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REBATA

8y line 9, for "will be" read "are".
10, line 20, for "both" read "each",
83, line 8, for "U, 8. P," pead "U, 8. Ps X",
84, line 6, for "Us, S. P." zead "U. S. Ps X",
84, line 15, for "U. 84 Ps" pread "U. 8. Py X",
86, line 11, for "sbsorbtion" read "edsorption”,
87, line B, for "indicated” read “"given",

118, line 3, for "Cinghona mova" pead "Cinchona
nova, Linne", |

128, line 8, for "Cinchoma offieinalis" reed
"ginchone officinalis, Linne",

129, 1ine 15, for "liter" pead "1 liter®,
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A galenical and chemical study of einchona wes undere
taken with the hope that it might result in a eontridution
to an understanding of the mechanism of the process of pere
solation, An wxq;tim having the same aim wes carried
out by Milton wruble in this laboratory between 1930 end
1933, the results of which were published in Wug}

Wruble, working with einchone, reported certein surprising
enomalies which were observed during its percolation with
aleohol, Cinchona was chosen by Wruble for his studies
because the alkaloidal content of the drug and of its gelen-
ical preparations could be determined with s high degree of
ascuracy, end becsuse of the problems presented in connect-
ion with the stability of the tineture and fluidextract of
the drug. Inasmich as the instability of these two preparae
tions was known to be due, in part at least, to little undere
stood changes of einchotannic acid extracted slong with the
einehona alkaloids by the usual methods, attention wnﬂg&m
by Wruble to the preparetion of a detennated tineture,

For the first part of this investigation it was consider-
ed advisaeble to repeat Wruble's percolation experiments with
& cinchona from a different source and having s different
alkaloidal content. In this way his results, insofar as cine
chona is eoncerned, could be verified, or if there were very
wide deviations from his observations, these differences
eould be pointed out, As an sid to = more complete interpret-
ation end explsnation of the anomelies observed in the perco=
lation of cinchona, it was thought that a chemicsl examination




of the constituents of cinchona, exclusive of the alkaloids,
might prove helpful, Particularly was an exemination of
¢inchotannic acid and cinchone red deemed advisable becsuse
of the role of these constituents in esusing precipitation
in the tineture and fluldextracts of einchona for long
perieds of time after being prepered, This dissertation,
which is a peport of these studies, is scoordingly rm: convens

~ dence divided into two main parts, a gelenical end a chemical.

~ In the galenical pert will be included the results obtained
in the investigations devoted for the most part to the perco~
lation and extraction of einchona, In the chemical part the
results of a lesboratory mnatwuum of some of the minor
constituents of cinchona ere presented,

1£ m»:»me:::, gniwmgﬁy ?tmggamw. (WM)»
ssn 2 Pe O
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The ummﬂ used in this study was supe

plied through the courtesy of Parke, Davis and Company,
Detroit, Michigen, from their regular stock, and coavsely
ground by them to an approximately No, 20 powder, especial-
1y for this work,

sinchona were dwmm wmdms to the officisl method,
The date used together with the results obtained are tabulated
ﬂ1w¢

1)

uuquw :pt!‘: used wh mmmm Per cent,

The alkaloidal content of this drug is much higher
than that found in einchona purchased on the open market,

In order to comply with the U, S« Pe X requirements, cine
chona must contain not less than 5 per cent of total alkae
loids. The cinchona used by wmbug in his percolation
experiments, asccording to his assay, contained only 4,43
per cent of total slkeloids, It is thue seen that for come
parative percolation studies a drug mueh richer in alkaloid-
el content than that used by Wruble was employed.
L

The writer wishes to express his appreciation to lNr, Fw.
Taylor, Chief Chemist of Parke, Davis end Company, who

ingtrumental in having a gemerous supply of cinchone
ed for this investigation,




'an ; s of Drugs The percentage of tamnin in
the ¢inchona used in these studlies was determined accord-

ing to a method deseribed by Mlhmahiam + Three samples
were anslyzed for tamnin eontent by this method, with the

~ following results: 3,42 per eent, amé per cent, snd 5,72

per cent,

, re Oontent of Drug, The moisture content was

dmmm w the ulm mwon“.. Zach of two 25 grem

 samples of powdered einchona were boiled under a reflux

condenser with 100 ee, of xylene, HEach sample ylelded 2.6

ces of water which represented 10 per cent of moisture in
the powdered drug.

”hy means of a Soxhlet extraction apparatus until exheumsted
by each of the following solvents in the order named: petrow
leum ether, ether, chloroform, end aleohols Between each
extraction the drug was thoroughly dried., The solvent tn
each case was sllowed to eveparate spontanecusly at room
tmwnmh but in no single instance did erystalline matore
ial separate, The dregs left after the extraction by aleohol
were transferred to a beaker and n.tnmm successively by
heating with the following solvente in the order named:

. water, a 0,5 per cent ’uﬁmms solution of hyérwhxwie acid,
and finally by a 0.6 per cent agueous solution of sodium
hydroxide., These solvents were evaporated at-a temperature
of 60°, the last two after neutralization, The residues
after being dried to constant weight were weighed,




Potroleunm ether
Ether

Aleohol

 Water

HOL1 0.5 per cent

HaOH 0.5 per cent 05,7762

Dregs
Totals

Semple 1

Wty Exty Per cent
IR Y
- 1.5482 2,70
1.,0128 2,08
842508 16,82
1,0840 2417
642200 124,44
11,48
18,3500 36470
540000 10,00
47,4668 94,86

Semple 2
SR T w
148452 1
049088 A
840616 -
S obe 2414
980 12,38
P 11.68

RN 37.90

4747504

95480

The various extracts were examined superficially. The
petroleun ether extract was green in color, of a fatelike
nature, and possessed apharacteristic aromatie odor, The
ether extract upon thorough drying could be pulverized, It
wes found to consist of a mixture, the greater part of whiech
was soluble in dilute hydrochloric scid. The addition of
Hayer's reagent to hydrochloriec acid solutions produced pre-
eipitates indicative offthe presence of alkaloids, Both alkae
loids end tannin were found in the chloroform, aleohol, water,

end dilute hydrochloric acid extracts.




Percolation Exporiments, It wes mentioned in the
i shion Shat BRI ety ik e s
designed to study the mechanism of the process of percola~
tion had been repeated, Reasons were also given for the
desirability of so doing. Wruble attacked the problem by
attempting to learn something concerning the wey in which
the menstruum functions as it traverses downwerd through a
column of drug contained in e percolator. The ideal way to
have done this would have been to segment the drug contain=
ed in a pereolator into a definite number of equal layers
and draw off samples of the pereolate at the bottom of each
segment, This, however, could not be acoumplished in a satis-
factory manner. The technique finally developed by Wu
involved the use off a nuuber of percolators, each mprnmt-»
ing m hypotheticel segment of a large pweahw. The qnw
tity ot drug in each percolator (hypothetiecal nW)

not the same, but each differed from the preceding one by a
regular decrement, In this wey it was poesible to reserve a
‘portion of the percolste from each fraction eollected from
811l of the hypothetical segments, end still spproximste in
8ll essentials the conditions which should prevail in a large
percolator,

Progedure, This experimental procedure used by the
writer was adapted from the published deseription of the
method used by Wruble, Five and ome half kilograms of cine
shona were divided into ten parts, The first portion weighed
1000 grems, the seoond welighed 900 grams, the third weighed
800 grams, and so on down to the tenth, which weighed 100




greme, The 1000 gram portion of drug was molstened with
7650 eos of 96 per cent alsohol, and placed in a covered
container for six hours, It was then packed in a percola~
tor, enmough aleochol was then added to saturate the drug,
the pereolator was covered, and the drmig was allowed to
macorate during twenty four hours, Percolation, the rate
of flow of the percolate carefully eontrolled, was then

1000 gram portion, until 10 liters of tineture had deen
eollected, was 95 per gent alecohol, Each ome of the other
portions of drug was moistened with a proportionate
quentity of eloohol, and treated in an identicsl menner
Guring M hms Mtw the percolation wes started,

m Mm, the tineture from the preceding nmahm
was wlw for this purpose, Thus, from the mhw
containing 1000 grams of cimehons, a £irst portion of 1
liter of tincture was drawn off, 100 ces were reserved,
and 900 ee. were used for the pereolation of the 900 grams

of drug which had been macerated with alecochol in the second
percolator, In like manner, a firet portion of 900 cos of
percolate was collected from the second percolator, of which
100 ces were reserved, and 000 ec. were used for the Porco=
lation of 800 grams of d eohol saturated drug contained in
8 third percolator, This procedure was carriod out successe
ively with the other portions of drug, in such e wey that
from the tenth and final percolator, containing 100 grems

of drug, only 100 ces of percolate were collected in each
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series, Ten serics of oxtractions were carried out success-
ively on the same druge. Thus, it is seen that from 5,5 kiloe
grams of drug a WM& of 10 liters ar tinocture mrc wxm»
ted in mo eCe mﬁ&mﬂ

m 100 samples of tmimm eollected were, with the

I ~ exception of the determination of the hydrogen ion concens

tration, subjected to the same exemination es those which
~ had been prepared by ¥ruble, The specific greviby of esch
was determined by meens of a pycnometer at 20°, The extracte
| ug)m determined sceording to the wethoed of the Us Ss Pe
The alkaloidal content was determined »Mas to
‘ ﬁm offiocial mmd} - The results of these various detere
minations ere tebulsted for each series in Tsble No, 1.
& mw-tuon' of the results of specific gravity, extractive,
end alkeloidel content determinations reported by Wruble,
and those obtained by the writer ere presented in Table No.
2, Following the tebulation for each series, the seme matere
1al is presented grephically in order to show to & better
advantage not only the comperison of results, but also the
irvegulerities obtained by both of us,
~ In Table No, 3 are presented avereges for esch series
of specific gravity, extrective, end alkaloidel content
determinations. This table is also followed by a graphical
representation of the seme dute, It was thought that such
2 pregentation would more scourately show the great simie
larity in results obtained with two different samples of
¢inchona, then the somewhat enlarged graphs accompanying
Teble Nos 2+ This proved to be true, In Table No. 4 aore

Yy
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presented averages for sach percolator, and this table is
alse followed by grephs representing the seme data,
Discussion. An examination of Table 2, in which are
presentod comparisons of results cbtained by Wruble end by
the writer in a series of percolation experiments with eine
~ chona from different scurces and of widely varying alkeloide
al content, shows that while the results are not identical
there is still & surprising agreement between them, The
‘ graphs acoompanying the table also illustrate this point,
Eruble's results and his discussion of them were availeble
when this work was started, and as many as possible of his
suggested sources of errors were oliminated, It i1s perhaps
best to quote from Wruble's report end peint out sny differ-
‘ ma “m the procedure, conditions, or observations made by
the writer,
Pollowing the tabulation of his results, Vruble makes
the following statement:
| "Prom these meny results it is to be noted that certain
R Mluaw‘wmw In every series the maximum point is
reached followed by a decrense, Such results are reedily
- explainable, No doubt, however, certein surface phencmena
such as adsorption, sbsorption and perhaps others of whioh
we m _;Mm, are responsible in @& great measure for this

.

The enomalies noted by Wruble were slso observed by the

. wpiter. It should be pointed out, however, that in at least
one uswhu a maximum point was not reasched end followed by
a decrease, In series No, 4 it will be seen that the last
point reached was the high point, Inassmech as in this pare
ticular series the same exception was met with by both Wruble
and the writer, it seems worth pointing out, even though no
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explanation can be offered,

Congerning the possible am;«*‘eua of error due to
dirficulties in maintaining a constant rate of flow of
percolate, end the influence of varying intervening meacere
~ atlon periods, Wruble wrote as follows:

oy . &

Hrrors.~ These oxperiments presented a number of
mnm%mum‘ o some of which were o realized
during the procedure, It must be admitted that at their
best they represent only an approach to ideal conditions.
#hile as many of the variebles in percolation were control-
led as nearly as possible to be identical in each of the
ten percolators, 1t was found quite impossible to maintain
them at umu:sin rates of flow for any length of time.
The rates would generally decrease after being miunm.
sometimes inecrease snd in a number of instances stop flow-
ing altogether. |
wWhere the rate decreased it was adjusted to run faster
80 that the final volumes in all rvmxfwwo would be e¢ollec-
ted st comparative rates and if it ineresmsed the percolator
was allowed to »un slower in like manner, If a hgumhtw'
stopped and was not noticed soon theresfter (this did not
ocour frequently), the rate at which it was set was deter-
mined by the judgment developed in carrying out the rather

large number of extractions.
Percolators were started at npgroatutnw the same

time each morning and gtopped at a fixed time e
Gxperimentation was not mmuw at any ath-;.:{m m;u
was carried out seven a weok, Here again, the ideal
menner of econdueting such extractions would have been to
nmmmwnum from the very beginning without a
uugg erruption, While we may assume that the intere
ven. mageration periods, having been the same in each
case would tend to equalize this error, it must not be
forgotten that during these macerations numerous changes
took place, (See Series IX end X)"

The writer used & glass tube of 4 mm, dlameter as an oute
let from the percolator, This was comnectoed by mesns of a
ribber tube to another glase tube with an external dismeter
of & mm, By means of a serew c¢lamp on the rubber tube no
difficulty was experionced in regulating the rate of flow
gt 10 drops per minute, and maintaining 1t at that rate.

in fact, it was frequently found to be unnecessery to make
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any adjustments during a miaa of 14 hours. Since the number

of hours required by the writer to collect a given volume
of tineture was invarisbly less than that required by Wruble,
M seoms wﬂ.bh that he might have used a delivery tube
m small that 1t an becamo mwa. In the experie
mente carried cut w the writer, the percolators wers starts 18
od at 83100 Aulis, and t#mw at 10:00 Ni&. sach day ﬂ' the
week from the beginning until the end of the ten series.
| Hegardless of pftwta to overcome suggested sources of arror,
1 ~ approximately tho same irregularities were observed as those
reported by Wruble, The reference to Series IX end X in the
sbove guotation relates to the faet that a peried of ;m»
monthe olapsed between the completion of the first elght
series of experiments and those mentioned. This period of
mu%&m 444 not aspparently produce w very marked ohusn
"h &M wmih obtalined, o8 a mim of the mmmtu
wma following the tabulation of those series shows, ‘
Wruble considered that fluotuations in temperature
mmmwmm“mmmmw the irregulari-
ties reported by him, g this possidbility he wrote
as 'féum: ~

. a2t the many months in which these experiments
were gondue M the changes in temperature must m affected
the solubility of the mawm more or lesa. Some of
the latter series were made in the warmer months of the year,
the eeriier in the fall months while those in botween
during the winter months., The room temperature during these
varions periods of the yoear must of necessity have varied
spite of the errars that have been emmerated it is
unm-a & mﬂh the large number of extractions
mede show awimw rmtwim that has m been

pointed ocut, we cen feel justified in mnm such
an snomaly exists in the oase of cinchona,"”

T Ty TN eW
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The experiments cerried out by the writer were started late
in October, 1033, and completed the latter part of April,
1084, During this period the temperature was maintained
between 68%nd 74° ¥, et all times, The results obtained

p indiecate that the fluctuations of temperature within reasonw

~ gble limits have very little influence on the extraction of
einghone, inasmch as Wruble's experiments were doubtlessly
subjected to wider variations than those of the writer.

From either Table 1III in which are shown sverages for
each series, or from Teble IV in which are shown aversges
for eagh percolator, it was possible to compute readily the
averages for the entire series. The results of such computaw
tione ere tabulsted below,

0,8366 0,8399 5,42 6400 0478 1424

The above values indicate what the specific gravity, per
cent of extractive, end per gent of alkaloids weuld be for
& tinoture prepered by combining the lundred ssmples of pere
eolate which were reserved in 100 ce. portions. These mm.
when considered in gonnection with the alkeloidal content of
the drugs used by Wruble and by the writer, may be used to
arrive at some interesting data, Some pertinent velues in
this comnnection are given below, (See next page)
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Wte of Drugse Por cent of Wt, of avallable

i Wruble 6500 grams 4443 242,65 grams
~ Powers 5500 grems 9413 502418 grems

It 48 now possible to scaleulate the weight of alkeloids
extracted from the drug and contained in the 10 liters of
tineture collected, and to determine whet per cent of total
alkaloids nm:hma in the drug this weight represents,
Total wt, try Total wty, Per cent of available
collected, allmloids alkaloids extracted,

s B

Wruble 8366 grams 62,75 grems 25,85
Powers 8209 grams 104415 grams . BOJY4

The eriterion of quality of the galenical preparations
of einchona such as the fluildextract and tincture is the
alkaloidal content, In a series of experiments such es those
which have been deseribed, it might have been expected that
the aleoholie tinetures prepared from a drug containing 9,13
per gcent of total alkaloide would have shown a much bhigher
elkaloidal content than those prepared from a drug containe
ing only 4.,43 per cent, It was showm, however, that while
the ratio of alkaloidal content of the two drugs was approxe
imately 1 ¢ 2, the ratio of the average alkaloidal content
of the eorresponding tinetures wae 75 3 125, It was elso
determined that aloohol extracted 25,85 per cent of the total
elkaloids from the drug having the lower alkeloidel content,
end 20,74 per cent from the drug containing the higher pere
sentage of alkaloids,
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3 The elkeloids of einchona oscur in part free, and in
part combined with cinchotannie seid, The cinchotemnates

- of the alkaloids are much less soluble in alechol than are

~© the free slakloids, This slight solubility of the einchoe

©  tennstes of the alkaloids in alechol presents an explanae

© tion for the comparatively smell percentage of alkalcids

oxtracted during these experiments, It is not posaible,

however, to find so ready an sxplanation for the fluetuaw

tions in alkaloidal content which were obsmerved at differe

ent intoervals in the menstruum ss it passed through a gol-

umn of the drug contained in g percolator, The suggestion

was made by Wruble that this snomaly wes due to surface

 phenomena such as adsorption and sbsorption, Cinchona cone

. tains, in eddition to alkaloids, cinchotannic acid, cine

. ghone red, quinie acid, and possibly uncombined quinovie

aeid, any one of which might, by the formation of insoluble

eombinations with the alkeloids, contribute to the irrege

ularities observed during the percolation of cinchona, The

fats and related constituents should not be ignored in

~ attempting to formilate an explanation. Any explanations

that awht be offered are still open to proof. However, the

results cbtained by the treatment of cinchone with caleium

hydroxide or milk of lime previous to extraction with alechol

indicate the pleusibility of the sssumption that the constite

uents mentioned do influence to a marked extent the offie

elency of alechol es & menstruum for the extraction of the

slkaloids of the drug. This phase of the subject will be dise

cussed in more detail in comnection with the detannated

I - — S~
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6)
_Tingture in i8s Wruble prepared a
complotely dotannated tincture of cinchona by mixing the
 powdered drug with en equal weight of caleium hydroxide,
~ end then percolating the mixture with 95 per cent alecohol,
A In order to determine the minimum proportion of celeium
_ hydroxide to ecinchona necessary for the formation of a
~ detannated preparation, four tinctures were prepered with
~ verying quantities of ealeium hydroxide mixed with the drug
| previous to the perecolation of it, For the purposes of com~
parison, & fifth tincture was prepared without previously
mixing the drug with caleium hydroxide, For convenience in
. referring to them, these tinetures will be designated by
mubers as followss

vol, tineture
- Tincture Nos 1 100 grams 100 grems 500 oc.
Tineture Uég 2 100 grams 75 grams 800 eece
- Tineture No, 3 100 grams 80 grams 800 cc.
. Tincture No, 4 100 grams 25 grams 800 ec.
. Tineture No, 5 100 grams 00 grams BOO eos

. The caloium hydroxide used in the preperation of the first
four tingtures was obtained by adding the ealeculated amount
of water to a weight of caleium oxide necessary to convert
it to the desired amount of celeium hydroxide., The einchona
wes mixed with the celeium hydroxide, the mixture was moiste
ened with suffieient aleohel to render it demp, and it was
placed in e ¢losed econtainer for six hours, The moistened
nixture was then tranaferred to a percolator, enough alecohol




(]

- was added to saturate it, and it was allowed to macerate
 during 24 hours. Percolation was then started and allowed
to proceed at the reate of 20 drops per minute, until 500
~ 60, of percolate were collested., The same prosedure was fole
. lowed for Tineture No. 5, exeept that the drug wes not mixed
~ with ealeium hydroxide,

~ The speeific gravity of each tineture was determined
‘at 25° by means of @ pyemometer, The per cent of extractive
~ was determined by allowing 10 ec, of each tineture, measure
: ed from a pipette, to eveporate spontaneonsly at room tempers
_ ature, and then drying the residue to constent weight at €0°,
~ From the specific gravity, the weight of each sample was deterw
 mined end the per cent of extractive was caleulated upen that
- besis, The per cent of alkalolds in each tineture wes deter-
» mined sccording to the method of the U, S. Pe Xs, using 20
00y samples. The weight of each semple was determined from
~ the corresponding speeific gravity, end the per cent by welght
 of alkaloids caloulsted therefrom, Tamnin was determined by
the same method ss that used for the estimation of tennin
gontent of the drug. The results of these determinations are
tabulated below, (See next Page) '
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I, Nos  Sps Gre » 4 of Tennin
1. 048176 1.68 0400 1.30
2,  0,8196 2437 0424 1,52
G 0.,8221 - B465 0483 1,36
4, 0.828¢ Se48 0460 1435
Ba 0.8202 4427 1.18 1.21

- Tineture No, 1 was 1light yellow in color, and retained the
same color after standing one yoar, There was no formation
of a precipitete, except a small aemount of erystalline matere
~ ial which seperated st once, This was presumaebly caleium care
~ bonate, Tinetures 2,3, and 4 were all of a cherry red color,
~ the intensity increasing with the deerease in the quantity
 of caletun hydroxide used. After stending for a few wecks,
@ rod depogit started to form which increased with time., After
a yesr, a considerable quantity had separated. Tineture No.
b was of a deep brownisghered coler, and while a deposit of
#01id materianl started soon after its preparation, the quane
 tity wes less then in the three tinctures mumbered 2,3, and
4, If eny dependence cen be placed upon the values cbtained
~ for tennin comtent of the various tinctures, it becomes appas
~ rent that caleium hydroxide, especially when used in guantie-
. ties equal to the welght of the drug, prevents the extraction
by aleohol of substances other than temnin, This may be 1lluse
trated by adding together the per cent of tannin and the per
gent of alkaloid in each tineture, and then subtrasting this
~ sum from the per cent of extractive. The difference represents
the per cent of extractive exclusive of tannin and alkaloid.
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Per cent

Tennin plue Difference (Per cent
R Por mt or rw Mmt:lw ammzn of
U 1,68 1430 ' 0638

2e B3 1.46 0e91

Be 24686 ‘1489 1,06

4, 3442 1.95 1,49

Be 4,17 2456 1.71

_ From the above tsbulation 1t is seen that ee the ratio of
' ealeium hydvoxide to drug deereases, the per cent of exw

. tractive exelusive of tamnine and slkaloids increases, It

_ therefore appeers that celeium hydroxide forms elcchol ine
 soluble combinstions not only with tamnin, but also with
other substences which otherwise would have been extracted.
The m coler and the rapidity with which precipitates
. form in tinctures 2,3, end 4 indlcates that caleiun hydrox-
| ide, Af used in sufficlent quantities, prevents tho oxtrece
_ tion of einchons red from the drug by alechol. Prom the

| results obteined in the extraction with alechol of einchona
' wnich has been bolled with milk of lime 1t appeers thet in
 the presence of water a smaller amount of caloium hydroxide
 prevents the extraction of cbjeetionsble material then when
water is absent. (See detannated fluidextrect of cinchona,)

te of Cinchotanniec Acid, Attempte were made to deters
am m faﬁo at eimtmu um in a drug treated with

mim mmm.. A sample of the dregs rmu Mmm« No, 1
- was boiled with 1 per cent hydrochloric acid in an .trwe to




80

~ liberate the tamnin from its caleium salt, the mixture was
| filtered, and the filtrate was tested for the presense of
~ tennin by the addition of ferric chloride solution, Wo

~ positive test could be obtained, This, however, might be

~ expected since cinehotannie seid eondenses readily in the

~ presence of even low concentratioms of mineral ecids with
the formation of cinchona red, Various ergenic scids were
| used in & memner similar to thet mentioned for hydroshloric
- seid, but the same results were obtained in each instance,
4 Carbon dioxide was passed into an agueous suspension of the
. drege for somo time, and the mixture then filtered., The

~ filtrate showed no tannin to be present. It appears that

. oinchotannie aeld if regenersted from ite caleium salt dy
acids is immediately decomposed,

. tmwmmxmwmuammbumw

~ several hours with 6 liters of milk of lime, The milk of

 lime wae prepared by slaking 500 grems of lime and suspend-
f; ing the resulting caleium hydroxide in weter, After filter
m the mixture, the residue was air dried and then used

. for the preparation of the fluidextract,

’ The air dried dregs, representing 1 kilogrem of drug,

~ were moistened with 98 per cent aleohol and mecerated for 6
hours in e elosed conteiner, The mixture was then packed in
& percolator and sufficient aleohol was added to saturate it,
The percolator was covered and the mixture was left to macere
ate for 48 hours, At the end of the maseration period percos
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i‘. lation was started, the first 850 cc. of percolate were
-Nmnd. and the process was continued until the drug was
exheusted of alkaloids, Between 9 and 10 liters of pereos

' late had to bo eolleeted in order to accomplish this. The
 percolato collected after the first 850 co. hed been resere
 vod was concentrated to 160 ce, by distilling off the alco-
3 hol, Upom cooling the concentrated percolate, erystalline
 material separated, This was filtered off, dried, snd found
%o wolgh 29 grams, The dried materiel was identified as a

- mixture of alkaloids, It was found to dissolve reedily in a
1 per cont agueous solution of hydrochlorie seid, end such
@ solution, upon the addition of alkaloidal reagents such as
] M*u. Wagner's, and Plorie acld 7, 84y produced cheractere
- istlc precipitates, These alkeloids were presumebly e nixture
~ of those of einchona loast soluble in alechol, such as

. quinidine, cinehonine, and einchonidine,

‘ The filtrate from the alkaloidal material and the alka-
loids was added to the 850 ces of percolate originally re-

~ served in order to bring tho totel volume of the fluldextract
- %0 1000 cce The foct that the alkeloids falled to dissolve
was an indiecation that the fluidextract was saturated, The

- fluidextrect was filtered from the alkeloids end portions of
it were used for the determination of specific gravity, per
cent extractive, end alkaloidal content, The results of

these determinetions ere tebulated below, {See next page.)
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The UsSsPs X requires that fluidextract of einchona

"  shall contain not less than 4 grams and not more than 5

. greme of the total slkaloids of einehona in cash 100 ces

It 4= seen that the detamnated fluidextract execeeds the
UsSePs minimue requirement by more than 50 per cent, In

~ order to make use of the alkaloids which had been separated
~ from the percolate upon concentration, and et the same time
dilute the detannated fluidextract so that it would comply
. with the U.8,Ps requirements, the following procedure was

~ used; One tenth, 2.9 grams, of the total alimloids which

~ had been obtained as stated sbove was dissolved in 20 ce,
‘; of a B per cont aqueous solution of hydrochlorie seid, This
 solution was then diluted to 100 ee, with aleohol end mized
with an equal volume of the fluidextract, The 200 ee. of

~ fluidextrect thms obtained should contain 8.9 grams of the
' total alkeloids of cinchona, or 4,45 grams per 100 oe.,

- which is within the limits of pharmacopoeial requirements.
| Tho same determinations were carried out with this prepara
T provious to dilution, the results of which are
tabulated below,

o Per oent of Per Lo fl Bt
Spe e ot 20° Extrastive by weight 100 ec.

048440 10,38 8439 4458
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The fluidextract prepered sccording to the method
' outlined sbove was of e clear brown solor. It samrm test
- for tennin end the eolor preciuded the presence of cinchona
~ red, Af'ter standing for several weeks no precipitate formed,
: If there is any adventege to aduministering e preparation
 containing the total alkeloids of einehona in the came pro-
 portion in which they cocur in tho drug, but without the Aise
:, advantage of the instability of the U.8,P« fluidextract, it
would appeer that thils preparation might be useful.

For comperative purposes ejfluldextract was prepered
:" ageording to the U,8,P, directions. Five lundred grems of
~ oinchona were moistened with e menstruum consisting of a
mixture of 50 ces of glycerin, 50 cc, of a 10 per cent ague-
ous solution of hydrochloric aeld, snd 400 cc. of aleohol,
~ gnd macerated for 6 hours in a tightly closed container,
~ The mixture was transferred to a pereolator and enough of
. Menstruum I added to saturate the drug. After 48 hours, per-
 olation was sterted and contimued until the drug was oxe
 heusted, using the rest of Hemstruwum I and following that
by a second menstruun consisting of & mixture of 4 volumes
- of aleohol and 1 volume of waters The first 420 ccs of pere
. golate were reserved, the remeinder was concentrated to 75
" gos end mixzed with the reserved portion, An assay showed
the presence of 8,94 grams of alkalolids per 100 ccs of
. fluidextract. A 100 e, portion of this was diluted with an
equal volume of Menstrwum II (4 volumes of alechol end 1
volume of water), The quit&e gravity, per cent of oxtracte
ive, and alkaloidal content were determined, end the results




obtained are tebulated below,

: 26,76 4457 4,46

It 1s seon that the US4, method for the preparetion
_ of the fluldextract ie efficient insofer es extraction of
~ the elkelolde 1s concerned, However, it extracts along with
m alkaloide & large percentage of inert material which is
' positively disadvantegeous in that it slowly presipitates

. and carries along with 1t varying proportions of the alkaloids,
| theveby wealening the activity of the fiuidextrast, Prom

' this stendpoint the detanmated fluidextvect would be of

~ some advantage, inasmioh as the percentage of extractive in
| addition to the alkeloids is much less than in the UsSePs

~ preparstion,
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kilograms of cinchona were extraected with alechol by means

~ of a Lloyd Continuous Extraction Apperatus during two weeks.
~ The extract was concentrated within the epparatus to the
consistence of a thick syrup. The volume of the concentraw-
ted extract was 3,78 liters, and its welght was 5.6 kiloe~

~ grams, A weighed portion of the concentrated extract was ale

lowed to evaporate at room temperature, and was then dried
to constant weight at 60°, The dried residue was found to
correspond to 46,74 per cent of the weight of the aleoholie
~ extract, The 3,6 kilograms of extract therefore represented
 epproximately 1,64 kilograme of the dried extract, and this
~ corresponded to 16,4 per cent of the weight of the drug,

‘ As has slready been mentioned, the drug used eontained,
~ according to the average of three assays, 9,15 per cent of
alkaloids, The dregs from the extraction were air dried and
. assayed for alkaloidal content, The average of two assays
showed that these still conteined 5,81 per cent of the alkae
loids, These results show that alechol is not an efficient
solvent for the extraction of cinchona alkaloids, That it
was not an effiecient solvent for other principles of ecine
chona was shown by the high percentage of extractive obtaine
 od by exhausting einehons with the menstruum employed for
 the preparation of the U, 8, Py X, fluidextract of the drug
(see page 83)s It was found that this menstruum is capable
of extracting prectically all of the alkaloids and from 30
to 40 per cent of additional extractive, In the manufacture
of the fluidextract, however, this ability of the menstruum
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~ to remove such a high percentoge of extractive in addition
%o the alkaloide is a decided disadvantage, This excessive
extractive, sometimes designated as "plant dirt" or
 "Ballaststoffe”, is considered to be responsible for the
precipitates which so frequently form in mlgnimi prepas

- rations sueh as the fluidextraet of ecinghona , In precipi-
~ tating, it carries with it varying quantitios of the active
f“wmmn of the drug es was shown in the report of sn exe
smination of einchoma red (page 114), It is alsc entirely

- possible that the superfluous extractive of s galenical

preparation may, due to absorbtion of the active principles,
| hinder to a mngrm«vm their ebsorbtion through the gastrow
intestinal tract .

The 3.6 kilograms (3,75 liters) of the concentrated
alecholie extract from einchona were extracted successively
with the following solvents: petroleum ether, ether, chloro-
. form, ethyl scetate, and mcetone.

Extrsction with Potroleum Ether, The concentrated ale
eoholie extract, in divided portions, was extracted by shake
. ing it in.a seperetory funnol with petroleum ether. The ex-

. trastion with eaeh portion was continued until a sample of

. the petroleum other upon evaporation left no rosidue. The
 petroleum ether was distilled off, The residue that remained
wes of a light green color and of sbout the consistence of
petrolatum, It appeared to consist chiefly of fats and fate
i like substances, The weshings obtalned by shaking a small
 portion of it with one per cent agueous hydrochloriec seid
produced no precipitetes upon the addition of alkaloidal
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. reagents, It therefore appeared that petroleum ether, es |

. would be expected, wes quite selective in its action, The

| Welght of fats obtained by extraction with petroleum ether

. was 120 grams, The saponificetion number was determined for I

_ the fat, The results obtained are indicsted below,
votgnt

 Sample 1. 14898
Sample 2. 241272 :,
loum utw extrection with sthor were unsuccessful, The

_ other removed the aleohol and left a semiesolid, plastie !
| end sticky, unmansgesble mase, In order to overcome this f
difficulty the concentrated aleoholiec extract wes mized

| with about en equal bulk of purified osk sawdust (Us . P
. Xes Do 455), the mixture was thoroughly dried and then pow= .
. dered by means of & ball mill, The powdersd materisl was
m oxtracted with ether in a continuous extraction appa= fif
| petus until the solvent appeared to remove no additional
extractive, The ether war removed by distillation, The
 residue which remained wes very similer in appearance to
 thet from the petroleun extraction, The ether removed 35 “3

grams of fat-like material, A portion of this when tested I
for alkaloids ss desoribed under the petroleum ether extract ‘
- showed that some hed been removed by the ether, The seponifi- '
 g¢ation number of the ether extract was then determined end ‘
the results of this determination are tsbulated below,




| Belgds.
. Semple 1. 1.3648
 sample 2, 1,1874

Because of the similarity betweon the petroleum ether

and other extracts the Lwo were combined and saponified by

. mesns of aleoholis potassium hydroxide, A report of an ox

amination of the fata will be found in the shemical part of
| this thesis in the chapter entitled "Cinshome Fets",

§ Extraction with Chloroform, The residue left after

. extraction with ether was followed in the contimuous ex=
traction apparatus by chloroform, The extraction was conside
~ ored to bo complete whem 10 cc, of the ghloroform solution

| w eveporation left only a small residue. The chloroform
s removed by distillation end left a nesrly black, semie
s0lid, plastic mass which weighed 245 grems, A portion of
the extrect when dissolved in water produced & green color
upon the addition of ferric chloride solution, thereby ine

| diceting the presence of tannin in the extrect, When a pore
' N_tmitthnmtrm&w« sheken with a 1 per cent agueous

. solution of hydrochloric ecid end filtered, the filtrate

_ gave charecteristie preeipitates upon the sddition of alke-
mm reegents such es Meyer's, Wagner's, end Plovie Agid
Ts Ses thus indioating thet chloroform removed some of the
alkaloids of e¢inchona, Various attempts were made to separste
the chloroformic extract into orystalline components, but no
satisfactory results were obtained.
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. b4 Sh Ethyl Acet Becsuse ethyl acetate
s vmna M ha :mma selective in the extraction of
cortain tmn a@ tanning, it wes used to follow chloroform,
After several days of continuous extraction, however, it

- falled to remove more then a slight emount of material, Upon
| aistillation of the selvent, only 7 grems of a yollow, amor
iwyhma. end very hygroseopie solid remesined, It was not pose
~ sible to characterize this, although qualitative tests indie
~ gated the absence of alkaloids end tannins,

OB W Acotone. The ethyl acetate was followe
- el 'tay acetone ae mlme in the extruction of the concentrae
 tod alecholle extrect, The extraction was contimued until no
| more meterial was dissolved by the solvent, Tho acetone was
| istilled off, and the residue which remeined weighed 165
. grams, It was nearly black in color and of a semiegolid cone
b sistence. Qualitative tests showed the prosence of tamnin
~ end alkaloids in the extract, Attempts to separate the ex=
trast into crystalline components were unsetisfectory.
It was found that by thle series of extractions that
m enly solvents at all seiective in their action were
, petroleum ether and ether, The other solvents, chloroform,
~ ethyl ecetate, and ecetone, did not extract at all satise
. faotorlily the concentrated aleoholic extract. The sawdust
-~ mixture was extracted with aleohol until exhsusted and them
. the alecohol was dlstilled off, The concentrated alecholic

extract weighed 2,76 kilograms. It was wsed as & source of
tannin, of whieh it aentﬂw an appreciable quantity, for
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olysis and other mmm Interest in m phases
ammtmummmm;manummmw
M of m extracts deseribed above,
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CINCHOTANNIC ACID,

Cinchona berk, which was intreduced into Buropean

:' medicine over three hundred years ago, during the early

~ yoars of its medicinal use was believed to owe its curative
properties to the presence of an astringent prinsiple, It
was gompared with willow berk vhlahlv{u used as a febrifuge,
- end which llkewise contains temmin, The first references
in the literature whish related this sstringent prineiple

- of einghona bark to tannin appeared a:mu the latter part

- of the eighteenth century, To Dolfuss should probedbly go

- the eredit for having first recorded the presence of tamnin
in this drug, which observaetion he mnmaad in 1787, Four

- Years later, and indepemdently, Foureroy reported the
~Pesults of his investigations of cinchone berk, He observed

| that infusions of oinchona bark blackened orystalline iron

~ sulphate, and that the addition of lime water prodused e

- precipitate. Iron metal rudbbed with moistened einchona bark
 was observed by Poureroy to besome blask, He considered these
 Pesults to be due to some prineiple similer o, but net idene
 t10al with gallle seid, Shortly after Poureroy's sontribution
 was published, NNEN T Suverted ineetie. o . Sebitte

. gation which were essentially the same as those of the former
~ tuthor,. It i interesting to note, however, that Berthollet
 censidered the astringent prineiple of sinchona bark to be

& derivative of gallic aoid. In this connection he stateds

~ "En treitent le quinguina aveec 1l'esu froide, 11 se dissout

. trés peu de la poudre rougefitre, que jeo regarde comme une
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sombinaison d'aside gallique, selon les preuves que je
siteral aprés; e'est de ce principe duquel dépend ls pro-
- priété au wamma de noireir les disselutions de fer ..."
~ In 1810, Reuss described in much deteil the procedure
and results obtained in an attempt to carry out a systemstic
_f-. separation of the constituents of einchona bark, He wwn
| &n alocholic extract of the drug which wes evaporated to
 dryness, end by mesns of diffevent solvents and reagents
 separated imto five parts which were designated by the
. euther as follows:
' (1) Ltamer ummum

(2) Le rouge cinchonique
(8) Le sinchonste de Chaux

(4) Tannin :
| (8) Du miquex végétal insipide
- The observation was made that em aqueous infusion prepared
 from en alocholic extract contained more tannin them en ine
 fusion made direstly frem the drug, Such infusions were :
 eharasterised by their effect on "red sulphate of m*. and
 the precipitating effests of lime water and solutions of
glue upon them, Pfaff in 1815 recognized the presence of
~ tannin in mmc infusions of cinchons bark by their effect
~ on solutions of iron selts and wlut&ma of glue,
_ In 1820 Pelletier and Caventoun ’ mm the isclation
~ of quinine end einchonine, end in the seme publication des
~ oribed a method for prepering the tannin of oinshona bark,
They prepared an infusion of the drug with water slightly
ssidulated with hydrochlorie seid, and preeipitated this with
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- magnesium oxide. This precipitate was dissolved in diluted
‘}MM acld as completely as possible, The solution was

| trosted with lead asetate, the presipitate was sollected,
 washed, suspended in water, and decomposed with hydrogen

5 fulphide, Attention was called to the fast that this solue
| Mutmmwrtlummmhmm
mm of kino end satechu than to mutgell tennin,

. Concerning the imovledge of the eomposition of einsho-
- tennip acid in 1862, Sehwars made the following state-

| ment: "Das Chinin und Ginehonin so wie die Chinasasure sind
m. gegenstend von Untersuchungen gewesen, nm die

| MM: jetzt niehts bokennt." Schwarz subjected einehotan~
‘ Mo acid to a more thorough shemical exeminstion than it had

- puritiestion, vhish involved the preperation of
. an aquecus desostion of the drug, the removal of einshona

~ Ped by presipitation with magnesium oxide, and then precipie
' Sation of the tamnin with lead acetate, The lead salt thus
obtained was suspended in water, and decomposed by hydrogen
‘% sulphide, the lead sulphide was removed by filtration, snd

_ the f1ltrate wes evaperated to dryness in s desiccator over
P isiurts sats, rrem the sesuits of mn slemsatory analysis
.' the formula Cy4Hyg0p was assigned to einchotemnie eeid,

| Schwars also reported the following observations consesning
. the properties and resctions of this product: (a) einchotan~
 nic acid bolled with hydrochlorie acid is sompletely desome
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 posed with the formation of beautiful ved flakes whish dise
 solve 4n alkaline liquids with a leckegreen solor, (b) the
L asld subjected to dry distillation produses a distinet odor
. ﬂ ‘phenol, (e¢) an agueous solution produces a precipitate

| when sulphurie eeid 1s added o it, and (4) thet an aqueous
mmu it, if made alkmline, will on exposure to air

~ repidly ebsord oxygen and shange to einshona red, during

3 m time n:n« dioxide is generated,

4 Rembold , in 1868, prepared einchotannic acdd accords
"m»mum«mamw Sehwarsz, end hydrolysed it
by boiling with dilute sulplmriec acld, Cinchona red was
formed as an insoluble precipitate which was filtered off,

~ The filtrate was found to contein a sugar which gave resctions
 charseteristic for dextrose, The cinchoms red was fused with
 potassiun hydroxide, and Rembold reported the isolstion of
;' ‘protocatechuie seid from the melt, From the results of a

; sombustion, the formmula CggHonlys was deduced for cinchotmne
nie seld, |

© The most recent and most intensive investigation on
einchotennic acid was that of Mﬁmi the results of which
~ were published im 1900, Sehiltt prepered einehotsmnis seid by
. extrecting einchoma bark with other and then with elochol.

~ The alecholie extract was concentrated to & small volume, =
' and poured into a lerge quantity of water, The aqueous sole
. utior was filtered from the watereinsoluble material, the

| f1ltrete treated with lesd acetate, and the lead salt of

_ oinechotannic aeid whish preeipitated wae removed by filtrae
. tion, washed until free of lead and acetioc acid, and drded
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on & porous plate, The dried lead salt wes suspended in
8leohol, and desompossd with hydrogen sulphide, The lead

'  sulphide was removed, and the um-au was freed tvu hy=

i (drogen sulphide by puasna a eurrent of carbon doxide
 through the aleoholie selution, When the einehotannie acid
| wes wanted for use in his experiments, it was obtained by
Mﬂlnus the glechol under rmmd pressure in a current
; of earbon dloxide, Sebiitt was unable to cbtain the meterisl
- in e erystalline eondition, However, he determined the

- mmwmwwommm, end from the results of

y-" bis enalysis sssigned the formila C,uMsa0pg $0 einshotannic
~ meld, Mlmm»mwzmimawummaw
_ pared in en smorphous condition, and formalas were assigned
- to them after moleeular weight determinations and combustions,
 sehlitt hydrolyzed a semple of his product with diluted sule
~ phurde acid, mm«m&mw&mmm,w
_ Mly of glugose, from the solution left after removing
mmmrmmmmmm However, he did not
F  consider that this indicated that the tannin of einchona is
"";ﬂm%m in charscter, Ho states in this connesction: "Von
| oinem Glykosidehareckter der Chinsgerbsasure su sprechen
 bosteht keine Berechtigung, da die geringe Nengen von Dexe

1 m,, wolche bei der Einwirlung von verdiinnter Schwefele

~ sseure neben Kohlensaeure und Chinarot auf den Gerbstoff der
. Ohinarinde entstehen, bewsissen dfirften, dass der Chinagerbe
stoff, wie %mpt die Gerbstoffe in Pflansenreiche keum
als eine selbsténdige, rein darstellbare atomgruppe bestohen




‘ mmumm reports that he has exemined two
Wi« barks of different species of ecinchona, whigh
m found to sontein no catechinelike substence, He states
m eny further work upon this tennin will have to be far
move botanically presise than those which have been carried
out, if 1t is to be of any value to plent chemistry,

| The aiffieulty in preparing oinshotennic aeid, and the
sase with which 1t shanges to the phisbephens, make 1t epe

IR Wat 4% 013 0 sng €6 2ast: oF b Senntnd S have
any light thrown on its strueture, (uite obviously the work
 which has been done on it really throws very little light
_upon 1ts sctual eonstitution, It is likely o remein in the
M8t of unoleseified tamnins for some time to come,
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Proparation of ( p Aeld. Cinchotannie aeid was
prepared by the method used by Schiltt , snd by modiffcations
| of 4%, The following deseribed method was found to be the

| most satisfactory of any used, and was employed several times,
[ One kilogrem of einghona bark was extracted by percolation

. with 95 per cent alechol until the percolate was only slighte
1y eolored, In order to accomplish this, it was necessary to

~ eollect from five to seven liters of percolate., The aleohol
 was resovered by distillation, the pereolate being sencemtras
~ ted to sbout 250 ee, The concentrated percolate was poured

. into two liters of oold water, and the water-insoluble matere
ial whioh separsted was filtered off snd used for the prepa
| ration of oinchons red, The filtrate was treated with en

. squecus solution of lead scetate until mo further preecipitae

~ tion oscurred, The preeipitate, consisting prinsipally of

. the lead salt of einchotatnic aeid, was collected on e file
ter, weshed repeatedly with water until the washing gave no

| test for lead, and finally dried en s porous plate, The dried
| matertal was suspended in 300 se. of 95 per cent slochol, end
 hydrogen sulphide wes passed inte the suspension for several
mm The leed sulphide which precipitated was removed by

| filtration, end the filtrete containing einchotannis aeid was
| freed fram hydrogen sulphide by passing carbon dloxide through
the liquid, The aleohol was then removed by distilletion

~ under reduced pressure in an atmosphere of carbon dioxide, The
| The yield veried from 2 to 5 grams,

ohocoieay SO




mmd by the above method was asf & light yellow color,

. and ocourred in the form of scales, It was very freely sole
~ uble in water, aleohol, snd acetone, It was insoluble in

~ eothyl acetate, ether, petroleum ether, snd benzense, Very

~ dilute aqueous solutions produced & green celor with ferrie
" salts, Precipitates were formed with solutions of caleium

. hydroxide, barium hydrexide, sodium hydroxide, end potase

. sium hydrexide from which the sold eould not be regenerated,
~ Upon exposure to the air, einchotamnic seid repidly became
| dark red in color, and insoluble in water. It was found
best to preserve cinshotamnic ecid im an alocholic solution
~ in sealed containers, in vhieh the air had been displaced by
~ eerbon dioxide.

't were m to mma »«mmn wmw t‘m alkali
 fustons, s well as from hydrolysing the product with dife
. feremt strengths of solutions of alkalies. It was impossible
to obtain satisfactory “mz“'.)_ although meny veried condie
;‘: tiens were employed,

vmrht& dextrose eas a Mﬂ of the eacld hydrolysis of
wmmtmu seid, The latter suthor claimed to have preper=
ed an osagone having a melting peint of 202°, whieh he bee
lieved to be glusesazone, In order to determine if the eine
chotannie acid prepared from cinchons used in these experie
ments ylelded a suger upon acid hydrolysis, the following
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procedure was used: Two grams of einchotannie acid were

| sdded to 25 cc of @ 5 per sent selution of sulphurie seld
 in water, Almost immedistely s red presipitate formed, The
. mizture was boiled during thirty mimutes, end then filteved.
. The filtrate was treated with leed scetate to remove the I
‘.';’.-QWR acid, and then the excess lead was removed by |
. mesns of hydvogen sulphide, After filtering, the solution
| vas boiled to remove the hydrogen sulphide, and divided inte |
~ two parts, One portion was boiled with Fehling's selutiom, |
_ and set aside for some time, No redustion of the eopper |
compound occurred., To the other portion was added 0.5 grem
. of phenylhydrasine hydrochloride, en equal weight of emhy=
drous sodium acetate, and the mixture was hested in a boile
' ing water bath during two hours, o precipitate formed even
. after the mixture hed stood 24 hours,

1 ! olysis of Cinchotemnie Acid. Ome gram of cinchotene
m mu was p&uoa in a pyrex test tube, 2 em, in diameter
" by 20 om. in length, which was provided with an horisentel
ﬂ side tube of & mm, in diameter, placed about 5 em, from the
" mouth, This was connected with an air condenser, the end of
. whigh was attached to & suetion flask, The system was eva~
. cuated of eir by means of a high vesuum oil pump which re-
duced the pressure to less than 1 »m, By means of an oil

| bath, heat was applied to the test tube containing the oine
..::; chotanniec acid, When the temperature of the bath had risen

j 0 2459, a small quantity of white, prismatic crystals cole
lected in the upper part of the condenser, In the upper part
_ of the test tube, yellowish white, meedle shaped erystals
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’mmm. The hest was continued until considereble chere
'm ook place in the lower part of the test tube, at
which time the heat was removed, and sfter cooling, the

' $ost tube was dissomnected from the pest of the system, The
ite orystals were seraped from the wall of the sondenser,
d the yellow erystala from the wall of the test tube, The

108°, while that of the yellow erystals was found to be 170 =
| 180°, The cherred residue in the test tube was extracted
muumnmo:.swmmm- nmzmﬁ |

3 sodiun hydroxide, the mixture was filtered, end the £11trate
| vas soldified with hydrochlorie seid. The acidified solution
| vas extracted several times with ether, the ethereal extract
| was dried with anhydrous sedium sulphate, and the ether
,'1 sllowed to evaporate spontanecusly, The residue which remain-
| od was nearly white, and appeared to be srystalline, The
 melting point wes 195 = 200°, with desomposition, hen mixed
 vith en authentic sample of protocatechuic acid, the mized
 melting point was 198°, with desomposition, The melting

- point of the protocsteshuic acld alone was 198°, with decome
m*&m:p

1 The white erystels which collected in the condenser were
il::‘tvnx.y soluble in um, and dilute agueous solutions were
 oolored green by the sddition of ferrie chloride, end turned
,' to violet upon the sddition of ammonia water, Phis resction is
| chavscteristic of the orthoedihydrexy ecmpounds. The msterial
‘ was recrystallized from a mixture of high boiling petroleun
 other and bensens, after which it melted sherply et 104%,
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fhen mixed with an suthentie semple of eateshol, melting
int 104°, there was mo depression in the melting peint,
Larg wwmnwﬂmwwwbm

00uld not be obtained to prepere derivatives. Ay

- WMWanMmmM
 einshotannie aeid which wes mixed with (a) on oqual
nummum, (b) en equal weight ummw |
o, and (¢) an equal weight of sedium hydroxide, In
mwmmmmm, catechol was formed and col-
mummw.m«wnmmm
be isolated from the melt,

i
By




105

‘ I.h i Nierenstein, The Netural Orgeniec Tennins, m.

_ 934), ps 228,

‘ ' 2)s Crell's Chemische Annalen, 11, (1787), p. 147; ;

: W tein, The Natural &emza mﬂa-i m, (1934),
Ve L

B)« Annales de Chemie, 8, (1791), p. 115,

ﬁ-m Annales de Chemie, 16, tma)a pe 172,

;.n. Reuss, umwm( mm - mi ) febrifuge ‘z‘
! ﬂlﬂ’a Pe ‘@ii Jour, Pharm., I, (mgh Pe 488,
6)s Jour, Pharm,, I, (1818), p.586,

| T)s dmn, Ghim, ot Physs, 15, (1820), pps 508 & 557,
8)4 Jour, prakt, Chem,, 56, (1852), p, 76,

- 9)s Jour, prakt, Chem,, 108, (1868), p, 217,

fu*  Ba Sehiitt chemisehen Charekteristik der Bestandteile
1 ad MJM, nmmmum. Henover, {(1900).

m M. Nierenstein, The Baturel Orgenie Tannins, London
" (1934), pe 228, : '




i St 2ak= 1

[ p e g s Lo

5
=

CINCHONA RED




107
CINCHONA RED,.

Cinchona Red, the phlobaphene whiech is characteristic
'-. of the barks of the various species of cinchona, was first
deserived in 1810 by Rmui » when he reported the results
of his investigetions upon cinechonsa bark, He extracted the
 bark with aleohol, evaporated the resulting liquid to drye
';f ness, and seperated the dried extract into five distinet
iZMOn To the amorphous, red, water-insoluble portion he
f‘f?mma the name, pouge cinchonigue. Ten years later Pele
| letier and Caventou, = in the same publisation in which
they ennounced the discovery of quinine, called attention
‘- m;gmm tm obtained dur 5 the course of their ine
»- vestigations, In 1828, Berszelius repested the experie

. ments of Pelletier end Caventou relating to this perticuler
'” ‘bhnu of the work, and extended their observations, He cone
"] cluded thet the rouge cinchoniqu ible of these investie

inarot, m“um also called attention to the readiness
 with which cinchotennic eold changes into einchona red upon
mmt wuh air,
Same yearas later, ama“ prepared what he conesidered
%o be @ pure form of einchona red, by depriving cinchona
| bark of all the material soluble in boiling water, end then
 exhausting the dregs with ammonia water. The latter product
 was scldified with hydroshloric acid which preeipitated the




_ 108

1 cinchona red and quinovin, The precipitate was then boiled
. with milk of lime, which formed an insoluble combination
 with oinchona red, but a soluble salt of quinovin, The mixe
~ ture was filtered, end the residue was decomposed with

. hydrochloric acid, washed with water until free of the acid
 and caleum ohloride, and finally wes dissolved in emmonis
 wator, and again precipitated with hydroshloric seid, The

' cinchona red obtained in this way was mot erystalline, but
. Schwars determined the carbon and hydrogen content of his

~ product by e combustion enalysis, and from the results obe
. tained, carbon, 53,0 « 54,4 per cent and hydrogen, 5.4 « 5,7
~ per cent, deduced the empiricel formula CypHy,One He ssswme
- od that it was formed from oinghotennic aeid, the formmla
of which ho had also determined from the results of & come
__ bustion of amorphous material, according to the following

- equation: Oy H,.0q—+ 3 0 % Oy, 0, 2 00y + HyOs
m«a»n»u-msi in 1864, reported the results of

. his exemination of einchona red. By distillation of the dry
' material, he elaimed to have cbtained pyrogallie seid, s
‘cermine red substance, and an empyreumatic oil, As the result
 of a combustion snalysis, he sssigned to it the empirical

. formula, C, B0 He added also that it contained traces of
caleium and iron,

The &;xt publication relating to oingchona red was that
by Rembold , This author reported that cinchona red obtained
by the method deseribed by Sehwarz wes identical with the
~ produet obtained from the spontaneous degomposition of oine
~ ehotannic seid upon exposure to the air, He reported that he
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 was able to isolate protocstesimis acid from the melt of
- the phlobaphene by fusion with potassium hydroxide, From
~ the results of a combustion enalysis, carbem, 57,5 per cent
~ and hydrogen, 5.9 per cent, Rembold seleulated for and
assigned to pmmm red the formula, CpglpoOyqe -
The most recent work upon cinchona red is that of Schiltt
~ who prepared it first by extracting cinchona bark with ether,
~ and then with alecohol, The aleoholic extract was evaporated
to a small volume, and poured into a large quantity of water,
The water-insoluble portion which separated was filtered off,
~ dried, end dissolved in aloohol, This solution was boiled for
. some time with setivated chareoal, cooled, end filtered, The
- filtrate was poured into water, and the water-insoluble
. material which separated was comsidered by him to be einchona
red, This was separated from the 1liguid by filtration, dried
st 108°, and portions of it used for an elementary snalysis,
| The results of his snalyses showed that his product, which
| was amorphous, contained 65,05 per cent of carbon, and 646
~ per cent of hydrogen, from which he celoulated the formula
 for einchone red t0 be CogllpgOge
| The utter futility of sttempting to determine the ultie
~ mate composition of amorphous organic compounds is strikingly
- shown in the very decided lack of agreement in the results
obtained by various workers upon e¢inchona red, It is extreme~
ly doubtful that the investigators whose works have been
referred to were working with identical substances, In the
case of einechona red prepared by the method deseribed by
Sehiltt, 1%t has been possible to prove conclusively that the
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aef 18 mtmm with varying proportions of quinovia,
mmmwnabuwmmmmﬂ

o a red which separstes from cmn mwmm of

hona upon stending, contsins umcmh MW of
a8 well as Mﬂ




' insoluble material, which had been obtained in the preperae
| ‘tion of oinchotannie aeid when the soncentrated alooholie
‘f extract from 1 kilogram of cinchona was poured into water,
 were air dried, and then disselved in 500 ooy of alechol,
m grams of astivated m.x (Dares) were added to the

~ alocholie solution, and the mixture was boiled under a reflux
 condenser during 2 hours, The chareosl was removed by filtre
. tiom, end the process was repested, The clear alecholic solue
- tion was poured into 4 liters of water, and the reddish brown
1 Mpuﬁn whieh formed, considered by sehfitt ’h be oine

' ohona red, was filtered off and dried.

a moa einehons red from a drug whish had been extracted
 with ether before being extrasted with alechol, it seemed
~ adviseble to extract the produet, prepered as sbove, with
@ fat solvent, Aesordingly, 26 grams of oinehoma red were
| placed in an extraction thimble, and extracted in a Soxhlet
| extrastor with petroleun ethers ¥hen completely extracted,

 the petroleun ether wes distilled off, and the residue which

'; remained was of an oily appesrance similar to that of the

. petroleum ether extract of the drug, It weighed 1,47 grams,
- Pepresenting 6 per cent of the welght of oinchona red, Its
. ssponification mmber was determined, snd found to be 146,

" The ¢inshena red thus purified was extrasted with ether
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~ in the Soxhlet extraction apperatus, An ether extract weighe
| ing 5,76 grems was obtained, This extract was washed with

| 0,5 per cent hydrochloric seid, end found to contain alkaloids,
| The weight after washing and drying was 2,1 grams, This
material was dissolved in aleochol, water was added until it
'ﬂm to precipitate, and it was set aside for several days.
| Nearly white orystals formed which did mot melt sharply,
Additional recrystallizations did mot remedy this condition,
It was suspected that this material might be a phytosterolin,
 Asocrdingly 1t was subjested to asid hydrolysts ascording to
_ the method used by Power and Salway for this type of come

e £ s 1 g P T Yy 2 g e o mdy oy R o Ty e i 1 m :
by GG LY & Q1 L80 LEO0F LALTGCT . + A SLICII0NH HLOGe ¥

 grems of the purified materisl were dissolved in 100 cos of
. hot amyl aloohol, end 40 ce. of an aqueous 15 per cent solu=
 tion of hydrochloris scid were sdded, together with enough

~ ethyl aleohol to make a homogenous 1igquid, The mixture was
. boiled under a reflux condenser during 2 hours, Definitely
| erystalline material separeted, which was filtered off after
. sooling the mixture, washed with slochol, and dried on &
porous plaete. The substance melted with decomposition at

| 3189, The melting point, together with the insolubility of
| the produet of hydrolysis in the amyl alechol mixture, elie
‘ ‘minated phytosterolin from nmmwmh. The substence was
found to possess acidic characteristics, but qu%ﬂo acid
| vas not immedistely suspected beceuse the melting point obe

tained was higher than any reported for that ecid,
In order to learn more concerning the acid, an elementary
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;‘ enalysis was made, with the t‘omm resulte:
e, of Sample Wts of GOy WEe of HO Pwum of's

I. 0,0604 0+1894 00874 = Thed3 ﬂM
I. 0.,0668 041822 0.568 74,26 D449

_ From the ebove results, the formla, Ouyf,q0ss may be cals
~ culated. loleculsr weights computed from the titration values
~ are tebulated below: |
" Wwte Of Sample CesiH/10 KON required Noleoulsr weight

for mtwnmw on. computed, assuming
a mwm»mnm

Is 0.1872 7488

II, 0,428 5480 : 4
-~ . A

' The moleeulsr weight somputed from the formila derived from

. the combustion 1s 486, If 1t is assumed that the compound is
a dicerboxylliec acid, the caleoulated neutral equivelent

. would be 243, which is in elose sgreement with the results

, found, 3?"* data, when gompared with those reported by

. Wieland , with the exeeption of the melting point for quinovie
' seld, made it eppear that the ether extract, after having been
| freed from alkeloids, was quinovin, end the product obtained

- by ite hydrolysis wes quinovic ®eid. In order to determine

_ defiritely if this supposition was true, an suthentie sample

. of quinovin was prepared as described on pagej22 , and this

| wes hydrolysed in exactly the same way as the compound obe
 teined fror sinchona red, The melting point of the quinovic
seid thus prepared wes found to be 3156°, and a mixture of
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' the two compounds also melted st this temperature, To chare
:f ssterisze further the produst of hydrolysis of the material
| extrected from oinchona red with ether as quinovie aeid,

' the triscetyl end the momoacetyl derivatives were prepered
;i'&amwlymmmwnnnwihﬂdmmt _for the
 proparation of the correspanding derivabives made from
suthentic quinovie acid., The melting points were the same,

| and when the parsllel derivatives were mixed, there were no
. depressions in the melting points of the mixtures,

' he tinetures, the preparstion of whieh was deserived in

" the gelenical part of this report, efter standing in a derk
. place during ten months, had deposited a quentity of red

; flaky material, commonly referred to as ¢inghona red, This

 material was collected on a filter and dried, Prom sbout 8

liters of tinecture, 12,6 grams of the dried material were

{ alitative Tests. m«tm ar a gran u‘ m dried
=,_,uman obtained trom the tinotures was boiled with 10 oo.
ut 8 041 per cent aqueous solution of hydrochlorie acid

. The mixture was cooled and filtered, snd the filtrate wae

. divided into three parts. EZach portion was tested for the

:‘ presence of slkaloids by the addition of a few drops of -

Kayer's Reagent to m first, Wagner's Reagent to the second,

- and Pleoric Acld TeSe to the third portions In each instance

- a yncipiuh was fm, nm»wm m wnmn of alkaloids,

|
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mu«m of oinchons Fed frem the tinstures of sine
Mmuwrw total alkaloids, acecording to the offie
- oial method.  An aliquot pert, representing 2 grams of the
. sample, wes found to sontein 0,249¢ gram, or 12,47 per cent

~ of total alkaloids,

‘ oiation of Juinovin, Pive grems of einghona red were
-:-moaumnam of milk of lime, The mixture was filtere
 od, end the filtrate wes seldified with hydroshloric aoid.
 The gelatineus precipitate which formed wes filtered off and
- @ried, It was identified by hydrolysing in the way previcusly
. deserided for quinovin, The produst of hydrolysis, of whish
only a trace was obtained, wes identified by its melting

. point, 315°, and its melting point, which remained unchanged,
 when mixed with quinevie aseid.

Mmmsx with m“ m;wxm under u&mh«tmu scid were

| applied to oinchona red from the two sources deseribed sbove,
f. Fo products arising from such treatment could be isolated

| and taentaried,
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QUINOVIN,

| Quinovin (Ger, ﬁhimhl) has been Imown since 1821,
when it wes discovered by Pelletier and Caventou ’13 the
bark of false cinshons, Cinchona nova, and was reported by
them under the name of agid g quing :..

| tors named this substance ghinovsbitter beemuse of its ine
' tensively bitter taste, and a lagk of understendtng censern-
ing ites true nature, Hlesiwetz  4n 1851 deseribed a
method for hydrolysing quinovin with hydrochloric acid, and
reported two products of hydrolysis, ome emorphous and the

| other erystalline, He recognised the acidie properties of
the muuum- material, and noted upon heating it that

. carbon dioxide was walmi)m e new acid was formed, Seve

~ eral years later Hlasiwetz charscterised the smorphous gome
. ponent obtained from the hydrolysis of quinovin es e sugar,
| Having thus established the glucosidal sharaster of the setde
A“ - Quinovigue of Pelletier and Caventou or ghinovebitt r

| other authors, Hlasiwets suggested thet the neme chimovis

. be applied to the gluceside, end that ghinovaslur
6010000 00 0 014 somponcat, A% the aume S 2 methed of
preparation for the glycoside was desoribed, and several salts
of gquinovie acid were reported.

In the interim between the discovery of quinovin and
the work of Hlasiwetz upon it, es well as subsequently, a
large number of publicetions appesrsd in whish the presence
of this prineiple was reported in uearly all of the Aifferent
| spesies of sinchona and in other members of the Rublacess
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family.

_ The sugar component of the glucoside gquinovin wes

. studied by B, Fischer snd C, u.»m"". They establishe
~ od the fast thet 1t is o rhamnose type of suger and geve it
~ thé name ghingvose, Later work upon the sugar by Freudene
berg and Rasehig established the strusture given below,
. which indicates thet it is deEpierhamnose,

The phenylosazone ;;“ %%' suger melts at 1919C, \

1 Cs Liebermann deseribed a method for the prepara-

. tion of quinovin, reporting yields of from 7 to 12 grams

| from 12 kilogram quantities of oinshons, The following infor=
fi‘; | ‘a‘mrim concerning quinovie soid obtained by hydrolysis of

1 msnwin was reported: (n)‘"m elementery muuu showed
7246 percoent of carbon and 9425 per cent of hydrogen, tm

~ whieh the empirica) formala, Czoll,c0gs was deduceds (b) The

| 801d heated to above 300°C, lost cerbon dloxide, end a new

;, s DITS ;?u rwa. These results mtm
 tiated mn ct mxm: » Mnh indicated that m&mﬂa

~ seld is not a monocarboxyllie scid.

Comparatively recently, H. uam ma his Wmtw”,
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have subjected guinovie acid to a very thorough chemical
examination in an attempt to determine its structure. The
quinovie acid used was obtained by hydrolysis of quinovin

. with aleoholie hydrochlorie seid. An elementary enalysis

indieated that the acid contained 'u.a per cent carbon and
9,83 per cent hydrogen, from which the empirical formula,

. OnofggOgs was celoulated, The melting point was recorded as

. 208%, A triseetyl derivative having a melting point of 180°
~ was prepared, which upon boiling with methyl aleohol produced
| & monacetyl derivative which melted at 284°C, Heated to 30090,
~ under reduced pressure, uszm dioxide was eliminated from
quinovie acid, forming mm mm, nvroguing

! The results obtained by Wieland led to m assignment

~ of formula I to quinovie seid, end formula II to pyrequinovie

Castys Oy

Te - IXe |
| More recent investigetions have led to the assignment of thd

‘ formila given bBelow as possibly representing the structure

. of quinovie acid, | |




~ Guinovin was prepered and hydrolysed to form quinovic

4, and triasetyl and monscetyl derivatives of She latter
were prepared for comparison with derivatives of the materiel
wmmmmmmmwamnmhm
mm identity, mmmwmwmm
mwmum for the ssme reasen,

.
-
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Preparation of Cuinovin, Quinovin was prepared b{ﬂg
, modification of tha mw deseribed by C. Liebermann

a8 follows: One kilogrem of cinchona was boiled during four

. hours with § liters of milk of lime, whieh was prepsred by

~ slaking 500 grems of lime, and suspending the resulting

. caleium hydroxide in the water, The mizture was filtered
while st111 warm, the filtrate was concentrated by evepos
retion on a sand bath to 2 volume of 500 co., and again
filtered, The solution of the calelum salt of quinovin thus
obtained wes treated with an excess of hydroshloric aecid,

and the precipitate which formed was filtered off, washed
with water until free of ecid, end redissolved in milk of
lime with the ald of moderate heat, The mixture was filtered,
and the quinovin again precipitated by the sddition of hydroe-
ehloric acid. The yellowish~brown preeipitate of crude guine
ovin was washed with water several times, end then dried,

It was dissolved in alechol, and the solution was decolorised
w‘mms with charcoal, After the removal of the charcoal
by filtration, water was added to the filtrete until it became
8lightly eloudy, when it was set aside for several hours,
8lightly yellow erystals separated, which became pure white
after one reerystallizetion from diluted aleohol, The flakew
like crystals of quinovin were dried on a porous plate, A
yield of 1,7 grams of quzmiu was obteined, which comperes
favorably with e yield of 12 grems from 12 kilogrems of




einchona reported by Liebermann,

uuwlm in aa gos of M amyl aleoohol, and 10 ccs of an
aqueous 15 per cent solution of hydrochlorie acid were
added, together with enough ethyl alechol to make a homoe
geneous solution, The mixture was heated in a flask under
& reflux condenser during two hours. Upon cooling the mixe
~ ture, orystals of guinovie acld separated, which were re=
moved by filtration, washed with cold aleohol, and thoroughe
1y dried over phosphorus pentoxide in a vacuum desiccator,
Guinovie seid prepared in this way melted at 315°C, with
Wﬁi&%g?. The melting point of guinovie acid reported
by wieland 1s 208°C,

ovie ecld was mm wnh 3 eos 0!‘ acetie anhydride under a
reflux gondenser during ten mimutes. About helf of the
acetic anhydride was removed under diminished pressure. Upon
cooling, orystals of triscetyl-quinovie acld seperated, and
were filtered off. These were dried on a porous plate, and
then recrystallized from acetone, The crystals purified in
this way were found to melt at 179 = 180°C, The melting point
reported by wielend is 180%,

getyl-guinovie Aeid. One~half gram of the tri-
nutﬂwqum’m mm was added to 15 cc. of 90 per cent
methyl alechol, end boiled during one hour. Upon cooling this
1iquid, orystals separated which were filtered off, snd dried
upon & porous plete. These melted at 280 - 2829C, After one
zomﬁtlxuuﬁm from acetic acid, the produet melted with
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~ decomposition at 285°C, wWieland reported e melting point
~ for this compound of 284,

e e BB VOB D SAE0N8s The mixture of amyl
umz. W«hlwu m:la. m ethyl aleohol used in the

~ hydrolysis of quinovin was distilled with steam until no

. emyl aleohol passed over in the distillate, The agueous
liquid which remained in the distilling flask was neutrale
ized with sodium hydroxide, and evaporated to dryness. The
residue was extracted with asbsolute alechol, and the alcoe

~ bholic extract was evaporated to dryness, The smear which

. remained vas taken up in 20 ce, of water, one gream of phenyl
hydrazine hydrochloride, and one gram of smhydrous sodium
acebate were added, and the mixture was heated in a bolling
~ water bath during three hours., A very smasll quantity of

| - needle~shaped, yellow orystals formed, which were filtered
off and dried on a porous plate. The m&tim&g?mt was 180 -
190°, The melting point reported by Fisecher was 191°C,
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The so-called cinohona fate have received very little
ettontion from plant chemists working upon the drug. This
is doubtlese due to the faot that the bark contains only
small quantities of the fatty materiasl, and that this has
not been considered important from a medicinal standpoint,
As early as 1865, attention wes called to the guam of 2
fatelike substences in einchona bark by Leuber s Reichardt ,
and Reichel ),;, but no effort was made to separate the matere
fal into its components, and to Muutwi.tz them, At the
worlds exposition in Paris in 1889, Koerner exhibited under
the name of ginghoserotin, a ecrystalline prineiple whieh he
had isolated from einchona bark, and which he considered to
be a nm This principle was examined some years later by
Helms , who reported it to have a melting point of 130%,
end the empirisal formula, Cpnf,40,, as ealeulated from the
results of an elementary mgznh.

In 1883, Cs Liebermann , while studying quinovin,
reported the finding of an apparently indifferent substance
whiech he was able to mntnnso. and which melted sharply
at 139°C, From an elementary mmu, the formula was cale
eulated to be Cyofl 0000 A yoar later, Liebermann ’rmm
further upon the properties of this substance., He found that
boiling with hydrdodie aeid ylelded a hydrocarbon CqeoHyg+ He
therefore proposed the name oxyguinoterpene for the original
substance, Subsequently he m‘b:uud??hu oxyquinoterpene to
a more cereful chemical examination, An acetyl derivative
was prepered which melted at 124 - 126%, The specific
rotation of the originel substance was retermined, and found
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to be equal to «39,2°, Other physicel snd chemical propere
ties caused Liebermann to bellieve that he was dealing with
& substance elosely related to cholesterin, He suggested
that the name oxyquimoterpene be sbandened, and that the
Bolestole be used in its place.
0s Hesse , working simltaneously with but indepens
MGW of Cs uabm, isolated a orystalline prineiple
frem the petroleum ether extract of Cinshona officinalis.
Resse, from the results of an elementary snalysis, caleu~
lated the empirieal formula to bo Cpoplizg0s recorded a
melting point of 130° for the compound, and 124° for its
agetate., In a ehloroformic solution it was found o be
laevogyrate, [4] o - ﬁui". Color reactions led him to be~
lieve that the compound v:lth which he wm working was
clm&y related to chclnewm, He nma this prineiple
ginghol, end stated that he belleved it to be identical
. with Liebermann's oxyquinoterpene
© (false oinchona) he obtained a similar substance to which
ln_ at:«; the name gupreol. In a subsequent publieation,
Hesse reported that he considered ginghol and gupreol to
be isomeriec compounds,
mc,w from the results of a study of an ether exe
tract of einehona bark, reported a phytosterol melting at
154 » :ws s which he considered to be identical with einchol
which lml been previously reported by nnu }, This phyto-

sterol was insoluble in the liquid wtma by seponifying
the entire ether extract. The solution of scape wes examined
by the lead salt method, The fetty acids were precipitated
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freectionally with barium acetate, and from the results of
a determination of the barium in each of three fractions
obtained, sehiitt reported the presence of arachidie, stearic,
. and pelmitic acids. These results have been confirmed by
another method. The presense of glyeerin was also reported
by Sehfitt, |

ixamination of the Cinchons Fats. In the section of
this report in which were deseribed the continuous extract-
ion of einschona with aleochol, end the attempts to separate
the concentrated extract resulting therefrom into more or
less definite tmmu by means of seleetive solvents,
referonce was made to 120 grams of petroleum other extract
and 35 grems of ether extract, These two extracts of fate
like materials were combined and saponified by heating them
in a liter round bottom flask under a reflux condenser
during 6 hours with a solution prepared by dissolving 28
grams of potessium hydvoxide in 3500 ce. of 70 per cent ale
eohol, After ssponificetion was complete, the mixture was
diluted with an equal volume of weter, and the greater part
of the aleohol was removed by distilletion., The agqueous
liquid left after the distillation of the alechol was ex-
tracted with several suecessive portions of ether in order
to remove the undissolved material and other ether soluble
components, The combined etheresl extracts were dried by
meens of snhydrous sodium sulphate, and then the ether was
distilled off. The residue which remained wes of a semisolid

consistence, yellow in eolor, and weighed 16 grams,




dlssolved matordial, vhich had been extrested from the sosp
solution by means of ether, were scetylated by heating
during 1 hour with 36 ce, of acetic anhydride under a
reflux eondenser, The reaction mixture wes diluted with
water and wermed glightly to decompose the acetie anhydride,
and then extracted with ether. The etheresl solution wes
washed in a separatory fumnel with successive portions of
aqueous 1 per cent sodium hydroxide solution which was fole
lowed with water. The ethereal solution was dried with ane
hydrous sodium sulphate after which the ether was removed
by eveporation on & steam bath, Aleohol was added to the
residue, which dissolved upon boiling, When the aleoholie
solution was cooled, ecrystals sepsrated which were filtered
- off by suetion, The filtrete upon cmomh.im yz-m ad=
ditional crops of erystals, A portion o@ the mﬂ«“ was
seponified by treating it with §/2 slecholie potassium
hydroxide, The substanee thus obtained was, together with
the acetate, given to Dr, Ole Gisvold for further purifices
tion and characterization, Concerning these samples,
Gisvold reports as follows: |

"The m Mﬂl and sterol acetate whieh had a u).--

lowish appear ined and acetylated by ref

1ng them Rith seebie ssiyéride for sue houwr. The Deastien
mmmummuwwtwmwmmww

the scotie anhydride + The mixture was

' out with ether, The layer was removed and

shaken with dilute sodium mm« end then with water,
The greater ion of the ether was removed on the steam
bath, Aleohol wes added and the mixture upon cooling depose~
ited & mass of crystals which were removed by suction and
washed once with e¢old aleohol, Several more crops were obe

tained. All the erops were then combined and recrystalliszed
from aleohol end ether, MP. 133 « 133.5° Purther recrystale
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mmm falled to raise the melting point

A portion of the acetate was uwrua boiling
with sleoholie potassium hydroxide. The free s 1 thus
mw,mwmmmmzm%m

Small ions of the amcetate were suwwaa from the
- agetate mot liquor, The residue leoft was oily in nature,
mixed with sterol asecetate, No further attm was made to
amvn the sterol scetate that was left,”

The purified sterol when dissolved in echloroform, proe
- duced vpon the addition of a few drops of eoncentrated sule
| ‘ phurie acid & deep red color (Hesse's resetion), when dise
 solved in acetic enhydride, the sddition of sulphuric acid
produced a blue coloration (liecbermannts resction). A & per
m, wmt in volume, solution of the sterol in chloros
form m prepered and exsmined for optiscal setivity. It was
found to be laevorotatory and to possess an observed optical
rotation of « 1,76% From the observed polariscopic reading
in & 3ge mm, tube et 25°C., the speecifie mzux rotation,

: [O(:L‘ s = 38°, wes caleulated,

From the above data it appesrs that cinchona containg
sitosterol, the prineipal phytesterol found in the higher
plente, The melting point reported for sitosterol veries
between 137° end 141°. The specific optieal rotation of it
vories betweem = 53,9° and « 36,64° when observed at 18%:,
The melting point of sitosterocl acetate has been recorded
as ranging between 125,6° and 137°, These constents are com=
parable to those obtained by the writer in the examination
of the sterol from ¢inchona,
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Seperation of the Patty Aelds, The solution of soap,
from which the phytosterol had been extracted with ether,
was treated with an excess of sulphuric acid to liberate
the freoe fatty seids. The liberated fatty seids were re~
moved from the seidulated ligquid by extraction with ether,
Some dAiffieulty was experienced in this u&ruum because
of the separation of a layer between the ether end water |
layere which mppesred to act as sn emulsifying agent, and
which would not dissolve ecompletely in either phase. This
finally wes separated as sharply as possible and the emule
sion~like layer obtained was centrifuged, By this treatment
& smoll amount of a dark brown solid was obtained which was
later purified and charascterized as s phytosterolin, under
which hesding it will be discussed, The gombined ethereal
extracts were washed several times with water to remove
sulpburic acid, and then dried by means of snhydrous sodium
sulphate, The acidulated aqueous liguid, from which the fatty
scids and the phytosterolin had been separated, wes neutrale
1zed with potassium hydroxide and the solution concentrated

by allowing it to evaporate spontaneously. The solution was
later used for determining qualitatively the presence of
glycerin,




The ether was removed from m ethereal nrnim&'m of the
fatty seids by distillation in en stmosphere of carbon
dioxide. The residue which remsined wes of a semisolid cone
untnh“, ‘light green in golor, and weighed 60 grams, Por
acoomplishing the separation of the saturated from the une o
saturated fetty acids, the lead-alechol method of Twitchell
as modified by m’m)'“ used, The 60 grams of mixed
fatty ecids were dissolved in 200 ec. of boliling aleohol,

and to the solution while still hot wes sdded, with constant
stirring, e nearly dboiling solution consisting of 50 grams

of lead mcetate in 150 ec, of alechol, The mixture was allow-
ed to eool to room temperature end then placed in an ice box
end kept at a temperature of between 10 and 15° during three
days. It was then filtered, the residue washed with cold al~
eohol, end the washings sdded to the filtrate, After drying,
the residue weighed 12,5 grams. This residue, eonsisting for
the most part of the lead salts of the solid or saturated
fatty aelds, was :umw purified by dissolving it in 200 ce.
of boiling aloohel, allowing the solution te cool to room
temperature,and pmm it in an ice box over night, The lead
salts whiech seperated from the alecoholie solution upon coolw
ing were filtered off, dried, end found to weigh 12 grams,
The filtrate was added to the combined first filtrate and

washings mentioned above, The fatty acids were considered to
be separated into two ﬂ:&h&m s (A) solution of lead salts
of the liquid unsaturated fatty acids in cold aleohol, end
(B) lead salts of the solid saturated fatty acids, soluble
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in hot, but insoludble in eold aleohol.

LADOUALLON 0L L6 LigUid Unsaturated 'atty Aclids

Ezestion A, The alecholic solution of the leed salts
of the unsaturated fatty acids was eveporated to one third
its volume and cooled over night at between 10 and 15%, No
separation osccurred, which indicated the sbsence of lead
salts of saturated fatty scide, Hydrogen sulphide was cone
ducted into the aleoholie solution until o filtered sample
~ showed no further procipitation of leed sulphide, The mixe
ture waes heated to boiling in order to cosgulate the lead
sulphide, and then filtered. The residue was thoroughly
washed with warm aleohol to remove eny adsorbed fatty acids
and the washings added to the filtrate, Cerbon dioxide was
passed into the aleoholie solution until the odor of hydroe
~gen sulphide was completely dissipated, The alechol was re-
moved by distillation, in en atmosphere of carbon dioxide,
under reduced pressure. The residue, from which no attempt
was mede to remove the acetic acid, was of a browmisheyels
low color, end of en olly appearance.

Aoy o 141 p ’ s Fow s T al 4 R Y O BT Us
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mixture of liquid fatty acids which measured 50 oc. were
dissolved in 300 ce. of acetic acid, end to this solution
600 ece of ether were added. The mixture was cooled to 5%,
and e solution of 1 part of bromine in 2 parts of acetie
acid was added drop by drop until the bromine was present
in excess. The solution was then pleced in a refrigerator
during 24 hours, Wo precipitate formed, which is an indica~
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tion of the ebsence of linolenic agld inssmich as the hexaw
bromide of this seid is inmsoluble in ether, The solution
was poured into 3 liters of water, the ether was allowed to
evaporete spontaneously, end the precipitate which formed
wes filtered off, The precipitate was then dissolved in
ether, and the solution formed was dried by means of ane
hydrous sodium sulphate, The ether was distilled off, and
the residue was diessolved in boiling petroleum ether., The
petroloum ether solution was cooled and erystals seperated
which were filtered off. The solution upon concentration
deposited additional erystals which were filtered off and
conbined with the firet crop. These were twice reerystal-
lized from petroloum ether, The mother liguors were combine
ed and exemined for the presence of oleie acid.

characterization of Linolig Acid Tetrsbromide. The
‘erystels obtained from the petroleum ether solution melted
st 113 - 114°, 2 melting point in close agreement with the
setual melting point of linolic acid tetrebromide, 114 - 1159,
mlg;;m,m content was determined sccording to the Stepae
now method by desemposing the brominated fatty seid with
- metallic sodium in ebsolute aleohols The halogen was then
m.‘lniw by the addition ef /10 silver nitrate solution,
and the excess of the latter was determined by titration
with §/10 potessium thioeyanate solution, The results are
indicated below.
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The melting point of the brominated compound, the bromine
content, and the solubility of the compound indicates that
1inolic aeid is ome of the maﬁnm“d fatty acids obtained
from the saponified einchona fate,

LLDEOILGE ¢

@ 1,' i SR

‘trate from the 1inolic eeid tetrebromide should consist of

a petroleun ether solution of oleic acid dibromide. The
petroleun ether was distilled off and the residue which re=
meined, a thick oily eppearing liguid, was dissolved in

150 ees of 90 per cent alecohol, Ten grams of 20 mesh metalliec
gine were added to the solution, and the mixture wes heated
under a roflux condenser during 6 hours, The slear liguid
was decanted, the sine wes washed with several portions of
aleohol, end the weshings were added to the 1iquid whish
had been decented., The alechol was distilled off, the resi-
due wes poured into 500 ce. of water, and diluted sulphuric
soid wes added to decompose the zine salt of the free fatty
eeld, The mixture was heated for 30 minutes on a water bath,
gooled, and then shaken twice with ether in a separatory fun-
nel. The ether was distilled off, and the residue was heated
with N/2 aleoholic potassium hydroxide to ify any ethyl

SIS o

ester of oleiec acid that might have been formed. The alcohol
was eveporated on a steam bath, the residue dissolved in
water, and the solution acidified with sulphuriec acid, The
free fatty acid was then extracted with ether, the ethereal
gsolution was éried with enhydrous sodium sulphate, and the
ether distilled off, The oily residue which remaeined was
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~ gharacterized es oleie acid,

nmm ubm mm to was found to ml.mu’y at a"

which is about the congealing point for an amthentic oleie
acld, Two grams of the aeld mu neutralized with g solu~
tion of potassiuvm hydroxide, and oxidized by means of
potassium permanganate, mgzum to the method of Hazura
as outlined by Rosenthaler. The white solid which sepa«
rated was filtered off, dried on a porous plate, and ree
erystallized from aleohol, The melting point of these orys-
tale was 136°%, which is in close egreement with the melting
point reported for dihydroxystearic scid, These charscter~
isties of the acid liberated from the petroleum ether sole
vble bromineted fetty eeid should be sufficient to indicate
olelo acid,

The m&m ct hm aﬂta éf mm m nmwaad t‘mty mm
proviously referred to, was suspended in a 10 per cent
aqueous solutlon of nitriec acid, end warmed until }dwu&.
The liberated fetty seide were filtered off, washed several
times with water, and dissolved in ether, The othereal sole
ution was dehydrated with enhydrous sodlum sulphate, and the
ether was distilled off, leaving a mixture of free solid

end saturated fatty socids,

Seven grams od’ thp c!vs.od mw» ur rsﬁty mMa were Mtnlw
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ved in 140 ces of bolling aleohol, The solution was cooled
to 20°, and the precipitate whioh formed was filtered off,
dried, end the melting point determined and younu to be

72° « 74°%, The filtrate was cooled to 0%, end a further pree
© eipitete formed, which after being filtered off and dried,
melted at 68° - 70%, The filtrete was concentrated to 100
ces, ond sgein cooled to 0°, when more solid meterial separae
ted, This was filtered off and dried. The melting point of
this fraction wes found to be 65° «67%, The solution wes fur-
ther concentrated to B0 ccsy and a fraction with the same
melting point was obtained, The solution was sllowed to evae
porate spontaneously, and the residue left after being dried
melted at 59° « 60% It is seen that five fractions were obe
tained,

S 68° - 70°
3. 65° « e7°
4. 65° «» e7°
Be 59° « 60°

Fractions 1 end 2 were combined and treated as previously
deseribed, as were also fractions 3 and 4, Fraction § was
also dissolved in slechol, mnd fractionally precipitated by
eoncentration end cooling of the solutlon, Frections having
gimilar melting points were ¢ombined and treated as before.
Ultimately the fetty scids were vesolved into three fractions
as tebulated below, (See next page)
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Melting point
78° «» 78°
e 67° « 68°
3. 61° - 62°

The first fraction was of a light yellowishewhite color,
the second was perfectly white, and the third was very
8lightly tinged with green. Neither fraction was crystale
1ine.

Sheracterization of Fraction 1. It was noted that the
melting point of this rnutim was ¢lose to the melting
points whiech have been reported for arachidic scid. In order
to further characterisze this aecld, its molecular welight was
dotermined by titration with /10 alecholie potassium hydrox-
ide, using phenolphthalein as indieator, The results are
s&m below.

0,6000 grams
310,90 /
Preparation of the Para-bromphenscyl Ester,. me)w

his mm: recommend the preparstion of p#b*ewmmyl
utwn', a8 a mesns of identifying fatty acids, The procedure
used was as follows: The solution of the potassium sslt of

the fatty acids from the titration mentioned above was made
definitely seid to phenolphthalein by the addition of a trace
of the free fatty aeid, To this solution was added the cale
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oulated quantity (0.43 grams) of pebromphenaeyldromide, and
the mixzture was bolled during ome hour, The solution was
cooled, end the materisl which seperated was filtered off,
dried, and recrystallized from alechol., Neerly white micro-
seopic erystels were obtained which melted at 89° « 90°,
Inassmmch as the pebromphenacyl esters of arachidic and
stearic acide melt within one degree of each other, a mixe
ture was made of equal parts of the ester prepared as dese
eribed sbove with an suthentic ester of stearic aeid, The
mixed melting point was not sharp end was considerably de=
pressed, The melting point reported by Heid for the pebrome
phenacyl ester of arachidie aeid was 90°,

- From the melting point, the molesuler weight, and the
melting point of the pebromphenacyl ester, it appesrs that
Fraction 1 is composed of um“ pure arachidie ecid, |

herscterization of Fragtion 2, The melting point of
this tuwa.m iu tu a:uml mnmt with the melting point
of pure steerie seid, 69°, The molecular weight was detere
mined in exaetly the same menner as described for the fracte
ion cherscterized as arschidie geld, The results ere given
below,
0485000 grems 17.7
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The p-bromphenaeyl ester of this acid was prepared in
the seme way as previously described, The melting point of
the ester after recrystallization from aleochol was 90°, and
there was no depression in the melting point when 1t was
mixed with an suthentie sample of the p~bromphenacyl ester
of stearic ester, |
~ The molting poiat, the molesulsr weight, and the
p~bromphenacyl ester characterizes this fraction as stoaric
acid, :

ngterizatic Jrastion 3, This fraction melts
near to the mmvnny nocptoﬂ mlﬁ&m point of palmitic
acid, 62,6% Titration values from whish the moleculsr weight
wes caleulated are given below,

287.91 . 256,26
The p«bromphenacyl ester prepared as deseribed sbove melted
at 85% The melting point reported by Reid was 86°,
The melting point, the molecular weight, and the derie
vative prepared of this fraction indicate that it is composed
prineipally of palmitie escid,

in m deseription of the separation of the fatty seids from
the agidified sosp solution by extrastion with ether, a layer
formed between the aqueous and the ethereal phase, This was

drawn off end centrifuged to break up what appeared to be an
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emulsion, A dark brown solid separated from the liquid,
which was then decanted, The solid was dried and found to
welgh 1.2 grems, It was soluble in boiling aleohol, and in-
soluble in eold alechol, Its sppeerance could not be changed
by dissolving it in hot aleohol, and allowing it to preeipie
tate upon sooling, It was finally dissolved in boiling alco=-
hol, a small smount of charcoal was added, and the mixture
was bolled for some time, and then filtered while still hot,
When the filtrate, which was nearly colorless, eooled, there
wes a separation of white erystals. These were filtered off,
recrystallized from aleochol, and dried in a desiccator over
phosphorous pentoxide, The dried erystals obtained in this
way melted at 205°, Since this melting point was within the
rmo of the melting points of s large number of ymatm-v
ma ‘which hed been isolated and characterized by Power ),
and inesmuch as the ecetates of these ere semewhat mm
istic, an acetate was prepared by boiling & small pm of
the material with acetic anhydride. When the mixture cooled,
the aceBate separated, was filtered off, and recrystallized
from aleohol, This acetate melted st 165°, a melting point
within the range of the various ones reported by Power.

The originel substence gave & positive carbohydrate test

# This term wae coined by P.B, Power to dnmto & c¢lass

of which upon acid hydrolysis yield a end a
phiytos 1. Por a complete list of individual osterolins,
see a contribution by Matlack, Jour. A. Ph. A., XVIII,

(1929), p. 28.
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with alpha-naphthol end sulphuriec scid, end after hydroly-
sis with hydrochloriec soid 1t reduced Fehling's solution,
These reactions, indicative of a phytosterolin, masde it seem
advisable to hydrolyze the substance, This was done scoords
ing to the method used by Power,

Hydrolysis of the Phytostordiaad, One half gram of the
substance wes dissolved in 30 ecs of hot amyl eleochol, 10 se.
of en aqueous 15 per cent solution of hydroshlorie acid were
added, together with enough alechol to make a homogeneous

iel'atim.u The mixture was heated in a flask under a reflux
econdenser during 2 hours, The amyl alechol was distilled off

with steam, Crystels remained with the water in the flask
through which the steam had been passed, These wore filtered
off, and the filtrate was retained for the preparation n!’ an
osezone, The erystals were recrystallized from aleohol m
then from ether, The melting point wes 138° « 139°, The melte

 4ng point of a mixture made from equal parts of this msteriel

with the phytosterol previously described was unchanged, An

. agetate was prepared which melted at 133°,

gretion of an Osagzor The filtrate cbtained after
steam distilling the reaetion mixture in the hydrolyeis of
the phytosterolin, end filtering off the phyteosterol, was
neutralized with sodium hydroxide, One gram of phenylhydrae
sine and 1 gram of anhydrous godium acetate were added to
the solution, and the mixture was heated in a boiling water
bath during 2 hours, A very small quantity of yellow,

needle shaped ecrystals separasted which were dried on a porous
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plate, and the melting point determined. This osazone -mu
at mﬂ» 202°, ‘The quantity obtained was too small to res

ummu“, w the amuw of the sugar portion cennot be
C‘UlMa

scentification of Glycerols The agueous solution left
efter m mmutam of m rma fatty acids from the sosp
solution wag neutrelized with potassium hydroxide solution,
and evaporated as far as possible on a stoam bnth« The
residue romaining was extractod -m;mmn« 5 perts
of 96 per cent aleohol and 1 part of ether, end the sole
vents were evaporated, A yellow syrup remained which had a
sweet taste, and was miseible with water and with alcchol
in all proportions. A few drops of the syrup were heated
with about 0.5 grame of potessium bisulphate., This produced
the Mtwutu odor of aorolein,
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