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CXIT1.-Some Constituents oj' the Root o j  Polygoimi~ 
cuspidat uin. 

By A. G. PERKTN, F.R.S.N. 

ANONG the different varieties of the species Polygonum, tha t  best 
known is perhaps the P. tincto?*izc.iiz, the leaves of which are used as a 
source of indigo in China, Japan, and some parts of Itnssia. Of 
others, the P. auicwlare and barbatzbnz yield a blue colour, probably 
indigo, and the P. hydro pipe^ and tortosuirz are said to contain a yellow 
colouring matter;  moreover, the roots of some of these varieties 
possess medicinal value. 

The P. cuspidaturn, which is common in parts of India, China, and 
Japan, has evidently attracted but little attention, the only reference 
found bearing on its properties being the following, contained in a 
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OF THE ROOT OF POLYGONUM CUSPIDATUBI. 1G85 

paper (Joumal Royal Cliinct Byanch of Xoyal  Asiatic Society, 22, Kew 
Series, No. 5,1887), by A. Henry, M.A., L.R.C.P., entitled “ Chinese 
Names of Plants,” “ Kan-yen, zliu-tzu, name a t  Patiuig for the root 
of P. cuspidatunz, which is said to be used for dyeing yellow.” 

nu r ing  the removal of some of this plant from my garden, my 
attention was directed to the root on account of its strong colour 
in ternally and its somewhat, close resemblance to  madder and morincla 
root. As much as could lie obtained was therefore collected for 
examination, and for a further quantity I am indebted to Mr. Richard 
Reynolds, P.I.C., of Leeds, by whom the plant was originally intro- 
duced into this district. The roots vary in  diameter from + in. to  
1 in. when fresh, and consist of a thick succulent bilrli, internally of 
a n  orange-red colonr, and a central light. yellow, woody portion ; the 
former, on drying, shrivels considerably and beconies lighter in tint. 
As examination showed that the woody portion contained but little 
extractive matter, the bark only was preserved, and of this in the d r y  
condition 600 grams was obtained. 

!Phe Glucodde Polygo?iitL. 
The ground root bark was extracted twice with 10 times its weight 

of boiling alcohol for six hours, and the resulting orange-brown 
extracts evaporated to a small bulk. The residual liquid, from which 
nothing separated out on standing, was treated with water and 
extracted with ether, the ethereal solution being placed aside for 
subsequent examination. The addition of baryta, water t o  the aqueous 
liquid produced a dirty white precipitate, which was removed by 
filwation, and washed with water until the washings were nearly 
colourless. The deep red filtrate, after being neutralised with acetic 
acid aud saturated with common salt, was extracted with a large 
volume of ethylic acetate, and the extract evaporated ; as the solu- 
tion became concentrated, a brown gelatinous precipitate commenced 
t o  separate, and a further quantity was deposited on cooling. This 
product, which appeared under the microscope as a mixture of gela- 
tinous and crystalline matter, was collect.ed, rinsed with ethylic 
acetate, pressed, and dissolved in boiling alcohol, it being neceseary, 
however, to previously grind the mass into a thin cream with the 
solvent, otherwise complete solution could only be obtained by pro- 
tracted digestion, On evaporatiag to a small bulk and cooling, the 
liquid deposited a gelatinous matter ; directly this ceased to form, i t  
was rapidly filtered, and the crystalline substance which separated 
from the filtrate was collected and purified by crystallisation from 
acetic acid. The gelatinous portion, when dissolved in  boiling alcohol 
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1086 PERKIN : S3NE CONSTITUESTS 

and treated in the manner above described, yielded more of the  
ci-ystalline matter, the operation being repeated until at length crys- 
tals could no longer be obtained from the gelatinous matter which 
separated ; the latter was then placed aside fo r  snbsequent examinn- 
tion. 
gave the following numbers. 

Analyses of distinct preparations of the ~1-pta11 

0.1151 gave 0.2460 CO, and 0.0510 H,O. C = 58.28 ; 
0.1091 ,, 0.2340 ,, ,, 0.0495 ,, C = 58.48 ; 
0.1005 ,, 0.2325 ,, ,, 0.0495 ,, C = 57.90 ; 

C21H20010 requires C = 58.33 ; H = 4.69 per c 

ne substance 

H = 4.92. 
H = 5.04. 
H = 5.02. 
nt. 

It consisted of a glistlening mass of orange-yellow needles, which, 
when heated, softened a t  200' and melt'ed at 202-203". From its 
solution in  boiling alcohol, in which i t  is but sparingly solitble, it is 
deposited in a gelatinous condition if rapidly cooled, but when left 
to cool slowly it separates as a bulky mass of hair-like needles. 
Boiling water aud ethylic acetate dissolve it sparingly, and it is 
almost insoluble in ether. With cold dilute alkalis or barytn 11-ster, 
it yields orange-red liquids, and by treating a boiling alcoholic 
solution of tlie substance with alcoholic potash, tlie potassium deyiva- 
tive separates, on cooling, in  the form of red, flat, microscopic 
needles. The lead salt, an  orange-red amorpllons powder somewhat 
soluble in boiling water, is formed when lead acetate is added to an 
alcoholic solution O F  the substance. 

Enzodiyi. 
Experiment soon revealed the  fact that the above-described sub- 

stance was a glucoside, and, in order tto determine its nature, its 
solution in 60 per cent. alcohol was digested a t  the boiling heat with 
it small quantity of hydrochloric acid. During this operation, the 
light yellow liquid quickly became orange-red, and crystals sepa- 
rated ; when the action had ended, boiling water was added a little 
at a time, and the mixture allowed to cool, The product was col- 
lected, washed with water, and dried a t  120O. 

0.1224'gave 0.2980 CO, and 0.0450 H,O. 
C,,H,,O, requires C = 66-66 ; H = 3.70 per cent. 

Thus obtained, it formed orange-red needles readily soluble in 
alcohol ; it melted at 253-234O, and sublimed a t  higher tempera- 
tures with partial carbonisation. When distilled with zinc dust, a 
sublimate of greenish leaflets was produced, which, after ci-ystalli- 
sation from alcohol, melted at 203", and appeared to be identical 
with a-niethylaiztliracene. Dilute alkalis and ammonia dissolved 
it with a red coloration, but it was almost insoluble in  baryta water. 
The alkaline solutions when boiled with zinc dnst becnnic yellow, 

C = 66-39 ; H = 4.08. 
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O F  THE ROOT OF POLYGOXUM CUSPJDATUM. 1087 

bnt on exposure to air regained their original tint. When it mas dis- 
solved in  nitric acid (sp. gr. 1.54) and the solution evaporated to a 
small bulk and cooled, a semi-solid mass was obtained which crystal- 
lised from acetic acid in long, thin, orange-yellow needles. This 
product dissolved in solutions of the alkali hydroxides with a red 
coloration, decomposed with a slight explosion when strongly heated, 
and evidently consisted of a nitro-derivative. To convert the sub- 
stance C15H1005 into its acetyl compound, it was digested a t  the boil- 
i n g  temperature with a small quantity of acetic anhydride for three 
hours. On cooling, crystals separated, which, after recrystallisation 
from alcohol, formed lemon-yellow needles melting a t  189". Suffi- 
cient was not available for analysis. These results showed that the 
substance C15H1005 is e~nod in ,  a trihydroxy-a-methylanthraquinone, 
existing in rhubarb root (De la Rue and Muller, J. Chewz. SOL, 1857, 
10, 298), and also in the bark of Rhamnits fmngula, as  a glucoside 
(Trans., 1892, 61, 1, Thorpe and Miller). The acetyl-emodin melts 
at  190' (Liebermann, Ann., 1876,183, l S l ) ,  and i t  has been previously 
shown (Trans., 1894, 65, 934) that  emodin reacts with nitric acid t o  
form a nitro-derivative. 

A determination of the amount of emodin produced by the hydro- 
lysis of the glucoside gave the following result. 

0.33856 glucoside yielded 0 2 3 8 5  emoclin, or 61.82 per cent. 
This result is in  accordance with the following equation :- 

Cz,HwOio + H,O = Ci,H,oO, + C,H,?Os, 
which requires 62.50 per cent. of emodin. 

The filtrate from the emodin, after neutralisation with silver car- 
bonate and evaporation, yielded an almost colourless syrup, but 
obviously in too small a quantity for  purification. A solution of the 
substance reacted with phenylhydrazine acetate, on gently warming ; 
lemon-yellow aggregates of an osazone being deposited on cooling. 
The examination of this glucose must be deferred until more ram 
material is forthcoming. 

Frangulin, the only glucoside of' emodin hitherto known, and found 
in Rharwzus frangula, is not identical with the above. When hy- 
drolysed, for instance, it  yields emodin and rhamnose (Thorpe and 
Wller, Zoc. cit.), 

a reaction which requires 64.9 per cent. of emodin, and its difference 
in  composition (CzlHzo09 requires C: = 60-37 ; H = 4-80>, crystalline 
appearance, solubility, and other properties from the glucoside 
found in Po1ygonu.m cuspidatum, show clearly that they are distinct 
substances. I propose to give the name 230lygo?zi?z. to this new glucoside 
of emodin from the Polygonmz czispidatzcm. 

C21H*"O, + H2O = C1,H,oO, + C,Hl,,O,, 
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1088 PERKIN : SOME CONSTITUENTS 

The gelatinous residue obtained during the purification of the 
polygoiiin, had the properties of a glucoside, but as the quantity 
obtained did not exceed 0.1 gram, it could not be examined in this 
condition, but was a t  once hydrolysed by digestion with dilute 
hydrochloric acid, when a dirty , orange-coloured crystalline product 
was obtained ; this, by crystallisation from alcohol was separated 
into emodin, which is readily soluble, and a second substance, 
characterised by its sparing holubility i n  this liquid. By recrys- 
tallisation, the latter was obtained in  yellow needles melting a t  199", 
though from more dilute solutions i t  was deposited in leaflets. It 
differs from emodin, also, in that it is insoluble in dilute ammonia, 
and almost so in  alkalis of moderate strength. Its solution in sul- 
phuric acid is also slightly bluer than the corresponding solution 
of emodin. While examining this substance, I was struck not only 
by the nearness of its melting point to that of emodin methyl ether 
(in. p. 200") found in the root bark of the VeiztiZago madi.aspatam 
(Perkin and Hummel, Trans., 1894, 65, 932), but also by the simi- 
larity of their appearance and properties. The quantity of substance 
available fo r  experiment was only 0.05 gram, and, as the question of 
its identity could not be decided by analysis only, it was thouglit 
better to test its behaviour with sulphnric acid a t  160' ; for, in  case i t  
were the emodin methyl ether, i t  would thus yield emodin. The 
product of the action of sulphuric acid was accordingly treated with 
water, and the dirty, orange-coloured precipitate thus produced was 
collected arid purified, first by crystallisation from dilute alcohol, and, 
finally, from toluene. The orange-coloured needles thus obtained 
nielted a t  253-2254', dissolved readily in ammonia, and, without 
doubt, coiisisted of emodin. It therefore follows tha t  the substance 
melting at 1 9 9 O ,  obtained from Pdygowwn cuspidatTcm, is identical 
with the emodin mononietbyl ether which exists in Ventilnyo 
wndmspatana. In the former it is present in the condition of 
glucoside, bnt-, as previously shown (loc. cit.), it exists i n  tbe latter 
root in the free state. 

It is interesting to note that Schwabe ( A Y c ~ L .  Yhnrm., 1888, 26, 569), 
and subsequently Thorpe arid Miller (Trans., 1892, 61, 6) ,  isolated 
from the bark of l?hnni?zus f m n y u l a  not only fraugulin, but a second 
substance, to which they respectively assigned the melting points 199', 
anii 202--203", arid this  was considered by the latter authors to be 
probably a triliytlroxymethylanthraquinorie isomeric with emodiii. 
The properties of this substance agree very closely with titose of the 
emodiri methyl ether above described, and i t  appears possible that 
they niay be identical. Experiments will be instituted with 121acLimus 
f ~ ~ w g i t l n  to decide this point. 
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OF THE ROOT OF POLYGONUM CUSPIDATUM. 1089 

The Wax. 

The ethereal extract, obtained dnring the isolation of the gluco- 
side, was extracted with dilute a1 kali, the red-coloured extract 
neutralised with acid, and the orange-red flocks thus formed were 
collected and pnrified by cry stallisation from toluene ; the product 
consisted of orange-coloured needles melting at 253-254", and had all 
the properties of emodin. The quantity of emodin obtained from the 
root in the free state was exceedingly small. 

As the remaining ethereal solution appeared to contain a wax, i t  
was evaporated to dryness, and the colourles9, stdcky residue dissolved 
in a small quantity of boiling alcohol. On standing, the solution 
deposited warty nodules, and these were collected and purified by 
further cry stallisation. The product consisted of beautiful, colourless 
leaflets which resembled phenauthrene in appearance, and melted at  
134-135". In  melting pointX and properties it appeared identical 
with tile wax exist'ing in the root bark of the Xorindu umbellatcc 
(Perkin and Hummel, Trans., 1894, 65, 867), and, though the 
quantity obtained was very small (0.06 gram), it appeared evident 
that, if the two were identical, an analysis would yield numbers agree- 
ing approximately with those formerly given (loc. cit.).  This proved 
to be the case. 

0.0536 gave 0.1635 CO, and 0,0560 H,O. C = 83 19 ; H = 11.60. 
CleHzsO reqnires C = 83.08; H = 10.75 per cent. 

The wax contained in the root of the Polygonzm cuspidatuin is, 
therefore, identical with that existing in the root of Norintla uinbellata. 

The chief constituents of the root of Polygonurn czispidatzcrn are thns 
shown to be a glucoside polygonin, C21H200,0, which yields ernodin 
on hydrolysis, also free emodin, an emodin monomethyl ether, and a 
wax, CleH,,O. I n  containing emodin, it shows a chemical connection 
with the rhubarb root', and wi th  the bark of Rhamnus f r a n g u h  in con- 
taining emodin methyl ether ; also a connection with Veentilqo madras-  
patana root, and a similar relationship with the Morlnda umbellata, 
in that they both contain identical waxes. 

Dyeing experiments with the root, using mordanted calico, showed, 
as was to be expected from the chemical examination, that it was 
devoid of useful tinctorial properties; faint, dull shades were ob- 
tained, evideiitlF due to the presence of a small quantity of tannin 
matter. It is thus evident that no yellow colouring matter is present 
in  t,his portion of the plant. Examination, however, showed that 
t,he Zeaues contain a small quantity of a substance which yields 

* The melting point of this  wax given in the former paper is 124-125", an  error 
which appears to have aiaisen dnring the correction of the proof sheets. 
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1090 CHATTAWAT AND INOLE : 

yellow shades with alLuniiia mordant, and i t  is possible that some 
confusion has arisen between t h e  leaves a id  the root with regard to 
this property. 

It is my intention to stud1 the constituents of the roots of the 
Polygonurn bisto?*tn ancl Ewwx ~~~paleiisis--membe~s of two closely- 
allied species. 

Clothzoorkers’ Research Lnborcctoyy, 
Dyeing Department, 

Yorkshire College. 
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