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(225 ml., 30%), added dropwise during 8 hours with stirring. 
After stirring for another 12 hours, the solution, which was 
non-reducing to Fehling solution, was filtered, neutralized 
(sulfuric acid), concentrated and the residue methylated by 
dissolving it in sodium hydroxide (200 ml., 30%) and add
ing methyl sulfate (105 ml.) in the previous manner. The 
reaction mixture was acidified (sulfuric acid, acidic to congo 
red), filtered and the filtrate extracted with chloroform (in 
a liq.-liq. extractor). The sirup (6.0 g.) obtained on 
evaporation of the chloroform extract was methylated twice 
by the Purdie method19 to give a sirup (4.2 g.) which upon 
fractional distillation gave: fraction I, 0.41 g. b .p . (bath 
temp.) 155-180° (0.2-0.3 mm.) (OCH3 54.8%); fraction 
I I , 0.41 g., b .p . (bath temp.) 180-210° (0.2-0.3 mm.) 
(OCH3 46.0%); fraction I I I , 1.65 g., b .p . (bath temp.) 210-
240° (0.1 mm.) (OCH3 48.0%). The residue was extracted 
with chloroform and distilled in a short neck distillation unit 
to give a sirup (0.7 g.). Fraction I I I and this sirup were 
mixed and again methylated with Purdie reagent and dis
tilled to give a sirup E, 1.6 g., b .p . (bath temp.) 210-240° 
(0.1 mm.) (OCH3 48.0%). This sirup E was further ex
amined; it consisted of methyl 6-0-[methyl (2,3,4-tri-O-
methyl-/3-D- glucop j'ranosyluronate] -2 ,3 ,4- t r i -O- methyl - D-
galactopyranoside. 

Hydrolysis of Methyl 6-0-[Methyl (2,3,4-Tri-O-methyl-
/3-D-glucopyranosyluronate ] - 2,3,4 - tri - O - methyl - D - galacto-
pyranoside.—The sirup E, [a]35D —19.6° (in chloroform, 
c 2) was boiled under reflux with methanolic hydrogen chlo
ride (4%, 80 ml.) for 48 hours. Methanol was then dis
tilled off and the bulk reduced to about 10 ml. Hydrochloric 
acid (N, 80 ml.) was added and the mixture was heated at 
95-98° for 20 hours. The solution was neutralized (silver 
carbonate) and filtered, and silver ions were removed from 
the filtrate by passage of hydrogen sulfide and filtration of 
precipitated silver sulfide. The filtrate was evaporated to 
a sirup under reduced pressure and traces of moisutre were 
removed by adding absolute alcohol repeatedly and distilling 
the alcohol. The brown powder so obtained was exhaus-

(19) T. Purdie and J. C. Irvine, J. Chem. Soc, 83 , 1021 (1903). 

tively extracted with dry ether and the ether extract was 
evaporated to a pale yellow sirup (0.56 g.) (OCH3 40.8%; 
calcd. for trimethyl galactose 41.9%))- This sirup (0.24 g.) 
was refluxed for 2 hours with absolute alcohol (7.5 ml.) and 
freshly distilled aniline (0.13 g.); most of the alcohol was 
removed by distillation and on cooling crystals of the anilide 
separated out. On recrystallization with ethanol it had a 
m.p. 165-166°. (A m.p. of 164-165° has been reported 
for 2,3,4-tri-O-methyl-D-galactose anilide.8) 

The brown powder left after ether extraction was dissolved 
in water (40 ml.) , acidified (hydrochloric acid) and ex
tracted with chloroform in a liq.-liq. extractor. The ex
tract was evaporated to a sirup and examined on a paper 
chromatogram with 1-butanol-acetic acid-water solvent 
svstem and ^-anisidine spray reagent. I t has an RG value 
0'.82 (Ra value 0.84 has been reported for 2,3,4-tri-O-
methyl-D-glucuronic acid).20 The sirup (0.51 g.) was taken 
in water (10 ml.) and bromine added to it (0.5 ml.) . It was 
kept in dark for four days during which time it was shaken 
occasionally. After filtration and removal of excess bromine 
by aeration the solution was neutralized (silver carbonate), 
filtered before and after the passage of hydrogen sulfide and 
evaporated to dryness. The product was refluxed with 1% 
methanolic hydrogen chloride (50 ml.) for 6 hours. The 
solution was neutralized (silver carbonate), filtered and fil
trate evaporated to give a sirup. Distillation of the latter 
in vacuo (0.3 mm., bath temp. 160-180°) gave a sirup. 
Crystallization from ether-petroleum ether mixture afforded 
crvstals of methyl 2,3,4-tri-O-methyl-D-glucarate 1,5-lac-
tone, m.p. 106° (reported21 m.p . 106°). 
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Salvia aegyptica mucilage on hydrolysis yields D-galactose, L-arabinose, L-rhamnose and D-galacturonic acid. Au aldo
biouronic acid, 2-0-(D-galactopyranosyluronic acid)-L-rhamnose, has been obtained by the partial hydrolysis of the mucilage 
which can be extracted from the outer coating of the Tukhmalanga seeds. Methylation of the aldobiouronic acid gave a 
fully methylated derivative which on hydrolysis gave 2,3,4-tri-O-methyl-D-galacturonic acid and 3,4-di-O-methyl-L-rham-
nose in equimolecular proportion. 

Tukhmalanga, (Salvia aegyptica) of the family 
Labiatae is a typical plant mucilage obtained from 
the seeds of a plant from the plains and hills. It 
has been in pharmaceutical use in India for a long 
time.1 

This communication deals with the composition 
of Salvia aegyptica mucilage and determination of 
the structure of an aldobiouronic acid produced by 
hydrolyzing the mucilage with an acid. 

Complete hydrolysis of the mucilage followed by 
partition chromatography, measurement of specific 
rotation and preparation of crystalline derivatives 
has shown that the mucilage contains L-rhamnose, 
L-arabinose, D-galactose and D-galacturonic acid. 
Quantitative hydrolysis of the mucilage showed 
that i.-rhamuose, L-arabinose and D-galactose are 

(1) A. K. N a d k a m i , " T h e Ind ian M a t e r i a M e d i c a , " Vol. I1 Popula r 
Book Depot , Bombiiy 7, Ind ia , ISlM, p. 1093. 

present in the percentage of 62.8, 0.85 and 0.74, re
spectively. On partial hydrolysis of the mucilage 
using 0.1 iV sulfuric acid, L-rhamnose, L-arabinose 
and D-galactose were obtained along with an aldo
biouronic acid. The aldobiouronic acid on fur
ther hydrolysis with 1.0 N sulfuric acid gave L-
rhamnose and a uronic acid. The uronic acid was 
found to be galacturonic acid, as it gave a positive 
basic lead acetate test for galacturonic acid and 
this conclusion was further confirmed by oxidation 
to mucic acid, m.p. 213°. Further information on 
the composition of aldobiouronic acid is obtained 
by reducing the esterified acid with potassium boro-
hydride to the corresponding disaccharide. The 
disaccharide on hydrolysis gave L-rhamnose and D-
galactose, confirming thereby that the aldobiou
ronic acid is made up of L-rhamnose and D-galac
turonic acid. 
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The aldobiouronic acid consists of a pyranose 
galacturonic acid residue united by its reducing 
group to the hydroxyl group situated at C2 of the 
rhamnopyranose portion. This conclusion follows 
from the identification of the hydrolysis products 
obtained from the fully methylated derivative (I) 
of the aldobiouronic acid. These were (a) 3,4-di-O-
methylrhamnose (II), recognized after oxidation 
with bromine water, which gave crystalline 3,4-
di-0-methyl-L-rhamnonolactonela and (b) 2,3,4-
tri-0-methyl D-galacturonopyranose (III), identi
fied after oxidation with bromine water and esteri-
fication of the product, as the crystalline methyl 
ester of 2,3,4-tri-O-methylmucic acid.2 

Further confirmation of the structure of the aldo
biouronic acid was obtained when the fully methyl-

COOMe H H COOH 

MeO ' °. H MeO-^ °, 0 M e MeO ) °., MeO 4 C 

H MeO OMe MeO OH H OMe 
0 ' 

I II III 
ated aldobiouronic acid was reduced with lithium 
aluminum hydride3 to the corresponding methyl
ated disaccharide. This methylated disaccharide 
was hydrolyzed and treated with aniline in alcohol 
to give the anilide of 2,3,4-O-methylgalactose4'6 

which separated out in fine crystals, m.p. 169-170°, 
proving that the aldobiouronic acid is 2-0- (D-
galactopyranosyluronic acid)-L-rhamnose. The al
dobiouronic acid has high positive rotation. 
These facts show that the structure (A) assigned to 
the aldobiouronic acid is correct. This aldobiou
ronic acid is identical with the acid obtained from 
flax seed,6 slippery elm mucilage7 and okra mucil
age.8 
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Experimental 
Unless otherwise stated, solutions were concentrated at 

40-50° (20 mm.); specific rotations were measured in aque
ous solutions; paper chromatographic separations were 
carried out by descending method on Whatman No. 1 paper 
using the following solvents (A) butanol :ethanol; water9 

(40:11:19), (B) butanol:acetic acid:water (5:1:4—upper 
laver), (C) butanol :ethanol:water:coucd. ammonium hy
droxide (100:25:122.5:2.5), (D) methyl ethyl ketone:water 
azeotrope,10 (E) benzene :ethanol: water11 (200:47:15— 

(la) E. L. Hirst and Sonia Dunstan, J. Chem. Soc, 2332 (1953). 
(2) P. A. Levene and L. C. Kreider, J. Biol. Chem., 120, 602 (1937). 
(3) G. A. Adams and C. T. Bishop, T H I S JOURNAL, 78, 2842 (1956). 
(4) R. E. Gill, E. L. Hirst and J. K. N. Jones, J. Chem. SoC, 1025 

(1946). 
(5) F. Smith, ibid., 1724 (1939). 
(6) R. S. Tipson, C. C. Christman and P. A. Levene, J. Biol. Chem., 

128, 609 (1939). 
(7) R. E. Gill, E. L. Hirst and J. K. N. Jones, J. Chem. Soc, 1469 

(1939). 
(8) R. L. Whistler and H. E. Conrad, T H I S JOURNAL, 76, 1673 

(1954). 
(9) J. K. N. Jones and W. W. Reid, J. Chem. Soc, 1361 (1954). 
(10) L. Boggs, L. S. Cuendet, I. Ehrenthal, R. Koch and F. Smith, 

Nature. 166, 520 (1950). 
(11) G. A. Adams, Can. J. Chem., 33, 5« (11)55). 

upper layer) (all v . / v . ) . Silver nitrate12 and £-anisidine 
phosphate13 spray reagents were used to detect the sugars 
and uronic acids. 

Isolation and Purification of the Mucilage.—Tukhmal
anga seeds (50 g.) were steeped in water (4 1.) at room tem
perature for 5 hours with continuous stirring. The solution 
was separated by nitration through muslin and finally 
through a Buchner funnel. A solution of copper sulfate 
(5%) was added to the filtrate and the copper salt of the 
mucilage precipitated almost immediately. The copper 
salt was collected and acidified with sulfuric acid (2 JV) (until 
acidic to congo red paper) and after suspension in a limited 
amount of water, the mucilage was finally precipitated by 
pouring the solution into ethanol with vigorous stirring. 
The white fibrous precipitate thus obtained was washed a 
number of times with ethanol, filtered, pressed and dried 
in vacuo over phosphorus pentoxide (yield 8%). The mu
cilage was purified by reprecipitations by dissolving it in 
sulfuric acid (2 JV) and pouring in ethanol and stirring. 
The final purification was done by passing the acidified 
impure solution of the mucilage through a column of strong 
cation-exchange resin, Amberlite IR-120, concentrating 
and finally pouring into alcohol (sulfated ash 0.83%). 

The raw and purified mucilages are soluble in water, 
do not reduce Fehling solution and are free from nitrogen, 
sulfur and halogens. 

Hydrolysis of the Mucilage—Characterization of i,-Rham-
nose, L-Arabinose, D-Galactose and Isolation of Aldo
biouronic Acid.—A solution of the mucilage (45 g.) in sul
furic acid (1 1., 0.1 JV) was heated on a boiling water-bath 
for 90 hours, the course of hydrolysis being followed by iodo-
metric titrations.14 The solution was neutralized (barium 
carbonate), filtered and evaporated. The residue was ex
tracted with boiling methanol and the filtered extract con
centrated to a sirup (a). The solid amorphous residue left 
after methanol extraction was the barium salt of the de
graded polysaccharide. Paper chromatography of the 
sirup (a) using the solvent (A) and silver nitrate spray re
agent for development revealed the presence of rhamnose, 
arabinose and galactose. 

Resolution of the sirup (a) into its components on a 
cellulose column, using butanol half-saturated with water 
as the solvent, yielded (a) L-rhamnose, identified as a-h-
rhamnose hydrate, m.p . and mixed m.p. 92.5°, [a]30D 
+ 7.8° (equilibrium value in water, c 2.0) (after recrystalli-
zation from aqueous methanol), methylphenylhydrazone 
m.p. and mixed m.p. 124°; (b) L-arabinose, m.p. and mixed 
m.p. 156° (after purification16), [a]30D +101° (equilibrium 
value in water, c 1), diphenylhydrazone m.p . and mixed 
m.p. 195°; (c) D-galactose, m.p. and mixed m.p. 165°, 
[a]

30D +81.8° (c 1, equilibrium value in water), methyl
phenylhydrazone m.p. and mixed m.p . 182-183°. 

The methanol-insoluble barium salt (b) was found to be 
of an aldobiouronic acid. Anal. Calcd. for the barium 
salt of an aldobiouronic acid (CisHinOu^Ba: Ba, 16.9. 
Found: Ba, 17.0; [a]32D +73.4° (equilibrium value in 
water, c 1). 

Quantitative Hydrolysis of the Mucilage.—The purified 
mucilage (1.00 g.) was heated in a sealed tube with 1.5 JV 
sulfuric acid (75 ml.) for 35 hours in a water-bath. The 
hydrolyzate was filtered to remove the undissolved residue 
and the filtrate made up to 100 ml. Dry D-ribose (45 mg.) 
was taken in a conical flask and the sealed tube hydrolyzate 
(25 ml.) was added to it. The resulting solution was neu
tralized (barium carbonate) and filtered. The sirup ob
tained after concentration of the filtrate was chromato-
graphed and the individual sugars extracted from the paper. 
The values of the sugars estimated by oxidation with perio-
date16 and titration of the formic acid liberated indicated 
that galactose, arabinose and rhamnose are present in the 
percentage of 0.74, 0.85 and 62.8%, respectively. 

Hydrolysis of Aldobiouronic Acid and Characterization 
of L-Rhamnose and D-Galacturonic Acid.—The barium salt 
of the aldobiouronic acid (0.95 g.) (Ba, 17.0%) was dissolved 
in sulfuric acid (100 ml., 1.0 JV) and was heated on a boiling 

(12) W. E. Trevelyan, D. P. Proctor and J. S. Harrison, Nature, 166, 
444 (1950). 

(13) S. Mukherjee and H. C. Srivastava, ibid., 169, 330 (1952). 
(14) J. L. Baker and H. F. E. Hulton, Biochem. J., 14, 754 (1920). 
(15) Ernest Anderson and LiIa Sands, T H I S JOURNAL, 48, 3172 

(1926). 
(16) B. L. Hirst and J. K. N. Jones, / . Chem. Soc, 1659 (1949). 
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water-bath for 35 hours, the course of hydrolysis being 
followed by iodometric titrations. The solution was neu
tralized (barium carbonate), filtered and evaporated. The 
residue was extracted exhaustively with boiling methanol 
and filtered extract evaporated to a sirup (c) which on cool
ing gave crystalline L-rhamnose hydrate which was identi
fied as already described. The methanol-insoluble barium 
salt (d) was identified to be that of hexuronic acid. Anal. 
Calcd. for the barium salt of an hexuronic acid (C6H9O7)V2-
Ba: Ba, 26.2. Found: Ba, 27.4. The uronic acid gave a 
positive basic lead acetate test17 for galacturonic acid and 
was further confirmed by oxidation to mucic acid, m.p . and 
mixed m.p . 213°. 

The aldobiouronic acid was found to be chromatographi-
cally pure, when developed with ^-anisidine phosphate spray 
reagent using solvent (B). 

Reduction of Aldobiouronic Acid with Potassium Borohy-
dride.18—The aldobiouronic acid (1 g.) (barium salt) was 
set aside overnight in methanolic 4 % hydrogen chloride and 
then refluxed for 7 hours. The solution was filtered to re
move barium chloride, neutralized with silver carbonate, 
filtered and concentrated to a thick sirup. The dry-
residue then was dissolved in water (75 ml.) and the solu
tion was added slowly to a solution of potassium borohy-
dride (2 g.) in water (75 ml.) with stirring. After 24 hours, 
the excess borohydride was destroyed by the addition of 
dilute acetic acid, and the solution was deionized by passage 
through columns of Duolite C-25 and A-7 resins. After 
being taken to dryness, the residue was hydrolyzed by N 
sulfuric acid at 100° for 20 hours. The solution was neu
tralized and worked up in the usual way and on chromato
graphic examination showed the presence of rhamnose and 
galactose (corresponding to galacturonic acid of the aldo
biouronic acid). 

The sugars were separated on a cellulose column using 
butanol half-saturated with water as eluent when rhamnose 
and galactose were obtained. They were identified as al
ready described. 

Methylation of Aldobiouronic Acid.—To a solution of the 
barium aldobiouronate (10 g.) in water (50 ml.) methyl sul
fate (75 ml.) was added followed by sodium hydroxide (225 
ml., 30%). The sodium hydroxide was added dropwise 
during 8 hours with stirring. After stirring for another 12 
hours, the solution which was non-reducing to Fehling solu
tion, was filtered and concentrated and the residue methyl
ated by dissolving it in sodium hydroxide (450 ml., 40%) 
and adding methyl sulfate (225 ml.) in the previous manner. 
The reaction mixture was acidified with sulfuric acid (congo 
red), filtered and the filtrate extracted with chloroform 
(in a liquid-liquid extractor). 

The sirup (5.2 g.) obtained on evaporation of the chloro
form extract was methylated eight times with Purdie re
agent to give a sirup (5.1 g.) which was extracted exhaus
tively with light petroleum ether (b.p. 40-60°) and concen
trated to give a sirup (4.5 g.). The sirup on fractional dis
tillation gave: fraction I (1.87 g.), b .p . 165-170° (0.2 mm.) 
(bath temp.) , methyl 2-0-(methyl 2,3,4-tri-O-methyl-D-
galactopyranosyluronate ) - 3,4 - di - O - methyl - L - rhamnopy-
ranoside (Found: OMe, 47.7. Calcd. for Ci9H34Oi1: OMe, 
49.5). 

Hydrolysis of Methyl 2-0-(Methyl 2,3,4-Tri-O-methyl-D-
galactopy ranosyluronate) -3,4-di-O-methyl-L - rhamnopyrano-
side and Identification of 3,4-Di-O-methylrhamnose and 
2,3,4-Tri-O-methylgalacturonic Acid.—The fully methylated 
aldobiouronic acid (1.3 g.) was hydrolyzed with 2 N hydro
chloric acid (50 ml.) for 18 hours. The cooled solution was 
neutralized with silver carbonate and filtered, silver ions 
removed by hydrogen sulfide, the solution aerated to remove 

(17) F. EhrHch, Ber., 65, 352 (1932). 
(18) G. O. Aspinall, E. L. Hirst and N. K. Matheson, / . Ckem. Soc, 

989 (1956). 

hydrogen sulfide, evaporated to a small volume, neutralized 
with barium carbonate and filtered and the filtrate evapo
rated to dryness, giving a product (A) which was exhaus
tively extracted with ether. Concentration of the extracts 
gave a sirup (0.56 g.) (Found: OMe, 33.7. Calcd. for 
C8H16O6: OMe, 32.2). 

The sirup (0.56 g.) was dissolved in water (10 ml.) and 
oxidized with bromine (0.5 ml.) until the solution was 
non-reducing (48 hours). Bromine was removed by aera
tion, neutralized with BaCO3, and worked up in the usual 
manner. The product (0.48 g.) crystallized almost com
pletely and on recrystallization from ether-light petroleum 
needle-shaped crystals of 3,4-di-O-methyl-L-rhamnonolac-
tone were obtained, m.p. and mixed m.p . 76-77°. 

The residual barium salts from A were dissolved in water 
and oxidized with bromine water until non-reducing (2 days 
at 2°) . The excess of bromine was removed by aeration, 
the solution neutralized with barium carbonate, filtered and 
evaporated to dryness and the residue boiled with 3 % 
methyl alcoholic hydrogen chloride (50 ml.) for 20 hours. 
Hydrogen chloride was removed with silver carbonate and 
the filtered solution evaporated to a solid, which was ex
haustively extracted with ether. Concentration of the ex
tracts gave a sirup (0.48 g.) which was distilled, b .p . 140-
150° (0.08 mm.) . The distillate (0.2 g.) set solid and on re-
crystallization from ether-light petroleum and ether gave 
methyl 2,3,4-tri-O-methylmucate, m.p . 101° (Calcd. for 
CnH20O8: OMe, 55.4. Found: OMe, 56.0). 

Reduction and Hydrolysis of Fully Methylated Aldobio
uronic Acid.—The fully methylated acid (250 mg.) was 
dissolved in dry ethyl ether (25 ml.) and the solution was 
added dropwise over a period of one hour to a stirred sus
pension of lithium aluminum hydride (1 g.) in ether (75 
ml.) . The reaction mixture was heated under gentle re
flux for 2 hours, cooled and the excess of lithium aluminum 
hydride was decomposed by cautious successive additions of 
ethyl acetate and water. After filtration, concentration 
and deionization with Duolite C-25 and A-7, methyl 2-0-
(2,3,4-tri-O-methyl-D-galactopyranosyl )-3,4- di-0 - methy 1 -L-
rhamnopyranoside was obtained as a yellow sirup (225 mg.). 

Hydrolysis of Methyl 2-0-(2,3,4-Tri-0-methyl-D-galacto-
pyranosyl)-3,4 di-O-methyl-L-rhamnopyranoside.—A solu
tion of the methylated disaccharide (225 mg.) in 8% meth
anolic hydrogen chloride (50 ml.) was refluxed for 12 hours. 
After removal of the methanol, hydrolysis was effected by 
heating at 100° with hydrochloric acid (0.5 N, 25 ml.) for 
15 hours. The acid was removed with silver carbonate and 
the solution deionized with Duolite C-25 and A-7. Chroma
tographic examination in solvent E showed two sugars corre
sponding to 2,3,4-tri-O-methyl-D-galactose and 3,4-di-O-
methyl L-rhamnose. 

Attempts were made to separate the two components of 
the methylated sugars on filter paper, using solvents C, 
D and E, respectively, but because of their similarity in R; 
values, separation could not be effected satisfactorily. 

Identification of 2,3,4-Tri-O-methyl-D-galactose.—The 
mixture of methylated rhamnose and galactose (113 mg.) 
was taken in absolute alcohol (5 ml.), treated with aniline 
(0.2 ml.) and refluxed for 4 hours. Alcohol was subse
quently removed by distillation. On keeping for a few 
days crystals of 2,3,4-tri-O-methylgalactose anilide sepa
rated, which on further crystallization from methanol had 
m.p. 169-170° (literature m.p. of 2,3,4 tri-O-methylgalac-
tose anilide is 165-170°). 
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