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Anthraquinone Drugs, II:, Inadvertent Acetylanon of Aloe-Emodum
During Preparation of Aglycones from Crude Drugs—-UV, ~

and NMR Spectra of the Pxoducts

et

Amstract (] Hydrolysis of anthraquinone glycosides with acetic ocid

E: . {Auerhof’s method) leads to a partial acetylation of aloc-emodin,
" ooc of the liberated aglycones. With the aid of UV, IR, and NMR

. spectra this hitherto unreported compound has been characterized
as aloeemodin monoacetate. The same compound is also formed
when the simultancous oxidation aad hydrolysis of the glycosides
is alected with FeCly in presence of HCl and the resultant aglycones
extracted with ethyl acetate.

‘ Keyphruses [ Amhraquinorie glycosides—extraction [ Acetic acid

extraction—aloe-emodin acetylation (] Aloeemodin monoacetate
—inadvertent - formation [J TLC—separation ] UV  spectro-
photometry—identity, structure (] IR  spectrophotomwetry —iden-
tity, structure [J NMR spectroscopy—identity, structure [ Mass
spectroscopy—molecular weight .

An important step in the analysis and structure
cluadation of anthraquinone glycosides in vegetable
laxatives is the conversion of these compounds into
corresponding  aglycones. For the hydrolysis of the
glycosides and simultaneous extraction of the resulting
aglycones,  acetic acid has been used (Auterhofl’s

- method) (1). In relatively older procedures hydrolysis

of the glycosides is achieved with a mineral acid and
the resultant aglycones are repeatedly extracted with
lipophitic solvents (1). Glycosides containing a sugar
moicty linked to the aglycone through a C—C bond

- fequire simultaneous oxidation and hydrolysis. Usually

acidic ferric chloride solution is employed for the pur-
pose(2, 3).
Inastudy of cascara sagrada in thJs laboratory, it was

observed that the procedures employing acetic acid,

yield products which, on thin-layer chromatography

(TLC), show the presence of a-mew substance. The -
, iew compound appeared to be an .artifact, probably
(ormed by acetylation’ of an’ aglycone.k The: present -
‘communication  describes the charactem.anon ‘of-this:

substance ‘as aloe-emodin monoacetate, ‘a compound
hitherto - unreported in- the literature.” UV; IR, and

AR spectra of this derivative as well -as of aloe-

¢modin triacetate, prepared i in the course of thls study,

: arc also drsc,ussed

EXPERIMENTAL

All mdung points are uncorrected UV specira were recorded on’
_ ¥ Specliophotometer! (methanolic solutions) and IR spectra on a

\eepholometer. NMR spectra were measured in CDCly
wlation ¢mploying TMS as internal reference using a spectrometer.?

435 spectra were obtained with a single focusing mass spectrom-
! equipped with a dicect evaporator sample infet system (MG

130} TLC was carried out on Silica Gel G (Merck) coated plates -

e

Ny ! Beekman mode! DK2.
dem -Elmer model 221.
aran A-60A.
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- 1030 mm) in the solvent benmte—elhyl qumte—lomuc aud

“presence of HCI, using chloroform as the extruc tng solvent; e,

(15:5:1) (5). The chromatogram was observed under kmg-\wm: !
UV lamp* and finally spra)cd \\uh lo%lmcl!mnohc potassium ;.
hydroxide. L R

Preparation of Agl\cona of C&scnn\ l:mployhg Aceuc Acid (l)—-—
Moderately fine po“der of cascara bark (Rhumnus pershiona DC)
(50 g.} was packed in & column (length, 435 em.; id., 3.5.cm.) und’ !
percolated with 7027 v/v methanob-waier at roum ‘tempcratuse.
The cluate (2 1) was cvapomted 10 drypess under vacuum. To d g
of the dried extract was added acetic acid (10 .} and the mixture - 7"
was refluxed on a boiling-water bath for 4 hr. Alter cooling, the
solurion was examiped chromatographically (Fig. ta). Ina separale ||
expeniment, 3 mixiure of the dried cascars ‘extruct (1 g, acetic -
acid (10 ml.), and 257; aqueous ferric chivride solution (4 m. Y was -
refluxed as above., The reaction mixture, on cooling, was filtered
through glass wool. cancentrated under vacuum. and tumll) cx—
anuned chromatographicully (Fig. 15).

Preparation of Cascara Aglycones Employing HCl r-‘TO the
extract of cascara (1 g.) obtained as above was added methangl’.
(4 ml.). water (6 ml.), and concentrated HC! (6 11d.) and the mixture:’
was heated on a boiling-water bath for 4 hr. On cooling. the rency.
tion mixture was extracted three times with 0-ml. paruens: ut\«
chloroform. The chloroform layer, after conceatration . undcf ‘
vacuum, was examined chromatographically (hg. 1c). :
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Figure 1-—Schematic thin-layer chromatogram of cuscarq aglycoues.: =
Sulvent sysiem, benzene-ethyl formate-formic acid (13:5:1); - spray’
reagent, 109, methanolic KOH. Key: u, aglycones of cascara pre-
pared by employing acetic acid: b, aglycones of cascara prepared by -+
employing FeCly in presenee of acetic acid: ¢, aglycones af cascara -
prepared by employing HCI, using chloraform as. the extracting”
soleent,; d, aglycones of cascard prepared by employing FeCly in .

aglycones of cascara prepared by employing. FaCI,‘ in pru.m:c;' oj'~
HC, using ethyl acetate as the extracting mlrwr ! ;

§ Black Ray UVL-22. e




< Table 1OV Spwetra of Apthraguingges

Compd.

. i : e e —— Agsignmient of Absorption Bands, myu-
o Ar—-C=0 P

Qumonoid Group -

r\nlmuqmnom 243, 252, 325
1L8-Dibydroxyantiwagwinang 255, 32§
Lhryw;rl\zmql 218, 253
+ Aloeemodin 228, 233
| Quinizarin- 250, 32§
L Quiniaarin digeetate 250
ol Alegemadin m«mmwmw

" Aloc-pmodio triacetuts :

225 (¢ 24,453) 255 (e 12,226)
255 (¢ 10,449) 322 (¢ 6191)

363,272 405
274,285 430
277'5,287.5 430
279,385 430

275 410

265 335

274 (e 5705) 285 (e 5977)
272 (¢ 14,446) 337 (¢ 7429)

. “Preparation of Cascara Aglycones Employing Fercie Chloride and
VHCH (of 3 9)~To the dried cascara extract (10 g.) obtained as

S phovt was added FeCly - 60,0 (65 g.), HCL (200 ml.), and distilled
Tt wader (250 mal); and the mixture was heated on @ boiling-water

. bath for 4 hr. T was tinally evaporated (o dryness in a porcelain dish. -

The residue was divided in two equal portions which were extracted

cthyl ucctate, respectively. The two extracts so obtained were sepa-
= rately concentratedd under vicuum and exantned Chronullogmphl-
cau) (Figs. 1d and le, respectively),

g separate xperiment, the above reaction mixture, before
C gvaporating to dryness, was divided in two equal portions and each
0 was separately shuken in s separator with chlaroform and ethyl
Cowetate, respectively, Each extract after the usual separation,
. washing,-and deying, was concentrated under vacuum and was
found 0 be chromuatographically identical with the corresproading
entract abaow,

cma\~=\o_alo~:s (S0 g% methanot (100 ml), FeCl-6H,0 (63 g),
~ goaweirated HCL (00 ml), and waer (230 ml) was heated on a
. boiling-water bath fon 6 b, and the reaction mixture was ¢vaporsated
£ W dryness i A poreekein dish. The residue was extracted for 24 he
© with chlotofirm it a contintwous exuaction apparatus and the
CURXIract way cvaparated to dryness under vacuum. The product was
fmumnar.rd on a colupm (200 g. silica gel powder?; length, 100
o} driameter, 2.3 el Elation with benzene vielded chietly chryso-
2 phanel, subsequent clution with beneenecthyl acetate (9:1) gave

feacuons which on keepuy at room eiperature yiclded oranges
colorad crystals (W0 ), identival with an authentic sampie of
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ssepiraiely in continuous extraction apparatus with chloroform and -

.. water (75 mL). The resultant orange precipitate was filtered u,,j s
- &dded 1o the crystals obtained above and washed several times iy,

o Prveparation of Alue-Fadia (of. 3 4)—A mixiuce of powdered '

aloe-emodin by TLC and UV spectrum, m.p 223— 24°, muq‘
mp showed no depression, .

emodin (200 mg.), ethy} acewte (10 ml.), and conceptrated
(10 drops) was refluxed op & boiling-water bath for 4 hr. and allan !
to cool overnight at room temperature. A thick depasit of or:

crystals was abserved. The supernatant liquid was decanted a\
after adding 3 drops of concentrated HCl was refluxed for a 1unh.,
1.5 hr. After cooling, the reaction mixture was pouced into i}

"l,

‘cold water. Repeated crystallization from ethanol and chlorofor &; Ry vl
ethanol (1:3) failed to remove the unreacted aloe-emodin complery i+ M "-:O‘ ¥
(TLC). Further purification was achieved by chromatography o - i ir“ T
silica gel column (14 g. silica gel powder; length, 40 cm, ; i.d, lmu, ! ..-ou,i'
" Elution was done with benzene (thirty 40-ml. fractions). The first g, 3 ,_g, - .O&i,“-i
fractions gave pure aloe-emodin monoacetate (TLC), which 0 RS
crystallized from benzene &s fing needles, mop. 189-190°; mol yib* ol AW
(mass spemum). 312; Ddaas. 225 mp (e 24,453), Lu. 255 nf it
(¢ 12,226), Auax- 273 My (e 5,705), Noan. 285 M e 597D, A1 glmens compgl
430 m (¢ 6,113); IR spectrum is shown in Fig. 2 sonlized £

Preparstioa of Aloe-Ewodin Triacetate (cf. 6, T--A mixture ssemcphorete
aloeemodin (50 mg.), anhydrous pyridine (1.5 ml), and acuc?;, g "l_me QUi
anhydride (1.5 ml.) was refluxed on a water bath (60-707) un,t_-~ W‘*""‘ ransfes

anhydrous conditions (CaCl trap) for 2 hr. The reaction mixug? M‘“"‘ submtit
was allowed to stay overnight a1 room temperature and then !, ksl asied
was poured into ive water {100 ml.) when a yellow precipitate s
rated. The peecipitate was filtered, washed several umes with cws“ 0
water, and recrystallired once from ethanol (yield, ~75 mg.). TS,
examination of the sample showed the presence of several mino, [t
impurities. Chromatography on a silica gel column (20 g. silica &
b.-n;th -l un. id., 2 cm.) employms benzcne and bmzene—mu;

the pure lractions, respectively. The latter ou recrysiallization fraa’ ey
btepzene gave pure aloeemodin triacetate mop. 177-178°; A\, axpucnd, (1
253 m (& U9, Aaaxe 322 mu (e 6,191) Mgy 272 T (¢ 14,40,%

Auaxe 337 ni (€ 7,429); IR specurum is shown in Fig. 2.

RESULTS AND DISCUSSION

Since caxcuird containg both O-glycosivkes and C-ghyeosides, ©
aglycones were prepared by treaung the dried extract of the dry
separately with acid as well as with acidic ferric chlocie. Two e
of experineius were carried Qut, a0 usinyg acetic acid and Lbzw:. :
hydrovhloric acid. The ractioa mixiure obtained with FeCl w
HCl was exveed scparatety with chlocoform end ethyl ac
Thus five samples of aglycone mixtures were obtaingd. Their ti
laver chroratograms are shown i Fig, 1. Cheamatowrams ¢ do 3w
15} of the products prepared. 0 preseace of acetic acid exhilnd
charactesiste spot at & 0.68 which was aot seen in the chromue
grams (fe and 1d) of the correspounding producs. obxained wi
HCL using chlorolorm as the extracting solvent. Evidently, o
substance at Ry (168 was either 8 compound unscable in presencs >
HCl or an artifact produced by reaction of acetic acid witly a prods
of hydrolysis. Chromatogram (). of the ethyl acetare e;xr.moi"‘
FtUaIHCI reaction pmduct {or of the HCI reaction prodic

characterization of the substance ar R, 0.68 a3 an arwfacy formed”
nraction of an aglycone with ethyl acette or with aceric &
formed on bydrolysis of ethyl acetans. When the chlorofora =
vuct of FeClyHCL reaction provduct was reduxed with aceuc &
and & few drops of HCL, the intensity of aloe-emodin spot of i




&1 - (hin-layer chromatogram of the product decreased and a new spot

. tion of the artifact was shown to be aloe-emodin (1). :
.. For further characterization of the unknown substance, acetyla:
& 1ion of aloc-cmodin was carried out under different experimental
E.. conditions. Reaction with acctic anhydride in presence of pyridine
¥ - qve the triacetyl derivative (I1) (6, 7) which proved to be different
- from the compound under investigation on TLC examination.
.. When aloe-emodin was refluxed with acetic acid or ethy! acetate in
:. presence of HCI, a derivative identical with the artifact in R, value,
2 UV, IR, and NMR spectral data was obtained. Mol wt. of the
£ substance, determined by mass spectrometry, agreed with that of
. . an aloeemodin monoacetate. Spectral data discussed below sug-
& gosted that the —CH;OH group, as expected, was acetylated in
~ preference to the phenolic OH groups, and the compound i
b thercfore, the monoacetate derivative 111,

S N

0

0
I.R, = OH, R, = CH.OH VIR = OH
<1, Ry = OAc, Ry = CH.OAc VUL, R = OAc
¥ ML R = OH, R, = CH,0Ac
¥ IV.Ri=H, R;=H
VR, =OH, Ry = H
f; VLR, = OH, R, = CH;

k. Spgdn of Aloe-Emodin and Its Mono- and Triacety! Derivatives—
; UV Sperra—The positions and intensities of UV absorption bands
i, o these compounds are recorded in Table 1. The spectral data may
! bx rationatized by application of the concept of partial contributing
g vumaphores, which in the case of anthraquinones are A—C=0
" aad the quinonoid moieties (8-10). The former gives rise to strong

“thcuon wansfer (ET) bands at 246 my or higher, depending on the
Rt of substituents (11) and a weak n — x* band near 320 mgy,
W masked by more intense bands generated by further sub-
ifulion. The quinonoid chromophore shows ET bands of medium
sl weak intensity in the region 260-276 mu and one or. more
£ ds near 400 my due 1o ET andfor # — #* transitions. -

. he 400-my band is affected by nuclear substitutions and shifts

£ g
bk ,

’ ; ¥ introduced, Alkyl substituents affect only the Ar—C==0 bands,
Ab;‘i'u’b a small extent (11). The table also presents spectral data of
N “‘anmc(w), aloe-emodin (1), and some related compounds, '

;- 3 aud, the spectra of 1,8-dihydroxyanthraquinone

o Gl g
Ba o LV g
. Mudy. A

‘.;;' ::—‘:I‘W‘Il of aloe-emodin,
P 2 e olher hand, would

o AT LY 173 [
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r&Nbdied the sa
Ko favolved in
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‘ ':i ::T] he charqclqrislic features of these spectra are the -
LILY Y «d by quinonoid and- acetoxyl carbonyl groups.-

T i

a 1,67;{ unq 1,626 cnvY, These are assigned to the

8. at R, 0.68 was generated. Thus, the aglycone involved in the forma--

o hooger wavelengths with increase in intensity when OH groups .

‘ ‘ ), .
3 wobanol (VI), and aloe-emodin (1) are closely similar. This .
pproach was successfully applied. 1o the interpretation. - .
U3 of acetyl derivatives of aloe-emodin obtained in this’ - -
fiylation of the ~~CH,OH group should not affect the: -

d‘“i‘,“*‘_ﬂmlu“ of aloe-emodin two C=0O stretching frequencies -

" cules,” Methuen & Co., London, England and ‘Wiley, New York,
. N.Y., 1960, p. 182. - SRERT

- Food and Drug Directorate, Ottawa, Ontario, Canada : >
‘Acetylation of the nuclear OH groups,* .
be expected to shift the 400 mu band to- -
o g e for example, spectral data for quinizarin
et iarin diacetate (V1) (12). The aloe-emodin mono-'
P me UV spectrum as aloe-emodin. Thus the -, -
acetylation is the —CH,OH group.’ The
s expected, shows a major hypsochromic shift

% - Presented to the Pharmacognosy and Natural Products”Sécti‘on,m '
APHA Academy

free and the bonded -carbonyl groupsrespectively (13).: Aloe::
emodin monoacetate exhibits the two" quinonoid” carbonyl’ fre-
quencies in essentially the same positions vjz., 1,670 and 1,620
cm.™! (Fig. 2a). This shows that the bonded character of the C-9
carbony! group remained unchanged during acetylation. The acetyl
group must, therefore, be located in the side chain at C-3, In the
triacetate, chelation of the carbonyl is not possible, and the. 1,620
cm.”* band moves to a higher frequency—uviz., 1,600 cm.”? (Fig.:
2b). The C==0 stretching band of —CH,0Ac in the mono* and the
triacetate appears at 1,730 cm.~%, while the phenolic acetate groups
at C-1 and C-8 in the triacetate absorb, as expected (14), at higher,
frequencies viz.—1,760 and 1,770 cm.™? . ST
NMR Spectra—Characterization of the aloe-emodin mono~
acctate was readily achieved by NMR. The two phenolic protons '
which give signals in the spectrum of aloe-emodin ‘at. 12.01 and ..
11.96 § are seen in that of the monoacetate at 12,08 and §2.05 é.
In addition, the monoacetate shows the CH, protons of the aces
toxy-methy! group at 2.19 §. In the spectrum of the triacetate, the
signals for the OH protons are absent and the corresponding nce-
toxy protons generate a signal at 2.45 §, the CH; protons of the
acetoxy methyl group being at 2.18 4. "
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