ : ,t- t r imcthyl· 
met hylarabinosid 
! 
2:3:·Hrimethv\· 
g-Iuta r ic acid 

2~;):..j ·lrilll C'.thyl· 
Hraboglutaric 
acid·diamid 

, , 
- r 1 

2:3:6·lrimt'thyl · 
,I galactose 

2:3-dimethyl­
mucic acid 

:/3:4:6- tetramethy I 
met hylgalactosid 

2:3:4:6-tetra me thy I· 
; galactose 

2~3 :4:6. tetramethyl· 
d·galactopyranose· 

anilid 
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The first fraction was assumed to be the mixture of trimethyl­
mcthylarabinosid and dimethyl-methylarabinosid, and it seemed 
that this fraction played no important part in this investigation on 
account of its small quantity. 

The second fraction and the third fraction were detected to 
be 2: :'·dimethyl·methylarabinosid and the residual fraction was 
considered to be constructed mainly of 2: 3: 6-trimethyl-mcthyl­
galactose. 

If wc considered the sugar radicals in the heptamethylgalacto­
araban by the scission products which were decomposed under the 
above mentioned condition, the connecting aldehyde radicals would 
he not only hydrolised from other sugars, but also methylated 
simultenously, and the sugar radicals must have been 2: 3-dimethyl­
arabinose and 2: 3 : 6-trimethylgalactose and they became to com· 
bine with the first carbon atom and the fourth carbon atom of 
other sugar with oxygen bridge in the mother substance. 

In the galactoaraban, the molecular ratio of arabinose and 
galactose was 2: 1, but, in the methylated scission product, the 
arabinose could not be detected to be t\vo kinds of the derivative. 

Therefore they must be connected as same radical. 
The large quantity of methoxyl content in the first fraction is 

supposed to mean that the galactoaraban is the chain formulae, so 
the last sugar radical has much methoxyl content. 

EXPERIMENTS 

(1) Methylation. 

a) After dissolving 30 g. of galactoaraban in 400 C.c. of :30~, 

caustic soda solution, methylsulphate was added drop by drop to 
the solution which was always mixing, to methylate smoothly, and 
the temperature of the solution was guarded that it should not rise. 

This treatment was continued until a neutral reaction was 
obtained with Lacmus paper, and after being left standing for 
several hours and then 200 C.c. of 40 ':' caustic soda solution being 
added to the solution, the solution was methylated again. 

After this methylation was finished, the solution was heated 
and filtered while hot and the precipitate was washed with hot 
water repeatedly. 
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The methoxyl content of the precipitate was determined after 
it was dried and powdered. 

An:lJ. "uh"t, 5.01 mg. 

4.15 mg. 

AgJ = 14.20. m.~. 

AgJ=11.UO nw. 

After repeating the methylation twice; 

Anal. subst. 5.66 mg. 

5.93 mg. 

AgJ =15.75 mg. 

AgJ --=16.47 mg. 

Found OCH.:=3:'1.8 :':' 

OCH~=:·tl.~ ri;, 

Fnnml OCII:=:1G.8°;; 

nell: =:lG.7 % 

Again repeated the methylation 4 times: 

An:il. suhst. G.4-S0 mg. 

(:).075 mg. 

AgJ = 19.025 mg. 

AgJ = 18.225 mg. 

[-'ound OCH;=38.89i; 

OCH.:=39.2 % 

The methylation was repeated twice, and the methyl galacto­
araban was purified as chloroform solution; 

Anal. suhst. 

Calc. for 

Calc. for 

3.725 mg. 

3.123 mg. 

AgJ=lL405 mg. 

AgJ '---= 9.580 mg. 

(C1lO,HJ! '~OCH3),OHJn 

(Cl .. O,Hl~· (OCH:);Jn 

pound OCH;:=40.45 % 
OCH:=40.52 ?~­

OCH:=36.6 J( 
OCH,~,n.s ~ 

b) 30 g. of galactoaraban \vas dissolved in 400 c.c. of 0.5 f!o 
caustic soda solution and neutralised with acetic acid, 1.5 I. of 
alcohol was added to precipitate the galactoaraban and the preci­
pitate was filtered, washed with absolute alcohol and ether, the 
syrup was evaporated to a semidried condition, and then it was 
acetylated with the mixed solution which contained 200 c.c. of 
acetic anhydride and 12 c.e. of methylsulphate as catalizer. 

The solution was poured into water drop by drop to precipitate 
the acetate and the precipitate was separated from the solution. 

The acetate was methylated in aceton solution with 300 e.c. of 
methyl sulphate and a corresponding quantity of caustic soda solu­
tion, according to HAWORTH'S method. 

The aceton was evaporated from the reaction mixture, the 
syrup was made as water solution, and methyl-galaetoarahan was 
obtained from it. by the usual treatment and purified as chloroform 
solution 

4.48 nw:. 
:l58 mg 

AgJ 0= 14.87:i In.f-:'. 

AgJ.~ 11.01U m~ 

OCHJ =405J ?,'j 
OCHJ -= 40fJ3 ,4,;' 
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Again repeated the same methYlatIOn. 

Anal. sllh~t. 

Calc. for 

:1,J:12 m g. AgJ :: !6.689 mg. OCH,,=41.41 ~!i! 

,L190 mg. i\gJ =1;3.7~!i m.lr. 

(Cl(,O(;HI~ (OCH;\OH~!n 

lCl f;O,HI~ :~OCH,l )l) li 

OCR::=-: 41.:10 % 
OCl{;=::lfl.6 % 
OCH:~ 4-1.5 ~/{i 

Specific rotation was measured as chloroform solution. 

~:r 82.78 x 100 _ 
[fL]D = j -x O.f426-- = + ~79.94° 

A nal. ~llbst :-\ .8R!) mg. CO,= 7.3910 m>!. H~1)=2.7 t9 mg. C=52.25 J' 1-I =7.89 ,!v 

Anul. ~ub~L 2.992 m g. CO,=5.685 mg. H~O ~ 2.096 m.'!;. C=51.R2 " H==~fi.rii % 
C:lk . ror (C".O,:H" tOCH.!),Jn C =;:)2.(l..1 ,r. H=7.71 ,'!;; 

(2) Decomposition of heptametyl-gaiactoaraban. 

16.5 g. of heptamethyl'galactoaraban was dissolved in 250 c.c. 
of absolute methanol containing 1~, hydrochloric acid and was 
decomposed in a sealed tube at lOOoe for fiO hours and then at 
no"c for 50 hours. 

The decomposed solution was neutralised with silver carbonate 
and was bleached with bone charcoal, evaporated to syrup and 
then the syrup was extracted with ether, and after the ether was 
cvporated at 40°C under reduced pressure the syrup was dried at 
!Oooe in vacuum on phosphor pentaoxide for 24 hours, and was 
separated into four fractions by vacu um distillation. 

Pressure Boiling poin t Yield Colour 
g 

1st traction " mill. 124c_ 128"C U.7825 CoJouries.." 

2nd fraction 6 mill. J 3~-138'C 3.8912 Pale yellow 

:lrd f raction G mm. 1:W- 14l'C 4.3107 Yellow 

-lth fraction (residue} 4.2105 Yellowish 

(3) Decomposition product. 

a) Properties of the fractions. 
First fraction; 

Ana l. subst. 

Cuk . fur 

5.146 mg. 

:-t 775 mg. 

A.I!J = 18.61:; mg. 

.'\)..:"J • ..., } 2.~!l() m J.t". 

C)-I.O {OCl-{~) 1 

C;lIP , (OCII,I, 

OCII; =45.1;"i ?; 

OCH:~ = 45.0() ?~ 

OCII:1=-60.20 J£ 
OClIJ =48A4 ,t 
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N
2
0" = 1.4450 

/) 

Specific rotation was determined with alcoholic solution. 

Second fraction; 

Anal. ~ llbst. 

C dc. fo r 

l,,( r = 1.39 X 100_. = + 98.720 
. nI x 1.408 

:1:140 mg. 

3.6:iS mg. 

AgJ =-~ 11 .29;; m'!. 

AgJ = 12.405 Ill!:! _ 

C liP , (OCIi ,:.: 

20" 
N = ].4493 

" 

Fnun ci OCH.;=:t4.67 ?(l 

OCIlJ= ·H .8~ ?;I 
OCH_i =48.44 ,'G 

Specific rotation was determined with alcoholic solution. 

Third fract ion ; 

Anal. ~ uhst. 

Calc. for 

20' ro] = 1.44 X 100 . _.j- ('~ "I " J X 2.13:{- _. ".,) 
I> 

·1.(-i!)!i mg. AgJ: 1:').R·t d mHo 

G.566 mg. AgJ "'--18.89tl llW. 

200 

N = 1.4508 
I> 

FOtlnd oCr l. ;o,.., 44.% ,o~ 

OCH,=- ·H.8:1 ?~ 

()CH; ~48.44 % 

Specific rotation was determined with alcoholic solution. 

ra l2W = 1.75 X 100 . = .,. 63.040 
. D 1 X 2.776 

Fourth fraction (residue); 

Ana l. suust. 

Calc. for 

1.765 mg. 

4.420 mg. AgJ= 1:1.690 m~! . 

C.H~O.l (OCH!~, 

N
20

' = 1.4781 
I) 

Fotmd OCH~ =41.20 '}~ 

OCHJ=40.921~ 

(KH;~; 52.s4 ?6 

Specific rotation was determined with alcoholic solution. 

225 
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200 
[u] = 2.04 x 100, . . -100 100 

" 1 x 2.038 - . 

b) Saponification of the fractipns. 

All the fractions were saponified with 2 '!Io hydrochloric acid 
on the water bath and neutral ised with barium carbonate and then 
dried in vacuum. 

After they had been purified as ether solution, each of the 
solutions was evaporated to syrup. 

Time of 
Sample hydro · Yield Saponified ooilit on lysis 

g hrs. g 

1st fraction 0.54-8;:; 7 0.201 2 Yellowish solution. 

2nd frnction 1.682, 5 0.3925 Dark solution with black ppt. 

3rd {r:tction I.R147 5 0.·1321 Dark solution with black ppt. 

'lth fraction 1.6"2:1 8 1.2200 Faintly coloured solution. 

The second and the third fractions seemed to be decomposed 
on saponification by the facts that the black ppt. occurred and the 
yield was reduced remarkably. 

In the case of the fi rst fraction, though it seemed to be pentose, 
it was not decomposed much. This phenomenon corresponded to 
the report according to which it was difficult to decompose to fur· 
furol when the hydroxyls were replaced entirely with methoxyl 
radical. 

These syrups were dried and methoxyl content were determined 
as follows : 

First fraction; 

Anal. ~uhst. 

Calc. for 

Second fraction; 

An:l l. !'.L! lJst. 

Call~ , for 

Third fraction; 

2.970 mg. AgJ .,.... 9A:10 1Ilf,!. 

,1.505 mg. AgJ =JtJ. 1SO mg. 

C,H,o, (OCH.) .• 

C;l{,O" (OCH;.!" 

:t47S mg. AgJ ::-9. 120 Inf!. 

AgJ = 9.0(H) m).t. 

Found OCI-IJ= 41.94 % 
OCH~= 41.:38,:. 

OCH'~45.59 % 

OCH, =32.9B ~% 

Found OCH~""' :-l:-J.!(~ 'I/o 

OCIL,=:i:"-'IAfi ~)~ 

OCH,=~2.98 % 
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Anal. subsL 

Calc. for 

4.125 mg . AgJ -10.365 mg. 

3.540 mg. AgJ _ 8.925 mg. 

C,H;O, (OCH,), 

Found OCHl =33.19 % 
OCH1 = 33.30 % 
OCH3=32,98 % 

Fourth fraction (residue); 

Anal. subst. 

Calc. for 

3.575 mg. Ag) = 10.825 mg. F ound OCH,= 40.00 % 
4.495 mg. Ag) = 10.420 mI<. 

G,H;O, (OCH,}, 

OCHl =39.38 % 
OCH3=41.90 % 
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The first carbon atom of every fraction might be explained to 
have been in free condition by the reactions that they reduced 
FEHLING'S solution and the reduction of methoxyl quantity after 
saponifications. 

Then it may be concluded that the first saponified fraction is 
a mixture of trimethyl-arabinose and dimethyl'arabinose, the second 
and the third saponified fractions are dimethyl·arabinose and the 
saponified residue is constructed of trimethyl-galactose mainly. 

c) Osazon. 
The syntheses of osazons were tried but in vain. These pheno­

mena may be explained by supposing that the hydroxyl radicals of 
the second carbon atoms in the all fractions were replaced with 
n ethoxyl radicals. 

d) Methylation of every fraction. 
_'1ethylations of the second fraction, the third fraction and the 

residu. ' were attempted with methyl iodide and silver oxide res­
pectivel:. 

Second fl 1ction ; 
1.2165 . ~. of the second fraction was methylated and the yield 

a: a fully m , thyiated derivative was 1.0073 g. 

1,l1aL subst 4.080 mg. Ag) = 18.570 mg. 

3.390 mg. Ag) = 15.355 mg. 

C,H,O (OCH,), 

Found OCH,=60.12 % 
OCH3= 59.88 % 
OCH,-60.20 % 

Specific rc t.atiOl was measured with alcoholic solution. 

r,,] ]90= 2.68 x 100 = + 187.150 
r. 1 x 1.432 

Third fraction; 
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1.7217 g. of the third fraction was methylated and the yield as 
a fully methylated derivative was 1.2152 g. 

Anal. subst. 4.460 mg. AgJ ~ 20.510 mg. Found OCH3= 60·75 Yo 
4.1 25 mg. AgJ ~ 18.880 mg. OCH,~ 60.46 % 

Cale. for C"H~O (OCHJ)1 OCH3=60·20 % 

Specific rotation was measured with alcoholic solution. 

19' 
[a J = .1,99 X 100 = + 185.620 

II 1 X 1.072 

Fourth fraction (residue); 

1.8994 g. of the fourth fraction was methylated and the yield 
as fully methylated derivative was 1.3725 g. 

Anal. s ubst. 

Calc. fur 

4.420 mg. AgJ ~ 20.480 mg. 

3.5] 5 mg. AgJ= 16.21 5 mg. 

C,H,O (OCH,), 

Found OCH 1= 61.21 :b 

OCHs= 60·94 % 
OCH,~61.76 % 

Specific rotation was measured with alcoholic solution. 

19 ' 
[aJ = 1.84 X 100 =+ 151.440 

u 1 x 1.215 

From these results, it was recognized that the fractional distil· 
lation was not carried out completely, but it can be concluded that 
the second fraction and the third fract ion may be 2: 3: 4-trimethyl­
methylarabinosid and the residue may be 2: 3: 4·trimethyl·methyl­
galactosid. 

e) The reaction with triphenyl chlormethan. 
After evaporating each syrup, 0.3 g. of the second fraction, 

0.3 g. of the third fraction and 0.35 g. of the residue were dissolved 
in 10 C.c. of pyridin respectively, and 1.5 g. of triphenyl chlormethan 
were added to each of them, and they were left standing at room 
temperature, then diluted with water, cooled and filtered. The 
solution were decantEd T(~p(ct ively into cold watEr containing ice, 
and every precipitate was filterEd and purified with aceton. 

The melting point of these precipitates, which were recrystalli­
sed with aceton, corresponded to that of triphenylchlormethan and 
showed no depression of melting point on admixture with triphenyl­
chlormethan which was used. 
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The syrups of all the fractions were not combined with trio 
phenylchlormethan into trityl compound, and it may be concluded 
that there were no free CH,OH radicals in these galactose and 
arabinose derivatives. 

f ) Oxidation of trimethy·l·methylarabinosid and dimethyl· 
methylgalactosid. 

The trimethyl·methylarabinosid obtained from the second frac· 
tion and the third fraction , and trimethyl'methylgalactosid of the 
fourth fraction, were oxidised respectively with nitric acid of S. G. 
1.20 o'n the water bath heating gradually to reach 80°C for the 
first three hours, then at 90°C for one hour , and at last at 60°C 
for three hours, so as not to be oxidised intensively. 

For the purpose of evaporating off the nitric acid from these 
oxidised solutions, the oxidised solutions were evaporated at 40°C 
under reduced pressure repeatedly after adding water until the 
syrup gave no nitric acid reaction, and at last alcohol was added 
to them and again evaporated. After these treatments, yellowish 
syrups were obtained from all the fractions. 

Second fraction; 
0.8971 g. of yellowish syrup was obtained from the 0.9561 g. 

of the second methylated fraction which was oxidised with 15 C.C. 

of nitric acid and was found to be as follows: 

Anal. s ubst. 

ellc. for 

5.650 mg. AgJ = 17.810 mg. 

3.410 m g. AgJ = 10.875 m g. 

C"H, (OCHJ, (COOH), 

Found OCH;j= 4Lf>4:% 

OCR;, =42.13 % 

nCH,=41.90 % 

The acidity of the syrup was determined as alcoholic solution, 
calculated by the data which was obtained by back titration with 
NIIO sulphuric acid solution after adding N/ lO caustic soda solu· 
tion. 

Anal. subs!. 0.1126 g. Consumed 9.4 C.c. N/IO caustic soda solution. 

Calc. for Cc: H;, (OCH ,, ),: (COOH ), 10.14 C.c. N/lO caustic soda solution. 

Third fraction; 
Trimethyl-methylarabinosid 1.1261 g. of the .third fraction was 

oxic\ised and 0,9611 g. of oxide was obtained. 

Anal. ~llbst.. 3,885 mg. AgJ == 12.080 m g. Found OCH l = <lO.8,' ,%, 

:·;'()30mg. AgJ =, U.l95 mg. OCH:J=40.74 ,U{ 

CaIe. for C,H, (OCII ,), (COO H), OClI:l= 41 .90 % 
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The acidity of the syrup was determined with alcoholic solu­
tion, and calculated by the data which was obtained by back 
titration with N/l0 sulphuric acid solution after adding N/I0 caustic 
soda solution. 

Anal. subst. 0.1228 g. Consumed 10.7 C.c. N/lO caustic soda solution . 

Calc. tor C.1 H.; (OeH)/.; (COOH), 11.05 c.c. ~1l0 CJ.\ls tic soda solu tion . 

Fourth fraction (residue); 
0.8011 g. of trimethyl-methylgalactosid was oxidised and 0.6012g. 

of oxide was obtained. 

Anal. s ubst. 

Calc. for 

1.02fi mg. 

4.100 mg: . 

Ag,k 8.560 mg. 

Ag j - 9A35 mg. 
OCHJ~ 28.09 " 
OCH;J ,.-:: 28.3..1 ~;, 

OCale- 29.82 % 

The acidity of the syrup was determined with alcoholic solution, 
and calculated by the data which was obtained by back titration 
with N/ IO sulphuric acid solution after adding N/IO caustic soda 
solution. 

Anal. ~llhst . 0.1768 g. Consumed ]6.00 ce. K/ l0 Cflus tic soda solution. 

Calc. for 

None of them seemed to be composed of a single substance, 
but it may be concluded that the main substances of the oxidised 
products obtained from the second fraction and the third fraction 
were the lactons of h'imethoxyl glutaric acid, and that of the 
fourth fraction were the lacton of dimethyl mucic acid. 

g) Tetramethyl·galactose anilid-'" 
Tetramethyl-methylgalactosid was saponified with 5 ~" hydro­

chloric acid on the water bath for five hours and was neutralised 
with barium carbonate, and after evaporating the solution to syrup, 
it was extracted with absolute alcohol to purify it. 

Anilin was added to the alcoholic extract and was heated at 
96°C for three hours, and its volume was reduced by vacuum 
evaporation. 

The anilid was crystallised in the shape of a white needle, 
and after being recrystallised with hot alcohol, it melted at 93°C, 
and showed no clepression of melting point on ad mixture with an 
authentic specimen of tetramcthyl·d·galactopyranose-anilid prepared 
from lactose 
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Calc. for 

Anal. subst. 

Calc. for 

Anal. suhst. 

Calc. for 
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5.080 mg. 

3.165 mg. 

AgJ = 15.210 mg. 

AgJ = Y.270 mg. 

Found OCH{=::m.5·1 % 
OCH:)=:~8.75 % 

3.56 mg. ~2=O.150 c.c. (.20"'C 772 mill.) N =,1.89 % 

CoBiO (OCH1\ NHC,H.i N = 5.50 ~-o 

3.+15mg. H20=2.578mg. CO2=7.620mg. C =60.32% H=8.36% 

C,BP (OCH_1)~ NHCiiR C=60.70% H=8.10% 

h) 2: 3: 4-trimethyl-glutaric-acid-diamid_" 
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The glutaric acids obtained from the second and the i third 
fractions were treated respectively to obtain the crystals of diamid 
in order to ascertain whether they were araboglutaric acids. Then 
each of the oxidation products was methylated with absolute me­
thanol containing 3 0/; hydrochloric acid in a hot water bath for 
six hours, neutralised with silver carbonate, and purified with 
chlor:-oform to get trin1ethyJ·araboglutaric-acid-dimethyl ester. 

These syrups were each dissolved in absolute methanol satu­
rated with dry ammonia gas and were left standing in the ice 
box for four days and then diamids were crystallised out from 
both of the solutions several days later. 

They were melted at 230°C after being rccrystalliscd with 
methanol twice, and the properties corresponded to that of the 
2: 3 : 4-trimethyl·araboglutaric-acid-diamid. 

AnaL subst. 

eLlIe. fot' 

Anal. subst. 

Calc. for 

:~.54() mg. AgJ = 13.08 mg. 

5.250 mg. AgJ = 19.63 mg. 

C,H:l (OCH,i; (NH2)2 

Found OCH1-' ·1H.81 % 

OCUj = 49.11 % 

OCH.l=19A7 % 

2.35 mg. N2 =O.307c.c.(21'C 772mm.) N=15A1% 

~H3 (OCHJ)~ (NH2)~ N = 14.89 % 

CONCLUSION 

The author ascertained that the galactoaraban which was pre­
pared from the seeds of the peanut is constructed in the ratio of 
two molecules of arabinose to one molecule of galactose though a 
small part of it is oxidised (in chapter I). 

The galactoaraban was decomposed by acetolysis into the de­
rivatives of galactoarabotriose which is of the same componcntal 



232 H_yosuke tVllYA:'I1A 

ratio as the mother substances except for the acetyl radical, which 
is assumed to be polymerised galactoarabotriose, with the result 
that the acetyl higher polymerid obtained, contained less acetyl 
radical corresponding to the heptacetyl'galactoaraban (in chapter II). 

As already described, there are six cases of association in the 
arrangement of the sugar radicals in the trisaccharide, but they 
come under two cases when connected as shown below. 

(Q-~® 

(~~------(h:~-@ 

In chapter III, it is described that the galactoaraban was methyl· 
ated to heptalnethyl-galactoaraban, and reconsidered to be the poly-
merised substance by the methoxyl content. 

After it was decomposed to componental sugars the scission 
product of the methyl derivative was investigated and the hepta' 
methyl·galactoaraban was found to be constructed of 2: 3 : 4·tri· 
methyl·d·galactopyranose and 2: 3·dimethyJ.I.arabopyranose, and then 
all the components came to be combined with the first and the 
fourth carbon atoms. 

Moreover the two kinds of arabinose radicals supposed were 
proved to be the same substance, so the above two arrangements 
of the galactoaraban became the' same arrangement as follows: 

2: 3 : 6·trimethyl·d· galactopyranose and 2: 3·dimethy!·I·arabo· 
pyranose were inserted to this arrangement so as to combine with 
the first carbon atom of the sugar to the fourth carbon atom of 
other sugar with oxygen bridge as connected usually in the poly· 
saccharide. 

Of these connections there are two cases to make the formulae 
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which were connected as 1-4, 1-4, 1-4, and 4-1, 4-1, 4-1, in the 
plain formulae as follows: 

I 
o , 

1-

Arabinose Arabinose Galactose 

i-C,' H---I 
ii, 
o CHOH : 

I 
CHOH 0 I 

I ! I CH ___ ~_l 
, ' 

Arabinose Arabinose Galactose 

But these two formulae become the same formula when ar­
ranged on the stereochemical standpoint as follows: 



OH OB 
I 

o 
H ~d:'J 

H 
I 

I I 
o C H 0 H H C

H 
0 CH ° ,~/ ,o/ _/~~, / ,~/H / , /" 

.. / 'C C u " C ' C' C 0 C ' 
H I I I H i 1 ; ,H 

I I I I I I i 
o C H C, C H 0 .cH He c 

"< ''''--~( ''d' ';.<'cr' 'f H 
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c H 
H / H 

O· 
Galactose 

HO 

Arabinose 

I 

HO 

Arabinose Galactose 

~ c.. . .; 

"" 

><: 
~ 
'" ~ 
~ 

::::: 
;: ,. 
~ ;: 



Galactoaraban from Seeds of the Peanut 235 

The author recommends the constitutional formula of galacto· 
araban above given which has been formed from his experiments 
as well as the suppositions made by other authors who partook to 
the composition of the common formulae of polysaccharide. 

The author wishes to express his heartfelt thanks to Prof. Dr. 
KITSUJI NISHIDA for much valuable advice during the work and 
also desires to express sincere thanks to Prof. Dr. YUZURlT OKUDA 

and Dr. MATSUNOSUKE KITAGAWA for their encouragements during 
the progress of this work. 

Further the author expresses his gratitude to Mr. HIDEO HASHIMA, 

HIDETAKA UOTA, and ClIUZO INOUE for their valuable assistances 
during this investigation. 
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