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During the past century Uva uriz has been one of thn[  H
jommon medioinal plants in this country and in Europse, L 
qithuush it uppdlra to have fallen more or less into alnaan:?é;p
§ n recent yoari; the author first became interested in thiiiftﬁ
. plent in 1955-36 while working on the identification of the
rystalline componsnt of the precipitate oaédxins in the

.~ Fluidextract of Uva Ursi and a means of preventing the
fwtbrnatfan of this precipitate. ‘the interest stimnlated during
3?ih£l"ioti'1-n& to the undertaking of the present phytochemiocal
f]&uVentisatzon of the plant and of the literature concerning

lfits constituents.



Scientific Names and Synonyms for Uva Ursi
1)
Ce cluaiaa, in 1601, listed the plant simply as Uva

;; 3;;;. To fit into his binamial system, in 1763, Linne’ coined
ﬂjﬁtho name, Arbutus Uvamngn for what he had previously called

'n.rautun caulibus procumbentibus, foliis integerrimis. Linne’

4) 5) 6) )
lapponieca, ?lora uuncioa. and Materia medica, Royen, and
’ 8

: g
_:-g; Linne!, in his Specises Plantarum states that Colden

.liﬁtod the plant as Arbutus noveboragensibus Bearberry, but
10
cgording to a photostatic copy of Colden's original, lt is

listed as Arbutus Nostratibus Bearberry. :
The present name of the plant, Arctostaphylos Uva—urai,

foliis obovatis integerrimks coriaceis nitidis, floribus
| fagoioulatis, (Arbutus I.).
Post~Linnean names for Arctostaphylos U'a'"rséclinnq)f

~ Sprengel, were given by various authors as follows:

: 12)
- Arbutus pgognmbana. 531iabu§y, in 1796.

o 13
g Arbutus buxifolia, Stokes, in 1812, )

| 14 '
- érgtoatgggxlgg officinalis, Wimmer and urabowski, in
. 1827-9. |
L 15)
F Arbutus officinalis, Boissier, in 1867.

Common Names ‘
Arctostaphylos Uva~ursi, (Linne), Sprengel, is commonly

Haller used ?ha desoriptive name as used by Linna‘ J. Bauhin
}tnd Cherler had listed the plant as Radix idaea putata & Uva

: : ) g
8 given to it by Sprengel in 18256, who also listed the des-

riptive name of Arctostaphylos ocaule procumbente fruticoso,




f3.kn0wn as Bearberry or Birentraubs. Other common German names
iljliat.d for the plant arn%q,nﬁrcnkraut. Moosbesre, Saltcchro.
f  Aghelkraut, Barentraubenblitter.

. Common names used in English speaking countries include:
igaiziin Box, Red Berry, Upland Cranberry, Bear's Grape, Hed-
Berried Trailing Arbutuns, Whortleberry (gancrally applied to
apocica of Vagcinium, oapocially V. Vitis-Ildaea, L.). Barren ‘l
Myrtle, Reekharny, Kinnikinnie. and Uvae Ursi Folia (Bre).
Commen names in other languages are: Busserols, _
Raisin 4'Ours, Ecthn, Universe (Fr.), Uva Uraina (Ital.), uné

mb‘ (Span. )e

Btymology 18} i
Arotaetaphylan- Hillspaugh states that this is dcrivca

ﬂrnn the Greek words, APKTOS, arktoa, meaning a bear, and

grasvin’ s Staphyle, meaning a grape or borry bouauae of the

rough hair on the fruit,. 17)

Uva-ursi~ Techirch states that these names are doriv«d

‘@1rom the Latin, uraun. or Bdr (a bear), and uva, or Traube '

f‘tn’grape).

;. Arbutus~ ars rauh, ér herbe {??rah. rough or raw), and

. butus, pXT0s = Busch (bush or shrub).

ription o th |
; Aratestaggglon Uvanurqg, (Linne), Sprengel, (Family
ﬂ Ericaceae) is a low, evergreen shrub, with trailing stems, the

“yonng branches of which rise obliquely upward for a few inches.




16)
Millspaugh gives the following deseription:

"fhis peculiar boreal shrub is seldom erect except that
it throws its shoots upward for from 3 to 8 inches. Stems
~  numerous, depressed or trailing; branches Warious, the sterile
;',twam £ to 3 feet long and aaﬁpautfy ioa!%, the fortile shorter;
mahogany color, ecaling off in irregular patches; roots
ok. ligneous, and creeping. aves alternate, coriaceous,
- thieck, shining, and evergreen, turning mahogany color when aged,
those of the erect branchlets more or less vertical, all oblons.
 spatulate, entire, retuse, and tapering to a short-petioled
~ base. In:»x'~ocie, in few~flowered, terminal clusters or rae
. ~ i@ bracteoles persistent, finally becoming i
. £1ower palc, rose colored, drooping. Ca reduiuh,:
persistent, free from the ovary; %abia 6, roundish. Corolla
urceolate, pellucid at the baao. eciduous; tube inflated,
iry inside, hypogynous; 6, short, acute recurved.
ﬁ%ﬂ 10, included; anthe gg arge, upright, intorse, the
cslls openlng by terminal pores aund appandagvd upon the .
~ dorsal surface by 2 reflexed awns. 4 to 10 celled;
;%g%gg,ualitary in each oell. §*&broua, depressed=~
loboss berry or drupe, about the s xu of a pea; pulp mealy
and 1uaipid.3g§;ggg 6, when the fruit is baccate, or united
firmly into a oucveral celled stone when drupaceous; whether
distinod or coherent, the nutlete are bony and le-nsrved upon
~ the dorsal surface.” :

Habitat i
I ‘The Bearberry is indigenous to thd'noxthoru latitndéu
{&;Qnd nigh mountains of Burope, Asia, and Horth America. In North
. 4morica it extends from the Hudson Bay as far southward as New
Eﬁf#arucy and Pennsylvania, where, in certain localities it grows
wain abuldance. It extends westward in this country through

; Michigan, and Wisconsin and into northern Califormia. In

1m Europe 1t extends northward from northwestern Ireland,
iﬂ'!orkuhiro. Bngland, and central Rissia, and extends southward
into the Tirolean Alps and the mountains of Spain, where it
grows abundantly as a commercial sourde. In Asia 1t extends
northward from lower Siberia and Kuqfsuhatka; its northerly

6,17,18)
range includes Iceland and Greenland.




The Bearberry is a hardy shrub, proterrins barren soil

f?jneng rocks and flourishing on graveled hills and high sandy
ﬁf;luinn. It flowers in May and the leaves for use in medicine
should be gathered in autumm.

. The f chief adulterant for the Uva Ursi of commerce is
f the inert leaves of Vacginium Vitis-Idaea, Linne, (Qowberry

or Mountain Oranbarry). these may be distinguished by being
bbaratc, having ra#olutu margins which are sometimes slightly
poothod. and the presence of fine black dots or briatly points
' ﬁpnn their lower surface. Othér less common adulterants are

Iggg;_ﬂgg;!@__&;;gg. Linnc. Chimaphila umbellate, (Linne)
Huttall, and Ar tosta auca, Lindley. The latter,

nammanly called uanaanita. is a amall 8hruh 1ldig¢uona to ‘
éalifarnia where it grows in dry and rooky‘plaooa on the wsct'
apua’of the mounﬁain ranges.
History

The Birentraube appears to have been used in northern
la;lurepohn medicine for a long time. It appeared in the medical
| booke of England in She 13th centwxy, in the Meddygon Myddfad,
and was used by the phyliaians of lyddfai”l )Olnaius described
_the plant in 1601 ae the ApXTol STXPUAn'st galen, useful as a
;!hcnoatatlc&é Its use did not epread into middle Burope until

E %) - -
~ sometime later. Tschirch states that in C. Bauhin's Pinax the

plant was listed under the name, Vitis Idaea tal;;;w carnosis

et veluti punctatis sive Idaea adix, and that it was first

fonnd to be naed 1n Spaninh Italian. and French ncdicino about




~ the middle of the 18th century as an astringent and in nephritic
disorders. In wermany it became especially well kmown through
~ 1ts use by DeHaen in Wien (Ratio medendi, 1758), by verhard in
i”lurlin (Die Birentraube chymisch-medizinisch betrachtet, 17631,

1766). In Spain 1t was used by Girardi (Dissertacion sobre 1; ‘
pnnnian nephritica y su verdadero specifica la Uva~ursi o
ﬂayubnu, Madrid, 1?63)%7 1% was admitted to the London
Ehnrm‘oupocia in 1763, o
In America the Aborigines amekcd the drioa leaves with
tnhacoa, making & mixture called Qggggg_gggg in Canada, and
519&;13&; uudnglg?n western tribes; this was the Larb of thq 5  
estern hunters.

Medioinal Uses
4s has been stated, Uva Urei was used by the ancients as
1;; astringent. After the middle of the 18th Bentury it came
IJiinto more or less general use as an astringent tonic and di-
ﬂvuritie in varions disorders, particularly in dysuria, chronic
A“rouioal catarrh, oystitis, and kindred afflictions, as well as
}“1n irritations of the genital tract, such as gleet, gonorrhoea,
ﬁilcnoarrhoqa. blenorrhoea, cto.,ﬁéillspausiﬁgtatca that a Dr.
-?3Boanm of Oxford, recommended it highly in phthisie, but it
ﬁ‘ﬁmly abated the fever from reduction of the heart's action.
Uva Ursi has never received the complete support of the
edical profession ag a genito-urinary antiseptic. Ite value

18 claimed by some to be due to arbutin, the chief constituent,

;na by Murray in Gottingen (Commemtatio de Arbuto uva ursi, L

i



“ihieh is hydrglysed in the body to hydrqquingf;’and;glpagg:;
 the former being the antiseptic agent. Lewin and Schmiz re=
commended the substitution of arhutin for ordinary proparationa
af Uva Ursi in mediocinal uno, while raaohkiagt%tainld no good
tlaulte from the uge of arbutin in oyatitia and gonorrhoea, i
[ut found the allments inproved with the use of Uva Urai leavoag
e attributed the benotioial aetion tn the tannin praa.nt in
thc leaves. | |
@nuchetgﬁgnaxdhred Uva B@ng to be of a&vantaso in

ertain cases of labor, and it received some attention as a

erine excitent, useful in prolonged parturition from atonye
wag olaimed that the contractions resulting from itcfuae:_ :  
jere more prolonged, while less painful and less dangerous €§;A

¢ child, e e
Uva Ursi was admitted o the first edition of the Us a.;.v
?!harnacopouia ana has appeared in every revision of that work |
 through the 10th reviaion. It was deleted from the 1lth ro~ f’
viuian and taken up by the natxonal Formulary VI« A review of
he opinions of various autharegﬁincorning thc value and use
. of Uva Ursi preparations has shown it to be not highly regarded
 amsag the mediocal profession and in recent years it has found
1ittle reception in this country. In Ruropoan'uoaioino,/howatgr;
 ¥ht'drng seems t0 have retained its popularity more favorably
n recent years. ﬂtrlcr?‘in 1900, recommended a combination
?bt salol and Uva ﬂrsi in pill form as & disinfectant, ‘astrine
gent, and Sontd {n diseases of §s disader and urinary organs,
;lhilc 2ollanda5;s recently as 1927, recommended Uvalsat, a

’fialysatu of Uva Ursi, as a genito-urinary antiseptic. Other




if aviAGnannut its use in BEunropean mod&cinc ;zaag?nud in the
. literature in various forms of medication.

‘J  The various modes of administration of Uva Urei in
Elfutdi«int'htvn ineluded the powdered leaves, dried extract,
ﬁ nyrﬁp, infusion, dcaoctlou.izlntauxtrant, piil, and dialysate.
0f these the flnidextract and infusion have been most widely
fiicas' Because of the formation of hydroquinone in the bwﬁy’{
Ghd'urini often assumes a green color from the use of arbutin
~ or Uva Ursi. '

The report of Kusheb;vln'1847. is one of the carlicni'
ecorded investigations of the constitnents of Uva Urpi. This
g,nuihor'roportoddtho leaves to contain tannin, galliec acid, guha
??rcnla. bitter oxtraotivm, volatile and fixed oils, lignin, and
a orystalline principle obtained from the aqueous extract, o
;htoh he gave the name, ”Ursln“, gince it embodied the diuratto»
Ijowtr of the leaz;?. > :

j Kawalier, in 1858, reported the isolation of arbutin,

- which when treated with emulein yielded grape sugar and another
3¥tthor~so1nhlt compound !hiﬂh‘h. called "Arotuvin". He also
;iiupnrtca the presence of gallie acid, tannic acid, wax, fat,
;3lhloraphyll. plaut fiber, a resin-like material, and a sub-
ntanco. "‘lriaal
i yielded a vol
‘;} from the air.

um&ah upon decomposition with dilute actd&

t@ix, "Bricinol™, which easiiy took up oxygen

- 30)
He !roum‘&urrf. in 18b4, reported the isolation of a




ﬁ"udw‘nryutallina substance from both the alcoholic and the ether
. extradt of the leaves. He assigned thc‘na&c, urson (ursome),
%o tate prinoggln, whose presence was later confirmed by

@Gintl, Nooyen, and others.

A While inveattsating the producta of the hydrolysis of
rbutln in 1868, Strecker tound hydzoqainono as a cleavage pro=
- duct and asserted this to be the "Arotuvin" of Kawalier.

f; xlatiwwta and Kshermann?4%owcvox.ﬁin 18?5, fonnd that the

B ardusin of Uve Ursi 414 not yield purs hydroquinone but & mix=
.f-tura of hydroquinone and methylhydroquinone, indicating, although
gijthcy aﬁparqﬁtly-did not interpret it as such, that methylarbutin
5&*:0 well as arbutin was present in the leaves. 'Their results in
'  this respect were confirmed by achift?ﬁin 1882,

{ It remained for Jungmann, ln 1871, to show that the

. "Urein”, isolated by Hughes in 1847, wes identical with the

. arbutin of Xawalier. This author also reported the isolation

Tf of a resinous body, Ericolinm, which was glucosidal in nature,
;'iu&us‘aloavua by dilute acids into grape sugar and Ericinmol,
f,nm odorous substance having the character of & volatile oil.
5(!0.1&13 these he riportoﬁ the presence of tannic acid, gallioc

- acld, urson, malic acid, and a small gnantity of a volatile

ﬂ oil.

' a7)

‘ DeGraffe, in 1896, published the results of her ine

b vestigation of the %annin of Uva Ursi, from which she concluded
% that it was of the gallotannin typa. »
; ' %rkinfag.n 1898, reported the isolation of a yellow
f'énlnring mASter which was very similar to quercetin. He also



5itcicot&l the presence of ellagic acid and aeonrﬂinsly stated
nl;lgitannzn was fronant alons with cullatanuin. He was able

_ #o show in 1900 that the coloring matter consisted of tllas&n

’ @aid. quercetin, qna‘u small amount of another substance which

s prodably myricetin. The existence of ellagio acid as re- |
ymrttd'hy‘rcrkiu'uac questioned by Keegan, in 1913, who was
ﬁnchla to t:nd lxthar gallia acid or ellasia acid in the plnnt.k_
S ™Y isolation of a flavonol glycoside, 1ubqu¢rcitx1n,';!
| mua‘rtpnrtcd in 19385 by Nakamura n&d his coworkers. :
~ In gummary, the following constituents of Uva Ursi
1&3?!# have btin reported: arbutin, methylarbutin, ursone,
ericolin, tannin, gallic scid, ellagic acid, quercetin,

;gﬁrrlﬁctia,‘ualio acid, and isoquercitrin.
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. The orude drug used Ln this im'k was in the form of a
~ No. 20 powder of Uva Ursi leaves which was generously donated

the BEli Lilly Company, of Indianapolis, Indisna.
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Extraction with Ether

Seven thousand grams of the orude drug were packed in
. 8 Lloyd extractor and exhausted by Gontinuous percolation with
 ether until neither any more color nor solid material were ex-
. tracted. This required about ssven days of continuous oxxraoé
2 ;$£an. The entire ether extract measured approximately 12

. liters.

| Soon after the axtracvxon had been started a deposit

:f appeared in the bottom of thc extractor and thin inoreased in
. amonnt during the remainder of the extraction period. After
53th0 extraction was complete, the entire ether extract was

;  £11turtd and the liquid extract separated from this deposit (4).
The filtrate was concentrated to 3000 cc by distillation
. pf the ether. To this concentrate petroleum ether was added
;'iith thg result that a large amount of precipitate formed.
i:sotralanm ether was added until no further precipitation oc-
f ¢urr¢d. This required about 3000 cc of petroleum ether. fthis
- precipitate was oollected by filtration (B).

! The filtrate was again concentrated to 3000 ce, during
 which time additional material separated, whioh was oollected
by filtration (0),

T ‘The mother-liquor was then allowed to evaporate spon=
E fau-onaly. leaving a soft, semi-solid residme. (D).

j‘ In this manner the entire ether extract was separated
?”inta the following fractions:

“n' A). The deposit separating from the ether extract
;Lduring the percolation. |



~ B). Te precipitate obtained by the addition of
jmt:olopn ether to the concentrated ether extraot.

h ‘ : ng The precipitate obtained by concentration of the
ather-petroleum ether mother-1iquor.

7 D)s The rouidue rquaxnina from the concentration to
lrynnsn of the uthtr»putxoltum cthar mnthnr—liquer.

b This material when dried was greenish~yellow in color
é und weighed 160 grams. It was assumed to consist largﬁly of

; erude mrsolic acid. The purification of 42 grams of this
ﬁ'naitrial was undertaken after the mauner of Sando™ in the
tullwwing way i

3 The 42 grams were dissolved with stirring in 760 eo ot
f?boilxns alcohol countaining 1% of sodium hydroxide. During this
i;froaimnnt a considerable quantity of brown colored insoluble
Egilttrial'scttlod to the bottom of the beaker in a stiecky mass.
;f!ha solution was filtered and this insoluble mass collected
;ﬁlkmn the bottom of the beaker. Upon cooling it became hard

" and brittle. It weighed about 10 grams. (Al).

;a To the filtered solution there was added an equal
ffﬁpuntity of hot water. Upon evaporstion of the alcohol a semi-
?iaxya&allinc gnlktinunu material laédtun~urnolata) was deposited,
ifihioh inereased in amount on cooling. This was greenish-white
i?lu appearance and mixed throughout it were solid particles of a
1 * J.Blol.Chem. 90,47771931.
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ellow colored méterial. too finely dispersed, however, to
}alléi’a:mnohanioal separation, The entire mass was collected
jby suction filtration and the mother-liguor reserved for con-
:cgntratian.

The orude sodium ursolate on the filter was again 4154 ‘
ved in 750 cc of the same solvent as bctoru, filtered, and
51n equal quuntity of hot water added to the filtrate. Upon
Y’i#aporation of the aleohol a quantity of yellow-brown oily
;“partielaa weze found floating on the surface of the hot aqueous
| solution. These were collected by means of & spatula and upon
.ﬁaoling they solidified and became deep yellow in color. 'These
were presumably the same as the solid yellow partiocles noted
above in the first orystallisation. The total quantity of yellow
" material colleoted in this way was only a few grams. (A2).

l Upon ceooling, the hot aqueous solution of sodium
;“nruolata again deposited a semi-crystalline mass. This was
f;eolloctod on & filter and was then treated with 500 coc of
&ﬂeold alcoholiéfgodsun hydroxide. Upon stirring for a short
;;tinc most of the material dissolved. A small amount of it

L remained undissolved along with some more of the yellow
:-f_‘mt.rlal noted above. (42). The mixturs was filtered while in
i%this state. 'The yellow material was recovered from the residue
?3in the riliar by treating it with hot petroleum ether, filtering,
tland evaporating the filtrate. This additional yellow material
" was added to (A2) above.

i The aloahcild filtrate containing the sodium ursolate

~ was agein t?cato& with hot water and the alcohol allowed to

16



3 uvlporatc.' This proocdnrq was ropedtea]tonr times in 411.
?'jxtor which the sodium urnolaﬁc was finally obtained as a
ﬁ‘!hitn orystalline powder. The mother liguors from all of the
2fiwyatallia@tionu were reserved for concentration.

g Ten grams of the sodium ursolate obtained in this
? lanncr were dissolved in 200 oc of hot alcohol, filtered, and
%«;.’ to the filtrate was added dilute hydrochlorie acid, slowly and
t’lith stirring, until the solution became acid in reaction. At
thhin point ursolic acid was precipitated as & gelatinous mass.
lf!hiu was oollected on a suction filter, washed with alcohol,
élanﬂ dried on a porous plate. The dry product was then dls«
:_:"l'elnd in 600 ce of hot aleohol, filtered, and the filtrate
%i&lo&ud to cool in a refrigerator. Ursolic acid orystallised
?;in the form of long, slender, glistening needles, pure white in
i golor. This first fraction of the acid was collected and when
| dried it melted at 278-9° (uncorr.).

] The mother-liguor was allowed to concentrate to one=-
g'hilt its volume and then cooled in an ice bath. The second
fraction of the acid orystallised out and when dried it melted
fiat_276-7° (uncorr.).

Alternate Method of Treating the Crude Ursolic Acid (A)-
5”!hl observation having previously been made that the yellow
Laualid material above (A2) was soluble in petroleum athur, it

- was thought possible to extract this material from (4) by this
fiunnnl, ursolic acid itself being insoluble in petroleum ether.
fﬁUboa evaporation of the extract, however, it was seen that none

. or very little of the ysllow material had been thus taken out.

17
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Fi;hn\roaidu; from this extraction was green in color.

' The residue (A) after extraction with petroleum ether
*ﬁwnl next extracted with hot water with the purpose in mind of
. obtaining the dark brown substemce (A1) noted above. The
queous extract upon evaporation left a large quantity of
mpure tan colored orystalline material which was &uapocﬁod of
eing the same as (Al) abova. &
The residue (4) after extraction with hot water was of
the same color and appearance as before this treatment.

(Al)s The Portion of Crude Ursolic Acid (A) Insoluble
Alcoholic Sodium Hydroxide.~ This 10 grams of material was
reated with hot water and it was found that it could be
. Beparated in this manner into a water-soluble and a water=
?;snnolnblo portion,

; The water-insoluble portion, when allowed to dry, was
ijjight green in color and appeared to be orude ursolic acid
 $%£0& had remained undissolved in the original treatment with
alooholio alkali. It gave the LisbermanneBurchard color test
vﬁ!&m&lar to ursolic acide Upon purification of this portion by
 the method used sbove for ursolic acid, it yislded an additional
}janount of the acid.

Evaporation of the filtrate containing the water-soluble
portion left a black, sticky residue which became hard and
?v'brittlc when dry.

(42). The Yellow Material Separating from the hot
A_(mena Solution of Crude Sodium Ureolate.- This material

:E;ua of a fat-like consistency and melted at about 60°,
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It was solublc in cther. petroleum ether, and ethyl acetate.
!ha quantity of thia material collected was not 1argc enough
J&Q allow any tnrthnr characterisation and it was reserved for
‘$ !hrthor atudy until such time when more of it could be col-
,izloatod, ‘
: (A3)s The Water-Soluble Portion of Crude Ursolic

‘doid (A)- This material, left upon evaporation of the water. 
i{wnnvlight tan dn color and orystalline in appearance. It
‘bnrund with a yellow luminous flame, leaving a small amount

- of black residue. The crude material melted partially at 108°
{L‘“‘ completely at 1560, indicating it to be 4 mixture. Solu=~
;;blllty tests showed it to be soluble in waber, insoluble in
f”cﬁhci. soluble in 6% hydrochloric acid, soluble with darkening
. in 5% potassium hydroxide, and soluble with slight charring in
f,oonoantrated ﬁnlfurio acid. Tests for the elements showed it
}~to contain no sulfur, nitrogen, or halogen.

An aqueous or aleoholic¢ solution of the material gave
433 green color with ferric chloride solution and a positive
;:Jnngmaﬁn test for arbutin, The Schotten-Baumann reaction
%thvc a white orystalline derivative melting at 170°., Refluxing
C‘yzth acetic anhydride for three hours gave a white crystalline
‘Jaorivativa melting at 143-5.5% The acetate of arbutin melts
',gt 144--5o

An aqnooue aolntion of the material gave a negative
F tcat 2or redneing sugars. After heatiug a portion of the

; aqueous aolution with dilute hydrochloric acid for a short
f?timc it reduced Fehling's solution readily, indicating the
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resence of a glucosids.

The entirs smount of the material was treated with

200 oo‘of an’alcohul-cthqr nolntlaﬁ (l*i). This adparatcd the
terial 1nto two portionn. one soluble in this solvant the
ther insoluble i.n it.
. The inaaluhlc portion was almost white in appoaranoe
and bitter in taatn.‘ It melted at 196-7°, gave a bluish-

gresn color with ferrio chloride solution, and a positive
;iJuusmunn test for arbutin. It was then dissolved in 50 cc of
hfﬁntur and refluxed with 6 oc of 10% sulfuric acid for 1/2 hour.
1gﬁhl hydrolysate was shaken out with ether and the ether upon
fﬁcvaparation left bohind a considerable gquantity of white
3 orystals, melting at 170~-2°, which proved to be hydroquinone.
e3e results ldentified this portion of the mixture as arbutin.
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The Pr ate Btained from the Concentrated

Eﬁhgr Extraet by Addition of Petroleum Kther.

This material, representing a part of the petroleum

fcthcr Lnaolnble portion of the ether extract, weighed 184 grams

Tlnnd when dried and reduced to a powder it was dark green in

| hpaﬁranoc. ‘ |

| Treatment With Sodium Carbonate = Isglat;uh of Hydro=-
guinone and Wallic Acid.

| The 184 grams of material were warmed with 100 grams of

- sodium carbonate in 200 cc of water for 1/2 honr, the mixture

I 1iltorad and the residue washed with water.

] (Bl)e The Sodium Carbonate-Soluble Constituents.- The

iltrata. dark greenish-brown in appearance, was concentrated to

bout 150 ce¢ and shaken out repeatedly with ether. Upon

i vaporation the ether left a considerable quantity of light tan

fgpolotna erystalline material. (Bla.)..

E The filtrate, after washing with ether, was acidified
with hydrochloric acid and again shaken out repeatedly with

ther. Upon evaporation the ether left a considerable quantity

~ of dark brown colored material having an impure erystalline

Ziappcaranoc. {Blbs ).

] The filtrate remaining from this washing with ether

a8 now light brown in c¢olor. It was evaporated to dryness

ud the residue of 1mp&rc sodium chloride left was extracted

“,1th ahaoxnio‘a1¢whal. The alcohol upon evaporation left a

éilaek, brittle residue. (Ble.).

{Bla.). This ornde substance was of a lignt %an
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. erystalline appearance, odorless, and burned with a luminous
‘htilmo, leaving no residue. It melted at 161-700, It was
§1nble in water, ether, and in 6% potassium hydromide with
darkening of oelbks I gave no color with ferrio chloride
iiqélntiOE. By thnwschotten-ranmann reaction it gave a light
» ﬁun colored orystalline benzoate melting at 199-2000. Acetyla-
; lea with acetic anhydride gave an acetate, white in color

~ and melting at 182-3%, Thess reamlts served to identify the

f §onpoand as hydroquinone. B

j (Blb.). This materisl was dark brown in color and
ﬁlntioky 1n»eonaistenoy. It 1eft a whita'aah'npon hurﬁing. The
J crude material showed sintering between 150-2800° and melted
3!1naliy at 2269, It was partially soluble in uatér;‘giving

an acld reaction in solution, and soluble with darkening in
ifﬁ% potagsium hydroxide. It gave a bluish-green color with
ﬁ[fﬁrrtc chloride solution. By the Schotten-Baumann reaction

- it yielded a bensoate melting at 200%; it also gave an acetate
#imolting at 120-1%. These results showed hydroquinone to be one
f uf the constituents of this mixture.

The entire amount of crude material was dissolved in

‘f 5% potagsium hydroxide and carbon dioxide was passed through
;'shtn solution for 12 hours, with the result that a small amount
“.pf slintonigg blaok ﬁatcriml precipitated. This was removed

by riltrafibh, the filtrate scidified‘ and attor‘atandins in
;jtho refrigeiatar overnight there had crystallised a tan aolo:ed
%\Qpbatanoe melting at 237-40°. Methylation of this substance
'Qith dimethyl sulfate yielded a crystalline derivative, melting
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at 166+8%, Trimethyl gallie acid melts at 169-70°%

From these results substance (Blb.) was shown to be
a mixture of hydroquinone with gallie acid.

| - A Morpholine Derivative of Ga Acid.

Pive grams of gallie acid wers dissolved in 50 co of
ﬁ&aohai, an equivalent amount of morpholine added, and the
golution refluxed gently on the steam bath for 20 miunutes.
T_ﬂhan it was allowed %o cool a light green syrppy residue
g'ncttlad to the bottom. The supernatant liquid was decanted
ﬁ‘aua placed in a refrigerator, whers, after standing for two
g,laya orystals began to form in the bottom of the liquid. These
2 orystals increased in size over a period of two days. When
E&lallcntod and dried they were light gtan in color and melted at
;fxas°, with decomposition.

: The light green residme collected above was dissolved
uvin hot aléohol, giving a light brown colored solution. Upon
$i§anling a brown syrupy residune settled eﬁt.'whiuh. upon etandQ
ﬂging for a few hours, orystallised to a light tan colored muass.
;mihcn collected and dried these orystals melted at 180°, with
Qlﬁnaaupezitien. When recrystallised from aleohol with the aid
fior animal charcoal the orystalline product melted at 185-79,

| with decomposition.

(Ble.)s 'The black, brittle mass left upon the evapor-

y
i)

~ ation of tha a1o0ho11e sxtract has not been further investigated.
Treatment with Sodium Hydroxide.
Tne residue (B) from the sodium carbonate treatment

ove, which still retained most of its green color, was allowed
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dry and was then warmed with 200 oo of a 1% solution of
odiom hydioxida'xor 1/2 hour.;tha mixtdru filtered, and tha. 
idue washed with watax, .
{B2). - The SOdiumAHyarotida~Salnblc Ooustitucnta.-'v_
¢ filtrate, dark brown in cdlor,i was comocentrated to about
50 cc and shaken out repsatedly with ether. Upon QVaporatioh
- the ether left a small quantity of & 1i&ht tan colored
"'ubntanca which did not show any crystalline structure. (B2a).
The filtrate, after washing with ether, was acidified
ith hydrochloric acid and again shaken out repeatedly with
%ﬁ*hlr. ‘Upon evaporation the ether left a small amount of
?inrk greenish~brown, sticky residue. (B2b).
| The filtrate remaining from this washing with ether
)as then evaporated to dryness and the residue of impure
todinn chloride left was extracted with absolute alcohol. The
- alcohol upon evaporation left a small amount of a dark brown
;&rittla residue. (B2c). |
: (B2a). This substance, weighing about 2 grams, con-
sisted of a 1light tan powﬂor.‘non~crystallinc in appearance,
d melting between 180-2000. It was insbluble in water,
dilute acid, and dilute alkali, and dissolved in concentrated
 )@11§!16 acid with charring. When tested for the elements
1 showed the absence of sulfur, nitrogen, and halogens. In
eoholic solution it gave no eolor with ferric ehloride
‘solntion. The amount of this substance obtained was oo small
i@c allow any further characterisation.
b (B2b). and (B2c). These residues have not been further



f*invoatigatod.

Thies residue when collected on the filter and allowed
i;l» dry constituted most of the bulk of the original material.
fﬁitartqd with an was now of a light green color. 8ince this

; residune gave a color reaction with the Liebermann~Burchard

. test 1% was suspected that it contained more ursolic acid.
Etooordtngly, 60 grams of the residue were dissolved in an
gigxooza of 1% alcoholic sodium hydroxide, filtered, and an equal
g?quncxty of hot water added to the filtrate. When this solution
fpvau allowed to cool there separated to the bottom of the beaker
EEQn appreciable quantity of a dark yellow colored, semi-solid

E residue, (B3). This was collected by pouring off the supere
i;natant liquid abewe i%« 'he alecohol was allowed to evaporate

. from this liquid as in the purification of ursolic acid under

: A) and when the aqueous solution left behind was allowed %o
;;oool a gﬂluv&nnul*aasn. presumably crude sodium ursolate, s a:f
ﬁﬁtlcd out of £%. This gelatinous mase was almost white in color
and contaminated with green coloring matter., ‘he mother-liquor
. was dark green.

J? Sinoe the sodium salts of orgapic acids are insoluble in
| ether and other organi® solvents, it was thought possible to re=
{r;”" the green coloring matter from this crude sodium ursolate
?}nnd the mother-liquor by extraction with an imisocible solvent.
;i!he gelatinous mass ceollected above was allowed to dry and then
;&pnc portion of it was extracted with ether and another portion

;ﬁlxtraetqa with petroleum ether. However, both the ether and
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f potre1¢nm ether extracts were nblorcd, not green, but a deap
Q*yalluw. Prom the petroleum ethey sxtract there settled out
~ upon standing & ysllowish-white eazor.a. solid extractive, (B4).
ﬂl!hn orude sodium ursolate upon further purification was zinally
obtained as a white erystalline substance whioh upon acidi~
ioation yielded more ursolic acid.
(B3), 2 '

This residune was allowed to dry on a porous plate. When
pmplctely dry it was ééep yellow in coler and could be reduced
0 a powder by tr1tnrat&nn. Ite melting point was 1ndetinttc.

4 artially at 70° and completely at 135-60°, indicating tho aub~

tance to be a mixtore. It was gsoluble in ether, acetons,
;;Chlorororn, and aloohol. and 1nsa1ub1a”in water, acid and
alkali, and 18 petroleuws ether. Attempts to obbaiuca orystalline
rodnot t#nu'thxs mixture by erystallising from various solvents
ere not successful., This material wae reserved until more of
t could be oell;éﬁod for a more detalled characterisation.
{B4)+ The solid extractive material settling out of
6 patroleum ether extract of the crude sodium ursolate.
nce this material was found to be the same as that isolated

t the same point in the treatuent of the residne {C) on page
%ggg it will be taken up there.



This 80 grams of material was treated with sodium car-
; nate solution in & similar manner as Precipitate (B) was
‘reatcd. This resulted in the separation of the following
 sodium carbonate-soluble constituents:

| (Cla). A tan colored crystalline substance obtained
om the ether washings of the sodium carbonate filtrate:-

is substance was small in quantity and melted at 169-709°,

1t was partially soluble in water, insoluble in 5% hydrochloric
- 8cld, and soluble in 5% potassium hydroxide. Treatment with
iﬁot water separated the material into a water-soluble and a

; ter-insoluble portion. The water-soluble portian molted

| 166-72°, gave a benzoate, M. P. 198-2000, and an acetate,

lf!. P. 121~-2°, showing it to be hydroquinone. The water-
i;maalablc portion melted at about 1609, was light brown in
;%oror. was also insoluble in dilute acid and dilute alkali, and
?pvc no color with ferric chloride solution. Tests for alde-
;ffdoa, ketones, and alcohols ou this portion were negative.

4 (C1b). 4 dark brown colored orystalline material ob=
;igined from the ether washings of the sodium carbonate filtrate
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. after acidification with hydrochloric acid:~ This substance
- melted at 171°, was soluble in water, insoluble in dilute acid,
~ but soluble in dilute alkali with darkening in color. It gave

tlacting eolor with ferric chloride solution, and yielded a
nzoate, M. P 198*8009 showing it to be hydroquinons.
(Cle). The aoidxtled sodium carbonate filtrate was
}‘avuporatad to dryneas and the residue extracted with abaolnto
ulwhol. The alocohol upcn evaporation left a small amount of

f a dark brown, brittle residue which was not further investigated.

3 2reatment #With Sodiwm Hydroxide - Isolation of An
a{ﬂg;gggt;;;gd Substance. |

- The residue (C) from the sodium carbonate treatment

" above was allowed to dry and then treated with a 1% sodium
?fhydroxiac solution in a manner similar to the treatment of v
f;?rccipitatc {B) above. This resulted in the separation of the
following sodium hydroxide-soluble constituents:

E (CRa). A light tan colored, non-orystalline powdex
Bobtained from the ether washings of the sodium hydroxide

- filtrate:~ This substance melted at 166-9°, was insoluble in
?uator. dilute acid, or dilute alkali. It contained no sulfur,
Enitsaéon, or halogen, gave no oolor with ferric ohloride
lution, and gave a negative test for glucosides. In an

E ttempt to erystallise the material it was dissolved in hot
BRiloshol, refluxed with characal, snd filtered. Nothing
orystalline oould be obtainod from the filtrate and the residue
.ifhcu melted at 196°. Tests for aldehydes and ketones were

;_ gative. Refluxing a small amount of the material with aoaﬁic
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ydride for several hours had no effect on it, the original,

}w'”~oryaeallina material being obtained agains

: {02b)e A dark brown, sticky, resin-like material -
ﬁtainua\irom the ether washinge of the sodium hydroxide file
ate after acidification with hydrochloric acid:« The smount
.tgf\this material was too small for further investigation.

i_ | (02e). The mcidified sodium hydroxide filtrate was
LRQVaporatod to dryness and the residue extracted with absolute
;:alenhol. The alcohol upon sevaporation left a small amount of
-;b&aok, brittle residve which has nnt been further investigated.

This residue when callactad on thn tiltor and allowed
y io dry constituted most of the bnlk of the orialnnl uaterial
5¥p4ua$o¢ wish but was much lighter green iu colors

E - 8ince this residue also gave a color reaction with the
flilobarmannw!nfahard test the presence of more ursolie acid.ﬁaa
?ﬂiuspeniad. Accordingly, this residus was dissolved in an excess
ﬁigf’hot 1% alcoholie sodium hydroxide, the solution filtered, and
zinn_oqaal Qnantity‘oz hot water added to the filtrate. When this
f?uolntion was allowed to cool in an ice bath, there aépazaﬁuﬁ out
8 large amount of a greenish-yellow colored, granular residue.
&i!hls was collected on a funnel, and the mother-liquor remaining
q behind wae evaporated. It left a very small smount of residue,

| showing that almost the entire amount of the original residue
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had‘bcou.proﬁiéiiatcd from the alkaline alcoholic Balntgpg
the addition of ﬁater. The rc&ﬁ&&i'an the funnel was
lowed to dry and then it was extracted in a Soxhlet type
'raotar with au¢cessvu portions nt petroleun ether. ‘he ﬁth
eum ether soon beoame saturated with cxtractlvo material
“ikidh aaparatn& out in the bottom of the flaak. The txtraatiau
jﬁlank was changed and new solvent added frmm time to $ime so
’;ghat three fractions of the potrolsuﬂ\n%h!&gbxtnaot were cole
1xnntcd, These fractions showed the tallcwius properties: ;A
| lst fraction- A light yellow colored uxtraetivn nat?r£n1'
ﬁaltilcd out of the flask lsaving a deep yellow colored liﬁﬁid
| above it, The solid extractive melted at 197~2060,

:‘ ~ &nd fractione A light yellow colored extractive material
 gettled out»iaavingna pale yellow oolored liguid above. The
golid extractive melted at 203-9°,

b 3rd fraction- Very pale yellow colored extractive set=
éilod out leaving a palc yellow liquid above., Solid extractive
muad at 206-70, ' | |

b The solid extractive material from each fraction was
fawllqetod by filtration and allowed to dry on porous plates.
i}hnt from the second fraction wae almost pure white in appear~
;naal,. It was found o be insoluble in water, dilute acid and
q@i;utg alkali. Concentrated sulfuric acid dissolved it with

'8 slight amount of charrings It was soluble in ether, methyl
;énd nthji aleohol, acetous, hot pétroiaum ether, and hot
}gmpfnn-.A rram“ths latter two solveants it separated in an
I}narﬁhoun-worm on cooling, but £rom hot ethyl alcohol, 75%
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;3ooh61; methyl alonhol,‘éud acetons 1t crystallised on cooling
;h the form of short, glistening needles.

: The entire amount of material from the second fraction
w then recrystallised from 76% alcohol with the aid of snimal
oharcoal and was obtained in the form of white erystals , melte
 ﬂ§'u£ 209-12°. These mpon recrystallisation from a mixture of
ﬁFﬁéhal and acetone gave a still purer product which melted at
3;&~1&° {uncorrs) %o a clear colorless liquid.

i” ‘The solid extractive material from the firet and third
?ﬂ&etiona was then crystallised from an aloohol-acetone solution
;{fh the ald of charcoal and it was obbtained in pure white
orystalline form with & melting point in each case of 21789
;}za showed that the crystalline material was the same from

all of the fractions.

;ff Properties of the crystalline compound.~ 4An elementary
snalysis showsd the absence of sulfur, uitrogen, and halogens.
E;ita for unsaturation with permanganate and bromine were neg-
fﬁ:vcu':xt gave a negative test for aldehydes and ketones and
?;vi no'éelo# with ferric chloride solution. With acetyl

tidn ths compound dissolved and showed some haat_of reactions
;?th the Liebermann-Burchard test it gave a definite color

" ction but one which was not a sterol color test.

; th&aal,notatinu.f A 045 ziam sampls was dissolved in
100 co of acetone and showed a specific rotation of

! 12 ® +12,260

# Preparation of an Acetate.~ 'The behavior with acetyl

o oride having indicated the presence of an alcohol group, lf'
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,,,,

'ra refluxed with an nsu%an of acetic anhydradc for two hours
d the reaction produet then pourea into water. ﬁxttr decom=~
osition of the excess acetic anhydride there rdma&nbé a light
rown colored, fhick syrupy residue. This was very aiffioult

’ . eryetallise hyt it was finally axwatallieod xram a nagturn
r.'alcohel and acetone and was obtained from this solvent 1&
.th‘inrn of a white, needle~like crystalline aanpouna nhzah
;pnatca at 128-9% (uncorz.),

: The saponification equivalent of this acetate was ob~

Weight of sample 0.50000 0.50000
0.5046 N KOH used to saponify 26,00 26,00
049704 ¥ HO1 used to backtitrate 10,86  11.00
Saponification Equivalent 25744 2567+6
Assuning the presence of ons hydroxyl group in the
ié;nouls the molecular weight of the acetate would be the same
fi;thq saponification equivalent. If it is assumed that two
2?!:&:31 8roups are present the molecular ucisht‘ut the acetate
jﬁ'f-*iﬂ.d'lu twice the value obtained aboves

The aloohol, regenerated by the sapahitioatzou'af the
8oetate, was reorystallised from an aloohol-acetone solution
With the aid of charcoal aud then had a melting point of 219-
222° {uncoxr.).

A combustion analysis of this purified product yielded
'firnsu values of 0% 79.8%; H® 11.6% These values, however,

fepresent approximations only, because the combustion apparatus
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ﬁﬂhaﬁd,conld uot be aapan&ud upon to gQVchrcciso results.

u% Using these approximate carbon and hy&rascn values alans
a yith the melting points and physical properties of the alcehol
nnd its aactatc. a search was made of the litaraturc in an at~
tempt to locate the uaknown alouhol anong similar products
§r.vzenaly isolated. Its ldentity with auy known product could
" not be ettublishadq tha"beaxbh;indibatnd ‘that the unknown
hnloahol is very probably ‘a new representative of a group of
inolynyclaa aloohqls. commonly referred to as "triterpene

b eohols"s 4 number of these have been iaelatsa either as

such from natural sources or by the ‘aaarhoxylation of the
orresponding "triterpene acidls Those more commenly known
olude the Amyrins, C30H490H, Lupeol, Oz HggOH, Brein, U
;ﬂson‘gleﬁ)g. Hederagenol, OgHgo(0H)g, Oleanol, Q.°H¢9e8. and
=h€haru. It may be seen that they ropreaent both momo= and
1*hydruzy eompeunda-

Although the high moleoular weight alcohol isolated

@wnm Uva Ursi has not been identified, the evidence indicates

at it will bc found to be a compound similar to the examples
?Ptta aboves mhxn prediction is strengthened by the fact that
f&salia acid, a *hthcrpent aoid", exists in the plant uud it is
Ent tneonoeivablc #&at upon alaurbeuvlntiau 1330110 aeld would
7&11& such an alcohol. ﬂarn.prceiac»cumhaq’;an analysis and

; iructural work on the unknown compound must be done to gynmnrt
i*is assuumption, Suffice it o say at present, the onqgvand ,
’5nla not be identified as one which has been previously isolated
;;qi"a natural source.
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The Residue Obtained From the Congentration of
iguor Remaining From the Precipitation of the
3d Ethex Ex act With Petrol gum Ether,

This dark grctn, soft, sﬁioxy rnaiduo. represented; w‘

This trehtmcuﬁ, carried out as with Precipitates (B)
(C) abeve, yislded only traces of materials.

_ This treatment, carried out as with Precipitates (B)
nd (C) above, yielded nothing

Residue (D) Prom the Sodium Hydroxide Treatment:=-

Twenty five grams of this residue were refluxed for

hour with an excess of alcoholic potassium hydroxide in

4 or to saponify it., Upon cooling there separated out of

”ha nyyouified proﬁnots a oonsidernblo quantlty of tan colored
gtalline material which prnqu on examination to be an in-
organic potassium salt. Its presence was explained by the fgdt'
. t sodium carbonate and sodium hydroxide had been left beh;ﬁd

in the trsatment above of the original residue.

i Small poftiono of this dark green, stiocky rcaiano were
?hmkun with 10 ec each of a variety of cold organic aolventa
.in test tubes. These aolventu, with the raanlta observed, are
hrrnnsod in the following table:

L SULVEHT | EFFECT

‘petroleum ether partial solution, with green color in
' upper layer.



, SOLVEN?
??uﬂhaptauc

ethylene dichloride
- carbon tetrachloride

f;lithrl aleohol
gtthyl aloohol
.2;'°P30371 aloohol
_;ﬂ*prepyl alcohol
f%n~butyl alcohol

Bibosny1 olocnol
~ dlethyl ether
f&itnnpropyl ether
;Egootono

methylisobutyl ketone
hyl acetate
methyl aclloaelve Ll

: acetate
butyl carbitol

EFFECT
same as petroleum ether.

dissolves some green color; rea&dnc
lighter in color.

almost cenplctc.aclutian.

almost complete solution; some solid
material separates to top on standiung.

same a8 ohloroform.

partial solution; residue in fine
suspension.

dissolves large amount of green color;
residue of light greenish~tan color.

dissolves large amount of green color;
residue of light green color.

partial solution of green color; resis
due of light greeun color.

dissolvee large amount of greem color;
residue of light gray green color.

dissolves some green color; residune of
green color.

same as n-butyl alcohol.

complete solntion.

complete solution.

dissolves small amount of green color.

dissolves large amount of green color;
residue in fine suspension. :

dissolves some green color; residue in
fine suspension.

 dissolves some green color; residue

8till retains most of its green color.

gives fine, visocid nuapcnsion. dark
green in color.
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SOLVENT | EFFECT

partial solution; residue in fine,
viscid suspension.

twridznc : ‘ dissolves %o great extent; with dark
green color.

leo base dissolves some green color; residue
8till retains most of its color.

Prom these raanlta the methyl alcohol seemed to dis~-
j!alvc out most of the groon eolor from the material, leaving
?&ke insoluble rsalduo in a semi~solid state and very much
v‘ightsr in color. Ethyl alcohol had the same effect. A48 a
k}trther experiment, a portion of the original material was
giillelVOG in ether and to this was added methyl alaohal in
iuxcnua. There resulted a precipitation of a semi=-golid, 1ight
Eﬁelarod anbstunoe, with most of the green color remaining in
;gnlution. Upon repeating this experiment with ethyl alcohol
jﬁmc precipitation was not as complete and it resulted in a
fﬁﬂnpcneinn of the precipitated substance which did not settle
aaut readily.

“ The entire amount of dark green, sticky, semi-solid
t;siduo was waghed in separate portions with a mixture of
ﬁjthyl and ethyl alcohols, allowing the insoluble residue to
?{'ttlc out, and decanting the supernatant green colored ligquid.
ﬂjttcr about five liters of washings had been collected in this
E@ny, the residue remaining behind had become much lighter
;}osn in color. This was dried by allowing a stream of air to
fﬁlaw over it and evaporate the remaining alcohol mixed with it.
Upon exposure to the air the residue darkened in color to a

}ﬁark green. The alcohol washings were reserved for later study.



- The saponification value of the residue was determined:

b4 11 Blank

Weight of sample 1.2062 24,2276

Alkali added 26.00cc 256,00 26,00

Normality of alkali 0.5820

HOL used to back titrate 25.800c 20.84  24.78
 Normality of HC1L  0.5872

Alkali to saponify 1.49@@  4+ b4c0

Gms. KOH used . 0.04899  0,14929

Saponification Value 40.6 67.0

The two saponification samples from the above were
@@onred together and filtered. Ew‘thin‘mnanu the original

(Dl). 'The unsaponifiable, semi-solid, sticky residue,
9en in oolor, rewmaining behind in the flask. This was dis~

"y, and placed in an ice bath. After standing a short time
‘there separated out a 1ight yellowish-green colored substance.
4 (D2). fThe saponified material insoluble in the sap=
onification liquid. This, when colleoted on the filter, was
ive green in color and semi-solid. Upon dissolving it in
hot aloohol and allowing to oool, the material separated out

i (D3). ‘The saponified materisl, soluble in the sap-
iﬁnitionticn liquid. This tréatinu was contained in the filtrate,
\ e¢h, upon évaparation’cf the aloohol and acidification with



The entire residue from above was then saponified for

hours with an excess of alcoholic KOH. Upon cooling of the
ponified product, the three fractions noted above were again

‘paratcd: !

(D1). ‘'The unsaponified residue, a semi-solid, stxcky;'_

- greenish-brown material, which remained behind in the bottom of

fhhc container.

: (D2)s Baponified material insoluble in the saponifica~

:ﬁﬁgon liquid. This was collected on a filter.

(D3). Saponified material soluble in the saponifica=-
 tion 1iquid; this was contaimed in the filtrate.

.
i
\

(D1). 8 fied Fraction - Isolation of
o O3y Hgge
This fraction was treated with an excess of ether,
in whioh most of i1t dlssolved after long standing. Filtration

|  Pifteen Gms. of this were refluxed for 6 hours with
‘ft exoess of acetioc anhydride. The mixture was then placed in
f@,lurga test tube arranged with a wash bettii arrangement, and
‘ whole placed in a bath of hot water. After standing in
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é;thia bath for a short tiase, there separated to the top a layer
of dark greenish-brown colored residue, which was supposedly a
hydrocarbon residue. The lower layer, supposedly containing

~ sterol acetates in solution in the hot moetic anpydride, was
iuipkancé off, and the hydrocarbon residue washed with fresh
'%anotio anhydride, which was kept hot in the water bath. fThis
;imnhing process was oontinued until the washiugs guve no
v%lryatalllna separation upon cooling. The Bhydrocarbon residue
ﬁﬁn the tube was then refluxed with fresh acetic anhydride for 3
{iﬂura more and the washing process repested again, whereby anm
Ei&gitlanal amount of sterol acetate was obtained.

. The sterol acetates orystallised out of the acetic
anhyaride solution upon cooling. When collected upon a filter
ilhay wore 8tlll contaminated with bits of hydrocarbon, so the
ﬁl&uve described washiung with acetic anhydride was repeated on
Fﬁ@lac impure acetates. The acetates, purified in this manner,
a d collected on a Tilter, were pale yellewish-green in color.
on erystallisation from hot alceohol they were almost white

L éolor. but when dried they assumed a distinct olive green
zihlor. The mother liquors were reserved for concentration. :
‘Eweording to Rosenthaler, thewe mother liquors should contain
%go acetates of unsaponifiable aloohols twaz“nlaoholn). these

@flng more soluble in alcohol than the sterol acetates. OCom=-

orystalline residue.
After observing the results with a small amount of the

f{n;pauifiablo rosidue. the remainder of this residue, 50 Gas.
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;  all, was refluxed with bbec of acetic anhydride for 4 hours
8 then poured into & large test tube with the washing
angement and immersed in & hot water bath as described above.
@?-1n there was a separation of the hydrocarbon layer to the
top and the hot acetic amhydride solution to the bottom. |
:f}vcver. the wash bottle arrangenent being shown to be in- |
iicquntu for such & large quantity of material, the material
wag washed further by heating with an excese of acetic anhydride
g;‘a hot plate for 1/2 hour and plaoiﬁs in an ice bath to cool,
éﬁircupan the hydrocarbon layer separated to the top, while

T;c gterol acetate orystallised out in the bottom from the
1i'!ssI0f acetic anhydride. The stsrol acetate and excess
;fntia anhydride were then removed by making a hole in the
¥rdreoarbon layer and pouring off the lower layer into a fil-
%ft. where the solid sterol acetate was collected, while the
jﬁzuns acetic anhydride, in the filtrate, could be used for
washing the hydrocarbon layer again. In this menner the un-
onified residne wae separated into two fractions: The
;jtatiou soluble in hot acetic anhydride and the fractiom
?Eneluhlo in hot acetic anhydride.

i The Praction Soluble in Hot Acetic Anhydride:;=- This
i&nslaﬁod of & cake of the sterol acetates admixed with some
?édreo&rhona, which was collected on a filter. This solid

;?kl was heated with 3000 cc of alcohol, when it was observed
;ﬂut 8 portion of it did not dissolve but settled to the bot-
i?n in the form of an oily layer which solidified ou allowing
?ﬂc alecohol to cool. 3uspeet1ng this insoluble portion to be
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%"hydrpharbon because of its insolubility, the 3000 oo of
lution (I) were separated and the insoluble portion dissolved
) an additional 3000 co of hot alcohol (IX). These two
separate solutions were refluxed for 1/2 hour with charcoal in
der to decolorise them, and then filtered through a steam
ated funnel. Upon cooling to room temperature thers appeaxgh
both solutions flooculent white colored crystalline dapositb.
ese were collected on filters. The deposit from solution (I)
peared flaky white, M.P. 62-8% With the Lisbermann-Burchard
lor test it gave after long standing a faint color reaction
hich was not the typical sterol color reaction. It was waxy
f@ohtha touch, and upon stadding with concentrated sulfuric acid
u&‘vo a charring effect but 1ittle solution. The deposit irum_
lution (II) was flaky white in appearanbd, retaining some
the yellow color from the mother liquor. It was waxy to the
{}ouah and of a very soft consistence; M. ». about 65°, The
%,aetxan to the Liebermann-Burchard test and to sulfuric acid
was similar to that of the deposit from solution {(I). The
mother liquors in each oase were reserved for the isolation
o steroks.
The saponification values of these two materials
:_iro determined:
i ‘Deposit (I) Deposit (II) MHlank
ight ef'aamplu 0.6000 Gme. 0.4771 Gus.

{ used to saponify 26.00 ce 26,00 26.00
rmality of KOH 0.4331

HCL veed to back titrate 17.42 ce  18.02 18,44



| Normality of HOL - 0.5872

0,4831 N HCLl used(equiv.amount) £3.62 ce 24.43

”Tﬁt KOH used to saponify 1.88 .57
:iiuponifioationValue 5547 20,9

3 These values show that the materials contained a small
gmount‘pf ester, hence they were almost free of sterol scetatc.
- In order to f£ree them from any sterol acetate the entire
?lnounta of both of them were saponified for two hours with an
fcxecss of alooholio potassium hydroxide. Upon cooling, the
ﬁiaponified product in each case formed a g0lid cake on the top.
e8é oakes were filtered off and each dissolved in 600 ec of

:

_ hot aloohol. Upon coaling the alcohol solution a pure white

yetalline substanuce nottlad out in each cuse. When oollootod

a filter and ullowed %o dry these two produots showed thagy_

lowing properties: u

_ uProduet from DOPosit (I) trom dOpbszt (II)]
ting point s ol - 66-8°

tion with conc. HgS04 slight charring; ne = game
golvent action.

‘with dimethylevlfate s1ight soloration on game
' long standing; no sol-
vent action.

Q‘drop Brg in 0014 S e decaloriaod. ., Bbame -

These ttata indicated the produata to ha aaturatca
iphatic hydrouarbons. A small amount of eaeh was treated s
with a mixtnrc of oanoqntrated aalturio and nitria acids, ;

Qoured into water and reeovarcd. and then rocryﬂtalliaed

ne. HNOz and HgS0; slight charring. aemo‘ fW‘



from hot alcohol with the aid of charcoal. They then showed
*}c féllowiug properties: L
‘ Prom Deposit (I) F?om Deposit (II)

Melting point 6646-67° 67,50
tting point 66.5-66° 679
lting point when 66.6-67° 67-67.5°
ken simul taneously in

me bath.
The corresponding properties given for the synthetic

Melting point 67.6-67.8°

Setting point 67,8°
& These constants are in close agrceman$; In order to
f}atcxmino whether the product isolated in this case was one
?éﬁuroonrbon or & mixture, samples of the two were sent to
.E . Sterling B. Hendricks, of the Bureau of Chemistry and
ils, Washington, D.0,, for x-ray examinatiou. The report
the crystal spacings wes as follows:
1 | Prom Deposit (I) From Deposit (II)
2@ spacing d (ool) 41.00%0.204° . 41.45%0.264°
The corresponding spacing observed by Piper for the

i&l not a mixture but is a fairly pure specimen of hentri-

f&eantauo. Cz1H64+

* piochemical Journal 25,2080(1931).

paraffin hydrocarbon, Oz1Heq by Piper snd coworkers™ are us b

thetic hydrocarbon, Oz1Hge, is 41.564%. This close agree-

nt of constants proves that the hydrocarbon isolated above

43
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These nothhr-liqners were combined and allowed to
'nncntrate by evaporation to a volume of 200 oc¢, during
ich time there was a separation of a yellow colored, oily
ppsaring material. When it was attempted to collsct this
terial on a filter it was absorbed by the filter and oonlal
ot be handled. This material gave the color test for aterolﬁ;
causs of the small amount it was collected by dissolving it
‘off the paper in ether and the ethereal solution reserved. The
Sﬁothar-liquor upon complete evaporation ydelded more of the
iimtdrial which was added to the ether solution. The ether
T@olutiau was then allowaed to evaporats spontansously and left
@]h&nd a pale yellow semi-solid residune. This was dissolved
in the smallest amount of hot aloohol, hot water added to the
#aint of 1n¢1piont turbidity, and the unlutton cooled in an
&ao bath. A pale yellow solid matorial neparatod. which, upen
ollaetion on a filter became semi-solid again. Repeated
ttompta to orystallise this material from aleochol and from
;sdro~aleohol solutionavwere unsuccessful. Attempts to purify
‘fhu msterial by precipitation from alcoholic solution with
*lgitonin were also unnuoaesafnl.
| The Fraction of the Unsaponified Residw Insoluble in
Agetic Anhydride - Isolation of 8 Caoutghouc-like Substance.
This consisted of the residue left behind after the

emoval of the sterols and hydrocarbone and was represented by

a8 brown oolored, semi-solid, very sticky layer which remained
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soluble in the hot acetic anhydride during the treatment
previously desoribed for the separation of the sterols and
ihydrooarhonl. ,ﬁhis material was refluxed with an excess of
gaaeohel for an hour in order to remove any hydrocarbon or
‘;tnrol that might have remained behind. It was observed
‘3hat the material was quite insoluble in alcohol. The
'uloaholiu filtrate upon evaporation left an 1naiguifiuaat
'ﬁlaiduc, showing very little hydrocarbon or sterol had re-
‘uuinsd. This material was soluble in ether and beugense. It
*!al dissolved in a slight excess of benzene and to this sol-
gytiun aloohol was added to purify it. The material thus ob-
f#m&neé was of a greenish~brown color and very tenacious, re=
félnhlxng the stretching properties of rubber. With the hopse
tt removing the aoloring matter by washing a petroleum ether
cnlntzon of it with furfural, its solubility in petroleum ether
s tested and it was fornd to be insoluble in this solvent.
f Action of ooncentrated sulfuric acid- A small amount
;&: this material was treated for several days with concentrated
gylfnrio scid, the mixture them poured into water, and the
T;,glnbln residde collected on a filter. Obtained in this
Evy the residue was dark brownish~black in colorx, and brittle

in appearance.

goluble in the

Saponifica on Liquid - Igo ation of a Mixture of raraffin
Hydrocarbons.
This, when collected on the filter, was grayish-green

and orystalline in appearance. It was dissolved in a large
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‘amount of hot aloohol, filtered, and the filtrate allowed to
‘ﬁmol; whereupon the material crystallised out askin, The
@iﬁyut&llin& muvariai wag collected by suction filter and when

‘.

unrxua gave no color test for sterols. It was insoluble in :

L It burned with a luminous flame, leaving a small
;%noun% of black residue, It softensd around 260«75% and
“%ﬂltnd completely at about 295% Its color was an olive drab.
o One gram of this material was treated with BO ce of
noentrated sulfuric acid for 4 hours and the mixture then
ured into water. This resulted in the precipitation of a
ﬁfjsht grayish~white colored material, which when collected

'iv a suction filter and dried, assumed a light brown color,

d finally the olive drab color of the original material be~
such treatment. The weight of material re-obtained was
re than 0.9 Gms., and melted partially at 80-6° and complste=-
1y around 200°. The filtrate from the acid treatment was
;ﬁoiltd with barium carbonate and filtered. The fiktrate upon
';nulius showed nothing of a orystalline nature separating

and vas discarded.

In another experiment 1/2 gram of the material was
‘dissolved in 100 oc otvhat alcohol and the solution refluxed
fﬂith bone charnaal for 16 minutes and filtered. The filtrate
fa@on aoaling aapoaitcd a white gelatinous material which when
?araca was grayzeh~wh1tc in color. It melted partially at 95=
%3@0’ and completely at 175-80°, indicating it to be a mixture.
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This last experiment having indicated a method of
rifying the original matarial; the remainder of this fraction
8 dinaulvod in 800 e¢c of hot alcohol, refluxed vxfh charcoal
1/2 hour, and filtered through a steam heated funnel. The
t filtrate upon cooling deposited a nhitt,uppcéxlns substance.
en collected on a filter and drisd‘thia‘anbztunaa was

i awiahwuhito in appearance.

T Xn an attempt to find if this amsumed mixturc oontaina&
ftnything of an slooholic nature a small amount of it was re=
fgluxod for 2 hours with scetic anhydride. During this treatment
:ft.waa observed that two layers were formed, the lowsr layer
F@@nniatins of acetic anhydride with some dissolved material,
i}ho upper layer being insoluble in the acetic anhydride and
{y!uaining in an oily form on top. Uban eooling, the lower
f?;ycr assumed & light tan, semi-solid appearance. With a
l@maught of using this means as a method of separation of the
l:;xtnrc, the entire amount wae then refliuxed for 5 hours with

ff@.tlc anhydride, the two layers being observed sgain as above.

e and allowsd to cool, whereupon the two layers were formed

f;ain. The upper white, brittle layer was separated from the

. The upper layer~ This was dissolved in 700 ce of hot
jlcohol. filtqred through a hot funnel, and tho filtrate cooled
@in the tctrigarator, whereupon a white colored gelatinous mass
;pparated ounts When eollected and dried it was pure white zn
ipycarannc and melted partially at ?0~1°. completely at 107°,
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1ent1ns 1# to still be a mxxtnro. !his matorial was treatud
r two days with an excess of aoncﬁntrataa sulfurie aocid 1n an
‘fart to rcmove any xmyuritiaa. Thc acid mixture assumed ajj

color, ahowing slight impurities to be pruacnt. It wasigﬂg

oured into an excess ol water, the solid materisl filtered f; 
f and dried. It then melted almost entirely at 70-5° and f;f‘
ompletely at 85° This material, which now had a 1ight tan : k
 oolor, was dissolved in 900 oe of hot aleshel, filtered

ihrough & hot funnel, and the filtrate allowsed to cool, whcn

‘tha material separated out again in a pure white rorn. This
‘Ius collected and dried.

}f The lower layer- This tan colored, semi-solid layer
{;n placed in 100 cc of water and agitated to decompose any
0xce88 acotia'anhydrido. The mixture was then filtered. The
é;- eolored residus oa the filter when dry softened at 71° and
ffltad completely at 810, This material was also treated with
goncentrated sulfuric acid to remove impurities. The acid

iurc assumed a 1ight brown color, indiocating some impurities.
t was poured into an excess of water, the insoluble residue

.i tered off and recrystallised from hot alcohol with the aid
j:loharaoal. The product thus obtained had the same melting
int as before this treatment.

?i ‘ The upper and lower layers having been shown to have
praximately the same melting pointa, they were placed to-
\thlr and the sulfuric acid trcatmaut desoribed above rep.atad
thie mixturc‘ !hus abtainad ‘the product melted partially

69.6*70° and eomplntcly at 74°, indicating it to be a mix~
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{éﬁﬁro of paraffin hydrocarbons. The amount at hand was too
. emall to allow any further attempts to separate the mixture.

This fraction cousisted of the solution of the potas=~
eium ioaPQ of fatty acids, 4n equal amount of water was added
*?#ﬂd the algohol reoved by evaporation on the water bath. Upon
?ihiaitieation of the aqueous solution with concentrated hydro~
chloriec acid, the free fatty acide precipitated in a dark green,
toky residue. Thess were separated from the aqueons portion
Jhiohunicnlly,'nnd the aqueous portson reserved for tests for
ﬂclyaorol.

i The mass of free fatty acids was neutralised to phunol~
i;hthalain with potassimm hydroxide and to this was added, with
1 isk stirring, 756 grams of lead acetate dissolved in 300 co
F@: boiling waters. There resulted a dark green precipitate of
iﬁba lead salts, which clung to the eides of the beaker. The
:ﬁﬁirring was continued until the beaker full of contents was
i;axa.' After drying in vacuo, the lead salts were refluxed with
,. excess of ether for 1 hour, allowed to stand in the refrig-
ator overnight, and filtered, fhe residue on the filter was
again refluxed with ether, and this procedure repsated until
ﬁ&i ethereal filtrate no longer contained a greeu color. fThe
Eﬁld salts of the fatty acids were thus separated into two
Gtaotiaua; the lead salts of the liquid fatty aocids, neluhli in
ﬂthnr, and the lead salts of the solid fatty acids, insoluble in
%th&r.
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- The lead salts insoluble in ether were treated under

;ihtr with excess 25% hydraahlorin acid to decompose the lead.

' ‘athereal solution af the xury acids was filtered from

the resulting le=d chloride precipitate and washed with water
iﬁtil the washings were no lounger acid to litmus. The ethereal
é? ution was then allowed to evaporate, leaving a solid oake
21?'tatt¥ acids weighing about 4.5 grams., The nentralisation

Qg‘no of this mass was determined:

Weight of sample 0.,1088 10,1932
© NaOH used %o nentralise 5.54 co 6488 oc
Hormality of NaOH 0,1076

Neutralisation Bquivalent 280.6 284.1

' The cake of fatty acide was dissolved in 200 co of

% methyl alcohol, refluxed with charcoal for 15 minutes,
g'ltercd. and cooled in an ice bath. There orystallised out
ﬁ{ grannlar form a small quantity ofalight cream colored acid.

half its volume.
| Piret Fraction of solid acids= The oream colored mat-
grial softened at 51° and melted at 54° It was recrystalllsed
??oﬂ'knkiucthyl‘QXQahol. when it came out in pure white
fyitardﬁca, with a ﬁiltins point of 655-4°, The neutralisation
fw~1vultat of this acid was ﬁoturuinuﬁz

Height of auuylc s ' 0.097
NaOB to neutralise 3416 oo
Normality: of :NaOR: ivuicat 052076
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Neutrality Equivalent - & 286,3

¢ p=bromphenaocyl ester of this scid, when first prepared,

ed at VE~3° ﬂpoﬁ recrystallisation it melted at 79-80°,
Myristio acid mnlta at 54° and its p-bromphenacyl ester melts
i. 81% Fron thano results the acid in the first fraction was
ginutztind as myristic acid. The neutralisation equivalent
toa not confirm this conelusion. (Neutralisation Equi?alont‘
t'nyxiutia acid is 228). However, this difference in the
utr&linatian equivalent may be partially explained by the
i‘luibility that the acid was not entirely dry snd that the

nal acids were not washed completely free from mineral

4 Second Praction of solid acids~ This fragtion, collected
il°“ ﬁho mother liquor of the first fraction after coucentra~
gion to one-half its volume, was light cream colored and melted
'wi 52-79, When recrystallised from a solution of methyl

*lcohel and water (9:1) it was obtained as a pure white sub=~
:A:aoc. melting at 656-7°% The smount was too small to admit
%a*lny further characterisation.

' Liguid Patty Aoids - Identification of Oleic Acid.

The lsad salts of the liquid fatty acids were contained

?a7thc ethereal filtrate. An excess of 26% hydrochloric acid
added to this solution to decompose them and the ether sol=-
! fon of the free fatty acids filtered from the lead chloride
precipitate and washed with water uatil the washings were no
fbngqr acid to litmue. The ethereal solution wae then dried

5;.: anhydrous sodium sulfate and allowed %o evaporate spon=



,jiﬁ'ouoly for the removal of the ether. Of 550 ce of the
thhrtal solution 755‘00 were evéporatcd to constant wilght »

nd dried, to obtain a measure of the amonnt of liquid aoidse

Weight of liquid aclds in 66 co 2.5009
Weight of total liquid aaida 25.089 Gus.
obtained : ‘ :

Wha ether solution of the liquid fatty acids wae thaﬁ;
@teé to aoﬁarate the liquid acids by the lead salt-ether
L_‘fhod. To the ether solution 300 ce of glacial acetic acid
f;ora added and the mixture cooled to -109., Bromine was then
ﬁﬁ;lowod to drop into the solution with constant stirring until
;ﬁt had aquired an excess as noted by the color and odor. It
;éns then allowed to stand in the refrigerator overnight. At
f%mia time a small amount of a light yellow precipitate was
:!xpoaitcd. When collected and dried, this appeared to be
ﬁ‘arsaly inorganic in nature, leaving bshind a large amount a:
on burning. It did not show the solubility nox melting
point oharacteristic of ths linolenic acid hexabromide which
hould be obtained at this point if linolenic acid were pre-
ent. It was insoluble in ether, benzene, alcohol, and dark-
~ened, but did not melt below 200°, It gave a slight test for
Ehalogon and no test for sulfur. |
After removal of this precipitate the ether solution
¥ s washed with a saturated eolution of sodivm thiosulfate to
?%nmovo thu'excess of free bromine. The excess sodium thiosule-
5tnta was in turn removed by washing with water, and the ether
lﬁblntion then dried over anhydrous sodium sulfate. The ether

_}na evaporated and the residue treated with hot petroleum

o
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?ﬂthci. After standing overnight in the refrigerator, a light
;;ynllow colored precipitate had formed, whioch, when collected ou
| @ filter, turned dark brown in color. Attenpts %o recrystal-
ige this from benzene, or an ether-petroleum ether mixture

ere unaucccswfui. - It was then treated with boiling alcohol,

- which dissolved the greater part of it; hot water was added

bo the filtrate until it became faintly turbid, and the solu=
i&ian was then allowsed to cool in an ice bath. 4 light yellow

L

precipitate settled out. This precipitate did not melt below

The petroleum ether solution, after the removal of the
ecipitate as noted above, was evaporated spontaneously, the
‘giduo taken up in 100 ¢e of aleohol and heated undexr rcflux‘
lth & grams of zine filings for four hours to regain the oleic
d from its dibromide. At the end of this time the alcohol
8 r@maved by evaporation, the residue poured into an excess
w§ter, 10 ce of dilute sulfuric scid added, and the mixture
ated on the water bath for 30 minutes. At the end of this
a6 the olei€ acid and any ester that might have been formed
wes extracted with ether, the ether evaporated, and the resi=
due heated with alcoholic potassium hydroxide to saponify any
fﬁter; The saponified mixture was then poured into water, the
ﬁioohol ramovod by evaporation, the potaseium salt acidified,
“;a free acid shaken out with &ther, dried over anhydrous
faaium sulfate, and the ether evaporated, leaving & dark brown

3117 residvue. This oily residue gave the elaidin test and the
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nillin color test for oleic acid. It was then treated with

agueous solution of potassium hydroxide to form the solubi¢
t. This trcatment did not result in a clear solution but
ther in a grayish-green milky appearing mixture. To this wna
Aid.-alowly and with mechanical stirring, a 2% agqueous unlns
# on of potassium permanganate with the aim of preparing th§  
dihydroxy stearic acid for further identification. During this
dition the mixture became first gresen in color, and later,
au\ah excess of the permanganate had been added, it became

4 rk brown in color, with the separation of a large amount of
}&rk brown colored precipitate. This mixture was theun aclidi-
6d with snlfuric acid, for the purpose of dissolving the
g;usanaaa dioxide formed and sllowing the insoluble dihydroxys
»?fcaric acid to remain behind. ‘The dark brown precipitate which
;}; formed did not dissolve, however. This was collectsed on a
lter, and when allowed to stand became almost black in ap=
ﬁr&noe and resin-like and sticky. Attempte to crystallise

}} § material with various solvents were unstccessful as was
ﬂfao an attempt to dissolve it in alkali. The black mass was
Eucn dissolved in 200 ce of potrolenn ether and this solution
f%akcn out thres times with 20 cc of furfural each time. %his
gatment resnlted in the colored substance settling out of the
§5trolaum ether layer into the furfural layer. ‘he petroleum
ithor solution thus obtained was perfectly olear and faintly
;Qoun in color;; Upon evaporation of the solvent there was

w.ft a small amount of a pale green oily residue.

Purther attempts to characterise this residue were un~
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essful. It did not dissolve in alkali, and aunother atzuhpt
xidise it wzth pataaaium pcrnnnsanata uelution rdanltld 1n
formation or thu same black maan which was noted ahevn. |
om the elaidin test and the vanillin color test the preseuce
~0leic acid was indicated in this portion of the l&qu1ﬂ £$§ﬁy
';pinn, but oleic seid itself, or any of ite derivatives or .
oxidation products, could not be isolated.

fﬁ; alcohol and ether, and the solvents were evaporated. 4.
all amount of a thick syrup remained which had a sweet taste
_?md'was soluble in water. When heated with a small amount of
potassinn bisulfate this syrup gave tho characteristic pungent
;jgr of acrolein, showing it to be glycerol.



Fifteen hundred grﬁms of Uva Ursi leaves, after having

f in-cx&xaeted with ether and petroleum ether, respectively,
fjrn next extracted with acetone in a large extractor of the
Soxhlet type. The acetone extract, which was dark brown in
i./ar, was collected in six unpdrata portions. In this way
ﬁ'tpt&l of appraximatcly»lo liters of acetone extract were
’fitalnqdu '
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f»ositué, ﬁpan gtanding for a few days, a quantity of ocrystale

;)o material on the sides of the flqsk. This was collected
:dlfrncd from adhering color by washing with acetones The
{Tﬁorlliquer was placed in a refrigerator for s few days,

luring which time an additiomal amount of oryltaialwaa deposi t-
ia !hcic were collected and the mother liquor then placed ‘
l;tiiaa'in a freezing atmosphere for several days. A large
‘tgunt o£ or&ntallinc material separated from the extract during
jiia time, The mother liguer was then concentrated to & small
v?luuc by distillation of the acetone and this concentrated
'iquor‘ upon standing in the cold for several weeks, deposited

‘f additional amount of crystals. &
n_‘ A1l of the different crops of erystals collected ubovc.
?;n washad‘g@th acetone and allowed %o dry, were almost pure
iltc in appearance., They melted at 193.5~4.50, gave a positive
i?t for glucosides, and gave the Jungmann color test for

arbutine A quantity of them was hydrolysed with dilute hydro=
2«01&0 acid and thq.hydroiysatc cxt:actad with ether. Evap~
}.uion of the ether gave orystals of hydroquinone, M. P. 699,
;ﬁntiztcd by ite acetate and benzoate. This showed the crystal-
}pg material to b# arbutin, a conclusion which was confirmed
%5ptcpar1ng the acetate and benzoate of the crystals them=

. Ogg which agreed in melting point with the oarrcapahdxﬁg

, y§ﬁ;v&q of arbutin., 7The total amount of orystalline arbu-
gf;§5t§iAQd in this way from the first portion of the acetone
%;f.éi‘waa’approximataly 20 grams.



_ The remaining portions of the acetone extract col~ ‘
j?“ntod above were allowed to stand in a freesing atmosphere for o
@yvoral woeeks. During this time there was deposited in thenm
Jaurgc quantities of reddish~brown, solid acpaaits. This de-
lyanxtcd material was collected and when dried it weighed ’
'umproztnntcly 76 grams, When reduced to a powder it was light
tnu in color, A tannin determination on this material, by thi
T’taaalum permanganate method of Loewenthal®, gave the tbllowlns
sults: :

A 0.5000 gram sample was made up to 100 ce with water
‘gpa 10 ec of this nolu#&on was used for titrations.

04 used for 10 co plus 20 oo of Indigo Carmine before 17.38 oo

uged for 20 cc of Indigo Carmine alone 9.82
used for 10 co of solution before
hide powder. 8.06 ce
4 bused for 10 ce plua 20 cc of Indigo eurminc 11,20 co
' after.
used for 20 cc of Indigo Carmine alone 9e82
‘uged for 10 ec of solution after
hide powder. 1.88 ce
used for 10 oo of tannin soluntion ; 6,18 cec

of KMnOg -~ loe equiv. to 0.001567 grams of tanuin.

wotul grams tannin in 100 cc = 6.18 x 0.001567 x 10 =
0.09684 grma »

Per Cent tannin - 19.37%, caloulated as U,S.P, tannic acid.

* Vvillavecchia, Ve, Applied Analytical Chemistry, V.2,
p.338,1918.
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3 Attempts to Separate §ha Tannin Qng Non-Tanunin Con=
;gigncntn.
i The tollewing experiments were oarried out on separate
rtions of the tannin-containing matsrihl.aellactad ahdvu 1h
\attompt to find some mathod for 1aolat1ng thl taunin from
e non=tannin eompanonta of the mixtnra. ,

(a). rrecipitation ¥ oholic Solution With Ether,
{ | Ten grnma of the material were dissolved in 100 ec of
;ulrm alcohol, allowed to cool, and to this cooled solution
f,ther was added slowly vith~atirr1ng. There occurred a floe-
1@ﬁlnnt precipitation, at first almost white in appearance, f
Bater turning to a 1ight brown color. About 400 cc of ether
;aurc required for complete precipitation. ¢The preoip&tato,
;ipon allowing it to stand, settled out in a compact sticky
;ppat. the supernatant liquor was drained off and allowed to
%@mnocntratn slowly. The precipitate was dried in vaoto. A
f%&nnin determination on this precipitate showed it to contain
f .56% tannin. Thus as a means of accomplishing the desirtﬂ
pose this method did not offer great possibilities.
The mother liquor from the precipitate, upon nQNplotc
jwnporasion, laeft a considerable amannt of erystalline material
i:ong with a sticky brown amorphous anbatanoc. This upon exam-
%@atien proved to be corystals of arbutin contaminated with a
iﬁall amount of tannin.
! (b). Extraction With Bthyl Acetate.
Ten grams of tﬁo ﬁnterial were extracted in a small

;pxh;os extractor with ethyl acetate for 72 hours. At the
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§~d of this time the residue in the extractor had become a
T7--1ikc mass. fhe liquid extract obtained was allowed to con=-
i ntrate slowly and when completely dry»it left a small amount
olorless crystalline substance which proved to be arbutin.
(e)s ‘

Ten grams of the material were dissolved in 76 coc of

ﬁ‘snr and to this solution were added 100 ce of a saturated
:plation of sodiunm chloride, slowly and with stirring. A light
‘%wlorcd, flocoulent precipitate was formed, which upon uettlins
i}aamq light brown in coler. The augernatant liquid, which was
iiisht brown in eolor, was poured off, the precipitate suspended
:§u 50 cc of water, and 50 ce of sodium chloride solution again
fddcd with stirring. The precipitate was this time collected
E@ a suoction fiiter, washed with the aodinm chloride solution,
;;1:4. and then taken up in absolute alcohol, the adhsring
gpdium chloride remaining undissolved in this solvent. Upon
;?agaratiou of the aloohol and drying the residue it was found
ﬁmat it was insoluble in water., Since all of the well kuown
3§nn1nn are water soluble this property did not characterise the
icoidnc ag a tannin. It was found to be soluble to some extent
;g hot water, but on coeling a reddish tan colored, flocoulent
i;torial settled out again. This bshavior is characteristic of
izlobaphonos and indicated that this residue might be of that
;;turg. , |
| (d).. Brecipitation With Neutral Lead Acetate.

Twenty grams of th; material were dissolved in 100 cc

@f water and to this solution was added s saturated solution of
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B utral lead acetate, slowly and.nith stirring, ﬁntil no more
; scipitation occurred. The resulting precipitate was light
110w in golor. It was collected and washed with water.
The Filtrate.~ The filtrate, together with the wash~
%3&8. was almost colorlese. The addition of b@aic lead aoctatéA
lution to a test portion gave no further precipitation. The
;{ccsa lead was removed from this filtrate with hydrogen sul-
Elda and the excess hydrogen sulfide removed by gentle boiling.
ffa filtrate gave a positive test for reducing sugars. It was
gilawea to cdnaeutraﬁo slowly at room temperature to & clear,
i&ght brown colored syrup of the consistemoy of molasses.
t;thing of a orystalline nature separated after long standing.
Q} gave the Jungmann test for arbutin and aleo & hea#y reduction
ﬁ th Pehling's solntion."WIth phenylhydrazine it formed an
‘!a‘p after standing in boiling water for 3-4 minutes, After
orystallisation the osazone melted at 206~7%, indicating
jyt@ﬁse to be present. Repeated attempts to orystallise a sugar
i?ﬁm this residui‘by allowing it to cool from various solvents
jore nnenceessful. ‘:
‘ The Lead Precipitate.- This precipitate was suspended
? water and 10% sulfuric acid was added to decompose the lead.
’itar the addition of excess acid there still remianed a quan=
:?ty of light red colored precipitate which was not all lead
é fate, indicating that some of the regenerated products from
ﬂe lead precipitate were not water soluble. The soluble por=-
;on wag removed by filtration, the filtrate being a reddish-

rown color. The residue remaining was then extracted with hot



Fﬁvatar and finally with hot alcohol, both of these solvents

- removing wost of the residde. The hot water extract upon
icooling deposlited a considerable quantity of a tan colored,
(;qnarphous material which assumed a red color on standing. fThe
jdnold:watar filtrate from above also deposited a red colored sub-
~ stance on standing. 'The substance obtained in this way had the
,ilppaaranoe and solubility properties of a phlohaphenc. Its
;tormation might be explained by the action of the excess sule
Blivio aotd on the Saunin vegenerated SHes dhe lead precipitate.

neentration d Freezin f the Mother ‘1 uors From

After the removal of arbutin and the tannxn-containlng
ieapoaita from the acetons extract as described above, the
fl‘thcr liquors from all of the portions of the extract were ,
i@onocutrated by distilling off fhe acetone, and the concentrates
'illowcd to stand in & freezing atmosphere for seversl weeks.

;!hia resulted in the doposition in thﬁbc liquors of an addition~

' amount of material which was partially orystalline in ap~

pearance and partially semi-solid and sticky. fThis material,

fuon collected from all of the concentrates and dried, was

t brown in color and weighed about 62 grams. A tannin f
determination on thia material showed it to contain approxi-

ately 19% tannin.

Zrecipitation of the Concentrated Acetons Mother

The concentrated mother liquor obtained from above was
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?- k brown in color and of the consistency of a thin gyrup. It
%«oanted to about 500 se. To this liquor was added 300 ce of
ijhcr with the result that a dark brown naterial, of a very
;iick consistency, was precipitated and settled ont. When
:6llaetod and dried this material was light brown in color and
iYishcd 108 grams. A tannin determination on this showed it
Ek'contain 23% tannin.

| The addition of more ether resulted in the precipitation
;@lanothor fraction of the above material. Complete pre-
i}pitqtion had occurred after 1200 cc of ether had been added.
i}l second fraction thus precipitated weighed 43 grams. A
;;nnin determination whowed it to contain 28.3% tannin.

termination of ducing Suga fore and After

Pive grams of the first fraction of material precipi-
;ftod from the concentrated acetone mother liquor by the ad~
;?tlon of ether were used to determine reducing sugars before
%a after hydrolysis with dilnte sulfuric ascid. The Defrens
fﬂullivan* method was used:

Weight of sample H5.0000 grams. Sample was diasolqu in
ftar, cleared of tannins by the addition of a saturated solu~
éon of lead acetate, the excess lead removed with potassium
i, ate solution, and the filtrate made up to 100 ce. Ten ce
flthis solution were then made up to 100 cc and 26 cc of this
;intian were then used for the determinations:

% ¥ Schuette,H.A. & Oppen,F.C., Principles of Organiec
?alysis, p.10,1935,



Weight of crueible plus Cuo 10,747 10,409

Weight of orucible alono 10.716 10.8%6
Jeight of Cul 0,032 0.033
- Average i 0,088

From Defren O‘Sullivan Tables, 9.033 grams Cuo 13
equiv. to 14.5 mg. of glucose.

Total grams of glucose in original 100 cc ot solution *
0.,0146 x 4 x 10 = 0,580 Grﬂmﬂo

Par aont rodueing sugars, as glucose~ 11.60%
Twenty five cc of the or&ginal 100 ec of solution wera'
en refluxed with 10 ce of 10% sulfuric acid for one hour to

drolyse any glucoside. The hydrolysate was made up %o 100 co
and 10 ec of this solution were then used for the detcrminati#n:
' Weight of crucible plus Cu0 10.866  10.517

Weight of orucible alone 10.716 10.3%76
Weight of Cuol 0.140 0.141
Average 0.141
From Tables, 0.141 grams CuQ equiv. to 62166 mg. of
glucose.

Total grame of glucose in original 100 cc =
0.06266 x 10 x 4 = 2.5064 grams.

Per cent reducing sugars, as glucose~ 50.13%

| Prom these resulte it may be seen that free reducing
:agara. as well as a large amount of glucosides, presumably
i:bntia. was contained in the material precipitated from the
;%ctana extract by the addition of ether. It should be pointed
%it. however, that hydroquinone, yielded upon the hydrolysis
:}-arhntin. ano reduces alkaline ¢opper tartrate solutions

;@a that this would tend to make the results obtained above

The 45 grams of material obtained in the second frac=-
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%fion of the precipitate above were dissolved in 1000 e of
gﬁiter snd to this solution was added a 10% solttion of neutral
sad acetatn.ielowly and with stirring, until a precipitate no
nger formed, The resultiug lead precipitate was bright
_yellow in color. It was centrifuged to facilitate filtering
iﬁud then collected on & filter and washed thoroughly with water.
if The Lead Precipitate.~ This precipitate when allowed
;ﬁe dry weighed 32 grams. It was reduced to & powder, suspended
E}n a pasty mass in 300 ce¢ of alcohol, and hydrogen eulfide was
lépnud through this sispension for several hours. The lead
sulfide was them filtered off, excess hydrogen sulfide removed
g;rmm the filtrate by bubbling carbon dioxide through it, and
,?h‘ filtrate then allowed %o evaporate and dried finally in
E?hauo. The product thus obtained, consisting of the impure
éﬁsnnin. weighed 11.56 grams.

: operties of nnine

Taie product wae light brown in color, was soluble iu
‘;gtor, aloohol, and ascetone, and insoluble in ether and ethyl
acetate. It gave a blue-green color with ferric ammonium sul-
.tc test solution, gave no precipitate with broamine water, gnd
4 d not give the Griesemayer color test for ellagic acid or
f;ilagitanninn.

; Pyrolysis of the Tannin,

ﬂﬁo gra& of the tannin was heated to 160° in Scc of
{{'cOan, and:than the temperature was slowly raised to £00-100

‘and kept there for 30 minutes. At the ond of this time it was



66

?Ohakon out repeatedly with athar. the ether upon evaporation
,‘loft a small amount of allight yellow, non-grystalline material.
ain aqueous solution this substance gave no praoipitato with
ihroninc water, gave a blue~black color with ferric ammonium
étulfata solution, and a violet color with liue water, 1ndioating
6 presence of pyrogallol. Upon svaporation the agueous sa1~‘
wution left a white orystalline substance, melting at 130-30,
?&hn amount obtainod was t0o small to identify conolnsivoly as
iswrognllol by the preparation of derivativas. : e
3 £41] of the Tauni

: One gram of the tannin was placed in a large test tubc
:itth a side arm attachement and heated in an oil bath, ‘at the
;pamo time ovaou&tins the test tube %o a high vacuum with a
;luotion pump. At about 190-200° a small amount of white
garyatalline substance hegnn to deposit on the u?pnr walls of
‘the tube. The heating was continged until the residue in the
f@ottnm of the tubc was completely charred. The crystuls were
}Qallootad and had & melting point of 150-3°, They also gave

%i blue-black eolor with ferric ammonium sulfate solution and &
gjo;ot eolor with 1ime water, ;howihg the corystalline decomp=
::itiog product of the tannin to be pyrogallq;.

lierenstein's Method,
HzQWunntgtn‘ reported, in an investigation of the tannin

the Knopper 0&11 (Quercus cerris) that he was able to extract
tannin with acetone, from which solution it was precipitated
Uoniithe addition of petroleus sther ( 1ight petrolenm). This

" *Nierenstein M., J. Chem. Soc. 115,1174,1919,



ilthod was aafriedlent on Uva Ursi in thé following way:

b One thousand grams of Uva Ursi were extracted in a
hlet type 6ontinﬁoua extraoctor with chloroform to remove
ts and green eoluring matter. After this cxtréetion. the
was thoronghly diioa and wés then extracted with acetone
four days. th acetons extract wae fil tered, separating
4 liquid poriién from a brown, semi~solid portion which had
;'ttlcd out of tho liguid extract., It was then made up to
}ﬁOO ¢ with acetone and to this was added 400 ce of petroleum
’k&hor {B.P. 60-891 There resulted the separation of a light
%ﬁn golored precipitate which upon stunding darkened slightly
%h ¢olor and became partially orystalline in appa&rahce. This
reoipitats wag separated by &eoant&ﬁion‘ A tannin doter-

: 1nation on the dry material showed it to contain 36.3% tannin.
8uapocting the corystalline part of the prscipitates to
{a arbutin, it wae desgirable to find some means of separating
@?13 from ths tannln. Pifty grame of the precipitate were :
i 8solved in 250 ce of aleshol and to this éolution was added
i‘ ce of petrolaum ether. No precipitation resulted and the
%'rthor addition of petroleum ether up to 200 co still gave

»o praoipitatzon. ﬁh’ tannin was evidently quita aoluble in
;ﬁho mixture of alcohol and petroleum ether. This solution was
hen allowed to evaporate to dryness to get bu@k the original
‘i;caipitato-. \ |

‘\ Attempt to Removs ¥2£ §ang§g With Hide gowdggg

Ten grams of the precipitated mass obtained above were

dissolved in 76 ec of water, & grame of hide powder added to
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ﬁ@hi”uolutian. aud this mixture shaken fwequently during 24
,?xura.' At the end of this tims 1t was filtered by suction and
;@hn hide powder, collected in the funnel, washed with water
;ﬁntil the washings no longer guve & color with ferrio chloride
?;nlutiun. The hide powder upon dnying did not show any of tha
‘;20poriica of a tanned hide., The filtrate, which was light
;hwovn'in cnlor.‘gavo a precipitate with 1% gelatin solution,
:J.-lndlcat.ing that the hide powder &d not remove all of the tannin.
?Bkcatmcnt of this filtrate with charcoal falled to remove any
j;} the colore &t reduced Fehliug's solutlon ﬁpon long boiling.
When heated with dilute acid for & short time it reduced hot
j@hhlins's solution almost immediately, indicating the preseuce
‘of glucosides. It also gave a positive test for arbutin., When
l;"/otod‘ﬁo evaporate to drymess it left a dark brown residue in

iyiﬁh eryetale of arbutin were imbedded.

| Pon grams of the mass precipitated from the acetone
extract wers mixed lntimately with an equal weight of magnesium
{{ de and the dry mixture moistened with water. A bright yellow
?vlor dc§alopcd at onces« This thareughiy mixed end moistened
isaa‘waa allowed to dry on a steam bath for one hour and then
traoted with hot alcohol. |

;z whc.A;oohaxia Bxtract.- This was a light tan colored
}1qnid and no Yonger gave a precipitate with gelatin solution,
cating that the tsunin hed been removed from it. Upon
aporation of the aleohol there was left a counsiderable (nan=

tity of almost colorless crystalline material which melted



partially at 120-400 and completely at 189-92°. When dried
?pr one hour at 110° it melted partially at 144-6° and complete~
1y at 189~§3°. Arbutin has been reported in the literature to

?ﬂhydroua form melts at 194-6%, Refluxing the apove material
fith acetic anfiydride for two hours gave a white silky ory-
{Qulline compound melting partially at 144«6° and completely
;y 190-200°9, Refluxing this compound with acetic anhydride
Ear an additional three hours yielded a oompound melting come

|

pletely at 144-5%, corresponding to the melting point of penta-

5k.ty1 arbutin. Prom these results it was concluded that

after the tannin had been removed with magnesium oxide.

i The Magnesima Oxide Residue.- This residde was light
égnwniahayqﬁﬁibiin color. A part of it was suspended in water
?}d the magnesinm oxide decomposed by the addition of hydro-

f}lnrie aoid. When all of the oxide had been decomposed and

ijbriek red material from the solution. When collected on a
j” ter and allowed to dry this substance raaemblté a phloba«
{@gne in its color and solubility. It was insoluble in cold
?3&&:. but soluble in saloohol and in hot water, from whigh
golvent it precipitated again on cooling. In aqueous or al-
f@galia golution it gave a blua=green color with ferric cilor-
{20 solution. Attempts to orystallise this substance from

4 *VanRijn, Die Glycoside, Bd.2,p.573,1951.
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* Wruble™ prepared a completely detannated tinoture of
wwnohena by mixing the powdered drug with an equal weight of
‘aloium hydroxide and then percolating this mixture with 95%
i%@cuha1¢ His experiment was repeated with Uva Ursi in the fol~
fﬁowiﬁg way i ' i

3 Pive hundred grams of Uva Ursi were intimately mixed

‘hours, packed in a percolator, and allowed to macerate with

filcohol for 48 hours. Five hundred cc of a fluidextract were

nens truum,

At the same time 250 grams of untreated Uva Ursi were

! Tannin determination of the two fluidextracts.~ %his
5itarninatien was’ carried out by the indirect, hide powder
';thod. according to direcctions given in Villavecchia™™,

Goutrel Semple Lime-treated Sample
J;;ght of sample 15,7927 17,4137

Sanple made up to 500 ce 500 ce

tal solide before hide
powder, 0,48560(in B0ee) 0,2600(in 100ce)

*wrubla,n‘.’J§Aa.2harm‘Anlaon8@.808,1956.
**Villaveochia,Vs, Applied Analytical Chemistry Biggv,

»
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f8ko two formulas in guestion, It may be pointed out that the
ﬁt@mp@unﬁ analysed by Van'dar Haar had a'melting point of £78-80°,
' while that of Sando melted at 284-5°, showing that the question
“ﬁt purity may have influenced the results obtained. On the
:ﬁﬁthar hand, however, the ecriticism of mapro-combustion of such

\;high molecular compounds which was made by Van der Haar scems.

: &2
to be a just one which is held by other investigators. )
er, the question of the molecular formula of ursolic acid, on

Howe

.ktha basis of evidence presented thus far, should still be re-
;ﬁerded as an open one. Winterstein and atein,gv) in 1981,
;garriad out both combustion analyses and titration with standard
&ikali upon ursolic acid and its darivaﬁiﬁas; They observed

thnb the results of thelr combustions agreed with the 0;,3.;3.
"férmula, while titration values agreed almost equally as well
far the C33Hge0y formula, These authors pointed out that a
nhniee between the two formulas is important from the phytochemiw
Lnul atandpoint in gaining an insight into the formation of ursolie
'}aaid and 1ts relation to other closely related plant constituents.
Ey assuming for }t the formula, c,.ﬂ‘go,, ursolic aeid could be

E” neeived as an oxidation product of a triterpene alcohol,
;.n..aa, such as the amyrins, while with the formula, CgyHgeOs,
,he aaaungtian might be made that the triterpene alcohols are
formed through decarboxylation of the corresponding carboxy acids.
3 In the following table is given a summary of the results
tained by various investigators from the combustion analysis
ursolic acid, Results of the analysis of the numerous.deriva-
ves of the compound would require too much space to be given
ihnrs and are no more enlightening in the problem at hand., These

?” sults may be found by referring to the original literature
'wnieh 1s cited,
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In urdcr to study the proceses of percolation and teo

.ﬁt the ohangca eaonrring in the menstruum as it passes fran
stratum of drug to the other in 1t- aaurao ‘down through thn
:olatgr, wrnble.l)iu 1933, developed ‘the tcahniqnn of enotion~
8l percolation. The best way to study the munstrnua at var&aul
ints along its Qownuaré path throngh the poranlator wnnld ‘
- have been to segment the @rug in the percolator imto & numbcr
'hr equal layers and draw off samples of the ptreulatc at thc ;
ttom of sach sasmobt. This, however, could not be done in

' 8 practicable mauner. In order %o approach such an experi~ |
;iontal method Wruble made use of a number of percolators, ea&h
?}nprcaenting a hypothetical segment of a large percolator. The
ﬁﬂnount of drug in e&cﬁ5auaoacding percolator differed from the
iywaocudins ons by a regular deorement. A definite amount of
fgnraolate was collected from the first percolator, a portion of
f%&iﬂ reserved for tests, and the romain‘ir used to percolate a
jiieand portion of the drug, represénting the second hypothetis
ijnl segment of a large percolator. Thus, uain@pdinohnna bark,
;ﬂruble atarted with 1000 grems in the first percolator, 900

;1 ams in the second, 800 grams in the third, and so on teo the
f&cnth percolator which contained 100 grams. From the percelatar
f?antaiuins 1000 grams, 1000 ce of perecolate were collected, 100
{;« of this amount reserved, and the remaining 900 co were used
to percolate the second segment of 900 grams of fresh drug. In
;?hia way a total of ten 100 co»aamp1¢a of percolate were re-

_gerved, each of which represented, theoretically, s sample of



;thc percolate as it would be ohtainhd after passing through
?iaah successive layer of drug from the top to the bottomgof
ﬂu ‘large percolators
: Using the eame technique, rowern,g)in 1936, repeated
E!ruhldh sectional percolation studies on cinchona bark of &

:iitttront source and aslkaloidal content.

4 Inasmuch a&s both Wruble and Powers observed certain
7§mumalinn in their studies on the sectional percolation of
fﬂinohons, 1% seemed desirable %o repeat their experiments,
iﬁiing Uva Ursi as the drugs The preﬁadura used was sssential-
ggg-tha samé as that of Wruble desoribed above. Two thousand
i_Ven hundred and fifty grams of Uva Ursi were divided into
j&on.parta. The first portion weighed 500 grams, the second
i@ﬁa'gramu ' the third‘406 grams, and so on down %o the tenth,
\which weighed 5O grams. The 500 gram portion was moistened
;%1th 376 oo of 956% alocohol and allowed to stand in a eioasd
ﬂantniner-for 6 hourss It was then packed in a percolator,
&nough aloohol added to saturate the drug, the percolator
fﬁvored. and the drug allowed to macerate during 48 hours. At
'ﬁhe end of this time percolation was started and the rate of

l ow from the percolator carefully regulated. The menstruum
flaa to percolate this 500 gram portion was 96% alcohol.

' Pive hundred ce of parcolate were collected from this
:ﬁ* gram portions Of this amount BO c¢o were reserved, The
1fcona portion of drug, 460 grams was then moistened with a

ﬂ?oportianatn amount of alcohol, packed in a percolator under
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‘f!hc same oconditions as was the first portion, allowed to mao~

_ erate, and then percolation was started, using as & menstruum
5&;& 450 o of percolate collected from the first portion.
jrram this second portion 460 cc of percolate wers colleoted,
’%&Q eo. rcuerved, and the remaining 400 c¢o used as a menstruum ‘
‘v%a percolate the third portion of 400 grams of drughwhich had
iimtn moistened and packed under the same conditions as the

%yurttona above. This procedure was repeated with each succes~

]fnter. eontaining tﬁﬂ grams of drug, only 50 oo of percolate
'@wuro eollected. The rate of flow in each porqalator was 80

| gontrolled that each sample of percolate was collscted at
ippprax&natnly the same rate, .

P The ten samples of percolate of 50 ce sach whieh were
i:%sgrv&& above were used to determine specific gravity, total
1&xtruutivn, and. tannin content. Twenty five co were used in

. each case to determine the specific gravity by means of a
@pyanomotar at 256%, 10 co were used to determine total extracte
- ive by the U.S.7.X. usthaa.slandla ec were used to determine
iﬂha tannin content by the permanganate mnthodg)j!hc resul te
%}btainod from two series of experimets are tabulated on the
éfnllowing page. Following the tabulstion, the same data for
the two series are presented graphically in order to show a
fu&carcr phature of the resulte and the 1rrasnlar1t1¢s obtained.



T4

imount of Rate in Sp.Gr. “otal Extractive Tannin Content
Drug in umes hours at 26° Wi.in Percent Wt. in Percent

4 Gus. Gms.
5 29 0.9600 2.3806 24,80  1.2418 12,95
27 049369 2.0908 22,88  1.3339 14.24
24 . 0.9426 2,2379 23,74  1.1424 12,12
21 | 0.94852 2.83321 24,78  1,8383 19.69
19 0.9583 244242 25,43  1.6860 17.68
17 0.9528 244406 26,65 = 1.5866 16466
14 0.9536 2.8971L 25,14  1.6961 17.79
11 0.9416 2.5188 24,63  2.1616 22,96
8 09511 . 2.5897 27.23  1.7096 17.97
5 0.9664 2.9238 80,256  1.6771 17.36

29 0.9209 2,0096 21.83  0,7877 8.56
26 0.9260 2,0867 21,98  1,0066 10.86
23 069371 241783 28.24  1.0745 11.46
20 0.9454 2.4069 26446  1.1471 12,13
18 0.9499 2,5543 26,89  1.,2306 12.95
16 0.9569 2.6929 28,14 . 1.1726 12.25
AR 09529 2.6667 26483  1,0926 11.47

0.9544 2.5369 26.58  1.2451 12.94
0+9533 2.5339 26,68 1.2269 12.87
0.9466 12,4419 25479 0.9988 10.5b
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xt has been assumed, pexhapq logically, that during
{tho cxtraation of a drug by percnlatxon the percolate becomes
;"ru and more concentrated as the menstruum passes through the
drug, until, when it reaches the bottom of the percolator, it
Hs at the most congentrated stages That this assumption does

i , ) 2] i
:m¢t hold true 1nl§ho percolation of cinchona with alcohol was

;lhown by Wruble. His results and also those of ?anorna)ahaw
Nthat a puroolata in passing through a golumn of cinchona fiuge
“"tca in strength, and that the specific gravity, total extracte
tiva. and alkaloidal content reach a maximum point in each ocuse
f%hiah is followed by & decrease. ‘

i' The anomalies observed by Wruble and Powers in the per-
3ﬁ¢1atxon of cinchona have slso been observed in the percolation

Uva Ursi. In the second seriss of sxpnrimonts presentsd

fﬁiah was followed by a decrease.
i The results of the first series of experiments are
presented but form no basis for comment aud should probably be

5}arogardcd or held in abeyance until more data is obtained.

iﬁr&ta were due to an unfamiliarity with the details of the
iéchniqnu required, 1‘paaislly so in the case of the tannin
assay, which offers ﬁany gources of error even in the hands
0f an experienced operator.

Wruble, in commenting upen his results, stated that



82

nrface phenmomena were perhaps responsible in a large measure

or the anomalies observed by m_m Ho #ttimpt is made to ex~
in the resulte obtained here in the experiments on Uva Ursi.
,qy are presented as a further confirmation of the results of

1), Wruble,M.,J. An, Pharm. Assoc. 22,641 ,1935.

h Powers,J.%.,Pharmaceutical Archives 7,65,1936.

m. U. 8. Pharmacopoeia,lOth Revision,p.466. N
). Villavecshia,V.,Applied Aualytical Chemistry,Bd.2, asv,:ma.

v '.f
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In 1854 H. Trommaﬁartfl) isolated a erystalline compound

om the leaves of Arctantaphyléa‘uva-ursi.whieh he named urson,

siwstz,g) in 1855, aaaignéd to it the formula (ngﬂlqe)nt
hloder,a) in 1866, isolated from the leaves of Epactis a
ubstance having the properties of Trommsdorff's urson and which

jbn analysis gave the composition (Cy0HgO)pe I 1893 Gintl 4)
made the first thorough investigation of a product prepared by

Merck and assigned to it the formula CgoHgeOs. Next Dodga,s)
Eiin‘lﬁla, made a critical comparison of urson and caryophyllin,
v:rﬁgardina both as isomeric lactones. Rooyen,g) in 1980, used
pe method of Dodbc to invastigatﬂwﬁhé présenca of urson in a
ﬂ@ﬁb@r of plants. By applying the Liebermann color test as a
p@%&iive test for urson in the product isolated, she found
rson to occur in twenty ericaceous plants and in a number of
he Ilex family. Van Itallie,ll) in 1921, found urson in the
1stlgtoe, In 1983 Sandov) isolated malol from apple peelings

and pointed out that the oleanol of Power and Tutin 8) (1808),
further investigated by Tutin and nauntanlg) (1913), also the
runol of Power and Eooreg) (1910) are closely related compounds.

8ince then ursone and related compounds have been investi-
| gated by the following:
" Van der Haar (1922)
. . n (1924) (4 references)
. . n (1927)
m w n (1928)
Ruzicka and Van Veen (1929) (2 references)

Ruzicka and coworkers (1931-1936) (series of numerous
papers)



Dodge (18%0)

Bando (1881)
Jucobs and Fleck (1951)
. » . = ' (1088)
Winterstein and Stein (1881) (8 references)
" " f (1982) (2 references)
0 " " (1983)

Winterstein and Hammerle (1881)

Wedekind and coworkers (1931-19286) (series of papers)
Kitasato and coworkers (193£-1938) (series of papers)
Kuwada and Matsumato (19358)

Kuwada and Matsukawa (1933) (3 references)

Kuwada and Matsukawa (1984) (2 references)

Cohee and 8t. John (1984)

Markley, Hendricks, and Sando (1935)

8ell and Kremers (1935)

Sando, Markley, and Matlack (1936)

Drake and Duvall (19886)

Markley and Bando (1937)

Yet in spite of these numerous efforts, the constitution
f ursone and its relatives has not been determined. What is

: hﬁra, the structural tyﬁ@ is still a muted question. Aside
firrom the type groups, the rest of the molecule has been related
i?'u sesqulterpenes on the one hanﬂ4) and to sapogenins on the
;bther,lﬁ} In addition, as early as 1893 Gintl 4) showed that it

*?gave the Liebermann~-8alkowski color reactlon for cholesterol.
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Bomenclature. The German name, urson, as first given the

co pound by Tromamsdorff, has been used interchangeably with the

13)

1giish spelling, ursone. Van der Haar, in 1884, suggested

ife name, ursolic acid to conform with the acid character of

f}w compound. This name has been adopted by all of the various

5

investigators since that time.

Qccurrence. As already pointed out, Iraamadarfr,l) in

4, 1solated ursone from the leaves of Arctostaphylos uva.ursi

Bachledarz} in 1866, reported its isolation froﬁtkpacris
”xciaa‘ In 1820 Nooyen found it to be a constituent of as many
t&‘twenty (20) ericaceous plants. This might have lead to the
\ umption that ursone was a typical product of plants belonging
i the family Ericaceae. However, she also found 1t in the Ilex
i;eily. Moreover, two years previously, Doﬁge5) had pointed out
’?a similarity between ursone and caryophyllin, regarding the

ke substances as isomers. Van Italiie,ll) in 1921, reported

isolation from the mistletoe, Viscum album. This was shown

ater by Winterstein and Stein’®) to be, not ursolic acid, but

l&a&ﬂolic acid, a clqgely related compound. Then, in 1983,
L 7)

t?ad@, who had isolated malol from apple peelings, pointed

t 1ts similarity with oleanol, isolated from olive leaves by

’iner au&»rutina) in 1808, and with prumol, isolated by Power

and uoordw~lrram the leaves of Prunus serotina in 1910. This

ailarity was further confirmed by Van der Haar when he showed

I

v‘t walol and prunol were identiecal with ursolic acid, 18) 15)
nd that oleanol, or oleanolic acid according to his new nomen-

‘j@tura, was isomeric with ursolic aecid, 18)

ﬁf In recent years ursolic acid has been isolated from the
vavea of Arbutus Unedo by Sanaa,17) and from the leaves of
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r QwJ«ndran hymensanthes by Kuwada and latsukaw&.xﬁ) Finally,

do and his co-workers have found ursolic acid in the wax-
ike coating of the pear, Pyrus aammunis,la) in the flowers and
; ;s of the flowering dagwoad,_carnus Plorida,ga) and in the
cle on the skins of the eharfy;-érnnus Avium,2L)

It thus becomes apparent that "ursone" is not a naturgl
roduct typical of a single family, but apparently is widely
tributed. The following table contains the record of 1its
urrences observed thus far arranged aaaar&ing to the Engler
Prantl system. For the convenience of those who desire 'to ;

squaint themselves with other constituents of the species here

7

er consideration, the numbers used by Wehmer in his "Die
anzenstoffe® are given in parenthesis. Additional sources

‘::' @ :

» those given above are listed as they are cited in Wehmer with

reference given.
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Family-Bricacese

lusber in Wehmer Genus and Bpecies Reference
(80886) Arctostaphylos uva ursi(r)sprenk)
(B086) Rhododendron maximum ,, -
(5070) Rhododendron hybridum 1,(7)  6)
(80863) Rhododendron ferrugineum 1, 6)
(963)% Bhododaaafen h&m§nanthea Mak, 18)
(8088) Vaceinium lyrtillus}L, 8) ‘
(3089) Vaccinium Vitis.Idsea f,, 6) !
(2090) Vaceinium miginosm Le 8)
(30981) Vaceinium Macrocarpum 14, 8)
(8092) Vaceiniua exiéuooua k. )
(8100) Brica Tetralix g, 8)
(8101) Erica arborea p, 6)
(117)* Arbutus Unedo 1., 17)
e Arbutus Andrachne . 6)
o A&alea.amuena‘*, 8)
% o Assles dnddes ....... 8) ’
o Azalea sinensis _ , 8)
(8058) Ledum p#}.natré L.“ 6)
(5077) Kalmia angustifolia 1, 8)
W Andromeda japonica 8)
(8073) Epigaea repens 1, 22)
(8081) Gaultheria procumbens 1, 2e)

These numbers are found in the 1935 supplement of Wehmer.




in Wehmer L Reference
(2312) Ilex Aquifolium 8)
(2518) Ilex paraguariensis St.H11. 8)
- ‘Ilex crenata h 8)
= Ilex perado 8)
\ Fam11y~nasaceae
(1507) .Prunﬁs“ﬁarohina _ ’ 9)
f?ruguuf&trztﬂtnéwf'Mill_ ‘
(1563) Prunus avium g, 21)
?am&iynnosaeege
~ (1s508) .Pyrua aunannia , l9) *
 (1507) Pyrus Ealus L 7)
 (2260) Empetrum nigrum i, 23)
i | ggﬁ;;ﬁ:gagpangge
(8038) Cornus Florida ;, 20)
Family-Pirolaceae
(8057) Pirola nediea Sw. 24)
(3053) Chimaphila mbellata i
Family-Epacridaceae
(8103) Epacris species ¢ 2)
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Structure of the ™Ursone" gQLgﬁng; In spite of the large

unt of experimentation with ®"ursone" and related compounds

t has been going on for"abre than a decade, the structure of
‘this substance has not yet been revealed. What is more, the
emingly simple problem of whether it is a hydroxy acid or a

: ﬁone appears still to be a muted qua#tion; As to the body

L f the molecule, the Liebermann-Salkowski reaction applied by
t#intl ) in 1893, seemingly at least, related it to cholesteral.
'Bis reduction with HI and phosphorus, also the distillation

.th zine dust, ylelding a sesquiterpene, indicated reaamblanéo
‘ # yclyterpenes; Finally, Ruziekalﬁ) regarded it as related to
| yogenina; While all three viewpoints are suggestive to the
iﬁorn structural chemist, they do not enable the 1nterprétef‘
f the gxparimental data to formulate a satisfactory picture of

‘the structure of the molecule.

Elementary analysis and molecular weight de&arminatioﬁu
of the most fundamontai praaedurea in the characterization '
f-an organic compound, 1.3., the calculation of its molecular
ormula, has proved to be the most traubleaoma sinzl@ problenm
the work upon uraalie acid; Not only have the difrerent in~
vestigators diaagreaﬁ with one another in eatabliahing the earban
;and hydrogen eontent of the molecule, but, more unfortunately,
pno means 18 as yet at hand for obtaining such data with tha de»
T’roe of accuracy that is reguired in thia 1natanoe. Two formulﬁs
ve been put forth by the various workers, the first being
1_.03‘.0,; and the second CayHs005+ When it is shown that the
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rst formula requires a percentage composition of G~?8.383
@&@10530, while the second requires cuva;oa; H~10.71, an insight
into the difficulty may be gained. The differences of 0.20 per-
cent in carbon content and 0.1l percent in hydrogen content
tween the two formulas are within the limits of error that
ateuld be expected for results obtained by combustion analysis,
} Contrary to a statement in the litarature,a) Trommsdorsf
{ﬁid not assign a formula to hia nrsan. A study of the original
terature shows that nlasiwetxg) made an elementary analysis
& sample of urson obtained from Tromasdorff and assigned to
it the formula, (CyoHye0),. Ointl,*) in 1893, was the first to
sign to urson the molecular formula, CseHesOs« Since that
ime many elementary analyses have been reéarted. Nooyen, in
eporting the results of analyses of samples of urson obtained
om six different plants, found her results to agree with
hose of Gintl for the same formula, while Sando,”) in reporting
the 1solation of malol, later shown to be ursolic acid, naaigned
ﬂa it the formula, CyoHeeOz.
It was Powep and Moore,?) in 1910, who first assigned the
éruula, Ca3Hso03, to their newly 1aalahad "prunol®, later ahawn
0 be ursolic acid. Their formula was further substantiated by
an der Raarﬂ5) from the results of his‘analysis. Van der Hsér,
- presenting his results, pointed out that those of Sando were
pen to error because they were obﬁained by_maerawcombuatiQnaa
Bando, in his reinvestigation of ursolic aecid in 1981,36) re-
\nﬁondad with the results from ninety~two carefully controlled
aambustian analyses of ursolic acid and its derivatives.

To the impartial observer it is hard to make a ehﬂ&csrbetweeh\.

e -




gﬁif;‘ F“tha two formulas in quasgiang It may be pointed out that the

it
B g
s 4
#ﬁq;ﬁ?
ﬁﬁu;;i

jncémpaund analysed by Van der Haar had a;malting point of £79-80°,
?°while that of Bando melted at 284~-5°, showing that the question
?-et purity may have influenced the results obtained. On the
i athsr hand, however, the criticism of mn&ra”gombuation of such
f;high molecular compounds which was made by Van der Haar seems.

’ : &2
. to be a just one which is held by other investigators. "

ever, the quaation of the molaaalar formula of ursolie acid, on

Howe

the basis of evidence presented thus far, should still be re-

. garded as an open one. Winterstein and Etein,gv) in 1931,
Etcﬁfried out both combustion analyses and titration with standard
:a&%’ni Lpalkali upon ursolic acid and its derivatives. xhey Gbserved
;mfjf;, 4 that the results of their combustions agreed with the O,.B..G. :
ﬁf.g:@" g.farmula, while titration values agreed almost equally as well
&cw;*;f % fqr the Cg3Hge0s formula, These authors pointed out that a
roﬁifjf f choice between the two formulas is important from the phytochemie
gﬁﬁ”if ;lual standpoint in gaining an insight into the formation of ursolie
ot b 8044 and 1ts relation to other closely related plant constituents,
j By'aasum1nx for it the formula, CseHeeOs, ursolic acid could be '
iﬁbanasived a8 an oxidation praduct“ar a triterpene alcohol,

f;@..n‘.ox, such as the amyrins, while with the formula, Cz3Hge0s,

f;the assumption might be made that the triterpene alcohols are
- ak 1ﬁfbrmad through decarboxylation of the corresponding carboxy acids,
T%QQ 4 In the following table is given a summary of the rusu%ts‘
a§3ﬁ ?faptainad by various investigators from the combustion analysis
3¢ f ursolic acid, Results of the analysis of the numerous. deriva-
s Lol ks

Lftives of the compound would require too much space to be given _
i,here gnd are no more enlightening in the problem at hand., These
;]reaults may be found by referring to the original literature

%R!hichh}s cited. |




: No. of
Source Investigator Combustions
Arctostaphylos  Gintl, 1808 &)
- uva ursi
Prunus Power and 2)
serotina Moore, 1910 1
"ierck® Van Itallie,
1916%8) 1
Calluna 1
vulgaris Nooyen, 19206) - 2
Brica i .
tetralix " £
Vaceinium )
macrocarpum n h &
Ilex aquifolium " 2
Empetrum nigrum " i
Pyrus malus sando, 19257) £
"Herck® Van der Haar, 19&425) 2
Pyrus malus Sando, 1981%6) 8
, o " " ]
Prunus
sarotina " 10
Arctostaphylos
uva ursi » 10
"Schuchardt®™ Winterstein and __
Stein, 1931 27) 4
Arctostaphylos Jacobs and Fleck
uva ursi 195128) 2
" " Kuwada and Eatsukayg»
1933 19) 1
Pyrus communis Sando et al, 1935%0)
Cornus Florida n 1936%9)
A. uva ursi Drake and Duvall,ag)
1936

Prunus avium

Sando et al, 193781) 1

ﬁaan Value

78,71
79,07
78,78
78.84

78.80
78.87
78.85
78.75
79,81
78,79
78.82

78.79
7877
78.97
78.78

\
78.75

78,59
79.02

78.74

W"‘L—r %‘*‘%—-

10,98
10,55
10,33
10.46

10,51
10.48
10.55

10.54

10,93
10.58
10.58

10.67
10,56
10.60
10.78

10.64

10,78

10.72

"10.61
10.87




E uaing phenol as a solvent in an Eykmann Depressimeter, he obw
’tained molecular weilghts ranging from 446 to 515, !qoyﬁn,syx

E abtainsd a molecular weight of 487.

_ hydroxide Dodge®) obtained an acid value of 182.7 for ursolic
"nbid, earrespénding to the formula, CgeHea0y, which, assnminé

1t to contain one COOH group,.woﬁldvhave a theoretical aeid
-value of 128,39, The formula, CyyHze0s, would have a thaore@&@ﬁ#QQﬁ
_;;gid vaiue of 119.1. qﬂaoyene) found aecid values agreelng wiihr

_Lfeund an average molecular weight of 463,

\‘;of ursolic acid to contain 4,66 percent of Na, while Power and

9 4

Molecular weight determinations have been reported by a

- few of the investigators, but here again the same difficulty has

-been encountered which was met with in the combustion analyses,

viz., the methods used do not have sufficlent accuracy to dif-

ferentiate between a molecular weight of 456 for the formula,

-Caolye0a, and a molecular weight of 470 for the formula, Cai1fse03.
Such estimations as have been made have followed along one of '
three methods, namely physical methods, alkali titration, gé&i ;

‘analysis of metallic salts of the ursolic acid.

Physical methods- Gintl®) made the first molceular weight

determination on ursolic acid. By the cryoscopic method,

%
i

Y
i

using the eryaﬁeopic method, arrived at & mean molecular woight .

i s KA S Matsukawa,®®) using the same mehhodp ;”“.w

Alkalil titration- By titration with standard potassium

J.tha results of her cryoscopic method for the formula, c.,n..,“;h

winherstein and Btein 27) on the basis or four titraﬁ&qne,

Analysis of metallic salts- Suiiaal) Pound e sodtui nalt A
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~ Moore®) found 1t to contain 4.6 percent, Csoliys0sNa requires

f  4,81 percent of Na, while CayH,e03Na requires 4.87 percent.

3; 8ell and kremorsal) reported the preparation and analysis of

. twelve metallic salts of ursolic acid. Although they did not

have in view the use of their results as an aid in estimating

~ the molecular weight of the compound, their results may be

%ivcitad here in that connection. In presenting their analyses

| these authors calculated the tnaeraticﬁl content of the metallic

~ clement on the basis of the formula, CseHesOse In order to

f}mnke the picture more complete another column has been added to

1 the following table of their results. This added column shows |

 the theoretical content of the #étgllie element calculated on

the basis of the CzyHge0y formula, | 4 ‘
Metal Metal

‘ﬁalb : Hetal deterw iatal found(ﬁ) Calc. on Cale. on
T
Aluminum ursolate AlgOy 2.0 1.94 l.88
‘Barium ursolate BaB0, 1.8 13.12 12,77
Caleium " caso, D 4.21 &.o@f
’idniun ot €d80, ARy 10,99 'za‘vo‘“
 Cobalt " CoS0, 5.9 6.08 5.91
. Lead " PbSO, 18,5 18.54 18,09
. Lithium @ 11480, 1.3 1,50  1.48
| |
b Magnesium " Mz80, 2.4 £.680 R.68 |
E Monganese ¥ MnBO, 5.3 5,69\ 5,58
' Nickel " . N180, 5.4 6.06 5,89
Bilver " Ag 18.7 19.16 18,70 |
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Functional groups in the "Ursone" molecule~ As already

f  po1nted out,‘ﬁodge,s) as early as 1918, suggested a lactone
structure; to be more specific, a hydroxy lactone structure,
c.,x‘,zzﬁo . This was denied by Van der B&ar,ez)xn 1924, who
claimed that it was a hydroxy acid, (CigHge)s COOH.
, The acid character, also the inner ester character, is
indicated first of all by the farmatian}or salts, Most of
the salts reported for ursolic acid ‘have been listed previoualy (
junder the heading of molecular waisht determinations., Perhaps  _f 
,the best way to take up the discussion of the funetional greuptfﬂi
‘hn the molecule is to note briefly and in as near ehronologiaal ﬁf
rder as feasible the evidence praaented by cach investigator.
Gintlé) reported the absence of carbonyl and mathoxyl J
groups but presented evidence of a hydroxyl group in the form' i
'Lf acetyl and benzoyl derivatives. He obtained no evidence for" '
.é carboxyl group. ﬂedgas) reported the preparation of potaaaium,
ﬁﬁtnoaium, and lead salts, and afrera& as evidenoa of a lactone
| 'itructura the stability of the compound toward heat, the ten=
§ -dency of its salts to hydrolyse, the decomposition of its salbs’
. by carbon dioxide, and the preparation of a diacetate, which,
E upon heating, lost acetic acid to form a monoacetate. It is to
~ be noted that Dodge was aware of the fact that the instantaneous
i neutralisation of ths compound in alcoholic solution by alco=- »
{j"hﬁl’.ﬂ alkali did not argue well for a lactone structure. paayene)
- prepared a crystalline potassium salt as well as the sodium,
silver, lead, caiéium, and barium salts in amorphous state., B8he
also reported the absence of aldehyde, ketone, and methoxyl

. groups, and, contrary to Gintl, could prepare no acetyl or ~
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gﬁtnsayl derivatives. BEvidence of a carboxyl group was obtained
1n the form of the salts and a methyl ester.

: Power and ﬁaerea) reported a diacetyl derivative of yrunol
 jvh1oh, upon boiling with alaahol, lost one acetyl group and

] ielded a monoacetyl derivative., They were of the opinion

}fthat two hydroxy groups, one phenolic and the other alcoholic

E
i

gyin nature, were present, but did not explain the structural sig-
E? i!icance of the third oxygen atom. They apparently regarded as
;n@rncturally insignificant the fact that they were able to pre-

b are a sodium salt as well as a methyl derivative. Again,
;jﬁﬂndo7) regarded malol as a "orystalline alcohol" and made no
i&nﬁnuion-ef the presence of a carboxyl group, although he re-
"pdrted 4 sodium salt as well as a mnthyi derivative. 1In a

‘ ﬁiailar way to that of Power and Moore, 8ando prepared a dlécetyl
Eidarivativa which, upon boiling with alcohol, lost one acetyl
;tgganp and yielded a monoacetyl derivative., He also reported an
%\acotyl methyl derivative.

It was Van der Raargﬁ)

. who first reported the ursolic acid
?jnalaéule to contain an alcoholic OH and a COOH group and who re=
;;ggndqﬂ it as a ;mnahydraxywmcnoearbaxy acid, He dileyedited
finodgaﬁa view of a hyd#exy lactone structure on the basis of his
g;awn observation of the evolution of COp upon zinc dust distillia~-
ition, and also pointed out that the instantaneous neutralization
1 of the compound by alkali and the opening of a lactone ring
inpon acetylation are reactions not generally exhibited hy~thn
£ eanmonly known lactones. By the Tschugaeff-Zerewitinoff method
& Yan der Haar found two ®active" hydrogens, corresponding to two

. OH groups in ursolic acid, He reasoned, logically, that if the
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&ﬁy&;oxy‘laatone structure were assumed to be the correct one,
v;then by the formation of a salt and from this salt an ester,
,?thera must be gained an additional OH group. By the above
,zmmthad, however, he found only one OH group in methyl ursalatu
prapared in this way, and eonfirmad this evidence by the furthar
abaarvation that the methyl ursolate yielded only a monoacetyl
. derivative and not a diacetyl derivative. The fact that Van der
ar did not confirm the abservatianb of Bando and others as to
he formation of a diacetyl derivative of ursolic acid will be
ferred to later.

aanao,ﬁe) in 1931, provided further evidence against the
Eydroxy lactone structure and in‘favmr-er the hydroxy aecid
'tructure. 8tarting with monoacetyl ursoliec acid he prepared,
y néana of thionyl chloride, the acid chloride (monoacetyl
1?ﬂrsolyl chloride) which he converted into the corresponding
ethyl ester (monoacetylmethyl ursolate) by boiling with methyl
lecohol, This ester was identical with one prepared by methylaté
ing ursolic acid with sodium ethoxide and methyl iodide, and |
rp;lawing thia‘gggatnant by aeatylation*' Bando reasoned that ‘
he formation of a methyl ester on bailiﬁgvthn product formed
y thinnfi chloride with methyl alcohol c¢an only take place by
ssuming that the thionyl chloride reacted with a COOH group toj
orm the acid chloride.
’ Thus it may be seen that the preponderance of evidence
avors the hydroxy acld structure ror the ursolic aecid mnl;eule.
Buffice it to say, this conception has remained unchallenged
. since 1951,
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: The question of a diacetyl derivative of ursolic acid- As
ﬁnﬁntioned previously, Dodgaa) observed that the diacetyl deriva-
f&ivo of ursolic acid upon heating to lﬁﬁ“‘gaﬁa off acetic acid

| form the monoacetate, which latter theh melted at about 165°,
ﬂgﬁis observation was repeated by Power and ﬂoore,g) who found
ﬂ&hat diacetyl prunol upon boiling with alcohol lost one acetyl
m‘raup'anﬂ ylelded monoacetyl prunol. They found also that di-
?ﬁ&etyl prunol melted at 181°, but upon raising the temperature
?ib 220° acetic anhydride was evolved, after which the mass re-
sol1dified and melted again only above 300% The high melting
-WaNpound thus formed analysed for CgeHi0207« Power and Moore

pressed thelr hypothesis of this change as follows:

CHaC00C33Has=0_

2 (CHaC00)3C31Heg0 ——d (CH5C00) 20 +
8C31Hee 3 2 CHyC00Cs 3 Heg=0"

ey offered no experimental evidence in support of their hypo-
esis other than an analysis of the resulting compound. Sando”)
anrirmaé the observations of Power and Moore in his experlence
h diaagtylﬂqglol, the latter melting at 199-200° with the k
volution of gas, after which it resolidified and did not melt

in under 300°,

Riviere and Pichard 88) claimed that the diacetyl &arivn«

ive reported by Sando was not a true diacetyl derivative but

‘ her a mixed anhydride of monoacetyl ursolic acid and acetic
0id, which decomposed upon heating at 200° to form two a}m*
trical anhydrides, namely, acetic anhydride and monoacetyl

olic acid anhydride, the latter melting above 300°, They furn

%her believed that the ursolic acid anhydride thus obtained
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lded, upon boiling with water, the same monoacetyl ursolic
acid as did the amixed anhydride upon boiling with alcohols, Ex~
;pmesue& in the form of equations their hypothesis was as followst

oH 0-COCH3
Gl v (OMO0NLD s Caslai_
~ COOH ~ o,

0
 CHg=CO”

_  Mixed Anhydride

Ursolic acid

: +Alcohol
L _~0-COCH; , A
~ CaoHgo _ i | .
, ‘ & _0~COC
>D HOH ~——y 2 CaoHee e
_Co ~ \coos
CeolHse |
~ 0-COCHg
Honoacetyl ursolic acid = - ﬂﬁnoaaatyl urnolie
anhydride, M.P. above 300° - aeld.

iese. authors, hawuver, failed to support ‘their hypothesis

1th enough conclusive evidenc&. :

Van der nxar,gﬁ) in 19824, pointed out that since ursolic

i eid contains only three oxygen atoms in all and since two of ‘*V
;£hwm were taken up in the COOH structure, a diacetyl deriva-

'eountﬁﬁ for in the form of an OH group. He reported a mono=-

; acetyl derivative melting at W}ﬁ (the same M.P. as Sando's
é&acetyl derivative), uhich, upon boiling uith aleohol, yialdaﬂ

erystalline compound, M.P. 276°. Van der Haar assumad, with-

......
b b
i o




101

a&h& error in his first obéérvaﬁions and accepted the claims of
budge, Sando, and others that a diacetyl derivative of ursolic
;ggéid could be obtained. He pointed out, after more painstaking
f?wurk, that his supposed monoacetyl derivative, melting at |
;396~01°, was in fact a diaeetyl darivativo, and that upon boiling
ﬁVwithzalcahnl it ylelded, not ursolic acid, as he had previously
@*;;aumed without proof, but rather monocacetyl ursolic acid. A
{jI&mnd melting point test of this eanound with ursolic acid gave
égu depression of 30°.

. In o attempt to explain the formation of a diacetyl deriv-
- ative of such a manahydroxywnonocarboxy acid Van der Haar cited
i'tha analogous beharior of other almilar structures of a lower
f:uoleoular welght, i‘e., benzoic gcid and others.®®) Acgording
? %¢ these analogiles qnd his new data he explained the action of

. agetic anhydride upon ursolic aeid;aa follows:
in ; Owcﬂcﬂg
caaﬁca\

ca‘ ,COCHg

0*0 |
c H‘ G@ \m' ; : |

30
i 0~COCHg 4

. Diacetyl ursolic acid an-

'~ hydride with one mole of

acetic anhydride of orygtul~

li“ﬂﬁi@n. M.P. 200-01%,

This compound melted at 200-01° with loss of aeetie anhydride.

L., |

on raising the temper;ture it reaaliﬁified and melted again o
 7nt 5aa~sz°, the melting point of the true anhydrous diaestyl i
. ursolic acid anhydride. The action of boiling alcohol upon
Q'this eampaund he explained as followst |




( 3]
0‘60033 1 } KJ.

*.co_ cocH _ 0-COCH,

_ So el ° (908 sle.), e Caolas =+ 8 CHsCOOH
B oo “ooom, ~C00H

ﬁtﬁta

~0-COCHy

Monoacetyl ursolic acid
azperimental evidence snpyart;ngﬁtheae postulations Van

er Haar observed that the campouﬁ&:malting at 200-01° and
laimed by him to be ﬁzaestyl.ursolia acid anhydride with a
ecule of acetic anhydride of cryitalliaation, when dried to
stant weight at 220° suffered a loss in weight corresponding
the theoretical loss in weight which would accompany the .
oval of one mole of acetic anhydride. The resulting product,
true diacetyl ursolic acid anhydrida,‘gave a molecular

2ight corresponding to CegHyeaOy, the formula assigned to it
by Power and Koore.s)

E Do&ge,as) in 1930, commented on Van der Haar's conclusions
Ehl being anomalous. He pointed out that if the compound de-
;P&ribed by Van der Haar is a true acid anhydride, then boiling
!tith alcohnl should, by all analogy, yield an ester and not the
"!res acid., It must be noted, however, that Van der Haar used
;gicahol containing some water (90%) and not absolute alcohol.

L dge's comments do not lessen the significance of the experi-
Eﬁqntal evidence presented by Van der Haar, since he himself

| ‘:arad no further evidence. 8&nﬁa,gs)‘in 1981, maée no comment
Van der Haar's explanation of the formation of a diacetyl
erivative, thus apparently accepting it. In this connection,

t should be pointed out that Kuwada and natsukawaac) later '
‘reported a monoacetyl derivative mslting at 295-6°, which, upon

f@&eatment with alkali, yielded a compound M.P. £88-90°; the -~
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. latter compound they assumed, without proof, to be ursolic
? acids These authors were evidently not aware of Van der naar*n

. results at the time of their own lavestigations.

Rature of the hydroxyl group~ Jacobs and rleokga} showed
?,tha hydroxyl group in ursolic acid to be apparently secondary

' in nature, when, by oxidation of the methyl ester with chromic
B 6 1n scorio nedd seletfen Shes obtained a ketone, which they
f&#lled ursonic acid methyl ester, M.P. 192-3°, and which yielded
;gn oxime, d.P., 243-4°, Kuwada and lataukawaﬁq) in 1833, oxidised
' ursolic acid itself with chromlc acid in acetic aeid solution
3;and obtained-a keto acid, ursonic ncid,yi.P. 284-5%; oxiume, H.P;
é}a74~s”; semicarbazone, M.P. 209°, By methylation of this keto
-élnid with diazomethane they obtained the ursonic acid méthyl

3 aater, M.P. 195-5°, which formed an oxime, M.P, 241-2°, confiru=
&ns the observations of Jacobs and Fleck. Again, Markley,

amndricks and sande,lﬂ) in 19385, by the same procedure abbaihsd

]
The mathyi'aéter of ursolic acid- Bando and others reported
inethyl ester melting at 170-2°, Jacobs and !1aekﬁa) reported

th diazomethane. These were separated by fractional eryataili»
ion from acétana¢ The first, méiﬁing at 2£1~2°, gave only
out one-half the theoretical methoxyl content for methyl ur-
late and remained unchanged after boiling with alcoholic potas-
‘um nydroxide for four hours. The second, melting at llG»ﬁﬂ“,

Arreaponded in all respects to the monohydrate of ursolic aeid
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. methyl ester previously described by S8ando and others, Jacobs

 and Fleck explained their first product as a possible molecular
f association compound of ursolic acid methyl ester with some
z‘athar substance of the same molecular order. Again, Kuwada and
}%ﬂatankawaso) reported two methyl esters; one, obtained with
dimethyl sulfate, melting at 230° and giving only one-half the

I eoretical methoxyl contentj the other, obtained with either
iazomethane or methyl iodide and silver oxide, melting at

- 170-2°, Both of these substances upon acetylation yielded the
t" e acetyl methyl ester and upon oxidation ylelded the same
sonic acid methyl ester described above. In a later investi-
ﬁ,atian Kremers, 8ell, and 5haokey58) were able to show that one
“‘m’: the same methyl ester is formed by methylation of ursolic
i@id with either dimethyl aulfato, diazomethane, or mathyl
'1ndide. '

{ Derivatives of ursolie acid~ In order to summarise the
.ﬁ r1vat1?nn of ursolic acid that have been prepared by the
r‘rerent invgst;gatars and which may or may not have been i
tioned in tﬁe preceeding discussion, the following table is
esented, giving the melting points of ursolic acid itself,

8 derivatives and reference to the investigators




fﬁbsolxa Methyl

IN THE hIEERﬂ@GﬂR
* *

tndaﬂ&;
bﬁaﬁﬁ*

Mono- Discetyl Acetyl- Benzoyl

. Acid Bster acetyl methyl
b aser
264 214
165
148
170.5 279-81 199 243~4
164-5 290 181 285
165 280-1  £00-1
171 £89~90 | B4B~7
110~20
170-8  288-90 . BAB-T
170-2 2456
264 214
170-1
168
171 280 ‘ 246

methyl
~EBster

21l8~5

235=6
2178

£15-6

This column aheuld bc interpreted in the light of the discussion 1
;_;pracoding¢ :

105
ssbrxno POINTS OF URSOLIC ACID AND IT8 DERIVATIVES AS RECORDED

lBanzayln Reference

e

a)
5)
6)
7)

9)

13)£5)34)
£6)

£8)

30)

18)

i7)

20)

21)

88)

In adé&tian ta these the following have also been rsported:
Phenacyl, M.P. 199-200°%6); N,p, 1959%8)

Kremers, aall, and seaokeyaa) have also prepared the
folkowinsc :

Acetyl ursolyl chloride, M.P. £00.5°

'

Phthalyl, M.P. 264-5927)

Phthalylmethyl ester, M.P. 214-5°26)
u.P. 258927)

Formyl ester,

p~phenylphenacyl, M.P. 207. 5-09°19)

Acetylethyl ursolate M.P. 248

Acetylpropyl ursolate H.P.

Acetyl n-butyl ursolate M.P. 185.5

Acetyl n-amyl ursolate M.P.
Acetyl n-hexyl ursolate M.P.

Acetyl n-heptyl ursolate M.P.
AcetylAanaa ¥yl ursolate M.P.

194

110.5
123.5
298

- RS
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Body of the "Ursone" molecule~ If Dodget's lactone structure

- assumed to be correct and if either formula, CzoHueOs or
| &.;H..O, é; assumed to be the correct one, we would have c..a,,gg
i or c,‘a,!d In either case the underlying hydrocarbon would be
’ ¢5¢8.. or CayHges Both of these hydrocarbons are raprosantativ»a'
fat the formula of saturation, cnninﬁu, under which are posaiblé,
ring triple bonds, the following configurations: ’

Fs

Fa?a

Fsfsa

faAt

Fib,

Ay

{%an the other hand, if Van der Btar'sugondeption»af degy&raxy
id is true, we have‘eithsr‘ﬁ.,aigf' or Q,.ﬂ; + The
dsrlying hyﬂrocarbon in this case 33g§a be sithn:\g:fg.. or
 ;&.;. Both of theae hydrouarbens are representatives of the
ormula of nnhurntien, ChHan-203 under which are possible, barring
riple banda, tha following nanriguratiana! ~ ‘ .
‘ £ .
Fshy
FaBa
Fs A;
Fals
Fala
Ay
Additive capacity- As may be seen rraﬁ,the:possiblo con-

3

gfiguiatians of the molecule listed above, the detection and
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ijeatiuatiwn of double bonds would aid greatly in determining

; which configuration is present. Giﬁtlﬁ) reported that the
ﬂfﬁétion of bromine upon urson gave an amorphous body containing
E‘aa psrcont of bromine. This apparently was a substitution pro=-
;duct. Permanganate caused no oxidation. looyena) could detect
{-no addition of bromine, iodine, ozone, or hydrogen, and obtained

27)

served, however, in 1981, that uraolioraaid gave :a yellow color

f no oxidatien with permanganate. Winterstein and stein

- with tetranitromethane, a color reaction used to detect ethylenic
f§ 1inkagea which are too unreactive to be detected in any other

. manner.

elat ant Consti~

*

ii&ggai*: As previously painted out in this paper, tha body of

g the ursolic acid molecule has been variously related to the
%L‘sapagenins,atefola, and sesquiterpenes. In addition, it has
.; benn shown to hayn certain relationships to the resin acids _
;} and alcohols. Ruzicka has dapggnated these various heterogeneous
‘? ulAssea of natuial products by:the all~inclusive title of polyw' |
;i terpenes and polyterpenoids, Although the knowledge o{_evsn

f; the more proainent mcmbers of these compounds is still incomplete
2; 1§ many respects, 1t has progressed far enough to show eiearly
;?”that certain relationships do exist among them. In the #inainu
'fldar of this paper the evidence for the relationship of uraé&ie
-aeid to other acmpounds in the category of polyterpenoids wi&;
‘ﬂ‘ba briefly cited. i “\5]_

P
| 3

3
5
¥
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. upon distillation with zinc dust yielded a hydrocarbon of the

. same composition as the sequiterpenes, CysHze, and which yielded
f a liguid bromide, a hydrochloride, and a nitrosate. Van der
iﬂE&ar,ag) in 19282, made a study of the zinc dust distillation of
. hederagenin, sitosterol, cholesterol, urson (ursolic aeid), and
} oleanol (oleanolic acid), and showed that the hydrocarbons ob-
ijtainad in all cases were very similar with regard to their
;lphysiaal properties and reaction tércha Liebermann color test.
%.Again in 1924, Van der Haar®5) obtained a sesquiterpene by zinc
fﬁdﬁat distillation of urson. It may be noted, parenthetically,
?!that he was also able to detect carbon dioxide, which influenced
é.him to propose the formula, Cz3Hse0s; for urson and to explain
gita decomposition as follows: :

F Caollae (OH)COOH —y B CysHaq + COy+Hg0 .
f:In commection with studies by zinc dust distillation Ruzicka

. has pointed out that the boiling poiats of the products obtalned

ifindieate & mixture of compounds of similar molecular weight
i rather than pure sesquiterpanes, .

| Dehydrogenation studiese Within the past few yaar$ a
Euﬂ&had which prdved helpful in clearing up the uttuctnres‘af
i many of the sesquiterpenes, viz,, dehydrogenation, has been

f pplied with good success to many of the compounds described by
?;ngsicka under the title of polyterpenoids., Van der Buar,@s) by
4 gﬁydrogaaatian with sulfur of both urson itself and the sesqui- ‘

. terpene noted above, was able to isolate a small amount of a' |

. hydrocarbon picrate melting at 115°, but which was not analysed.

E_Bﬁaleka and Van ?seu,*a) in 19289, included ursolic acid in a
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""t_ﬁf e&aven sapoganina which they dehydrogenated by means

ar aelenium.: Pram all of these they were able to isolate a
hyéroearban whose pierate melted at 127” and whose styphnate
' malteé at 152% These derivatives were. found to be identical
mith the corresponding derivatives of sapotalene (1,2,7-tri- |
héthylnayhﬁhaieno), which had héhm a&tainod froa~the'triﬁarpana '"
ﬁvrivatives, umyrin, betulin, and lupeal._ Theae authors pointed
7'£ that a close rels tionahip ﬁﬁﬂt axiﬁﬁ between the sapogening hi,f
A certain natural triterpenes, but that the carbon skeleton -
; n&at differ eﬂaenbially from that af the sterols since the
E Latter do not yield a triuethylnaphthalana. Again in 1986, Drakd‘
' an nuvalmﬁg) obtained upon aenydrmgenauian of ursolic acid the
potalene reported by Ruzicka and in aédition ﬁ,?ndiaethyl~ L
1ap hhalene and a palymethyl picena, apyarwntiy &dantiaal with ‘
substituted picene obtained by Enmicka from related tr&tsﬁ» :

‘”hydragenatimn of these varieua tritarpenaid Subntaneea are as

5,4~$ﬁtrawethylﬁahzana |  '_ -’
2@7~dimathyln&§hrhalana
l,2,?«trimathyln&phﬂhalenn (sapatalana)
1 2,7~trimethylnaphthal
1,2,5,Butetramathylnaphthalene

a pentamethyl din&yhﬁhyl, CasHae

a pieene hemalague, 0.;3,;

yenoid suhatanaes. Tha most fully ch&rautérized products of th@1L ‘
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E‘Although few attempts have been made to establish the cyclic

B strvoture aid vhe position of unsaturation iﬁ,ursolia acid

i itself, there has been an enormous amount of work done in

.i this respect with the sapogenins and other triterpenoid sub-

-f‘ntances. As a further effort in establishing the position

‘Q of ursolic acid among these other natural products it is

3j_thought advisable to cite some of this work, ‘ :

: Catalytic hydrogenation- This method of detecting double

? bonds has not proved to be of great success in the case of
the polyterpenoid substances. The daubie bond econtained in

. these compounds is too unreactive to be detected in this manner,

; Lactone formation- The relationship suspected by Van der
if.ngarza) between ursolic acid and the sapeganins.prompte&
3j‘¥$nterste1n and his coworkers to study their related aspects.
?;‘?hése investigators have offered evidane«l‘) 40) showing the

if sapogenins, hederagenin and oleanolic aeid, to be unsaturated
?5fpantgayol&e aclds. They were further able to show that

ﬁ hederagenin was converted by the action of bromine into a :
f;Anoutral, saturated bromo-lactonej also that by long heating

;i with formic acid it was transformed into a neutral, iatﬁxaﬁea

~ lactone, which lead them to assume a Yfa, or O = unsltuﬁﬁted

Jf pentacyclic aeid structure for the compound, They roundﬁthat

© oleanolic acld also ylelded a neutral, saturated bromolactone

w

and assumed an analogous structure for it., In their study

. ursolic acid, however, they fdunﬁ, in contrast to the other ;X
. V b

. sapogenins, that it reacted only very slowly and incompletely

P

f;.gign bromine, yielding largely resinified products with a . )
5? very small quantity of a neutral, bromine-containing body which
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i gave, in contrast to ursolic acid, no yellow color with tetra-
E nitromethane and which they assumed to be a bromo-lactone. In
| contrast to hederagenin the heafing“ét ursolic acid with formic
’?:aeid gave no lactone but only the normal formyl derivative.

,# fhe action of ursolic acid upon fish, however, influenced them

E to giace thiav@ampannd in the class of sapogenins,

. Molecular refraction- This method has been used to a

. linited extent in the detection and estimation of double bonds
among the polyterpenoid substances. Ruzicka and cowarkara,“}
by means of this method, reported the triterpene alcohols,d -

an’dé» amyrins, CgoHyeOH, to contain one double bond.

Perbenzoic acid titration- Ruzicka and coworkers'as well
as many other investigators have applied this method quite
successfully in estimating the number of double bonds in the
. polyterpenoid compounds. Winterstein and his coworkers have
applied it especially to the detection of a double bond in
4 hederagenin a?q oleanolic aeid., They found that these compounds
1 :theusalves did not react readily with the perbenzoic acid, but
that their decarboxylated products reacted quite smoothly, showe

1ing the presence of one double bond.

Decarboxylation and dehydration studies- By‘anhjeating
‘ ' )
oleanolic acid, CaoHeo (OH)COOH, to the action of heat for one-
. half hour at 380-400°, Winterstein and &taiu‘5}

?? isolate the aleohol, oleanol, Cgellyy0H, resulting from its de-

were able to

carboxylation, and alsa'the hydrocarbon, oleanylene, CgoHge,
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5~r@tulting from its decarboxylation and dehydration. Catalytiec

AN

? hydrogenat1on of this unsaturated hydrocarbon ylelded the

; saturated pentacyelic hydrocarbon, oleanene, CpeHges By the
jg §ame treatment of haderaganin,‘a) CaoHes(0H)2CO0H, and the

?; boswellinic acids, CgoHgaeOs, from olibanuu,47) they obtained

| hydrocarbann which were isomeric but not identical with those

| obtained from oleanolic acid. They pointed out that the hydro-
;fgarbona obtained in these instances were not of the same series
ﬂ[ as those obtained from the amyrins, CjzoH4eOH by the same treat-

. ment,

b Isomeric ursolic acids~ Kuwada and !atﬁukaunla) first
\f-intraduced the possibility of there being more than one natural
'?-eauurring ursolic acid when they isolated from Rhododendron
 hymenanthes a sample melting at 290-1®, They designated this

ff as #‘*ﬂP&@l&G acld in contrast tool ~ursolic acid, M.P, 284-5°
ﬁéfthich they isolated from uva ursi. In a later gaper‘g) they

EE réparcad a spectrographic study of these two samples, along

ii with hederagenin and oleanolic acid, They found that hedera- '

i genin, oleanolic acid, and C{-ursolic acid showed the same general
absorption curves, while the /Q ~ursoliec acid showed a different

% curve., From these results they suspected a stereoisomerism,
_vlyins in the *c~¢oaa linkage, The same authors investigated
?;‘ﬁhe possibility 6f the isomerism of oleanolic and ursolic acids

4 due to the position of the OH sroupuaa) By treating the‘naida
t&aﬁsalves with phosphorus pentaehlarida and reducing the
resulting products with zinc ahd acetic acid they were able to |

t,'grepare the corresponding desoxy-acids, in other words, to replace
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. the OH groups by hydrogen. The desoxy-acids thus prepared,
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f@ however, were not identical, showing the cause of the isomerism

| not to be in the position of the OH group.

Summary- The compound, urson, (later called ursolic acid)

' :tirst isolated from Arctostaphylos uva ursi by Trommsdorff in
;( 1854 and since then found in several other plants has been
;"eharaeberixeﬂ by fairly conclusive evidence as a monohydroxy-

. monocarboxy acid of the formula, CgoHesOs Or CsiHgeOs« MoSE

of the evidence favors the CaoH4e0p formula, It has been shown

to have certain relationships in structure and properties to

. those plant products designated as sapogenins and to other

. triterpenoid substances, but it differs essentially in its

structure from the sterols., Ursolic acid has been claimed by

k- many investigators to be isomeric with the sapogenin, oleanolic

| acid., As a matter of interest the latest formula for oleanolic

. acid proposed by nuﬁ?oka‘g) is presented heres
: cH3 il

chs

;u‘anpection of this formula shows it to be c,.Hg,Q,,"guh the
& underlying hydrocarbon CzeHge, 2 repreaontativa.ar the fdrmula

~ of saturation, CpHa,_,¢, containing one double bond and five

cycles.,
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Decarboxylation of ﬂisblie Acid

1 Winterstein and atexn45) have reported the decarboxylation
. of oleanolic acid, CpyHgeOs, to the alcohol, oleanol, CsolgeOH,
% dehydration of this alcohol to the unsaturated hydrocarbon, i
't‘eleanyxane, CaoHess and subsequent hydrogenation of this hydro-
? carbon to anotker hydrocarbon, oleanene, CgoHggs

i (a) The decarboxylation of ursolic acid was attempted by
. the method of Winterstein and Stein:

j 10 Gms, of ursolilc &01d were heated slowly in a 50 ce.
~ round bottom flask until the acid had all melted, and then the
:i.tamparature was raised to 360-400° and held there for 30 minutes,
A funnel was placed in the neck of the flask to minimise loss

. due to sublimation. At the end of 30 minutes the nmass Was
igﬁnllnwad to cool and solidify to & light brown brittle residue.
;Qq!his‘waa taken up in ether and the ether solution shaken out
;‘vgﬁe&tedly with saturated barium hydroxide solution to remove

:; any unreacted ursolic acid. A considerable amount of golatinausv
; b##ium uraolata;pas separated from the ether solution in this
;.uanaer. The eéhﬂreal filtrate was allowed to evaporate, leaving
. a semi-solid residue of light brown color. Attempts to obtain
::‘a crystalline product from this residue by recrystallisation

. from acetone, methanol, ethanol, and heptane, respectively,
?_unre unsuceessful, Winterstein and steiﬁ reported the isolation
of the aleohol, oleanol, and the hydrocarbon, alaanylene,.rrom
_ﬁ the decarboxylation of oleanolic acid at this point by frac-
'wtianal’eryatalliaatian from acetone. They also observed that

& large portion of the decarboxylation products from oleanolic

— s



. of ursolic acid for one hour, At the end of this time the
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acid were resinified. It was evident that with ursolic acid
practically all of the”deearhexylation products had become

1" resinified, The entire resinous mass was then refliuxed for two

hours with acetic anhydride in the hope that, if any of the

aleohol were present, it could be uaparaiad by means of its

‘acetyl derivative. Upon taking up the acetylated product in

ether a very few crystals were noted in the bottom of the cone-
tainer, The anoﬁnt, however, was too small to allow any sort

of separation.

(b) Use of a catalyst in ﬁeé&rboxylatian#
It was thought that the use of a catalyst might
daéompliah the desired decarboxylation at a lower temperature
than was necessary when using heat alone and thus avoid the

1argé»aﬁount of resinous products that Accompanied the decar-

?' bquylatimn'#ith heat. Accordingly a guantity of ursolic acid
f‘ was heated until it had melted and then copper chromium oxide

c&tilylt was added and the mixture held at the maltiﬁg'point

i mixture was allowed to cool and the solid, pulverised mass was

f= oxtraeﬁed with ether., Investigation of the residue 1ert upon

uvapofatxah of the ether showed it to consist almost entirely

of unreacted uraclié‘aﬁ;d accompanied by a very small amount

. of brown colored resinous products. )

(e) Attempts at photochemical decarboxylationt

Baturated solutions of ursolic acid in ethanol and

acetone were aub;aeted to the effect of bright sunlight for -

N "‘ ; l
h
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hree days in the presence of ferric chloride and uranyl
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Hllsio doid |

History. #hen treating the insoluble residue, re-
sulting in the preparation of gallic acid aceerazns to Hchntla'n s

; fﬁ?f ‘method from an infusion of nutgalls, Gh-vrcul (1) in 1816

ffqhnorvca this substance which Braconnot in 1818 recognized hﬂfc";
. peculiar acid to which he assigned the name ellag(ic) acid, the
f(a,m.,r,gulging from the reverse spelling of Galle (French as well
:'an German for nutgall) (2). |

3 Its elementary composition was determined by Pelouze (3)
~ who assigned to the anhydrous (?) acid the formula CyHaO,+

? 0: CyHgOp, the same as that of gallic moid of which Berzelius
i~r¢garda it as a metamer,

?  The structural formuls accepted at present is Mebed
iwihat first suggested by Schiff (4) in 1879 and proven by
f ﬂwa¢b¢‘(5) in 1903. This formula brings out its relation

?mto gallic acid, also the fact that the substance i not an

 acid but a auautauu -, o
Coo oH

oH H '
—Ha ;
- H)-O Ho o-oc o H !
-ac oH : o 8 :
H o

4

source, authar’a,aamc, reference.)
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| 1847. Bezoar Stones ' Wihler and Ann«@hiﬁayhlrlﬁﬁ5
P Merklein 7 12001847)
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| 1867. Punica Granatum L. Rembold Anmﬂhou.lwéggg
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E Goldschmidt

| 1880, Castanea Vesoa G.  Steltzner Am, J. Pharm, 52,292
T St tus _ (1880)
| 1880. Querous Robur L. BetL Monatshs Chem. 1,226
u Rt ' (1880)
,51351' ngragg §ghn;1n ‘ Strohmer Rbnatthqchnmiﬁégfﬂ
| 1881, Piosa FExoelsalk. Bottinger 8. Ber. Wien. Acad.

' 84(1861)
1882, Symphea alda L. Griining Arch.Pharm, 20,589
o - | (1882)
1891, cum inia zE1£2e1 Arch, Pharm, 229,123
Vifolla Baill. (1891)
- 1891. ebula R. 4%81ffel Ibid.

. 1896. Qm?-n’ahu. Golorado Perkin and J+Chems Soc. 69,1307
: ’ Gunnell 1395),

1097, Perkin Ibid. 71,1157 (1897)
i?;ﬁﬁ?.- alsm. Perkin | Ibid.71,1151(1897)
| 1898, Tamarixz Africamappipy, Perkin Ibid. 73,574 (1898)

g e
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1900, irotostaphylos Uva  Perkin Ibid.77,424(1900)

b ﬂ"*(L)ﬁprena '

1900, Coriars myrsifolia ;,  Perkin Ibids77,424(1900)
t{isoom. Eolysnnunlaanterﬁa L. Bjalobrsheski ?haxnaaaurn.(nnnu.
. . ' sl | ‘ 32 $£x9001
§g1903. - Vacoinium Vitis_Idacap Kanger ArcheBxper,Pathol.u.
- ‘ ‘ , 2harnak.50.‘6f19@37'
;Fipogm Juglans Regia 7, . Brissmoret Oompt¢rcna.141 838

: : ~ and Combes 505}
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! uxtl!ry!u!I“u!gyuanott1#10ranatain Ohlmqsnitg.asb

QUEroUs HeBIIOPS T,

TEYMInalia Catappa (L) Lyons
{ WEUTUE!"KﬁﬂﬁF"f"“"
5,1231‘ aa.pbcrry ayrup xun:c~annnn Awah.?hnrn¢8695g:?
?ﬁlséz,' Acer ginnala T J.Chem, 8004121, 66
3 : (1922)

i

A few other plantu from which ellaglc acid has been isolated are
| liutea in Wehmer (Die Pflanzenstoffe, 1931).

r Ellagic acid is a pale yellow, miocrocrystalline powder,
‘ zormtng rhombie prisms or prismatic needles., It is practically
maolublc in all the common solvents., Boiling water, ct,hy} an.d
d‘utthyl alcohols have a slight solvent effect. It is soluble in
f'ﬁazling pyridina, from which it may be crystallized to form buff

fﬁoelardd crystals; these crystals contain pyridine of crystal-
' 1isation, which may be removed by washing with aloohol, ylelding




ha pala yqllew aoid (6}ﬂ: i
Alr dried ullagxe acid unntainu £ molecules of uavtr nz
aryntalliuatinn whinh are lost upon drying to oanataut waigh#
at 100° ~ Alpers ElOJ is of the optnlon that nhen it is drt«ﬁ‘; 
at higher txnparutnrun it loses conatatutional water, n&xas&p _
aold does not melt below 3600: When hcntna to higher tenp‘ru#f
"Nturea 1t sublimes with the production of glistening yellow

aryutala. the 1acntizieatiou of which has not been rocardua in
g tha literature.,

| ite structure, It can be acetylated end henaolyﬂed only with
eat difficulty. The halogen acids have no effect upon its
airucturs or phyuioal appearanae (11)« Pusion with oauatie

co o
; Q o '
/fo o# o |
oK

‘“tluarcuc (6): A
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1 It dissolves in dilute alkalies with a deep yellow color
 which upon oz@uauru to air becomes reddishe-yellow, with the
nuparstiou of dark oolaraa errstala of the alkali glauncomelan~
ﬁaatq, K2012H407+ (7). Upon moidification of the dilute alkali
 solution the acid is obtained again, o
. Ellagic acid is colored green, changing %o a dark blue,
ky ferric chloride solution. With nitrie acid unntainins a
lmnll amount of nitrous acid and with dilution it gives a blnod
rnd coloration {Griessmayer's ranetian}. which is conniiorca to

-

: The following "salts" of ellagic acid have bo«nira‘
i{ynrtcds‘ | il e (
O megtiailh - w heating ellagic acid with NaoK solution
7 and prioipitattns with C0g; a br&ﬁut yellow crystalline pauaor (7)e
' Na0y4H50g + warming gallic acid ethyl ester with soda
i aaluttons citron yellow silky aryatala {18). iy
3 xgel4a‘os.xan - Citron yQXIow. microscopic prisms (7).
Ep0y14H40g ~ microcrystalline (7).

Baz(Cy4HE0g)g (at 140°) « yellow powder (7).
PbsC14H40g.Hp0 = yellow, amorphous (7).
KCy 4Hp0g = minute yellow nesdles (13).
, The following derivatives of ellsgic acid have been
E‘prtparad and reported in the literature:
f Petraacetyl ellagic acid (18), (17}, (6), (11), prnparqa -
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4 Qﬂh?:*h' action af'ﬁagling acetic anhydride on ellagic acid;

‘”‘“‘ 3 . glistening white orystals, M.?. 343-346°,

rx%qﬁsu ] ‘fPetrabenzoyl ellagic acid (18); colorless needles, M.2.

E x!aa,ﬁ;l,- %3_5‘3‘30

bour (om
pin o Tetragalloyl ullasio aoid (19), prepared by the action

| of tricarbonethoxy galloyl chloride on ellaglo acid in alkaline
?’uulntlon. small yellow needles, M.P. 89?«500“, with aaaoupnsitton.

b

é gives gelatin resaction for a tannin.

E Leucoellagic acid (20), O4H o0y, by reduction of ellag-
ﬁ:ic acid; colorless needles, M.P. 294f295°, with decomposition,
Ellagic acid monomethyl ether (21), by the action of
i:u.thyl iodide and‘KOH on ellagic acid; pale yellow crystalline
i;pewaar, which upon heating with acetic anhydride forme the
diacetyl ellagic acid monomethyl ether, Gy 4H3Op(0CHg) (0zHz0)g,
J’a eryatnlllnu powder. |
; Fllagic acid dimethyl ether (21), by longer action of

f nothyl iodide and KOH on ullaglo aoi&, a crystalline powder.

i_ Ellagic acid tetramethyl ether 1815 (22). by the aumaan‘ﬁ
~ of diazomethans on ellagio acid in athdr suspension; a color=

i

 less mierecryntallino pawﬁor‘

A
pidcions

i The following reduatien products of ellagic acid have

{ also bsen reported: '

; Hexaoxybiphenyl (80}. obtained by ulaotrolytio xeduot&ou,'
f!hr. 312-517°, : a
,,;Qaﬁj;' _ Pentaoxybiphenyl methylolid (23), by the action of sodium
| ‘;amalgam. i) :

Hexaoxybiphenyl (24), by the éation'et sodium amalgam
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i?ﬁawby the action of KOE (11).

e ayaihetic ollngla acxd, 80 oallad, “has betn propuxnd uy
aumber of ways, smong which the tollow&ng are notcworthy: f]
oxxéntiob of gall&o acid by arsenie aeld (14).
Treatment of ethyl gallate with Nag0Op in air (12:.
inahtion of gallic acid with 1oainc i&)a

; Oxidation of gallic acid in acetic acid solution with
‘;ytaauzum persulphate in the presence of HpS0y (6). | '

: Treatment of alcoholio aolut&an of gallotannln thh
oa in the presance of air (16}, |

k.

- Struncture. -~ |

Barth and Goldschmidt (11) in 1879 snsgcatad a strucs
nrnl formula for ellagic acid which was further acvclopod by
”Vldaehmxat and aaneaa.czs; into (I). The evidence for this
mula was that ellagic acid on distillation with sino dust
fﬁixda flnorene, to which they wrongly assigned formula II, &
jfdvtnat»on fusion with KOH 1t was supposed, wrongly, to y;qld ”
?Uw:axdroxwdiphonyl (III).

. Schiff (4) in 1897 had anagcatod the correct formula for
ﬂlagia aald to explain its prudnation from disnllxa acid, aad
&,no from his observation that the compound formed a tetra~
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i neutyl derivative. K1§ work, however, was oversnadowed by thét
ﬁfef aalaaahmiat. S |

| Graabo {5), houevuz. in 1903 attaokcd Goldschaidt’

g work by ahauius that a compound of his atruotura would yield

: on distillation with zine dust, not fluorene, but an 1aamor£e
hydreaarben (IV}. Graebs and Schestakow (26) in 1896 had ahuwn
that all substances of type (V) (diphcnylmethylolzd) would yield

:nnorana WI) on zino dust distillation:
3 Sl co ——0Q cHv

b0 U008
i (z) ()

Graebe's work thus revived Schiff's original tormulg,tér

ellagic acid as the correct one:

Perkin and Niereunstein (6) in 1906 further confirmed

NSthft'e formula when they studied synthetic ollagia acid, pro-

i duced by the oxidation of gallic acid in acid solution, and

; showed that on treatment with alkali ellagic acid yields

pentahydroxy diphenylmethylolid (VII) and not the suppoaed |
hoxahydroxybiphenyl of Golduchmiﬁ@:

co 0‘
\ ol

H‘Ol OH OH e
oH




128
ey also obtalnsd fluorene on zinc dust distillation, L
| Heraig and Pollak (22) in 1908 obtained further cor-
oboration 6! Schiff's formula by a stu&y of the mothy&aﬁxon

rodncts of ollagio acid. They prepured the tetramethyl ethgg_;
£ ellagic acid by prolongcd action of diazomethane on an ctﬁ‘i
fvthpﬂnaiea. By treatment of this tutramethyl ether with KOH
;uud méthyl iodide they obtained an athnr~aatsr of the acid,

Py %0%*111“, which was diphcnyl-l,ﬁ 3.@,? 8,~hexame thoxy~5,10-
;ﬂianrhonie acid methyl ester (VIII), tud'ﬁhcr with a small
:monut of the intermediary product, diphoaym meﬂhylolia*a 3,6,

‘? +8=pentamethoxy=6~carbonic acid methyl sster (IX):

e CWM' OM(

‘ ::“‘ oMe ‘—/———‘
if Me

] /”'o ~0M' eo, oMe eoo”e

| Saponification of this intermeiiary lactone ether-sster
. (IX) with alooholic KOH yielded diphenyl~z,3,6,7,8-pentamethoxy~
hydroxy-5,10-dicarbonic acid (X), M.P. 200-203°, while sap=~
V@aitiaatian of"tﬁu‘aad product of the methylation (VIII) above

,;1.14:& dxphenwali;a 3,6,7,8-hexamethoxy=b,10~dicarbonic acid
'th). MoPo 258-240°;

.,.

Y

cooH
cooH

NN-0Me
oMe ONQ ol
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66@1
BoEq (2)
[» X0 {3)
ause, (4)
fooe R 5)
AR (6)
aﬁvlh 2 l?f

poNMS ..58)
g~6, % (9)
(10)

(11)

ool (12)
3 113)

' (14)

v .(;m_;f (15)
1@%&*&% - (16)
mx&1m§;g (17)
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