———— e T T T T T T L T T T T

UNIVERSITY OF WISCONSIN LIBRARY
MANUSCRIFT THESES

In presenting this thesis in partial fulfillment of the requirements for
an advanced degree at the University of Wisconsin I agree that the Library
shall meke it freely available for inspection. I further agree that per-
mission for extensive copying or publication of ] the%é: fqr)schplarly
purposes may be granted by my major professor, . ab24é;
or, in his absence by the Dean of the Graduate SchooZ. It is understood
that any copying or publication of this thesis for financial gain shall
not be permitted without my written permission.

W!é 145V R )MJZ«;%
/" Date ’ : L Author ;

FOR BORROWERS OF THIS THESIS

Unpublished theses deposited in the University of Wisconsin Library may be
used only with due regard for the rights of the authors. Permission for the
extensive copying or publication of this thesis in whole or in part must be
obtained in advance in all cases from the major professor named above, or,
in his absence, from the Dean of the Graduate School. Extensive copying
or publication of this thesis for which there might be financial return to the
borrower must have the written permission of the author.

This thesis has been used by the following persons, whose signatures
attest their acceptance of the above restrictions. A library which borrows
this thesis for the use of its patrons is required to secure the signature
of each user,

Name & Address of User | Date Used




_MPP
K558

a5,

: m Almnmn DETERMINATION OF cammn
B ¢ mmmsa

WYDIA MARGARITA KING

A Thesis Bubmitted in Partisl Pulfillmens
of the Requirements for the Degree of
DOCTOR OF PHILOSOPHY

&% the

_UMIVERSITY OF WISCOMBIN

o195y




882300
SEP- 14 1954

The suthor desires to convey to Professor Lloyd M,
Parks, under whose direction this work was carried out,
her gretitude snd respect for his wvslusble sdvice and

" Apprecisticn is 8lso extended to Professor Tekeru
Higuchi for his suggestions regarding certsin phsses of E
this investigetion, to Miss Muriel Tomkins for her hol.p
in prepering the msnuscript, snd %o Mre qud Kennon fcr
dreving the graphs, N | e

The suthor is gutornl to the wwus.ty of ruorto
noo for finsncisl essistence du-lns the pcrfmm of
thie wori, '

Mﬁum{.—aﬁ s



w -

-

- Introdustion

" TABLE OF OONTENTS ;
Page

‘f this Inroatlgtti.n nctoouocooouaoao-.ot-ooo. 1

- History of Gantharides csssceccecssccscscecsssssnscoses

- Gonstituents of Canthaerides gsecesncecesssccescssensosee
Chemistry of Cantharidin cescecsccsecocssvocscesccncsece
History Of the Assay of Cantharides sececeessvcecececee

" BAbLIOEroPhY eesesereeesetsceescistsssstsscessssssssees

Piscuseion of the llporiuuntal Work

Part. I, Isolation of Cantharidin n-e- Extrect of
- GCsntherides by Pwtiticu mu-antognphy -

.. Introduetion $000000008000090600000009200000 15
. Partition Chromstegraphy Using Methanole
- ‘Water as Internsl Phase o-.- ooocooootb A7
" Partition Chromatogrsphy Us B p
J sulfurie Aecid ss Internal Phsse cseverses 21
" partition Chromstogrephy Using 76%
sulfuric Acid es Internsl Phll. Q..Q..l.l a2
Pertition Chrometogrephy Using 8 '
| sulfurie Acid ss Internmsl Phuo esssesose 35
 Partition Chramstogrephy Us Congentrated
. Sulfurie Acid ss Internsl Phess seesssces 35
Chroms togrephy Using 8ilicle Acid es
_ Adsorbent aaiioo.00.00.00.'.010.00.#&00#0 36
Summary end Conclusions eseeesseccsecsscosenee 36
Bibliograply eevesseesceescesscccssssesetecs 36

&

 Part II, The Tiirstion of Centheriddn

. 13t¥°¢ﬂﬂtiﬂﬂ oo.o-uooaoooaoaoo-.utaooocouocu 9
Determination of Cantharidin by a Pyridine=
" Sodium hydroxide Titration seessscceceeve '8 §
e __ Analyticel Determinations on Pure
coommweas et e Analytical Determinations o Canthare
: o 4din Cbteined from Kxtract of
Canthariden scecencecserersocsecocee %5
. Summary snd Conolusions seeeescscscsce 55
' Bibliogrt ooooo.occo.octo.co--ooooo 8
Peterainatiaon antharidin by o
- Hothylato Titretion Together \dth t
dineeSodium Hydroxide Titretion seese 59
Anslytioel Determinations on Pure
Centharidin ncouu.ooono-.t.ot..loml 62
" Anslytiocal Dyterminstions on
Glntharldin Gbhteined from Extrect
of Cantharides cecececconcsesesscsen 64
Sweery snd Conslusions eescesessesece 64

f

et R

Centhsridin oooonccouoooooooo'o-cooo e



TABLE OF CONTENT2 (cont,)
R T | Page
B&bliogriphl esssecscsssescsssssese 65

hporlmhl. Work

Pars I, Inolution or eanehnridtn rruu E:traot or
' . Cantharides by Parution chmntognphy

- Generel Mothods seecssovecesscrossssvovonsss 66
. . Partition Chromstoyrsphy Using Hethanole
" . Water as Internal Phase ooococtwccococoto_be
_ Partition Chromstogrephy Using 60
- Sulfuric 4cid as Internsl ?hl’! li!l!t..l 70'
"~ Partition Chrometogrephy Using 784 =
ANV Sulfurie Acid as Internal Phase ‘...'.... ?9
" Partition Chromstography Using &53
"~ Sulfuric Acid as Internsl Phase ,sesecscse Bz
" Partition Chrometogrephy Using Concentrated
. Sulfurie Acid as Internsl Phase secnssere 83
Chromatogrsphy Using Silicic Acid es '

. ) . “”l‘b‘nt “..ltlI.....l.l'.ll..!i......i 83
Part n. umuon ot caatharldia

o Bctomimtim of cmthnrldin b;r u Pyri.dino-
K Sodium Hydroxice Titratiol seecccescesees |

Reagents geseeveecsccccscsvcscscveseey

; -'&a-ua»;};é'é;lc:

- APpPEAIrStUE esseeescesecsscscscsevesenses
.7 General Procedulro® cesccccecscensssces
" Anelyticsl Determinations ou Pure . ¢ .
o Cantharddin seseesecevssconcsosvcnes. 85
. Analytical Determinations oo . _
© . - Gantharidin Obtained froa Egmct
7 of Centharides cesssesssscscscscases
" Daterminetion of Cantharidin by s Sodiun
. Methylate Titretion Together with e -
Pyridine~B80dium Hydroxide Titrstion .....lm
RoOgonts ¢ssesesscescccsscssosencseneellly
RO AT S E _ « APPBXSLUS ecesvscanvscoccsccsnsecrsssel
A Generel Procedures oooocanso.a.u.ooc..l
S ST e SR L " Analytical Determinations on Pure P
L - " { Centharidin o.p.oo-ooooo.oo.oc-ooo--106
Analyticel Determinations on .
.. Cantharidin Cbtesined from Rxtrsct
.0f Centharides scscecsecccsecscevsee

??090'0¢ "!., for c'n‘haridﬂ. uittot.oootonitoo000000118




~ INTRODUCTION

r.\?\;s
.




The methods that have been developed thus far for the
determination of esntharidin in Centharides have not proved
 satisfsetorys The present asssy process in the Minth
Revision of the Hational Pormulary has some disadvanteges,
nemely, that in the finsl step the eantheridin is asscclsted
with inert meterial which is not essily removed, therefore
the results ere not scourste especislly since the detere
mination i3 & grevimetrie enej slse its value is questionable
on the dasis of incompleteness of extrestion of santharidin,

The present investigation was undertsken to develop »
ecnvenient snd efficient method for the estimation of
cantharidin which sould be applied $0 $he sssey of '
~ Cantharides, The problem was spproached from two different
nnahn first, seperation or esntheridin from fat, pignent,
and otmm:nmullrym ummmm
grephyj secondly, the determination of the mﬁ of
cantharidin o sitration,

,'..



e use of Cantharides in mediecine dates back as fay
~ as the early Greek civilisation end even earlier, | »e
 Hippoeretes (1) mentioned 1t in his writings and 1% i3
known that Gelen m end Dioscerides (2) ss physicisns,
prescribed 1t, . |
In the National !nmhry. Einth Revision, Mﬁnmu
is Gefined as the dried insects; Cantharis vesicatoris -
(Linne) de Geer (Fam, Meloidess), IS is popularly referred
to sz Spenish Plies or Russimn Flies, and eccurs extensively
hmﬁhnmnt%muhmmm lvns.o. m’d
e mnnnmnmwmtzmdmmum
. esllesticn of the insectes mmm:auumm

:f"'_ mhmrmmammmuummau

~ transformed inte the sdult ahao; they infess trees ond

. plants, especially the plvot. ash, lu.n, and wn..

o autenty in the sunlight, or by srtificiel mesns (3),

"'ummmmnenuupmwmmmm-
the infected bDushes onte spresd blankets, They sxre killed
wmmmunzamsnmmmmu
.fae;-
nmmmm-.muumwmmmn!

© thet of & vesicatory, snd this effect determines the uses
" %o which 1% has been spplisd, Used eaternally, 18 protuses
redness and vesicstion, depending upon the mode of 3
applicstion snd length of time of sentacts u.uumm;"
agen$ 1% 1s preferred to sll other substances, It has been



" disesses of the sbdomen and shest; else in heir tonies .
r_'_mmmmhummmpmm
sloposcise In liniments it ssrves &8 en efficient -
 yubefscient, In smell medicinel doses 1% scte ss 8 .
stimulent and diuvetle, snd has been employed in such
msunumm.mmum ;._ :
arinary efflictions, Intermally sdminigtered Centharides

. 4s » powerful irritens which has esused its uwse %0 be

slmost somplotely sbandoned in favor of less hamful .
~ remediesy nmmmxmmmmuotnsm

. In this eountry, mmmmmhumuyu '
'_':-mrm#ammmuuqua’mna-w

b uuu. n-m.mmmmmmxrumn

i has been used u:m-nu. olirtnents, lotions and plasters,

S mmmwmmmmﬂmu
deSemming the somposition of Cantharides, & white erystallime

| substance was finally obtsined by Robiquet in 1810 lh).:_‘,___ S

- mmummuuuuunmmm

mﬁm&“m“'mmmm'tmeh N
_ his system of Chamisal Nomeuslature (5) IS wes cbteined
-rmm'mwmwumnuuua.m;m
stion predused ¢ green residus which wes Shen axtrected
with hot slechol, The erystals frem the letter selution



wore Mﬁu by mrnunmuon. |
Cantharidin eocurs as colorless, rhombdie prisms, or
lsminae, stable in eir, and melting st 2189C {corre)s AS
higher texperetures it resdily sublimes} even at lower
. temperetures 1t 1s scaswhat volstile, It 1s insolble in
water, carbon disulfide, and petroleum etherg tn@lﬂy
“nmxonm-xmz.mmuuumnumt i
- sloochol, scetons, chloroform, ethyl scetate, scids, end
. olle, nhmuummmu»ﬁmmma
and the salts of the acid (6), | |
A momwumudmm-m"nt.

oll, ergsnie solds,; salte, eto,, are therspoutiocslly inert.

nunmmmmNmtmmmmm-nm
chemistry of cantharidin wes accomplished, Previcusly
 Dregendorff snd Masing (7) showed thes the simplest forwuls
was CgHgOp snd that 1t resoted with alkall, when hested, to
form salts, In 1877 Ploerd (8) determined the moleculsy |
ut@smmmrmuuomnuq‘nmm

C5Hy 0.4 He then made an intensive study of the pyrogenis

docomposition of santharidin cbtaining & hydrocarben by
éry distillation of the berium salt, This produst was
termed "cantharens®s and had the fomuls CgHyoe Purther
snalysis showed 1% 30 be & dlehydroecedinethyl bensens,

© $he dibasioity of eantheridin was first cbserved by
~ Homolks (9) whe prepared the dimethyl ester, CyoR).0g(CH;)2,



the supirical romh of which indicated the u&ﬂma of
sn scid anhydride, e :

It was observed by M (10) shat when hydng.n ;
fodide snd esntharidin were heated, s producs, clon,_zozzg.
wves formed, which wes designated ss the “dieiodide”,
Gademer viewsd this resction ss one typical of the othozi.
Ee 8150 reasoned that if eantharidin sentained an ether |
strusture, the soticm ef hydrogea 1odide should, in sddition,
resuls in the formetion of an sloochol, Aocordingly this 1o
lsst sompound was both sn salcohol and @ hllom «rluun.
end should have en empiricsl formuls CyoM ;0 T, Be !

. attempted ® isclate the m mmmemmm
(11)s e sempound finelly obtsined wes the Lestons 5
oonupmm to i, '

. \ecs® s Dol 0
| .0 S «Zd p2
Cglyp (%020 . + HI emmeen OgHyp oo oI
. o1

| uammm;w W“M g,.,

o etheresl exygen, two earboxy groups as an scid snhydride,

eng heashydro Oezylene ss the underlying struetures M
possible formulas were advanced by Gedsmer; |

N\goE-c2°
0 Yo
Zor-c{

I ' II




A study songerning the reiuciion preduct cbtained by treating
cantharidin with sodium and alechol showed that there was
1m-tmam¢mmﬂa) As the pedused sompound

 wes %111 dibesic,; 4t was the etheresl sxygen which must
heve been lost by this trestment, Ascording te Gsdemer
Mtomwﬂummhndm

g o I
5 < -cn-cz\° M m}‘;
n3°"’ | L S %o
R : __ o u CHy .g

MVM&.W:NMI...“MW. |
mmm bwmammthmza K

~ order %o scmpare its stability with that of structure Ve

IS was found that the desoxy esntharidin wes very stable, =
~ even yesisting m sction of slialine permangsnates This L
evidence was sufficient %o eliminate Osdamerts secend |

formale, The first fommals sdvanced by him wes likevise
v-"-modm“nwhﬂmhcmmu'n'm

™" synthesised by Coffey (2h4)e A compariscn mede of the

Wmm:mumamummmm
. ?ummﬂmtwi duuochrmﬂ‘
xn rather then I upon obtsining smell emounts of dimethyl

" malefs snhydride as 8 yesult of passing sentharidin over



Pallediumessbestos as 260°C, Theee tnvestigators sssuned
thet the snhydride wes formed by sn inverse Dieclsedldey .
Mnmummumwwm
- wmmmma -&

e \‘°~‘°. SRy

S ey -
They sonsidered this & reasonsble essumption in view of the
~ pesdy Peversidility of the fursnvmaleis schydride resction
umnumummntquuuu_mmmm
* snhydride to furen %o sbtain dehydrocantharidin, Bu$ the
_muummmmmusm

wmamumcmmumwn.

 Acsording te Woodwaxd {14), mummxm

- breskiown meshenism sdduced by these suthors, the initial
mumus.wmtwlmmmmmm.
mmmamumwunmmxw

~ able that partisl oxidetion of 3,Ledimetiyl furen eould
_ Sc0om$ for the small amounts of dimethyl maleis smhydride
. b lem' T Fud it R M g e i n ._-.~... G d s R ey o i, EEEN

. Woodward and his cowworkers (15) proved the structure
dc-mﬁurﬁhﬂhuﬂ;”mdmam'm
synthesised elswl,2,dimethylecyolohexsneel,2=d1carbaxylis
S : o 0
3 °_

TR S PP



and ssteblished 1ts full Sdentity with desoxyssntheyidin -
mumrmmumms.mnm-mm.'
111, mmnmmm.awmmt
to be sonsidered, . SUNTIRE I . _
znmazummx..nx.mu
m«m&hhlmm-l-dmmﬁmw-
mumehmmunmummmmmm
m.mmmmanmmmmmmu'
1solated in s 2% yleld {17)s Later efforts 50 rendey the
synthesis stercospecifis were unsuccessful {18)s 8tork
aid his solisborstors schisved @ sterecspeeifis synthwsis of
Mummuwmmmwtumm
mummmwmmmmm
~ pasttem (19). m;-thmaum-mmm
m-wm«mmm“mwmw
rm.nx._

e ‘-.—:,'_:!"

Since the efficacy of Centharides as 8 drug depends
@on ite shief eenetitasnt eantheridin 1t hes bess
. mecessary to determine the ccntent of the letter in
. evaluating the druge = | -
m-mmmxywmmmmmn
cantheridin spe siniley in prineiple slthough frequently
differing in deteils They ecusist of extresting the =
scidified powdered Deetles with an organie solvent, ususlly
mu«mnmmummuwcmmm :
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210 Pemoves fat snd ooloring mettery The solvens is then

_ removed by svaporeticn and the fat end solering metter are
i ummu&mmmhm:mmu

_ fnseluble, Petroleum sther 1s generelly used for this
. purposss The purified residus is them weighed, Einee

B  there i ususlly €ifficulty in purifying the estrected .

”mmmmmwmwmmu.
qummnu-mmmm
%o modiffostions intreduced for the purpose of improving
 the satrection process or medificetions B svold loswes
through selubility in the purifying sclvents er through

Boudin (20)s Bagelwoort (21)y Guun (22), Gresnish end
~ ¥ilsen (23)s Leger (24)y fing and Nagei (25), and Kneip,
 Bay, end Reimer (26)s Hocht end Pavks (27) end Guthrie snd

. Brindle (28) (29), have proposed volmmetric methods for the
«mm of pure mﬁnﬂﬂm mw (303 MM *

., for the mm cl' Gmm hae M mmml ‘V !’mnh )
f | r~. and 'm ‘31" -;,_:»“e_k.—'.;-.:-----' G e ' i SRS o -""I‘S

mmm:mwmumh

&mm_mmmmuzm_mmm;

lnlmummm-hdmmnuwnm';'
- mmumm m.-mnmm‘
mﬂtonm: .



Plece 15 greams of Cantharides in moderste
coarse in s pressure bottle of not -
than ml eapacity, edd 150 es of & amixture of
bensens » two volunocs and petroleusn ether « one
volume, and then edd 2 o¢ of hydrochloris seid,
~ Stopper the bottls tightly, shake it well, and
-allow to stand for sbout hourss Gradusll
wvarm the bottle and its contents to adout
sand meintain it st spproximetely thet temperature

uthmqumtmnﬁtwwmm evolding
} orrlao“arth.chw ooluti.en. aind evaporate

:I.dlq!natarndbaahartoammat
?ccg o¢ of chloroform to the

mmu and ut it us.dn in » moderetely werms
placey Waen the solvent hes all evaporated,
add te the hl.mnoramtimﬂ‘ml,__
© volumes of ted alocohol snd petrolewm
bensin, whish boen satureted with pu..
: mt:hnrms.n, sllow the mixture to stand ¢

15 minutes, and then decant the liquid

z).odgot ﬂ‘ purified sotton, Then wash the

mamtmuqmtiwormmm

" to dissolve adho erystals, evaporate
the solvent wi d’ (] ammt of siry
dr{shtt.umstau .twcrwmmnmm auc
we

The resulting weight represents the -

' saount of cantheridin from ten greams of
B mwm Itnhnﬂ&muumﬁluam
Ve

aummmtza)mammmmnw
and abhsnu results not significantly below the sversge
in ten sasays, m:mmmumtmmungu

Ma-mnuy..

m“atbhmuumm,mrmw |
“ o ountenination of the finsl vesiduo with fat ayes 7 ¢

s x?-fr_'r

Incomplete extrection of the powdered N.u.n.

Loss -rmmmumumpmmnm
solvents, . i

'm«mmumumnm
Loss of santharidin in the removal of the fat,
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These different stages have been examined by Guthrie snd
Brindle (28)s In the extrectisn ef the drug, they sonsluded
thet bensens is s efffclent es chleroform, & fect confirmed
by Heeht and Parks (27)s They else found thad Sexhlet
extraoction offered no advantage over maceration, and th-t
there was no apprecisdle loss of santharidin on drying at
60°Cy Hecht and Parks have presented evidence to indicate
mtmﬁmﬂmdwmmtmuhulutlm
of cantharidin, g y i'

Sinee santharidin ts seluble in fete and eils thers
is loss of it during the removsl of the fat, Heoh$ and
Parks proved this by edding sastor efl te & selution of
sentharidin in chloroform, svapereting the echleroform and
washing swey the sastor o1l with petroleus sthere A loss
of osntharidin cecurred, Although solvents in which
centheridin is prectically insoluble are used, there s
evidence that the eil ineressed the solwdility of the
cantharidin in the polvent, Attempts have Deen made by
- severel workers %0 guard agsinst the possidbility ef this \%
- loss, {23) mhhmmmdmnmw
_ has been suscessful enouch te Justify their use,
" Centharides 1s offieisl in the Goyman and Prench
Fharmseopees and in the British Pnarmscentioal Godexs A
summary of the sssays given in thess books followss

L ) utncm by shaking frequen

éuring twen our hours with ohloreform in thou,
presence of orie scid, Then ether is edded
and after halfeanshour sn eliquot portion is filtered
offs The solvent is evaporated and the residue

washed with s mixture of light yomlm and absolube



alechol, filtered through cotton wool, and thl i
:ﬁahh washed back into the tared rink with ,u
oroform, The chloroform is then naz:ntoﬁ
- and the residue dried for twelve
_ Gesicoators If the residus is unsatisfactory
- the santheridin is purified by dissolving in
~ sodiun hzdmid. and re-extreacting with ehlorofomm
after d i
residus left » svaporation of the chleroform
- 43 weshed uwh the 1ight petiviewn and alochol
mmumwommmu. C o

and Bpitish in that muummum
benzene in the presence of hydrochloric acid in s
Soxhlet spparetusy ‘The solution is evaporeted m
- the pesidus washed with 1ight petroleum snd :
~ absolute sloohol mixture, the amtl.‘u being

o mmmammnmmmwmm

the OGerman m s but el':i“u’rm“ 61”:1“
' rmacopon, o0, solution,
_without the sddition of uov:zwnmmth.
. resldus washed with ught
“$reatnent with ehlorofom nnd mwauan of the
C i selvent the residue is purified by trestment with
. ' oodium h ide solution and potessium

' 20id end extrsoted with ehloroform in the presence
of ferrous sulfateys The ghlioroformis sol tm h
.-mpmmmmmmmmnm _

The elkaline solution is then soidified with snzrmas )

12
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DIBCUSSION OF RXPERIMENTAL WORK



PART ONE

muma OF CANTHARIDIN PROM mcrwmmm
o BY PARTITION CHROMATOGRAPHY

| The method of partition shremstogrephy was introdused
by Nertin end Synge in 1941 (1), In the pesclution of =
miztures by this method, the substences sre distributed .
betwsen twe liquid phases, wne of whioh is sdsorbed en 8
support while the other is mobile, The individusl pertition
scefficients of the somponents of the mixture between the -
mnqudamm«un:mmmhmumnﬂm
' Twe fundamental sonditions must be fulfilled n

pertition chromstogrsphys < = SRR
: {1) m-wwnauunw:m.mmx
_muwummmummu, R
" " (2) 1% should not disturb the partitien between the

two liquids by soting as en erdinery sdsorbent for the solute,
| The theory of partition shromstogrephy was proposed by |
Martin end Synge, (2) The yelatiwve yate of movemens of 8
_ eertain sone is defined a3 R & movemens of positiom of

. meximum sensentretion of seluts / simaltanecus movement of

surface developer sbove the solum, The scnnsction detwesn

"R and the pertition eceffietentoC (g of solute per ml of |

~ honemcbile phlu/ & solute m ll of mobile phno) is

R » xp 5.+ i
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fyom which she partition eceffisient

*
Stk

where,

A & ares of crossesection of the eolum

hs AL 80 AL 8 rep e o bile phases mebile phesss

_A.g+1;,+ ‘IOBGMOOIM ‘
. Separetion based en different partition cceffiociente

of solutes is, therefore; to be expected despite the fact
that c. 4s nos s somstant but depends en the sbsolate
concentration (2) (3)s Purthermore, the intersetion ef the
respective solutes alters she theoretically forecsst pisture,
Hevertheless, in many instences, ssloulated and numnu
partition scefficients sre in good agresment, -

The method of pruuan shromstogreaphy has besn t”nod
to the separstion of smino a_oidn. fatty scids, and other
substances, S '

In view of the wide mlmtm of partition ehrcu- '
tography in the enslysis of mixztures, it seemed worthwhile
to atmqt the qmtuntzv. 1n1¢uon of cantharidin from
~ Centharides by this technique, As mentioned pmlml:. o
muuxu--tmmucunmlnmtntmm |
extract of Cantharides, An sdequate partition ecolumn would
svoid this loss by permitting the internsl phsse to retsin
the eantheridin while the fat is being eluted with the
proper solvent, Therefore; it sppesred thst this technique
mummumm&m-nmmu -



cmm.

: A method exploying nﬂtmtun ohmntom ves
desoribed in 1936 by Ppeanck snéd Valentin (i) te detemine
the sontents of eantharidin in the Tinsture of Cantherides,
In this work slunine wes used as the adsorbent snd s mixture
of scetons snd shleroform ss eluent, The ssntheridin wes
recovered impure from the eolumn, purified by washing with
petroleun bensinesbselute slochol, dried end finally weighed,

Before attempting sny sepsretion using Cantherides
extrecs, the first step was necesssrily to determine the
behavior of pure sentharidin in partition sclums, This had
uummuwmuumtunormpmtm :
coefficients of this substance dDetwsen éifferent pairs of
solvents, Ondinerily it would de necessary to determins the
psrtition soefficients of the individusl substanses to be
sepereated, and by the relationship between them, establish

-- mnmmtpmwnmuummmnm s

is known, for exsmple, that as $he pertition scefficients
of two substances approsch esch other, their ssparation
bDesomes more 4ifficult, In the present ease, in which it

. was possible t0 detemmine the partition scefficient of the
desired ocompanent enly, this value was used as an indication

of the facility with which this perticulsr somponent would

17
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be removed from the solum, 4 high velus would suggess
thes elution might tske an imprecticslly leng tine, while
s low velus would predict thes the swbetence would be
removed tes s00ns thet is, Defore the undesired meterisl
_hed had 8 ehance te be removed, ' A suitsble value is cbteined
when the smount o€ meterisl in the immcbile phase is sbous
MN“WM”MM‘Q’G,

The eantharidin aveileble tt"&\mmmtnnﬁ |
started consisted of white pletelets melting e 21}.5% @
| 215% (uncorre)s Tue first peir of solvents chosen wes 705
squecus methanol end Skelly Ce Twenty=five ml of ssch
solvent {mutuslly uh:mtd)_ was plsced in a.—tn separstory
| mimaamnmtdmmudh'usu% e |
"'-'mxmmmmnnmm'mmumn
-quubun. m»m,mmmmmmm
pmuaumammummmtmm |
'umulummmmunxmm:'
mmaunms«mamnuMawm- |
divided by the incresss in weight of the dish with the 1 |
_ erganie phase geve the partition scefficient, mnu*,*
 of selvents gave & partition soeffisient of .8is & velne
‘sultable for partition chrometogrephis purposes In the
mt peir of solvents used, ths scnsentrstion of nml
ucMﬁwh&Sﬁ,ﬂtMu“l‘?&uﬁ-bum
-hidnuumhmum % L :
| In view of the !'lmcbh pcﬂum mrmms obuimd
vith m nni plh' of mmu. Le00p T0% methanol os



mmc.mﬁut column was ran waing these twe solvents
a8 the nonemobile phase end mobile phase respectivelye
fventyefive grems of silicls ecid was moistensd thoroughly
with 25 ml of 708 squecus methancl, The moistened powder
was mixed with Spelly C S0 form & slurry which was packed
into the echromstogrephie tube, A semple of cantharidin
'mtmmlmmnumlmhnmmﬂzadd
Skelly G and 8 ml of ehloroform snd poured in the eolumn,
As shown in Pigy lay 10,1 mgs of meterisl wes recovered in
froctions four to eights The eolwm developed air bubbles
after 8 tims and was not homogencuse Owing to these physical
mwmmzmtmmuu-mpnmm )
mmttm-muqumothrmum. Mj
somevhat large volume of solvent used to dissolve the mxo -
wes considered as ¢ possidle sourcs of error, u»._m-
solum turned yellow on sddition of the Skelly G, Henoe,
this solvent was purified in the following msnners the
mmﬂuumhndmmnlwum#mmmﬂ
sulfurie scld wtil the scid remeined colorless, them it
wes washed with distilled weter wntil the washings were

' ne lensw seidic to 1itmus peper, end r!.mlly it vas GM
ever auhydrous sodium sulfste snd distilled, | :.

mmmMutthmsmmum

first, dust enly ) wl of chloroform wes used $o0 dissclve o
sample of eantheridin weighing 26,7 mgne Piftesn tenenml
fractions of Skelly G were collected, Pigure 1b shows

that 19,1 mgn of meterisl wes recovered in the third and

1
T



fourth fractiens, Cbviously $he sample wes not retained in
the eolumn, IS wse evident that the system wes Dot woriing
a8 predicted by the partition ecefficient, The nexs eonside
eration wes $0 incresse the concentyetion of methenol in the

non=mobile phese} this seemed logical decause a higher ..
otmosntrstion of methunol favored the partition ecefficiens
with respecs 0 this phase, Hence, the next eolum wes
prepered using 855 methanol ss the internal phesej & ssmple
of santharidin weighing 15,1 ngus wes dissolved in § =l of
mothanol, instesd of ehloroform) Syolly ¢ was used as eluens,
Bus this sttempt was wnsuceessful becsuse the solvent would
not flow, Assusing thet this behavier was dus to the high
mtm of mothanol present,; its eonsentretion wes
diminished dut to ne aveil, The censentrstiocn ves d-muol
mm«nnM.hmﬁquﬁ.uﬁnmmm |
distilled water was used, n_mma.snwumx
was employed to dissclve the sample, snd the sane bresking
of the eolumn snd stopping of the flow cocurred, ;

. Although she eaperiments en pure Cantharidin were Dot
munm.nmmuuu«mmmmum
system when using the erude extraet, -
| mmmmwmnmumme.s&xd
santheridin vhen essayed by the N,P, procedure (p,10)s The
extrect used in this experiment wes edbtsined by the NP,
Prossdure sné represented 10 Gu of druge Only ens eelwm




ves run on the extrest, The internsl phase consisted of

20 ml of methanol, Pifteen teneal freetions of petroleun
ether (beps 30%75°)8 were collested, sud then shlcroform
wss used ss the second elusnt, of which thirtyefive tenml

frections were collected, As seen in Figure 2 the petroleun

othey removed the fat, snd on shanging the eluent to
chloroform, 18 wes followed imsedistely by the esntharidin
plus other materisl, The totel smouns of meterial in the
second pesk wen Siol mgng o 0,8,L%, which is very high,
Appsrently there was no elearecut fresctionstion, -

nmmmmnunmmuamum. is
mmnryhmiur. firsty the partitioning of
eantheridin betwsen thems and secondly, the mutusl imaiscie
bility of the two solvents, Sulfuric scid was ene of the
substances which seemod suitsble for the internal phase
becsuse osntharidin is resdily seluble in it, snd becsuse
1t 1s immiscible with Syelly O, shloroform ar bensenes It

" was dotermined experimentslly thet 665 sulfuris sotd wes "

"mmsmm«mmtmmmuc 5
weight of santheridin oouvenisnt to work with, ,8¢p 10 =

mgms in 20 ml of »0idj hense, this soncentrstion of seid

® IC wes Tound thet poEx-oIemn nﬁr. uniike qﬁﬂy E aid

not solor the eolum, end hence it was mmnnryto

it, Although the use of Skelly C wes ntmmmoruu
ronm!.m Q:wrimtu vhich followed -u of the
wati?u uu rmm wl.ng p-miou ether b.p. :

300750 | | -
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n-mmmmumrnuma. .

~ The pertition ecefficient umm-mmuuu
md.mmrmulﬂutuhm A 20 mlealiguot _
containing 8,8 mgns of cantheridin in 66 sulfuric scid was
sheken for five minutes with 20 ml ef ehloroform in ¢
separstory funnel, The layers were separsted, snd the
ehloroforn layer wes washed with distilled water until the
weshings were no longer soidle to litmus psperj it was dried
over snhydrous sodium sulfste end poured into s tared besker)
mmmtmﬁcmmmmmmumu:ma
and weighed, The smouns present in the scid layer wes
determined by difference, This weight divided by the weight
in the ehlontoug gave & po_num soofficient of 0,12,
which wes 800 low, Eince bensens desresses the solubility

of cantharidin in shloroform, it was sssumed that ¢ mixture

of bensene and ehlorofoms would give s higher pertition
coefficient with yespost S0 the scid then would ¢hloroform
slone, Ihis was found to be true when the process wes

repested using 50f bensensechloroformy A velus of 1,76 was
obtsined, which is suitable for pertition chromstogrephis

" gng fipst colusm in this series vas prepared using 30
Ga of silicie sold, 20 ml of 66§ sulfurie seid, and bensene
to form & siurry, Five ml of & mixture of equsl voluwmes of
chlorofomm end thiopheneefree benzene® was used to dissolve

ry oenzene produce en [3) e column, &

22

| situation wvhioch wes svoided by using the mophnm-tm grede,



23

s sample weight of 19,6 mgnse The elusnt wes 50f bensenes
chloroforny of which eightesn teneml frections were sollested,
A total weight of 10,7 mgns of sample was Fecovered in
fractions 3 80 6, es represented in Pigure 3ss It seemed
that the recovery of the sample could be delayed by incressing
the voluss of sulfurie scid used as internsl phase, snd
deoreeaing the soncentration of chloroform (in whieh
cantheridin is resdily soluble) in the elusnt, Aecordingly,
the nexs colum wes pecked using 30 ml of internsl phese and
80% bensens in shloroform ss external phsse, A sample
weighing lsT mgne was dissolved in shloroform and placed in
the solumn, The rete of flow of the eluent wes extremely
fest, yielding 12,9 ngn of the sample soatiered Shroughout
Binetesn teneml fraotions, This is shown in Figure 3o The
~ solven$ eoming ous of the colum was soidie and rescted with
. the sluainms dishes in which the fracticus were eolleoted,
o8 evident from the formation of & white solid insoluble in
shloroform, and from @ merked inoresse in weight of the
dishes, This wes svoided in later work by shaking the
shloroforn with concentrsted sulfuris seids weshing it with
water until the scldity wes completely removed, drying i
over ssleium shioride, and finslly distilling it, Severel

' other columns were tried using 30 ml of 665 sulfurio seid
as the internsl phase, bus in none of them did 4% prove '
¢olored by the ehloreforme | . - 3

N
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possible to control the rete of flow of She elusnt, exoeps
by using s etopoocks There sesmed $0 be ne sdvantage in
_ummtmhwxmnwmmnmuoﬂa
'_manam. .

A eolumn was packed using 20 ml of internsl phase,
-ﬂﬂoﬂmmummuoudnnmt. A ssmple
welghing 13,9 mgns of santheridin was dissolved in $ ml of
the eluent snd poured inte the column, Thirty teneal frections
were solleated, with the recovery of 14,0 mgns of materisl in
fractions 10 to 21 ss represented in Pigure Lay The excess
of 0,9 mgn 19 within experiments) errors The appesrance of
the cantheridin in frestion ten seemed sppropriste, bus it
tailed into s wather large nmber of fractionse muu.,

© As ecantharidin exists in Cantharides Sogether with e
" eonsidereble smount of fat, the effeet of fatty material in
the eluticn of cantharidin hed $@ De determined, A semple
~ welghing 19,3 mgne of esntharidin was dissolved fn 2,5 Gm
. of olive oil and placed fn & colum like the one juss =
~ desoribed, MWMMM“MMM
chloroform were ocollected, Pigure Lb is & plot of the
welight of oll end centhsridin which wss yrecovered sterting
in the fourth frastion, This result led %o the possidility
of sluting the colum first with Skelly G to remove the fat
m.m:mm:.mmucamm:m |




solvend, menuumum«m!m

weight of 10,1 mgue desolved in o fow ul of bensenes =
~ chloreform, The yesults are graphisally represented in
Figuve Ses Twentywfive teneml freeticns of Syelly C were
collested, and then the eluent was changed $o 80% bensense

shloroform, for the next twentyefive frsctimns, A total of

| 12,8 ngus of materiel wus recovered in fresstions six snd

" seven of the benseneechlorofors eluste, The fees tha$

cantharidin was not eluted by the Skelly ¢ was favorsble,
. hence, sn sttemps uss msde $o reproduse the results using
1046 mgns of semsple dissolved in 2,05 Gm of olive oil, MNosk
of the ¢il was removed frem the soluan by the Sxelly Cp
sterting in freckien fives IS was evidanty howevery that

the oil sontsined srystalline santheridin, VUhen the eluent

'_-u-wuww mms«w
canthariding together with more fatty materisl, wes

_ recovered in frestion four of the lstter, Tis is shown in

_nmﬁo'mruxmammmtnymum'

motumudumtdm.muumm“wuw.r'

nm«aw»mmummunmtw o

| mmmmwnmummmorm-mmu |

" Gantharides would behave in the eolwms in the sams menner

_ uhmmrmummm. mmttbmtymt
the cantheridin might de removed bessuse the smount used
| WMM1wntthn1mm to be oconsidered,

<O



one column was run inte which SM' mgne of eantharidin
dissolved in Densens was sdded, The first slution was |
vith petrolean ether (bepe 30%75°) of which thirtyeturee
tenennl fractions were eollected, 7The sesond sluent used
-_aammmwmammmm _'_
freotions were collested, Pigure Ge represents the
 elution of 50,0 mgas of eantharidin in fresticns seven to
matthtnounlohtlm mmrmmtm
: mmummman mmummmlor

. the powdered Centharides used here had been sbtained .
mthhdmmlmuynnan started from 8, Be
Penlck and Companye Tws sesples were sssayed by the N.F,
method desoribed on pege 10, The results ebtained were |
' 0,185% and 0,205%, which ere gaite below the offielsl

standard of 0.6%, However, this bateh of drug wes |
considersd sultsble fer the preliminsry work,

N m:msmmasnunuwmu
 was t0 schieve the eomplets sepsretion of the pure
" ssntheridin frem the fat, piguent, end other materisl, and
to determine the esntharidin grevimetricslly, e systea
used mumnaouorumu acld e mwunspmm
zonotmwnﬂouun:umlmmucu
£iret elusnt, and 80% bensene=chloroform ss the second
’ eluent, This system pmm favorsble results with the

q
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pure santharidin, ss shown in FPigure Se, but with the
extrect sertain modificetions were found necessarye
For the firet column the extreet was odbtained dy |
| macersting 15 Gm ef the powdered Centherides with 50 ml
| - of ehloroform for cne hour, Ihe mixture wss then filtered,
| - the filtrete was eonsentrated 5o & velume of § ml with the
~ #id of mild hes$ snd s surrent of air, snd finally wes
poured inte the eolumn, Twentyethres teneml frsctions of
. Skelly ¢ were eollected st @ rete of & érops per minute,
The elusnt was changed ® 80% benssnesshlorefora for the -
next twentyetwe teneal frections, Pigure &b shows the
slution of the fatty material and ef the esntharidin
following the shangs of eluent, aummmmu
s milligrem of mﬁhmdin. corvesponding te 0,066%, uu
nmmum-umsuoummuams. o
sxaminstion of the fresetion, aummodmntt:
meterisl preseding the eantharidin becsme abm. uhuh
is not & desireble situation, ' N . T,
m.uwummmommmmmuam
with this betch ef Centherides were obtained by extrsoting
‘with ehloreform in s Scxhles spperstus for six hours, The
"'umaumcmmmmu-mssnmpmmu
_ the columns, I hos slready been pointed amt that ether f]-‘-_ |
) mmmmw«um‘mauuu,
 effective as the offioial procedure, |
-mmamonuummmwnms




the total elutien of eantharidin from the selwm and t0
doternine vhether Shis msterfel would be eluted together
with the fa8, By edding @ dofinite weight of santheridin
to the extrast and eluting through solwm (i), then sompsring
the smoun$ recoversd from this solim with the smouns of =
material obtained from » solum (B) Shreugh whioh the extrect
culy had been eluted, then totsl elution esn be sssuzed if
the weigh$ of residue from column (A)cequals the weight gr
 pesidue from solum (B) plus the added eenthariding The '
mm“uamcwmmumuﬂiﬂhj
_-Mumumwn'uwu“dmn'mud
in e solum (A)s Thirtyseight teneml frections of Skelly ¢
were eollested, whish centsined most of the fetty meteriel,
'mmumawuwwmmmmq
Seneml fractions were collested, Pigure 7s shows the =
.1mun.9m¢mmmumumrmuqs
of the second eluste, The smorat eorresponded $o 0.18%, '
mmmtun_mmuzmmwnmum%r
cantharidin $o the extracs before plesing 1% in the eolum
(B)e Thirty tensml frestions of Skelly O and twentyefive
" teneml frections of BOS densensechleroforn were eolleotods
a_»uxuwnmamnmmm'mm}_ '
_ 4n frestions three to six of the sesond sluste, The eluticm
of this colum is shown in figure Tb, Subtraction of the
amount of eentharidin sdded, 1.6es 15.7 mgas, from the totsl



Do | | 29
‘wolght yeooversd, 1,04y 21,6 mgus, revesled 5,9 mgms of
ssntharidin, op 0,039%, as present in the extract, This
nxpuo'mmmmummmﬁumm
the column yepresented in figure 7se The experiment was,
therefore,; repsated $0 determing if better results sould
be obtained, The extrect from fifteen grems of drug was
divided in twe portions, each eorresponding %0 7.5 Gm of
Cantharides, One of the pertions wes plsced in eolumm (C)
end was £irss eluted with 250 xl ef Skelly Be in tenemd
 frections, ﬁ_ﬁuﬂﬂauml“ﬂm_mé
ehloroform, else $n teaeal frecticnss A& Welght of 13.5 '
ngne of eantheridin wes yecoversd in frestion 7 $0 9 of the
bensenseshloreforn sluste, eorresponding %o 0,185, Twelve

"mmmm«amuwummumﬁ-m

ummmauuumummmnmu(m.
The eluticn wes cerried eut se in solum (C)e A Sotal of
233 mgns of meterisl wes recovered in frections 6 to 8 of
the second eluste, mmuu of the ﬂidxt of cantharidin
sdded (12,7 mgn) from the total welight recovered (23.3 mgus)
| mam.bmamﬂnmu.mmuue.%_'
'--mouumnmm(c)m(n)mmmum
.mwnunwxm(smr)mmusmf
m.htulththumtfmihdm From the
¥YT Nad Doon Tound Thet Tkolly B wes oasler to purily then
Bkelly C, that 1:&11; required less shaking with sulfuric

ecid, snd since ir dehavior in the columns was identieal,
uml mﬂbnmh:motthnomrupomu; |




nlaﬁmun&a&:t&.:%h.&d%n&xﬁﬁ
" material wes recovered in frecticns five %0 eight of the

bensensechlorofern slustes PFProm the other eolum, nma'

the extrsst eontaining 17.8 mge of sdded scantharidin hed
besns plased, 29,0 ngus was recovered in fractions five o
eight of the second eluste, 1wmm.m.urum
firss Swo paire resulted in & velus of 10,2 mgus of |,
csntharidin er 0,11%, nmhmwﬂwnml
representetion of She resulte, et . j

umummnumummmt
Mmummhmmmﬂm{nh_
| 0,039 Dot being eempavedle to the result of 0,16% fn
eolumn (A) which eontained the satrect enly, Colum (D).
0.14%, spprosched colusn (C), 0,18%, more elosely, and

oolums (F), 0,115, and (B), 0,16%, were sloaely relsted -

though t0 & lesser degroe, OColumme {(A), (C), and (E), thet
i3, the oolumns sentsining the extrect snly, gave results

M&h checked fairly elosely, L.e4p 0,185, 0,185, and 0,168

 vespectively, and epproached the lower values odbtained by

~ the effieis) sssay of the same batoh of dwugy Seees 0,165%
7 end 0,205% onmnmormmuumumu- :

" #81d that elution wes scmplete, -
' mmuorm(s). (D) -u(n. men.-r

 eclumne which eonteined he extrest plus sdded santharidin,

© were not sonsistens (0,039%) Ouli%y 0s165) and were farther

off from the sssey velus, This might be dus te the faet that

during the manipulation of the ssmples, sonsideradle ‘
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d1fficnlty wae mmmummmm |
mmmu-mnmuumnmehm-mq
--mmummm &umﬁtﬂhm'of
csntharidin during ita trensfer to the coluwmns, Then, tho
mm&uwmthmmmnmuurnm
-mumumm. mm&.mmhu_
msnm«mummmmmm
‘results were more sstisfacterys f_j'
FER nmmamxmumtumsnm
eolums, A o F no hydrochloric seid wes employed ae
_' mpu-muunmmm.'mm.ﬁpnm
'_'tnlﬂulm.bm ummm:.mumat |
 from 1S Gu of drug was prepered following the offietal
'mmumwmu'ﬁsummm
in s colwm, Mdnumummmm;Md
"o.zausermmuam. mmanuﬁuwm
' toanthoothon. Anothey m.uumumanum |
_o:McuMu-thmmmummw |
-Sertain fmpurities which rendered diffioult en sesurets
 qusntitative determination of the recovered material, -
l i umnmtrmmmmumd'mﬁm, m«h
show & pesk just Defore the eantharidin, = 5
| 'nu-tsqswnmnmmunmmm
or to frectionate them frem the esntheridin, the elution
u-muuq.-rm:mnzumnt.wmmmi
'mmuu-rhmnmnynmmmm
»Wudm. ummamzob.mammm

?
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talling of the pesk which is Dot degireble, especislly sinse
visusl examination of the pesk frection showed thet the
naterial was apparently impure, Pigure 1ls i3 the plot of
snother colmm yun in a similer menner but in which the
second elusnt wes 50% benseneeSkelly Be Although the peak
is not sleaswouty the fmpurities were spperently retained,
In both thess solumns, Figures 10b and lls, the extreets
m&hﬂmﬂhﬁohumzwlwmdm.

It vas sonsidered possidble that scme of she mmruln'
was Deing eluted by the Skelly B together with the fst, This
sssuption was based em the work of Hecht snd Parks in whish
1t was shown thet oils and fets ineresse the solubility
of eantharidin in petroloun ether, Ou She other hand,
theoretically, the mﬁ%t&n of sulfurie seid in tht
internal phase should be emough o retain the ssntharidin
end pormit pemoval of the faty To swoertsin which sssumption
namthpﬂmhfmmﬂhuMnt
scnoentrated to & volume of about 5§ ml and placed in snother
‘solum, he elution was earried out first with 250 ml of
Skelly B in tenenl frestions and then with 200 ml ef 50%

o bDenseneeskelly B, Pigure 11b shows that Re eantharidin was :

obtained en she second elution, whieh indloated the absence
of ssntharidin in the fat mm presente

The partiticn soefficients between 785 sulfuris seid and



bensens (nu/bm) were found to be 30,19, 20,41, snd

25.26¢ Although these valuss were high, suggesting thet tho
emmammmnonmmmmumm _

addition of & ressumadble voluse of elusnt, en sxploretory
column was ran, with surprising results, The eclum was
prepared using 20 ml ef 785 sulfuris acid as the internal -
phase, amuummmmmmmmusa
-crmmmmummummmm
wmmmwpmom(bmm
| 759) were oollecteds The elusnt wes ehanged $o bensens for
' the sollestion of twentyethres teneal frections, - As seen
hﬂml&aﬂumﬁa%mw‘htnetm

mumummuuu. mlu-dantdnx 2 s

situstion, as the santheridin peskdd nod appeay Lmmedistely
after the addition of the bensenss The eaperiment was
repeated with duplicate results, Pigure 12b shows that the
posk appeared in the tlath frestion of the second elution,
Piftyethres mgne of sentheridin was placed in the eolwmn,
and thig same amount was recovered,

mumtmmuxmuamrdhm g
following manners Pifty grems of powdered Centharides
(NP, sassy 0,581%) was mixed well with i ml of concentrated
hydroehlorie scid, then moistened uﬂi chleoroform snd packed
inte @ Soahlet spparatus, where it wes extrected foy ten
hours with 200 ml of shlereform, This volume of extrast



was lndo'np to 250 ml with chloroform in & volumetrie flask
snd 50 ml frections were used, representing 10 Ga of drug,
Before use, the desired volume ¢f chloroform extrect was
pipetted into & 100 ml beaker and evaporated to dryness by
nild heat and a current of air, the residue was dissolved
1n five ml of bensens snd this solution was poured onto the
oolumn, | ' . s ;
| ~ The first column of this group was run with um«t'%
 eorresponding to 20 Gm of Cantherides, Iwentyefive tenenl
fractions of petroleum ether (b.pe 30%75°) wore collected,
followed by twenty-two ten-ml frsotions of bensens, Figure

13 shows the removal of the fas immedistely after eddition

of the petroleun ether, starting in frastion twe, After
the ohnngo of eluent, there wes o peak of fatty materisl .
followed by another p.lk of erystalline eantharidin, 310
latter, which appeared approximately a$ the sams place n_-
shows in Pigures 12 and 12b for pure esntharidin, weighed
88,6 mgns or 0.443%, This velue is scmewvhas low ¢ the more
90 sinee the cantharidin recovered in this pesk vas Dot

lh'olutol.r puree |

* An atwt was made h orrut Q@ nore ol.umut

upaatimhmmm mmm,wm
e uxmumohmnm eluent was 20§ bensene in
petroleun ether, followed by LOZ bensene in petroleum cthw.
end finslly Inmm.l In this ocase the santharidin pesk, as
shown in Pigure 1, appesred when the bensene only wes used

~ 8 eluent} however, this frection still eontained treses of
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fatty nurhl."n there wes no point in prolonging its
elution, It weighed 169,6 -au or 8,08, ,

‘ Amm“mh-mmnmm.umottm
10 Gm of drug, The first elution wes with 40O ml of
petrolews sther (30975°) So remove the fat, and the totel
voluse of eluate was collected in » beskery The column was
then transferred to the -nteuiut ‘mcucn sutter, where _
twenty«five teneml freactions of bensens eluate were collected,
The first peak of fatty meterisl sppeared on frastiom two,
$.00p 88 900D 8§ Densens started ooming through, e =
cantharidin pesk wes eontained in frections 12 to 24, I$
was obvicusly impure, as shown by inspection and by the
weight, which was 90,1 mgas or 0.901%, There was also ‘
songideradble taiiing which was not desiredle, nsm 15.
npnmtl the dat&u of thh eolumn,

onlrmulmuam snmmso.o-por
esntharidin was used, As shown in figure 15b, the
sentharidin wes not recovered after thirtyetwo teneml
" fraotions of bensens had been eollected, There was & peak
of liquid material as soon as the bansens sterted soming *

_Jmm@'am-';;-
It was no$ possible to recover the cantharidin whioch was



sdded (49,7 mgn) $0 8 eolumn eontsining sonventrsted sulfurie
scid ss the internal phase, The mpc of the surve in |
figure 16a was due to the presence of benseneeinsoluble
metorisl in the m&t.- fhis materisl was formed from the
ec1d being earried through the eolums em elution end !

L}

_pescting with the slwminms dishes, ' . o~

' Due %o the fact that the behovior ef the eolumns uu
mt ss predicted by the nmuu coefficients, & eolumn

~ wes run using sillele acid as Mnﬂnm. nmlm mor
(30°=75°) a8 £irst eluent and bansene as the sesond eluent,

A sample weighing S2,.l mgns wes dissolved in 5 ml of benzens
end plseced in the solumn, Pigure 16b shows that ne 4
csntharidin was eluted by the pomlm other or by the
bensene, This indicated that there rn mm-ptzuu snd the
mode of upmt:lm of these systens un,mt trus p-masm.

~ The elution of tho ecantheridin should bo expested mum-;
after sddition of bmm tm. there wes no tntoml yhuo

L ?
L |
T .

-

_ An unsuscessful sttenpt wvas made te £inéd en eppropriste

~ partitioning system using methanol (or squecus methencl) s .
 internsl phase, which eould be spplied te the um-nmn of -'
eantharidin from extrests of Cantharides,.

The use of different eoncentratiens ot sulfuries seid
" a9 internsl phase was investigated, 66§ sulfurie scid and
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76% sulfurie 8014 worked rether well with the pure csntharidin,
. when using the extreet, 785 sulfuric seid gave bdetter results,
elthough the cantharidin was slvays preceded by fatty -

matorisl, 85% and concentrated sulfurie seid (98%) diea not
permit elution of the pure ecantheridin, :

A eolumn using silicie scid enly, 4id not yleld the
pure eantheridin upon elution with petroleum ether followed
by bensens, This indicated Shat there wes sdsorption, '
which mey explain why in the columms eontsining sn internsl
phese, She Dehavior is not as predicted by the partition
eoefficients, J o

It wes shown that iho esntheridin was not eluted
together ld.tl the fat, 1,045 the Lot was md I.nvi.ng
the cantharidin in the eolumn,

Agscording to the upu-hmu thus far, 13 is posasidle
to separete santhsridin from Centharides extrect by partition
chrometogrephy, But 18 is not possible $o determine whether
_ the separstion is quantitative, as Shere are treces of
impurities present which yntlx immn the aisht of
the frestioms, el S *
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mumﬁm of mmua vork
‘ . Part Two |
| The umm uf ﬁmﬂuﬂm
" Homolks (1) mmm the didesieity of mﬂsr&du
by preparing the dimethyl estey whose empiricsl formuls,
CyoH1205(CH, )0 imilosted the existence of en scid snhydride,
Using the formuls now seoepted fop ssantheridin, its
mtnnutuu ny bt upmcnm by th‘ roumd.nc mﬂ.«u

/° + 2 m .——9 ; ' + B0
e , ca,m_ e

It m possible ond méﬂoaﬂc | uu'mm' ssntharidin

by sofdimetrie titretion, Howsver, Beoville (2) showed

the sentharidin eculd mot be titreted quentitatively snd -

 ocomoluded that 1% does not eowbine with alkali in definite

~ proporticns, Be usod solutions in alochol, ssetone, smd
'bm.ﬁmlqdammmmqm§'m-um

mlauu aul the slechol nlum gave verying nult-,

'mmmamt»m Mﬂr(JlmmM
tladhomim {nvelved in the umueunbotudtah
Wuammtm-mmummm
' equattons |

LS .‘
SR |

T A
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cmnuosxza-zngo i 0103120’521- 2 XoH
_8!0!4-——-)‘-&3@. “

Mhonu. m;monuatuan wdmyllmnomh
muwmtmmaummmmuumm.
Panckworts (i) slse ’mmm this eaplanstion, Heoht and
Parks (5) however, showed thet the failure %o Sitrate
mmuuhmmorm-awmuduu
some effest exsrted by the lattery This offect g spparently
s dopression of the fonisation or neutrelisation of eanthe
aridin, due possibly te the low dielectric sonstent of the
solvent end Sts insdbility to lonise, These workers
doveloped a volumetrie nthea in vhich the cmﬂaﬂem nt
dissolved in scetone end en excess of slocholic pohniu
hydroxide was ldm. “After removing the organis mlmta
by boiling, they titrated the excess .mnnxmwmrs- _
ehlorie scid ulng phenolphthalein indicater, euthrh snd
Brindle (6) had difficulty in ebteining soncordent results
with this precedure, Their main diffioulty wes ene of
deternining endepeints, Jonsson and Parks (wnbn-m
wm-k) clao obta.lmd low lnd omt!.a run'l.ts. S 4

. Guthrie and n,.unn (6) have presented » volmt.m
method wheredy the scantheridin is pmipium with excess
standaxd dichromste, the excess of this reagent then being
determined with ’ounim !.od:hh snd m«mr-u, This
method is, hwo'nr. inapplicadble to the detemination ot
the content of csntharidin in the orude drug becsuse verious



| impurities are fmipihhd along with the santharidin, I"

mmmdmzmwnmumuummmm

a.muq of cantharidin has beenn the diffieulty in

bresking the snhydride structure $0 form esntharidic seid -
vhich then ean be titrsted ss en ordinery weak acid,

_thphmucmm«mmwn-'

the catalytie sction of 10% sodiumm iodide in pyridine ov
with pmun. alons {7)e Jonseon and hm tmnm

~ work) mudmmmmhmumumammm

In & method which gave enccureging resultss Shey used |

ssuples weighing sbout 0.1 ga and the per cent errer in the

deternination using the sodius fodide in pyridine resgent

varied from 0,08 to 0,9%, Hiihnudmnmmmmi
orror was from 0.0% 80 O.Lf, T™he procedure nsed by them 1is
given here, since mumﬂmﬂhthtmmtm

is nunthuy s nuri.ut&n of 48,

- A semple welghing 0,1 ga of mmudin wag duulm
- 4n 10 ml of idine and ellowed to stand for ocnees
. helf hour, en ten ml of tenth normal alksli end
__ ten ml of water wes added and sllowed to stend for
YUY onewhalf hour, ‘Three drops of phomlphthnlein tut
: solution was added and the excess alkeli waj
 titrated with tenth normal hydrochloric soid until
~ the pink color dissppeared, 4 blank wes also m.

IS was specified that if some salt of cantheridin wes i
Precipitated initislly ar the mixture became cloudy %o sdd-
water mntil s slear solution would result, Added fat did
Dot interfere with the titration, s fsos which might be
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aseful in the sitretion of the erudé extrects

Anslyticsl Determinations en Pure Centharidin |
When Sitrating eantheridin in the presence of pyridine,
Jonsson and Parks obtsined satisfectory results with sexples
‘woighing sbous 100 mga, Cantharides eontains sbout 60 mgn,
of cantheridin for sech 10 Gm semple of erude drug, Xeeping
{n mind that the final puwrpose of Shis investigsticn wes %o
develop sn assay procedure for the drug (10 Gu samples ean
be scnveniently handled and simplify the esleulations), 4%
u-wtmmcumtmmq«mumm
using these smeller amountss
| :mmmrmmmuummsmumuuw
8 direct method was as .rruun a8 by the residual teshnique,
Therefore, the work was started using the direst titretion,
In Determination Nee 1 five ulpl.'n were titreted sll
weighing between 19,2 and 2,3 mgase Bince these samples
were smaller, the volume ef pyridine was yedused from ten
al to five ml, m'mhm. varied from 0,6 %o
' «0s9 A intense ved sclor, siieh diseppesred very slowlys .
nammﬂmam«nmunsm‘m
prolongsd the process and made the detestion of the ende
point somewhet uneertsin, Although Jonsson and Parks did
not menticn this mnserteinty in the determinstion of the |
endepoing , theydld point sut thet the titretion was slow,
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snd hense used the residusl techniqie, which shortensd the
pmnmw.hnmatlmtn‘mmnﬂ.
Alse the endepoints were sharper in the latter sase, as .
they were in the present anslyticel work, The slow
nmmmuanmnmammagwm
nmumummnnummam
Although the yesults cbtained ae shown in Table I, ere
within sceepteble veluss, the prosedure in uuu is nbjaot
wmmuuuudmwmum.; ’ |
_ MMMMhmmunyhmmw
m:oumumum ' :

/233 LA Oy, o
,_ - +zuoa et | + B0
» g pyridine  ® CooNe ©
~ In Deterainetion N0, 1 of this series of experiasnts,
ten samples of santharidin were titrated by the residusl
teshnique, Thelr weights veried frem 19.S mga to 37.2 mgus
'_mmwhmuﬂutm 0e1 0 #2437, Pive md -
uﬁ#nﬂ‘h“nmmwmum
mmuum.nmmtmmumurwa
rather wide renge, arthom.wxmrmhﬂomw
- ealy -o.zm*o,xmmmumm thnounplu
. hed errore of 20,6 to *0.9, whioh slse may be sonsisered
_umwmm. mmmtth-uwln
had errors ot -l.u. »le7s uul nao37 ngle



Considering that the weight of the samploes might be

rosponsible for the variation, s sexple weighing 126,1 mgue
wves titreted, Here, the error wes «1,9 mgans, fealling
within the yenge for the smaller sampless Therefors,
evidently sample weight hsd ns effect on the determinatien,
In genersl these ;amu wore not sonsidered sstisfeotory
mumrutmt&oumuummmum
ook 0¥ of sumpleay il i i !
! n.muulo.zmmu utmmmmu
recoversd from & solum containing 20 ml of 665 sulfuris
s0id as the internsl phese, The results im Zuble III show
exscellent agresment between the volumetric and gravimetris
determinstions, s¢ well as Detween these $wo velues and the

smount of santharidin sdded to the solum, It wes noticed
in this snd some of the determinstions which followed, thet

sharper endepoints snd more securete results were sbtained
when the use of water was sveided in the titrstion, and
~ the phenolphthalein in ecetons indisstor wes used,

In Determination No, 3 the esntharidin wes recovered

from ocolumns eontsining T6£ sulfurie seid ss the internal
 phese, Here the sgreement betuesn the amount of metertsl

adduhmmwthmtmndwlmm«m_

mtmtupdnuﬂapmmgmt.bﬂnunm
-mumumwmmm.' SRR ]
ISM“M“‘O“&IM“}N“WM
hu-ly socirately using pyridine to sstalyse the hydrolysis
of the snhydride structure, The residusl technique proved
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more satisfactory, especially in the sbsence of water and
using phenolphthslein in scetone ss indicator, |
mnuux Determinstions On Centharidin Gbtained Prom
 Extrees of Cantharides :
i In the titretion of senthartdin cbteined from extrest
of Oantharides, regardiess ¢f the method; f.,e4y éirect er
residusl, the volwaetris values should be lower Shan She '
gravimetris ones, This should be #0 espesisliy in
ssntharidin obtained from the NePy ssssye It has Deen stated
that the residues Shus obtained eontain treses of impurities
whioh maturslly incvesse the valus of the gravimetris |
detemmination, In cases where the ssntheridin is isclated
by partition chrometogrephy, the materisl ryecovered should
be suffiolently pure to render 1% suitsblo for titvetion,
and the grevimetrie snd volumetric results should then be
in fairly closs agreement, It vill de seen that in the
present investigstion this fdeal situstion was no% atteined
snd the residues resovered from the solwms had %o be
purified farthery . ¢
. In esteblishing scmparisons between the twe determine

eticns 1% is snly possible %0 notice thad the velumetris:

vilues should be lower, withia reascnsble limits, A better
Jm&umlmmofm snslysis uobt-mdby
wﬂn‘mvm&mrmmlmmw"o
of the sany methody 8.« the muum- o volumetris ‘o

- methody In desiding what are the "resasonsble limits" and
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what 18 "t0e high® or "toe low" the fact that there is ne
standard of comperison makes the decision srbitrarye The
N, Pe ntanderd (not loss then 0,6%) should not be used because
" as slresdy menticned, this velue will generelly be higher
thsn the resl valus, How much higher vill depend on the |
effoctivensss of the purificstion proceess
© In Part One of this werk 1% wee soncluded thed in

the separstion of eantharidin by partition ahmtomm.
Mhutnm»mnanmmmuwamf
aeuuanocuhhmlph-m Hotioe, the columny that
numummumimummwmum
other of these, e
" he results shewn in Teble V were very poor, exseps
'mm:mmmmwwwngmmua_;
difference of only 1,9 mgus Detween the twe determinations
wes cbtained, The srrore in this experiment were much
higher then the determination represeuted in Tedle I where
the same type of titretion wes spplied, Inthotm.
m.mnuht-mmvsamm“ns
_present in the lattery such ss these inherent in the . '
uhotiuﬂﬂadmmﬂholnﬁmdh;ﬂm. !lu_
detection of the endepoint was more difficult here dus to
mr»umsmmu«-m:»nmm:mpnmu
in oolers |

The mwm midu from san nuy amuu

' by the N,F, procedure wss alse titreted by this method and



there was & difference of 0,0268 betwesn the two results,
the volumetrie being lowers '
B mmnummammuuamtrow
Mm..-mumyum,mmm-ﬂ
the uncertsinty in deteoting the endwpoins, which neturally
Jead to unrelisble recults, The remainder of the titretions
mmmwunmmnmmnscm
by m n-ldul mzqta. ' e
umummwmmtmumudd
pure cantheridin in the sbesnce of water and using phenolphe
thelein in acetone as lhdluur. gave more sscurste results,
| 48 wae desired te Sry the method ss presented by Jonssen end
Parks without modification, Sn the extrect of Cantharides,
" the purpese of Determination No, 1 wea to isolate

a7

ecantharidin tm Centharides and to deternins it Ly titretion,

The bateh of Cantharides mod was below the N7, stsndard bus
it was considered suitadbls for s preliminary deternination,
The velumstric yesult, 0,267%, was high in camperisea to the
 NePy sseay nm; L4040 0.19% (lvmp of two results),

" mis 1s ecntrary to what has been pointed cut befors, thet
the gravimetric resuls should be higher then the volumetris

nmmwmmmamuu-nwmmm '

-ucbulnduml.’. sssay procedure, !hopmtmut._

as shown in Tedle VII, suggested that solidie impurities .__;__
were present in the materiel cbtained from the colum which
definitely inoresse the volumetrie velue, '



mmmlﬁ-tﬂnﬁm«-uﬁmﬁ“m
the X, P, satrection prosedure with the shloreform extrection
by grevimetris determinstion, sud secondly, to compare the
gravinetrie snd velumetric valuss of $he meterisl cbtained
by the twe methods of extrection, the yesults presented
in Tables VIIIs and YIIID show good egresment detween the
© two methods of sxtrection, vhich justified the use of
chlorofers in most of this work, There wes slse geod
sgreenment between the mﬂmm- and mﬂntrh ”M
m:mmumumu.
: nmnmmmmo:cmumm
Mmauwudmtotmmtmmmmm?
to shloroform extreets whioh were then purified scoerding
to the E,P, procedure, the residue first weighed snd then
titrated, The resulte in Teble IX show thet the grevimetris
results sgree quite elosely smong themselves, while there
u-mmmnmummwmvammi
" results, espesislly in those csses in which pure sentharidin
was sdded 80 the extrssts, These varistions sre ss follows,
: mmv&mm‘ value alweys bd.ng highers . L

 These differences betwesn the twe methods mey be sccepted

~ #ince 1t has been steted ﬂatthomﬂmtﬂo determins td ons

mmm«munmtum._
,_kmummhu--mmum-mwm

s T



18, except the the satrection and purifisation of the
umenmm:ummuml.r.m &u
again, mmmmuunummm |
_ volumetric, as shown in Tedle X, Although the urhtim
between the twe methods un within sceeptadble vslues, t.ou
3.6 mgmy Lol mgmy 7ol mgmy and Le7 mgny the results for
WMWIuhMpmmmmode
sxtremely low in doth eases, One of these samples ﬂom
35,2 mga (043525) by titreticn and 42,6 mgue (0.426%) h?
grevimetry, The other nmu in 3,0 mga (0.430%) and
47.7 (0477%) respectivelys This batch of m; uu:ﬂ
0,581% by the N,P, methode
nmmmudmmmmwumm :
colums sontaining 66§ sulfurie scid ss internsl phase wes
titrated 8s Yeoovered, snd the results compared with
ssntharidin cbtained frem s similsr colusn but trested
with sn slooholepetrolewn ether mixture (ss in N,F,) before
titretion, Teble XI indicates thas the untrested fractions
gave mush higher results than the trested cmes, therefore
suggesting the presense of ssidie impurities in the formers
" ssmples nog 2 (0,658%) and 3 (0,611%) were the enly enes to
211 within the yange ef the valuss obtained in the other
determinstions, It must elso be nmoticed that in this table
the volumetric result obtsined for sample No, § wes too low
(0.4855)s In $his determination the msterial isolated should
be pure enough t0 give fairly close values between the
 volumetric and gravimetrie determinstions, There was &



difference of 5.5 mga which is rether high, This detere
mination preved tha$ sens kind of purification of the )
residuss 1s necessery before titrstione ==
| mmtoumummtu.umanm
n-uum were washod with the absolute almlmm
ether mizture, Mahu seples of pure esntheridin wore
| mum-zmumm uumamm

mmohpmmmﬂmu-mummm

mmhuuuwahmmmhmumm
from the eclumns, Buumlwnmuhbhmm
ineensistenti. In the firet sample theve wes & difference
oru.smummmmm. In the second sample
WMmMovdummmmmﬁnMuMch:
should not be expeoted, Samples 4y S, and 6 gave differences
of 6.4 mgny 7.5 mgny end 7,8 mgn, respectivelys lhile these
values would be scceptable in residuss purified by the N.F,
method, they sre not sstisfactory in residuss purified
by partition shromatogrephye Sample Nos 3 was the enly
ons thet gave alose encugh veluss, with & diffevence of
1.2 mgte It 1s ©0 Do noticed thed She velues obteined for
eolums with sdded eansheridin were slweys lewere IR regerd -
" umnmu.tmmummwmmmmam
on page 305 . . P
mam.mummwmmmmw
results whiok spposy ou Table XIII for Detemination Nos 7
ave extremely high, 27,8 mgms 2Lsk mgne a0 mgmy end 25,2
mga for the four sauples, The grevimetric values were



| | SR .

u@»mmmwumdunu

| wmuumnammuumwmmmm
Part (ne of this work, the use of 70f sulfuric scid ss
fntermsl phase was investigated for the purpose of finding
s system whereby s minimum emcunt ef impurities would be
obtained together with the ecantharidin, The results of the
oolums in Pigs, 1 and 158 (Tedle XIV) were rather high by
the grevimetris determination, bus not s# high by sitrations
This showed onoe more that the residuss ebteined frem the
«MMMMMQWM&M““W
wmnmmtmuummummmubu
extent, umwmmtmummuuu
interfered with the grevimetric determinetion their presence
_mnuhnummttmmmsmntw .
nzmw determination,

mmmuuumnug.mmzs.nnm

-mt-mkm.uuorntq natorisl wss obtained
immedistely Defore the elution of the esntharidin, and
' ofter epproximately 90 ml of the bensene elusnt hed been
~ passed thyough the eeluwm, n.mmu.vmupnm |
) _.:__.usmultotthhobumﬁm. After the first 901!101'
bmmoluhhdhauﬂntdﬁau:t?ﬁﬂd&fm |
sluste wes collected in & separste beaker, The residue ks
cbtained from the latter was titrated, he results shown
 in Teble XV (0,759% snd 0,612%) differ from ssch other by -
53 ngn whioch is somewhat high, ml:mmmmam
higher than the NP, sssey (9.7215) which u not a8




expested, m i«ultt nm-tod 4he presencse of scldie
tmpurities, o faet confimed by testing with moist 1itmus
pepers This situation wes not -mm in Determination
§os 8, In sn attempt to remove She scidity from the bensens
slustes sontaining the cantharidin, they were washed with
distilled watery, dried, eveporeted, and the residues obtained
wore weighed, s indlceted in Determination No, 10, The
results in Tadble XVI show excellent agreemsnt, The presence
of scidie impurities was eonfimmed by comparing the values
with the ene cbteined for a residus Sitreted ae ebteined
from the eolumn, thas is frem en wnweshed eluste, The latter
yielded 0,865% in eontrast $o 0,613%, 0,616%, and 0,614% for
the other three semples, Ia view of these favoreble results

in the remsinder of the determinstions slutions were sarried

out in & siniler manoer and the bensens eluates received '

tdenticel trestmente . .
I8 had been observed that in determinations where

eantheridin was sdded $o the extreets before placing in the

~ solumnsy the yesults were generslly low (Determinstion No, §)

end st explanstion wes offered on pe 30y In Dgtermination

- Bog 11 4% was dosired to edd pure cantharidin to the extracts

umwmmmumacmuumam
umlm. Sxtrect from 5 Orems of drug was used to which
mmmmyaomummmﬂsm lm-th-
axtraot $¢ de poured in the solums would eontain sn smoung
ummmmmthmlmmi-h'
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cantharides, Leess sbout 60 mga per-10 Gn, The csntheridin
then, would not separete from the extrsct during the
concentration of the latter before plaeing it in the eolums,
The results shown in Tyble IVII were feirly good, elthough,
mhﬂounmnlnothmmmmm :
sonteining added sentheridin were slightly lower by sbout
0,020%, 'The values for the extreet esntaining ne sdded
cantharidin sgree alosely with those appesring in Teble VI,

In Deternination No, 12 the pure eantharidin was sdded
to the 200 ml portions ¢f bSensens sluatesy Ihis wes done %o
check the seoursey of the sitretion, In this csse ss shown
 4n Table IVIII, the results were much higher Shen in the Swo
previcus determinations, dus lower then fer the wwashed '
residuss, Ons of the eluates sontaining the sdded cantharidin
mlmmuu.mmarrmmmhmhl
mgn end 2,8 mgmy | _ - -

_ mumummnmumumummumee
abu!.nuuhhth-l.?. solvent in & Soxhlet spparetus, |
Coumparing the wesults in Teble XIX with those in Table XVI,
in which shloroform wes the solvent used for extraction, it
_ wes observed that those in Tuble XIX were slightly lower,
L400p Dy sbout 3 mgae Bech$ snd Parks (S) and Guthrie end
Wu(b)mmmmtuummummm_

u.um-pmmuumummumuus
on aliquots of the extrecte, Determination No, 1, wae done
on extract sbtained by she method of the Netionsl Formulary,




in which 15 Gm samples were extrected, purified by partition
chrometogrephy and titrated, The results im Tedble XX
checked well with esch other snd with the residue purified
by the X7, method, They were lower than the values ebtained
h’umuz&hmuhmthtﬂuhhtumm
_muom)muumamu&mmmnamn
spparetus (Teble XVI), = -

| mummmwmmmw
wumtmlﬁhuwlumumedﬁﬂlm:l
of chloroform (instesd of bensensepetrolewm sther)e Here
egain, the results were highey than when using the bensenes
potroleun ether selvens, there being e difference ss high
as ﬁ.ammnunmm). m-umuuenam
mnuhaam.cm:mmmﬂum
mnxv:.um-nqmummunuwnm,_
88 5,3 mgn vith those of Table XXI in which the extrect was
cbtained from individusl samples, The results in Table XVI
show less variation with each ether than those in Tadble XXIe
This aight suggest that the use of aliquots is more ‘
umrumumun.ounrmxm RO SRt
nmmmumwwmmmnumm.
'nmmmmamtumum.ummu |
_ individuslly, m:.muznmunnm:nnuu_

~ each othor and with the valus for the residus purified by
the N,P, methode The vslues were lower than when 15 Gm
Samples were used (eble XXI); verying by ss much e 3,2 mgm,
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Summsry snd Gmlmtm _ :

In the volumetris amu«u of pure mthnﬂuu
ltmmmthuhmhvdmm&umu
dissolving the sample in pyridine, adding excess equeous
sodium hydroxide and weter, and titrating the excess sikali
with 0,1¥ hydroshloris seid $o a phenolphthalein in slechol
indioator, Btill detter results were cbtained by emitting
the weter and using @ 1¥ solution of phenolphthslein in
scetone ss indisators In the latter case, » difference of
i0s1 mgmy 4043 Mgy end <07 mgh wes obtained in three "'
different w).u woighing sbout 50 mgne :

 In the titretien of sentheridin cbtained from the
. extreat of Cantharides hho direst technique gave Mouunt
- umu.amn:qmmimxmorummauu
| investigated further,
_ " ghe teolatfon of eantharidin from strect of :
. Centharides by partition ehremstography using 66§ sulfurie
e0id ss internsl phase and benxens as elusnt ylelded the
cantharidin esatemineted with scidie Lmpurities which |
interfered with the titretion, e seme situstion wes
" encountered in colums using 76% sulfurie scid s the
lnhmlahuc. In the latter cese MdMﬁmmm
memmmmtwﬂumnuu
Witch sonteined fatty materisl, The difficulty was overcome
by washing the bensens eluste mh!.nm the mmrldh
with cmm.u ullu-, A | '
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The elution of oesntharidin from the column was checked
by #8dding s weighed amouns of pure santheridin to the
oxtrect of the erude drug snd shromstogrsphing it, The

recovered esntheridin was detemmined volumetriselly with _*

sstisfectory yesults, . .+
In oxrder to check the titrstion of the mthu-:d!.n

_ dummmm.mzmmoumm

sompound was 8dded 1o tae bensens elustes before washing
them, The totsl msterisl resoversdl from these elustes wes
titrated, The results were high in sompariscn te the two
preceding determinstions, 1.0, Determinations Mo, 10 and 11,
The extrection ef Centharides with chloroform in o |
Sozhlet extrector geve higher resulte, volumetricelly ss
well as gravimetrically, then either extrection by she .
offielel N,Ps method or extrsstion with the bensenes
petroleun ether solvent in @ Soszhles spperetus, 0
When aliquots of the extrects wore used for ohmw

| grephie purposes the results were higher anéd more consistent

then when individusl emell samples were extracted,
" A table comparing the results odtained by the dirttmt
methods of oatrut&cn used followss -

R e n s e T



!ihxo aonwuo of !hthod of -."b
e .JEBE:&&.J%EE!&E&QB

100 m !niblnt
. sliquots .

XIX

XVl -

p ¢ 4

" GOMPARISON OF METHODS OF REXTRACTION

10 Om

nlzqnnmt

18 an |
' an-plnc

15 am

XXX -
. semples
XX11

10 Om
samples

a‘i:

Results (Mgms)
arev

' !art.

mum
Chloros 6144

form

lanauno- 58,3
te othey
(211)

. Bensenes 57,4

pete other

| (a:x) |
- Chloros ‘5-&

Lorm

Chloroes 6l
. form

Yolum

N P —

583 70
,I57o’ 79d’t

6643 T3a2

6440 *50-7; '
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peternination of Cantharidin by a Sodium u.uiyuﬁo' Mtraticn

Togethey ﬁth a nnamm Bydmm ﬁmum :

Mwmnmmmmuyum

by hydrolysis followed W titration of both seidie groups,
or by the use ef @ yessticn which gcuverte ene scidie yesidus
muummmmzmmmumzmn
omermmnuupmm. By using the twe
prineiples in coubinetion, ztupu-m..uumm
wmwammumm-muru.am.

m«mmun-uoummtmtm
muuomcuﬁﬁnmm um-uuormm

The sotion af slocholates of the allali metels upon sziydrides
hmmumtum.amh#umoﬂanh |
of alkeli selt mluu rm tho reaction nrrhd out as

) :uodim methylate in place o: aniline since 1t offered m
~ advantage of sombining in s single step the desvage and ';

mmunumms-rmm-mmm

" ite high menuty. They determined the totel seidity by
 titretion of e separete sample with tqn.m sodium Imlmida.
| nmmtmmmnurpmsnmm

Just hrcn the ummu in m u neolmu th.

|
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hydrolysis of the amhydride, This is 8 prineiple shich hes
'Mlppn-dinmnutmtormmmtmk. L.00y -
in the titvetion with sodium hydrexide in the presence of
pyruzm. The two basis resctions involved are ummm
by the ”um N,uu.nnn

RCO=0=COR + ca3on -....., moocu, + RoOONs
 BOOw0=GOR + znaan...._y 2RCOCNS + nzo

Ine -umo with ath-r -oldu utomh tho :
distinetive measure of s snhydride nount is she mt
of scyl redical rendered unsveilable as ester, or the
equivalent differences detween the utm of the sbove
resstions, Suith snd Byyant (3) indicsted that the initial
muuumﬁmmutwm«wum
mummnm lupluhmm:

© A sample welighing 1 « 3 Gms was dissolved in dry
. methanocl eor scotone, warmming if necessary, !h.
solution was titrated dimtly with 0,5 N sodium
methylste in methencl to & phenclphthalein or thymol
blue sndepoint, 7The indicetor was mede up in dry
- dioxane or scetons,®  This titer is & measure of the
- snhydride plus the free acid, A second sample was
mixed with 25 ml of pyridine (C,P, reagent) and
_ titrated with 0.5 N squecus sodium hydroxide to the
v .. Sndlcator previocusly used, This titer is s mm
= of the totsl scidity of the sample, The true
" snhydride eontent was measured by difference 7
betwesn the twe t:lsm upnnuhmumw

Yom .-64.&-: ity

mmnnummmmuwumwthuo
: oumoru Ll BRI i T . LRI (. § 8

slcoholic solu 8 uns ¢ Ior use
next step because of ester formation, -



el

- " Willimoles per Om of uupn ot
. NaOH  RaCGCHy = «C0=0=CO  Theoretical
soetie 19,601 9,88 9,73 1 993 0.2
proplenie 1540  T.79 T 99,0 %.2
peheptylis  B.20 kel 40O T 9669 .
Ceucefnis 19,83 10,35 9B . 98 ¥ .2
‘malefe 20,20 10,20 9498  97.8 2,0
glatarfe 1742 867 6,75 . 99,8 # o1
bensote B8, bhalS - he39 T 9903 % a1
phthelte | 13,50 675 675 | 99.9 .3
forote - 9,61 LT heblh 956 1 .2

Camphorie snhydride was found 80 be unresctive becsuse of
sterie hindrence ummm-m tertiery carbon stom, - .
Wummamuumcuummnmnen '
titreted in the eold with -mu scid the :enm ‘

resul ts m obn!mdt

s I!:uu-olu'p» m of Sample = Theoreticsl
HeOH hOOH, ®C0n(ulln oC0eeClnw
. 10-” 8 50’&9 5959 100.3 ¢ Oolt

.-f*

l xnuuormmuuobmmcwmﬁmm“
the titration of santharidin with sodium methylate seemed
spplicable, IS has Deen shown in the present work thas the
cantharidin residues obtained rm the partition colume
ocontained varying eaounte of uidu impurities whioh gave
high and unreprodusidle results by the pyridineesediom
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hydroxide titretion slone, A method of this nature would |
then avoid the sdditional manipuletion nqnlnd in washing
mmmmaummmmm. uunmu
nrnw !n this M ' '

| mmam. Determinations ea Pave Centharidin

~ The tetal seidity of the sample was d.ur-lmd hy
titrating with sodium hﬂmm in the presence of pyridine,

 This affests both esrboxyl groups together with the fres

sold present, The sodium methylste reacts with the u:boiyl :
mmhgﬁntmtm»nt‘n mu-mmcnnw
thorruuu; The snhydride presens is mcmdbyﬂn

 aifference betwesn the equivelents of total seidity snd the
 equivalente of anhydride plus free scid, The twe resetions

involved sre represented by the following equatiocnss
. o

:‘I-.cfl 0 I B . j .‘._;_' . e : .T _.

e <,
4 "O

3 : .

. The first stu-ps un thn dh-nt umum or one
peir of samples, The procedure wes mmuuhwm

and nrnnt_' with alight modifications s t0 weight of n_wh _-



snd concentration of reagent, A result of 990,80 mgm was
obtsined which is quite low compared to 1000 mgn, the -
theoreticsl valus, The deteotion of the endepoint wes
cncertain, This was the main resson for doing the rest
- of the deteminstions by the residusl Sechnique,

The peir of samples snslysed in Detemmination Noe )

_puonzu-rxooo.sem which was very good, Unfore

tunstely, it was not possible to duplicate this result, |
The sane provedure wes uod!_nnohmnm!o. 2, except
thas 10 ml of sodium methylate was used, In shis case the
results deviated by ss m".. 103.4 mgme The results sre
shown in Teble XxVb, R

. mmumummsmhh‘mnarpmm |
wes used in the detemination of the Sotsl seldity snd tn_

 both cases 8 precipitate was obtained upon sddition of the

sodium hydroxide solution, mmummmu
.muabznmmnvxn..' A S “
Better results were obtained in Determinsticn No, 5

" vhere the samples for titretion were obtained from eliquotss =
| mmtnlmmobtalud in Determinstion No, & where

auqmamuodcnﬁ the titrstion wes carried out under
sn stmosphere of nitrogen, Here the deviation veried n-un
«0,1 mgn $0 «1,3 mgn, e8 represented in Table XXIXb, - _‘

In Determination 5o, T the cantharidin recovered from
& colum wss snslysed by this method snd the result: wes 12,1
mga low, ' ' FS



ml:ﬁul mmum on canmuam Obtained tm
_ Extract of Cantharides
 Although the results cbhmdmymmmuﬁn
wore 2ot satisfactory, it was desired $0 run 8 few ;
prelininery determinations on santharidin obtained frem
the extraet, |

From m ulm. m ml.nn were nade which gave
resulte of 0,540 and 0,535%, s shown in Table XXXIb, The
Cantherides used ssseyed 0,561% by the B.Pe method,

In Determinstion No, 2 & weighed amount of eantheridin
ves 8dded $0 the extracts before plecing in the eolumns,
xmtcolmmmrr—mmrmmlnummﬁ
T™e results shown in Teble m;m de mt tmﬁ douly w
te de ﬂn-blc. A

 The results of the sttempted Seteminetion of eantharidin

by & sediua methylste Sitretion indicste the$ the method is

not sufficiently reliable t0 be adapted to the sssay of

In the expsrinents en pure santheridin, the eonditiens
may probadbly be controlled to produce & minimum error, &s
suggested by the results odtained for the titretion under
nitrogen, Howsver, this doss not seem to offer sny sdvantsge
Over the method alresdy devised vhersby the bensens elustes
sre washed and titreted with sodium hﬂmm in the mmv
of pyridine, ' ‘ ‘



j.. mim'c. Je 800, Chem Ind, }_Q. 628 (1917); 3
2, Cgudri, Reo, trav, ohim, LG, 778 (1929)¢ | |
3¢+ Smith end Brysnt, J, Amy Chems 800, 58, 2452 (1936)e






. _ PART ONE . _
mnmwmmnmmcrwmmmnn
PARTITION cmummm |

mmm.-nphwmhucwmum
2 en 3 35 am glass Wubess These gless Subes were fitted
with @ wad of glass wool in the bottom $o hold the supporting
phase, whiich wes Mallinokrodt silicie seid (100 mesh)y 4
weighed smount ¢f the silicis scid was placed in & mortar
vith ¢ definite volume 6f the monemobile phese, and after
thorough mixing, encugh of the mobile phase wes sdded te
form @ slurry which wes sherged in the ehrcmetogrephioc Sube
and packed by mesns of 8 glses plungsy, esre being teken S
exclude air bubbles, mnough force was exertsd $e make the
mobile phase flow at the rete of five te eight drops pey
minute, Vhen the silicisc soid mixzture wes well packed and
exoess mobile phase had dreined off, & solutiom ef the '
mm»ummnnwummwm

" ofs pipot. As this solution psssed into the ul.lnn. elusnt
was introduced and the um hm '

- mamnmuomumumumm,
be conveniently detemined by using the sluminum dish
mothod, which hes é1stinet advantages over other methods '



provicusly useds (s) the aluainom dishes® are essily
fdentified by numbering themi {b) they de not sbsord .
moisture from the eirs (o) end theiy weight remeins fairly
constant, But possibly the mein sdvantage is that the
sompenente sre scllested in ¢ relatively pure state and
mmmmm ﬂaduhum
fivst weshed in warm ehloroferwm followed by werm slechol,
ond then placed in sardboard bozes of appropriate sise te
mumwmuammmm:au@u
was allowed $0 evaporsts at room tempereature, hen &ry,
an&ghdianmjuuahm m-mt'
was botween 1,2 and 1,5 grams,
-mmummmmmummumﬂ
frection in test tudes using sn sutometis frectiom sutter,
mmmmmmumnmammm

" and the Ses$ tubs wes then rinsed 8 fow times inte she dish

to ensure samplete removal of all the eluste from ite After
the euts were sollected, the dishes were allowed %o stand
in ¢ warm place until the solvent hed evaporsted scupletely)
then they were weighed again, The differense between this

| weight and h'thdthQMMmmmm

mount of ecmponent removed, By plotting this weight
ageinst the number of the frection, & graph representing
the location of the components was obtained, "
:umt:am foil moisture dishes obtained from E, H, Sargent
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Ten-ml Fractions

Fig. la. Partition chromatogram of cantharidin using 25 ml of 70%
aqueous methanol as internal phase and Skelly C as external phase,
The weight of the sample used was 1l.1 mgms and the weight of sample
recovered was 10.1 mgms in fractions L to 8. The sample was dissolved
in 20 ml of Skelly C and 8 ml of chloroform. '

2 N g B 10 12 1 16
Ten-ml Fractions '
Fig. 1b, Partition chromatogram of cantharidin using 25 ml of 70%
aqueous methanol as internal phase and Skelly C as external phase,
The weight of the sample was 26,7 mgms and the weight recovered was

19.1 mgms in fractions 3 and 4., The solvent for the sample was 3 ml
of chloroform, '

68
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B 8 2 15 1
Ten-ml Fractions

Fig. 3a. Partition chromatogram of cantharidin using 20 nl of 66%
sulfuric acid as internal phase and 50% benzene in chloroform as external
phase, Five ml of a mixture of equal volumes of chloroform and benzene
was used to dissolve 19.6 mgms of sample, 10,7 mgms of sample was
recovered in fractions 3 to 6. : o

A e . A 2 1 3 [ 2 hl
2 U 6 8 10 12 1. 16 18 20
- a Ten-ml Fractions
Fig. 3b. Partition chromatogram of cantharidin using 30 ml of 66%
sulfuric acid as internal phase and 80% benzene in chloroform as
external phase, A few ml of chloroform was used to dissolve 14.7 mgms
of sample, of which 12,9 mgms was recovered in fractions 2 to 19,




10

¥

Ten-ml Fractions
Fig. La. Partition chromatogram of cantharidin using 20 ml of 66%
sulfuric acid as internal phase and 80% benzene in chloroform as
external phase, A sample weighing 13.8 mgms was dissolved in 5 ml
of the benzene-chloroform solution used as external phase, 1L.8 mgms
of material was recovered in fractions 10 to 21.

' Ten-al Fractions

Fige Ub. The Effect of Fat on Elution of Cantharidin. A sample
weighing 19.3 mgms was dissolved in 2.5 Gm of olive oil, Twenty ml

of 66% sulfuric acid was used as internal phase and 80% benzene in
chloroform as external phase. A weight of 2.4024 Gm of o0il mixed with
‘cantharidin was recovered in fractions 5 to 20,
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Je

of the phomlphmhln wiuur. tn m m«nm el‘
| ¢ faint pink ulo:r. ’
% Repiduel Titretlon .

PART TWO
TITRATION OF CANTHARIDIN

S

Dchrnimtten of Cantheridin by e P!rldmodiu
- Rydroxide Titretion . ok

Resgents

i. . Mm CoPe .
be Aquecus sodium nyaunu. 01N
¢, Phenolphthalein in sloshol, 1

- de mnmm. ecid, ..1!

Appsretus :
as MNioroburettes, 10 nl. ; St

‘b, Pipettes, 5, 25, 50 al,

o lrl.mom flarks, 125 mle
Genersl Procedures

e DPirect Zitreilen |

%he saxples were weighed snd dissolved in pyridine
in 125 ml Erlenmeyer flasks sud sllowed S0 stand for ones
mum. After this tims She solutions were titrsted
ummmmwmmnum. using three drops

The samples were dissolved in the pyridine in



. 4m the tablese

o Darest Ty

125 ml flesks and ailemd to stand for one-half hour,

_ The sodium hydroxide solution and ten ml of water was

sdded and set sside for snother oneshalf hour, Three

" 'drops of phenolphthalein indicetor was added, and the

excens slkeli was titrated vith 0,1N hyﬁreuhl.wu na.d.

__abhnkunm-tmmﬁm.-_ o

snalytiesl Deterninetions on Fure Gentnaridin ;
mmmmwumamumu-. |

* white grenular powder melting st 220,5%221°%

mmmhﬂmmuudauumtm

ﬂa details of the menipulstions are given in the section

otmlmdwﬂhmtumnhmnu

__ Determination %o 1
Hﬂﬂdpy}ﬁiﬂutw hdiucln tho

_samples, The endepoint was diffiouls $0 detect because |
sn intense red eolor wes produced after edditionm of

sach drop of alksld which diseppeared a‘lwly; m uu
-umuucuammmx-x." | :

. Wt, Semple \m. l.on wt. ?onnl Rror in
T o ke85 2346 w06
%:; AR S 1:3 G 2Bek 1, -0:3'_
: gﬁ' e 1.? A gas.g DA | :8.2
29.2 1.28 183 *0s9
:
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| ~ The ﬁlmu!_m for the firet example are
11lustrated as followss ‘ '

e vty sentiariatn ® Nolsculyr eland
a .aug.z * 962
ml NeOH 3 ¥ NacE “"tmnentmmmum'

1.65 b | 0.1!562 . 0.2412 :
. mga Bpnthlﬁdln ' 98.1 a 0191&13 . 33#‘ ngnse

% Residus] Titretion
hmuﬁ Nos 1 ‘ o o
| _ The samples mudnolm in 5 al of mi.dlnt.
l?lu ul of sodimm hydroxide solution snd ten ml of water
 was used, Tadble II shows the dsta and results,

e  Twble IT

Sllplt Vol, BCL Voi. mx Icunli.ty w. Pound m
z ( 10)_ (blsnk} = HCL

30y 0 balS 0 7450 40937 26,03  =2.37
37'.’3 B v iiso- ©e0937 363 -o.i
211 3% 1 e0931 20.{ w06
2908 g S5 T 1060 G093 . 197 . d0u2
8RR R omwo g
2 S = SR & s ESE
Mz £ Tl e ded oo

ol | el
®126,1 175 15425 40931 124e2 . ele9

eTen al of pyridine snd sliali was used,



| o X
‘The ealeulations are essentislly the same se given for -

the direct titration, except thes the equivalents of

slikali sonsumed were cbtained frem the difference of the
aummbymummmmmmwm
sewple, 4n illustration for the fires seuyle rollowss

_ Yolume seid ibhnkl ;;g
Vol.un aoid uwlo) |

3-05 2 050937 L ] 0.2358 ® mege md ) -.q buo mtll.d.
0.2558 % 98,1 ® 206,03 mgn Cgntharidin . L

' the material vecovered in frections 4O to L3 of the
 solumn represented in Pigs 6& (see pege 73 for experimentsl
detalls) was weshed inte & beaker with smell portions of
shloroform, The solvent wes sllowed to evaporate st room
temperature then the titretion was earried out using Sen
nofmummamn. Ko water was used in this
determinsticn and the indicator used usummmm "
., 1n scstons, e results ere given in Table III, -

b

hbhm'

i b At g bt TRy v i S i o

. o, L m.ncx Mgme Canth, Mgm, Osnth, Mga Ganth
Fig, ¥o, (Sa-ph) (M) Volumetric Qravimetric Added to

Colum
Hlga * 509'6 10075 50,8 - 5048 50,7




- "m ® oaorem

| M»lmmpcﬂu&uzﬂﬂﬂ'wﬁm
ul.d as internal phase; snd the weighed samples, dissolved
llnde,m:m.m_MhhM Pour hundred

‘88

nl of petroleun sther {b.ps 30%759) was used as the first

" eluent snd then the eolumns were eluted with 300 ml of

bensene (thicphenesfres), Nost of Sue bensens wes
evaporsted with the help of heat snd the lest treces =
were remcved by 8 surrent of sir, The dry white

- orystalline material which remmined was diseolved in

“ten ml of pyridine and ten ml of slinli wes edded, the

excess of which wap Sitreted with 0.1! h:dm:l.cru nﬂ.d.

n-muanmmmn:v. '
mmzv

Golumn n* Bcl M, 1¢ Mam, Centh, n@.'m&n nmp
. (Semple) (Blank) Volumetrie Added to . 4in
S 5 1_"-9!_];___ 576 STa3 40,3
B 555 10453 S$2,7 . Sk «0.7

RN -

5. lnalytiul Detemminstions en Cpntheridin obuinﬂl n-
Eztroes of mmxm _

. s pPirect Titretion

"_Dohmﬂulo.l.___- | S
mmmummmmmxm

r mammummummupumm”



' determined by Sitration, The sluminum dishes ecntaining
the centheridin were rinsed with s sinimm amount of
 ehloreform, eollesting the rinsings ia 125 ml Rrlemeyer
flasks, The solvent wes removed completely with the .xe
f.um‘mtmaamuﬁmamsanm
mmmmu&mmmuxm. _
_muxmumuuwmmmummm

' te the direct titretion procedure,
mum-muwmammmwu ,

S 'voluntru uMﬂm. .

."'ﬂsoho n.nm mmm ngn.o

A S X
a0

m i 050

: T | 2438 '.

.......

S assay was titreted,

Lm0
203 |

!lbhf

. Volumetrie

9.3

e

Table ¥ gim tho

- Vole (Mgm) Added te
Solunng

83 e

RIXT R X
120 0

mmmwmwuuaummmn |
Ten nl of pyridine wes used os LaL S

u:l.mt. The mﬂnmc mﬂ volu-tﬁo umn are .
l‘m in 'llhlc VI. SR T M

e N R



30

—nt . igera, Table VI
© # Canth, Scmsn. " Deviaticn
' 0.205% . 0e179% 0.,026%
.‘bo.w.

_ Determinstica No, 1
lnlmulng&ﬂﬂd“ﬁcmmo ecid s
internsl phese was pscked s desoribed on pege 66
- The extrect from 10 Gm of Csntharides (asssy 0,195) wvas
prepared by sxtracting the drug, previously ssturated
_ with 2 ml of consontreted hydrochlerie seid, with 100
_ ml of ehlorofors for sbout 3 hours in @ Soahlet spperetus,
The solution was ocne'ds_mtcd to sbout 5 ml by mild heat
and @ current of sir, and then 1% was poured into the
sclumn, Two hundred and £ifty ml of Skelly B wes passed
through, eollecting the totsl smount in a beaker, This
was followed by the same volume of thicpheneefree
bensens, wllecting the eluste in snother deaker, The :‘;
.. bensene was removed by warming gently while spplying ¢
~ eurrent of sir, The residue vas dried in s vecunm
| destostor and titrated following the pesidusl method, .
Pive ml of pyridine and five ml of slkali wes used, |
- followed by 10 md or water, Results are shown in hblt VII-

4
7

S - Table VII ~ |
 Golumm No, 'm. BOL n. Canthe % Canth,
- Sample,

1 s 1.60_ 26,75 0,267
HCL 8 0,0931N |




| Dotomimtlen No, 2 .
" 4 fresh batoh of Cantharides was ssssyed -umm

to the Nstional Pormulary method, The residues were

_ dissolved in five ml of pyridine snd 5 ml of alksli was
added, The excess slkell was Sitreted with 0,0

. hydrochlorie seids Twe 15 Gm ssaples from the same
botohotdmmntmm nutndmmm

' hnydrochloris seid snd extrected with 150 ml of |
chlorofors in s Soxhlet for about three hours, One
hundred ml sliquots of each extract were poured into

beskers and the selvent removed by hesting gently, The
yesiduss obtained were purified as directed in the

 Nationsl Formulary, weighed, snd titrsted, Pive ml of

" pyridine was sdded ) iolmt; Pive ml of alkald wes

" edded and the sxcess was titrated with O,1N h;dmhlorio |
soid, Tubles VIIIs end VIIDb give the resultss B

: Table VIIZa
uwh | llo ECA M, IGI ’.::ﬂ:‘g::ﬁo lﬂo ﬂlﬁﬂh m-ffo.
R : °.w2a ...:v .  ' G T S ' LR o r,s?:, .
PR i . f_--:—' mz‘ 'nn "’% |

Sample M1, HC1 ll.. HCl . Mgm, Canth, MNga, canth. mrr.

e 7060 585 621 36 -



92
) n.muaa Bo, 3
- Pour 10 Gm porticos of Centharides (uu: 0.597%)
_uaum-mmumzoonormmu. .
Soxhlet spperetus for three hours, Welghed mn .
of pure ssntharidin were sdded t0 Swe of the umau.
Immmrmucmdwmmsausmt
. of eiry ummmuuu;muummn
' the NoPy and weighed, Esch of purified residues .
. cbtained mmulm in ten ml of pyridine, uoqtal

. volume of slkali wes ma. toumdhyhnnlot i
o water, - The excess .mu un umm vuh I/lo %
*'Wm‘ uu. _ e o
' 3 hbh n et ‘,.. e }

snpu :n mz 11 m rom Total Added Totel § hm ‘g
- xo. : uqlo Blenk Canth Canth Centh Minus Centh Minus Grev
Volm Grav Mgm Added Volum Agded

¢ h.ﬁo 11,12 L 60‘3 0.603 65.2 00652
i a © BeltT  11e12 - 59¢2 04592 65,7 0,657
3 2,00 1l.12 25,0 5708 0.578 65,0 0,650
2433 - 11412 _3203 57.5 0575 “99 006‘49
- ereratmatin Bog & ity B TE
. ‘  Pour 10 On unpl.u of Cantharides tuau: 0.581#)
. u-n sxtrscted sccording to the E,F, pn«dm.

- weighed smeunt of pure eantharidin was nddd %o eseh
- of tws eatractss The solvent wes Pemoved and the
:-uidm were purified as directed in the HoPoy snd
weighed, The purified residue ibhincd s dlual'nd




~.

mwnam_mmgaumnaum
‘was added, The excess alkalli was titreted with 0,18
hdmhlwunu. mummunmz. "

v _._,:,

3

u-pummmmnm Total Added Total § Totel §
Boe snph Blank Centh Canth Canth Minus Volum Minus Grav: -
R Volum Grev | Added =~ Added 4 _

g_:: r:‘:z% .’ﬁiﬁ 521 56.3 . '5535: :.5: i:.é :'ﬁ
l’. 2,17 u:_m g 33.5 323 ﬁglo oiazo u'::? olm

mxt 0.0925! e %
n.a-muuuo. e e
AR ,' fhe extrest from 10 Om of Centharides (um o.sam
" ‘was dbtained s described o pege 33 Bgat wush ©
. entzeots were used in the amuu. the extrects
. wape soncentrated $0 sbout 5 ml and poured inte columns
. conteining 20 ml of 66§ sulfurie seid es the internsl
" phase, Theeolums were eluted first with 300 ml ef '
. petroleum ether (b.ps 309759) and them with 250 al |
" of bensens (thiophene=free), eollesting the two eluates
.’ in separate beakerse The bensene wes evaporsated off
" by mi1d heat and & owrrent of sire e of the residuss
were purified by washing with & mixture of equsl
 yolumes of petrolems ether and sbsolute sleohol
" saturated with esntharidin, as directed in the N, P,
They were weighed and titreted, The residuss from the
other 81 colms wore titrated in the beakers in whieh
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 the elustes had been collested, Ten ml of pyridine,
\_"ulhumuwunum n.mummm.---

TN . medlexx 5
'_,,Scuplc nm; M AcY canih Se.nm ic.neh |

M

o

o

L

e

»
teee0 e

o
L ]
Wn
seneae
L g

1)

+ .-..
.

LI e

i noaemmm Hoe 6 . L R e _
- #3ia sliquots, sach npnsmmg 19 al ot canﬂuudu

o (essey 0,581%), were obteined as Goscrivod on page 33

Weighed amounts of ssntharidin were sdded to thres of

' the extrects, The shloroform wes eveporeted by mild

heat and & surrens of sir t0 & volume of sbous § ml, )

L:_"'-'uaulmmmﬁmaanotééﬁoﬂm:
8014 ae internsl phase end the extracts were md
o Ante themy Mmoum firet with 300 m) of

i petroleun ether {bepy 30%-75°) followed by 250 =l &f.

: ‘thiopheneefres bensens, solleoting uct sluste fn &

separete Besker, The bensens wes eveporated on ¢

| stean bath and with ¢ maotau'. mmm.
. sppavently impure, wers washed with & mixture of .




petroleum ether and absolute gloohol sstursted with
" esntharidin, The erystals obseined were dried in
" the oven &% 60°C for cneshalf hour, and Shen were

titreted, nanormuu.nuumumm

used, muuanmuamnn |

. .. evle xx __
_mhnmxnmhuxsoulmroul £ Totedl §
Mo squm Centh Centh Centh Minus Volum Minus Grav
_ Volus Grev Added Added

mdas 85.‘ oo “.h o:_ 015 06 6
U B ERE 7 B ABES 4

60 T 1le12 59.2 656 . 2 04592 65.6 0.66
g:oa 1112 ? . 86: 'ﬁ!x °‘§319 %:6 #

& .2.70 ucu 25¢ o3 0. 1 0.

, sﬁ
Vo ‘*

n.ummnu Mo ¥ 15T R s
FTER mmu-wxuaamaumuw
; ' mmm- wers spsayed scoording u the B, pmodu-o.

 The csntharidin vesidues, after having been weighed, were
. titrated, Ten ml of pyridine and alksll was used, Ne -
o waler we ﬂlﬂﬂi in the pmon.' Iunh ere shown _:
‘ i . ARET NS RIAK: !lbl‘ mx e g e AR

lqh mm Ml HCL Mga Canth ‘canth Ko;nm'_-'
i . P
5

; - _ '}000 : 0.79 9.5 o °.h
é ff-;’ S 503 ouds
: s en Lo > .
‘ m§ s o.1o7§ Do o Goss L SR

- #F'Tom Rere OnD No WaLor wes used and 1% pﬁmﬁﬂ’c'ﬁafe!n
in scetone was used as indicator for the titration,



y—". e

_Determination No, 8 '

The ssntharidin recovered from the eolung
 vepresented in Pigs, U snd 158 was trensferred from
 the elumimum dishes $¢ beskers by washing with o
ainimm smount of ehloroform, !honlimtns |
 yemoved and the éry residues were titreted, Por the -

colum 1a Pigs Ly 20 Al of pyridine snd elkall wes -

used, Por the other solumn, 10 ml of esch resgent |
._'_ﬂlnm hnmncuﬂhuﬂm‘m.
' Rewulte are shows ia Zeble XV "

 fedle XIV

n;.‘mm mmz uéc-nth £ Centh npcuﬁth #ccnm_
——— mm_mm._un._em..m;__

' 11.21 !1.35 30 -3 00536 169;’ ' &lva
&' lu56 10053 i 6;01 _' 00631 . 9001 ' . :901

 HAA & 0.1078!

n.uauuuulo.'a e
anmota each yepresenting 10 Ga cr mmum
 sssey 0,721) were prepered as deserided en page 33
"f-,;..iupmznumoou-mumaonanu
it sulfuris seid as internal phese, The eolumns were
' 24red sluted with 400 ml petrolews sther (bepe 30°-75°)
%0 yemove the fat, eollesting the total wlume in o
" beakers ‘Bgnety ml of bengens were m-u.m |
collested separstely, Pinally, the solums were |
eluted with 200 ml of densens (thiophansefree)s The
letter eluates, sfter removal of the solvent with the




4
ouotumtctnhmuuhut,nm >
 spperently impure yesidusss These were Sitrateds
. Tem ml of pyridine and alkali was employed, Inpsestion
~of the 90 ml bensens frectiom showed ne cantharidin
present, Begults sre shown in Table XV,

wm.oxv. | | |
supu m.nc:. s mm& 'S canth

p | ) - 10 S5e9 - 0.T59 .
2 ’.32 | 10:23 B2 k2
: mco.xo';el | | |

ummmu
_ mmmmmumnnuwx 4
 sulfurie seid as the internsl phess, The extrect
- sorresponding %0 10 Gu of Cantherides {see pege 33
~_for preparetion), was pleced in each colum end
eluted with the following solvents in suosession,
eollesting each in & separete beaksrs 400 al petroleun
other (bepe 30%75°), 90 ml of bensens, (thiophense
fres) and 200 ul of Densens, Thres of the 200 Wl
portions of beasens were washed vith distilled water
“ nmmnwmummmuum;f
. {Aveus three times with 75 ml porticns.) The bensens
" layers were then dried overnight with anhydrous sedium
_ snlfete, The drying agent wes filtered eff and rinsed
., with fresh densens, sdding the rinsings to the filtretes,
f--.."""_.",mmuluummmmhlmna




htmuitmmumu&m&hu.mt.
of air, The residuss were plased in the even st 609
for fifteen minutes, The yesidusl titration was

" esrried euty Ten ml of pyridine and udtmhwmm

- was employed but no water,® The unwashed residus was .
. nluﬂtntoltnthomm. n-mu-nm
. 4n hbl. m. '
RO \ m»u wr o e
lqu mm mm npc-nm tc-nth%

el ample  Blenk, | Yol .Iez.m.

L kB9 10.61' €1.3 . 0,613
2 t - iye SRR <y 4

'mel @ 0;1078!

;e u-nnldm obu!.nodl rn- mm bnm tl.unu.

nmmmu.u' |
| Mumotwmaﬂhummm

~ e721%) wee prepared (page 33 snd four 25 al sliquots
" of this extrect, representing § Gus of drug, were used,

I . 3:322 -

98

A weighed amount of eantheridin was sdded to two of the

‘eutracts, all of them were allowed S evapcrate at room
 Sempsyature $6 abous $ ml snd poured inte columme |
eonteining 20 ml eof 765 sulfuriec seid as the internsl

phase, Pour hundred ml of petroleun ether (bepe 30%

75'}muaunntoxmt. wncmw'*'

r-_——“_—“—_—.
The remsinder of the eluticns, treatment of eluatea end

titrstions were um-c ons in this meanere .
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bensens as the secend, and another 200 ml volume of
 the lstter wes used for the final elution, e 200
porticns of bensens elustes were Srested u desoribed

in determination No, 10, Results are shown in

e Wi;

g
o
Fd

hbhﬂn

uuphmmmmi Totel Canth Totsl s
'~ Noe Sample Blank ""c-m ':i?dodto Minus Canth

1 L27 10,25 63.2 .6 4 0.612
2 _'h 7 | 0‘25 v 63.2 332.9 gg"l _ g.g _

I: CE :_* ! 311.8 s B 03
m'e.wm L ORI - T
mmuun.u ._
mmmmmumumtmumm
mazner ae desoribed in Determinstion Noe 1le In this
" sase, however, inetesd of adding pure santharidin to
. the sxtrects,; 1% was added te she 200 ml portions of
-, bensene eluates before weshing them with water, From
. them on the prosess wes identical %o the sbove
_datc:ulnat!.m. Rosults sre shown in Table xvzn. |

A

~Tiy .




-—
~-*00
m:umn

E 'pli Mgn Total £ Mgm £
| Samﬁ‘e Blank !':gl. Canth Minus Canth Centh Canth
_ TR caath Added Added Volum Gnv m'v

o . .. te  GCgnth | _
g 10 0 M. 069 &
2 z '27 gz.l 3:;3‘ ; g.%_:. _
. . - N - :
-5 BE W7 L 32'5 : 3'3.5 01730 4240 o.am

. m1so.aorem
tau:l.du. obtained tm mlh-l bmm .lill“o
hmﬁﬂﬁou . . SO
- mmammmmuamuw
| __‘-'um:normmmmnmuacuu
' extracted for ten hours in ¢ Soxhlet spparetus with
150 ml of @ mixture of Swo parts of bensens and one
" part of petroleun ether (K., solvent of sxtrestion)s
The extrsot was muﬁ %0 & volume of 250 ml with
" the same solvent in ¢ volumetrie flssk and 50 ml
i sliquots, corresponding te 10 Gm of drug were used, Three of
* he aliquots were soncentreted $0 sbeus 5 al snd poured
inte partiticn columns sonteining 20 ml of 785 sulfurie
. seid ss $he internal pheses The elutiom snd trestment
| © '  of the slustes was 89 In Determinations 10 0 12, The .
' pesidus fream the fourth sliquot was purified snd
© dried as directed in the Eetional Formilery, end
wed gheds n.mummumnxm

‘ l




- Table XIX

Semple N1 EC1 m HOL ng-omm £ Conth Mgn % Canth -
lio, Sample Blsnk = Volum . . Volum Canth Grev

B 2 10 8 '.
B B - R
-»

“ ’zt‘.%? ?E:z-? j.o.sas 0 0,70
HC1 8 0,10768 2 | g
_amuupm-muml.r,-
mmuan Noo 1 S
ST mxsumluamwummm“
,___;.,'nammmmnmmun. One hundred ml
. of the axtrects were enceatreted %o sbous five ml by
evaporeating et room tempersture, at first, snd later
applying hess snd s swrrens of sir, Thres of the
. wesiduss cbtained were purified dy passing them Shrough
.ulmmhm"mnot'l&ﬂmmuuuuﬁ-
internsl phase, The elutiom of the eolums end
 treatment of the elustes, wes sarried cus as in |
" Determination 10 t0 13, One of the residuss wes purified
T wmuh-l.r. Revulte are shows ia ble Xis
i _

 Sample mm Ml ECY lslcaMh mmﬁ tc.nth

D U ao. 10 - L
2 ‘2’ £3e43 o,é% -: - :
.": Z . 57.10 057k . & -
LT L 57.8!; 0.575 99 0.799
mto.mvs: |

| westdus purified aumang omeN, P -
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Domlunluls _
muumcmmm.nmnum

| u&tnanmmmwmuunuumom
- with 150 ml of ehloroferm in & Soxhlet spparetus for six
~ hourse Three sneshundred ml aliquots were evaporated

~ %0 dryness of room tempereture snd then dissolved in

"-ﬂ".ll.fm m«zmmnmuf

- eluted as in Determinations 10 te 1, The treatmens

. of the eluste was slse s indicsted in the determination

. mentioned, One of the residuss was purified following
the N, 7, procedure, Results are shown in Tedble XXI,

o Table XXX

Sample M1 EHC1 M1 HCL mm& $ Centh Xga Canth sc.nu: -

_50180.1078!
~ ®Residue pm'u‘hd lnu'eﬂna to l, '.

3'93 1023 662 0.8 o .
_ 063 e .

.a « . & . 06k . .
<3 R 0es3 a2 03

o | munlmttn le. 16
el mmumumwdumnmm |
" with 2 ml of conecentreted hydrochlorie sold end
" extrected rnaumwshxsonnrmmmua
~ .Soxhlet spparetus, Zach extrect was evsporated to
" éryness by spplying mild hnt.mumtntnu.%
Thiree of them were purified by dissclving in S ml of
benzene and shromategraphing ss in Deteminations 10

102 ¢
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- .

t0 15, The treatment of the elustes snd of she |

cantharidin ebteined from them, was alse a8 in the

‘previous determinstions, exoept thas twenty ml of

elkali wes used instead of ton-nl.' One residus was
~ purified nmm»ml. ¥, BResults ere shown
 4n Teble XXIX, |

i peble Xz
mxonmnmx mmm ﬁcmth Mga Centh Scuneh'

1 © lelS 20,48 0 63.5 - 0,638
= Suatl - B - R
0 . w:o " 0s640  68.7 0,667
EC1 ® 0,0078 - | | P
#Residue pnﬂ.ﬂ.d by IJ

POURESS T CRurgn . Al R, o A M Nl AT T e e e



‘e Apperatus - SO
; o Se microdburettes; 10 ml ' ' L

Vogel, A, l.s A Textbook of Practical Organie Chemistry,
Longnans :

3 e - 104
Determination of Centharidin by s Sodium Methylate Titratiocan
" Together with & PyridineeSodium Hydrozide Titretion

p P8 Manu ; o
1 wm M

" Preparations Pive grams of dry magnesiua turnings
and 5 g of resublimed iodine were placed in a 2
1iter round bottom pyrex flask and the latter was

"~ P4tted with & reflux condenser, Fifty to seventye
five ml of methyl elcohol was added through the

 econdenser and the mixture was warmed on the water

"bath until the iodine disappesared, Nine hundred ;

ml of methyl alechol was then added and the
mixture wee boiled for 30 minutes under refluxe !
The product was distilled, tsking pressutions teo

L1

exclude molsture i . e _
. ‘_.A:‘. 9 t:.:; - . 43. ] T golut BIe. e.u ] .' . -.',. A ¥ 1 .

_ Preparetions ' About 2,3 Gn of metallie sodium was
dissolved in one liter of dry methanol, C,Ps The
solution was kept in s glass bottle fitted with

. sn Agocarite Sube,

S e S

MR

b i o e B o, 0 5 oot

. 8¢ Erlenmeyer flasks, 125 ml . - :

" Determination of totsl acidity, The samples were

AR

» Gpeen, and oy Inge, New York, 1%8.



' dissolved in the pyridine and sfter being set sside 165
" for ousenelf hour, the solutica wes titrsted with
. the standard sodiua hydroxide from & microburette,
using three drops of the phenclphthalein indicator,
"% Determination ef snhydride plus free seid,
__ - welghed mlu of sentharidin were uualvul in dry
| " methanol, warming gently teo effects dissolution, Vhen
ool the soluticn was titreted with the standsrd
methylate solution from s mioroburette, using three '
drops of the phenclphthslein indicetor, S
_ Determination of total scidity, The semples m |
| dissolved in the pyridine snd set uui for m-hnlt
s hour; The sodiuwm lmlmmo reagent was then added, -
 using a pipette; followed by ten ml of distilled water,
| end allowed %o stand for enother ene-hslf hours e
. excess sodium hydroxide was tjtreted with standsrd
hydrochlorie seid, tm s ten ml miercdurette, nln;
_ thres ¢rops of phenclphthelein muum. "4 blank |
was yun &% the seme times i
" Determination of m;amu plus Pree Actds m
. Ml" were d:ou‘.lvd .tn methenol by gentle uming.
_ The sodium methylete uu edded by means of s pipette,
g After hnlt an hour, the excess methylste was titrated
 with thcc.l.lhwduchlorh soid, using mcm- of
 the phenclphtaeletn muomr. o iy *

ik
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ca;,cm ® 0,1509N

106 .
u. Anslytisel mm-mum on Puro Centharidin
mlythuomtormganuvs.uhghm. unu

the menipulations sre desoribed in the seection of genersl

. procedures, The cantharidin used sonsisted of ¢ whits

granuley solid, m.p, 220,5%+221%
e« Direst Titretion
" Determinstion Noe 1 .
A semple weighing 52.5 mgns was Sitrated
directly to0 dotermine the totsl ssldity, Twontye
ﬂnﬂdm&dﬁmmm mumumum
. endepoing was unsertein, : ' Fﬁ
Another sample weighing 63.9 mgus was used to
‘determine the snhydride plus the free soids Twentye
five ml of dry methenol was used #s & solvent for
the semple. In thess determinsticns each pair of
saxplas constitutes one snslysis, Dete end results
are showa ia hblu XXIIIa and 'mn_h. rupootlvolr- |

£ e L hbh IIIII.
g Total Acidity s rido phu free u&ls
- & - 5245 mgm u-a'l 6349 mgn

MOCE § OLLZOSN * AR e MRS
At T 4

. Total Aelditys | e

Vol nolencmnuq. lcaa!nml
. total seldity

k..ﬂ_ﬁés&.m | '8 10,06 per 1 Ga sample



N DN

-_n-

1 .

uqu-uo' plus rno'nd,ds-
Vol, nmhu a2 ¥ mothylate § meq, methylate

& meq, anhydride
# plus free asid,

| W | 5,01 per 1 Ga Semple
. . >

meqs suhydride $ meq. total tc&di?”.(uq.
anhydride plus

' 10,06 » 5001 s 5-05
mmﬂuﬂdinll.ﬁ.zm._ : _

_ 3 196.: IISQOS | 990;03

Teble XXIIIp

Millieq. per Gm sample -
!-0% ! !aOGHs ©«(00=0=00e  mga canth, error
| . =kl Ao AR

10,06 . 5.00 . 5,08 990,08 9,92

v Besidusl Titretien

_ Determinaticn No, 3 ey
. Totel seidity: The ssmples wers disselved in
25 ml of pyridine end ten ml of 0,1 ¥ sodium hydroxide
 Anhydride plus free seids Twentyefive ml of
dry sethanol wes used a» solvent for tho !mlu.
.~ Seven and eneshslf ml ef sodims methylete solutton
" was uaed, muumnmmmhmv oo f

Y Table XXIV _

. cid : : 1 )
- WE, lnnp%o ' &IE h ol RZNE
Yol EKCl : . b gg ml : E Toli7 ml
~ Vol HC1 (blenk) 10. mlk - 10420 ml
' lloml:lta BCl 0.1112 S , - 001112

' 1.

107



Celeulations snd n..a:um .

 Totel lc!dﬂ;{ |
Vol HCl1 ank) s 10.89

@ Vol HCL (ssmple 3 ‘3% |
4e59 3 0,1112 ® 0,1112 ® meq, total seidity

% ® 10,55 meq, total soidity per 1 OM
. sanple o

Anhydride plus free oeidt L
Vol HC1 blcnk) 10,20

» Yol HCl umplo % = £

' a.n:o.xm:o.zosétuq.m rruaau

%'S.Mnmm £ree scid per 1 Gn

10,55 © 5.45 ® §,10
5¢10 3 196,2 8 1000,62 mn SR
 Detemination No, 2 |
‘ The prosedure for this detemminetion iu oauuy
o8 for determination ln. 1, exceps that ten ml of
sodium methylate was used in the determinstion or
| the enhydride plus the free seid, Dats and results
™ aeve shown in Tables XXVe and XXVb, munly.
. S '§' 'lbl. m‘ _

X \_!-‘_‘_.' » ‘-"-.'-...-.:::5' --i'.i’-" AL

l'ainor iit. sample =l BCl mm--punm Ml HC1
~83plog &m_......... Rlani dnwge o blenk.

UL 75,9 %60 19‘72 2.1 10,35 13:62
2 73.2 . Be6T - g 19 _ |
' g e 3:2 I"_ L, ﬁo?l ' ;2:8 10:10 '

m s 0.1112!
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— . ‘1(}9
, _ | Teble XXVd

!u.lll.oq per Gm lmmlo ’
Prs, of ReCH Haocﬁ3 -00-0-00- mzu Canth Error

' M)m

1 10.43 5.86 o5 896.6 «103,

2 10.2 5430 2.3;{ 1041.8 ¢ u;.%

a 10,52 5.69 2.83 G4 Ted e 52,5

o2l 1032.8 - & 32,8

10.59 5638

Determinstion Noe. 3
' fotal scidityt The samples were diseolved in
ten al of pyridine snd ten ml of squeous sodiws
' hydroxide wws edded, followsd by ten ml of weter,
A precipitete was formed wvhich 414 not dissolve
even on addition of more nt'or._- -
 Anhydride plus free scid: (Direct Titretion) :
he samples were dissolved in fifty ml of dry methanel,
and titrated directly with the sodiws msthylete, Dets
aml results sre shown in hblol XXVia end m:tb.
nmctiuly. |
Teble XXVIs
Anhydride Plus Pree

% Pairs of W&, samIe T& ﬁ& nu BC'I Wt ampIo "M' -

.m_m._

e ' 710 '}o . 10.1&0 '53-0 ) 2,06
BCL 8 o.um, ori30ma ® 0,14,618 | |
o ' Table XXVIb
ngm centh; Brror
_ s ) Ao mgm
R | 7 10,02 el .B 7 5 ' "52-25
. 5 22 }:lbg 9%'0:{8 ‘19-82

& 995  Se
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B thmtlﬂ No, § . _ .
. Total seiditys The samples were dissclved in
m:lofymnn_- snd after the time indicated in
-'tho genersl procedure, ten ml ¢f the sodium hydroxide
solution was added followed by the same volume of
| water, Nare sgain, s precipitate was obteined,
| Anbydride plus free selds The samples were |
dissolved in 25 ml of dry nmlg Ten ml of
sedium methylate resgent was sdded and the prosedure
for the residusl Sitretion was sarried sut, Dests
and resitlts are shown in Tables XXVIIe snd XXVIIb,

~ respectively, = o ORI T
. ‘tedle XXVIIs

Lo Total Aetdity mmac Plus Pree Acid
© Pairs of Wt Sample Ml HC1 Ml HCl Wt le M1 HCl M1 HCl
-~S82ples . mgmg m Blank  _mame . Se;plg

g aRomR RE MR N
AR 43¢ R 5 misu G2 8275 ;
"HC1 = 0,1077N

mu.oqninhmc pn- G nuph _.,_ '

Pairs of NaGH = HNaOC cma Error

 CBemues el B3 TGl in e
2 18.?% t.gz - g.x 10;3.39 Jhe.s -
4 9459 §203 ﬁ.sz 67 105,33
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" Determination Nee S
The cantharidin wes reocrystelliszed from |

shloyoform, Its melting point was 216,5° A ssuple
weighing 0,252 Gm wes dissolved in 100 ml of

- shloroform, Pour 20 ml sliquots, each sorresponding

% so.a mgw of santheriding, were poured into dry ' |
125 m) Evienmeyer flasks, Tw solvent was removed
using mild hess from the stesnm bath end @ surrent
of sire The residues were dried in the oven st 60°0 -
end Sitreted by She residusl methed, weing ten ml

" of pyridine, ten ml of sodium hydroxide, snd ten ml
of water solution for the determinstion of the total
seidity, Twentysfive ml of methenol snd ten ml of
sodium methylate solution was used for the deteraine

 etien of the snhyéride plus the fres soid, Date and

© results are shaws 1n Wbles KIVIIIe snd XIVIIDb,

munly. -
o & Sable XXVIIIs
o cid | | |
P aole g re) (aleas) G
| ' .
.eusm. SERE—" >t T ] Wt )T .me |
1 7 50,8 6,30 10,84 50,8 9.91 11,77
z - sota 6.% . 10. 50.0 ) 9.91 uqa
3 o 53e32 6.69 10, - 53432 - 940 _.110
s gororm®

‘r-u No, 3 was obtsined from » ou..tz‘omt sliguot and in the

- dn.t::umuen of the totsl nldityo 25 =l of pyridm vas
. us



0.2512
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; Table XXVIIID
- Milliequivslents por Gm Ssmple _
. hiﬂ of uaon Ba0C wC0u0eCl Cgnth  Error _'
. ' o.usgg, 0.2003  0.,2671 . 52,4 4.6
1 0.4907 0,2003  ©0.2994 507 "703 .
3 05759 0.2585 0e257h 50,50 e2,8
| mﬁmm No, & |
| Reerystsllised eantheridin, m.pe 216,5; was used,
The titrstion wes carried out es in determinetion
Mo 5, exeept thet nitrogen wes used te exclude sir
 during the procedure, Dets snd results sre shown
_ in Tebles XXIXa and XXIXh, respesctively, '
S A . Teble XXIXe
| te)l Ac = | Plus
Peirs of : &0 BEC1 M1 HC1 Hgm Ca AL HC il i
Semples in ~ {sample){blank) in Sexple Blenk
1 7 S0.,6 - 6,04 10,70 50,6 é 9.17
3 Bi £ BR BX B4
S 50u 6 b 10,75 50k 6.8  S.21
| Milliequivelents per Wt, Sample Used |
~ Pairs of NeOH NeOCHz «CO=(=CU Canth Error '
D SSomples  Jfa) (kLo _(e=b) i mgas
. 0.5023 0,252 " 0e251) - 149.27 «l,3
b 4 0,5023 0.2)12 002511 _ 9e27 wle3
z 0.5077 Qo252 0,256 %003 - wOe
0.50 99 05
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 Determinetion Noe 7 |
A column wes prepered using 20 ml of 665 sulfuris

_#0id ss internsl phase, A 133.1 mga ssuple of |
santharidin was diseclved in a few ml of benszens and
Placed in the eolwm, which was eluted firet with
300 ml of petrolews ether (bepe 30°-75°) and then
with 250 ml of bensens (thiophenesfres), The bensene
eluste was sollected in a 250 al volumetrie flask |
and divided in twe 125 ml portions, Each portion was
oconcentrated in vesuo S0 sbous 15 ml, poured inte
Sared Erlermeyer flasks end the rest of the solvent

© was yemovad by 8 current of eir, The residuss which
remained were dried in the oven ot 60C for half an.
hour and weighed, One ¢f $he residuss was Sitreted

" te deternine the total eclditys Ten ml of pyridine
and ten ml of slkali wse used, The materisl in the
other flask was used to deteranine the anhydride plus
the free ssid, Iwentyefive ml of methancl and ten ml
of sodium methylate was used, Dlhunlmulum

T - shown in Tebles XXXs and XXXb, mpoaﬂnl.n
. - IR | oy < O SRR ST . i hm m . s . '

' %ta} g%;_g%g;
~ Palre of ¥pgn Ml HC1 mm

Samples in esch Sample Blank Emmple  Blenk

AR R . SR L ]
SOl 6he6 . 5e20 10,9 T4 LTS
L 8 0,107T7% | T ~ '
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- Table m

- Milliequivelents per Uﬁ. Sample Used
Pairs of NHaOH IIaOCHB «COwQaCOw 3 cmth Frror Mga Canth

2 0,6020 .321@ 02778 S4eS 121 63.2 70,5

. mxyueax Datomi.mtim on cumum.n mmm rm
. Extrset of Cantharides :

i mmumummﬁumuummnm
reeidusl technique,
 Detemminstion ool
~ The ehloreform extreet frem 50 Om ef Gantharides
(assay 0,561%) was prepered ss described en page 33
Four sliquots sorresponding $o 10 Om of drug were
eoncentrsted 50 & volume of sbout 5 ml snd poured
inte solumns sontaining 20 ml of 66% sulfurte scid
" and the internsl phase, The colums were first
eluted with LOO ml of potroleum ether (b.ps 30%T75°),
- followsd by 250 ml of bensens (thicpheneefree),
eolleoting the elustes in separate beakers. The
. benmens slustes were sonssntreted in veouo %o sbout
L ie. 15 ml end poured inte tared Erlemmeyer flseks, The
U pematndep of She solvent wes removed with the efd of
an sir surrent end low hest from e hesting mantle,
| mmim-mmmmthonnhmow&mu_
impure, eonsisting of » yellowish erystelline
meterial, They were dried in the oven st 60°C for
one~hslf hour snd weighed, The snhydride plus the




| 415
free se1d was deternined in two of the residuss,
 Twenty=five ml 0f methancl was used %o dissolve the

senples, Ten ml of sodium methylste wes sdded and
the axcess slksli was titreted with 0,1N hydrochloris
scid, The material in the other flasks wes titrated
© $0 deternine the total sciditys ZTen ml of pyridine
 was used #s & solvent snd ten ml of O.1¥ sodium
hydroxide was added, 7The excess sliall wes $itrsted
 with O,1N hydroshloris seid, An smorphous solid wes
- formed which would not diseclve even sfter the eddition
 of 20 ml of waters e mizture in sll the flasks wes
opalescens, Dats and multc are shown in ‘hbln
. XXXIs end nm. umuuu. ' g
R  Table m:u

L E‘ﬁ éﬁédm‘ L w il
E i hin of Ml HCY | () NE
; _m}.u ﬁm Blspk,  Beple  Blenk, iy

'10.?3__ ' 99 - 11,72 JE

| m 3 0.1077'

e

St a3t ‘ e A --".---_ui;- R T*,

| N % o e hbh g S R I s T

- mnioqaiuhntl per wt. of Bunplo ‘Uua ' A
s um of  NaCH l-ocn3 «C0e0eClw Ggnth £ Canth

S T 0.6821 o.ucm o. 2729 53,97 ' 0.540
© R 0.6768 0,4017 - 0.2751 - 535k o 0.535




 Determinatiom Nos 2 . L e
 Extrect ef Cantharides eorrespoending $6 20 Um
of drug wes prepaved as desoribed em page 3% A
sample of puve esntharidin weighing 138.8 mga vas
sdded %o 18, snd sfter sensentrating $o sbous S ml,
was poured inte » column sontsining 20 ml ef 66%
sulfurie eoid ss the internsl phase, The first '
~ elusnt vas 250 ml of petroleus ethey {bepe 30 -75‘)
_ followed by sn equel voluns of bensens tmm
; fres)s The latter eluats wes divided in tws equel
" portions snd poured inte tared Erienmeyer flasks.
‘ The lﬂlvﬁt wes yemoved slmost sompletely in vacuwe
" and the lest treces were removed by s surrent of alr,
The materisl which remained in ssch flesk wes
obviously impure niq were dried in the oven ot L
| 60°C for helf sa hour and weighed, Pinelly ene
. portion was titrated for totel seidity end the othe»
wes used $0 dstermine the sohydride plus the free
seid, Two other columne (No, £ end ) were yun in
| m.nmbﬂmommmua added to the
i oxtraste A welght of 121,2 mge of ssntharidin was
" odded be smother portion of extrest snd used for
_ another eolum (No, 3)s Dete and results ere shown
" fn Tedles XXXIIa end XXXIID respestively, '



Py i -
© Pairs og - ﬁ: 351 AR R S
1 891 . 2. 80
A 3¢ - 10.% e g.u g
g ' 93 2lei9 1 528
. 3.39 s 10:55 c Btm ;

® 0,1077R

15510 ZIIIIB :

mu-qum.mu Por ut. Sample Used =

~ Peirs of NeOH mocn; ©C0w0=C0 Totel Mgs Canth
mvlu (-) m (.-b) & gaggth Added
L 2

E(

&lepk.

11,77

- 1le
-
11,85

Ty

* votal $

Cnnth Canth

e — ' s ‘ﬁ E] EZ!EEléﬂ Addgg

) O 1.3710 o.n& 6526 . 128, 69.&‘

C 2 oum o093l 23500 6BL6T
i 103006 08979 16107 - 119.8 . 60,6

-- 0.7808 0:k039 .3769_ T e

58.6 3.586
6847 9,687
. 5942 0,592
o 139 Qa739

) § )
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'atmnuﬂnunomtwpvmu.

. AS 8 pesuls of the observations msde and eenclusions

'_ nldml during the present investigstien, the following

assay is proposed for the eantharidin sontent of mmm.
P roparet] he eatrect. Miz theroughly s semple of
powdered Cantharides welghing spproximetely 50 Ga with 2 m)
of concentrated Wo ecldy molstened with shloroform,

place in sn extrection thimble, end extrsot for & hours in

aaom,-tumam-mmzsouummm-.
Transfer the shloroform sxtrect to s 250 ml veluetrie

flesk, rinse the eatrscticn flask with chlorefermy dd the

insings te the flssk, and make up %0 250 ml with shloreform.
 Tyensfer four £ifty ml sliquots $o 100 ml beakers and ellow
. to svaporete t0 dryness st room temperstures Mild hest from
~_® stean dath and s current of -nu:umlmwuum
" the evsporetion, Just befors pouring inte the eclums,

utnlnnuhﬂ»muqunSﬂ#m.

rm-souorumuuuuamm

with 20 ml of 76f sulfuris scide After therough mixing,

add me ether (bepe 30-75) S0 form & nhuw

’ .mmmmomummtzm.asmatm

uﬁnmaacumatzumml.wmna
mnplanm um.munm.maumm. Bough
mmummumm,emuamnu

Ty
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vhen the silicic seid mixture is

well packed, and the excess petroleum ether has drained off,

" odd the bensens solution of the extrest esrefully, aveiding
" disturbance of the surface of the column, Use & rubber

pnmuuwummumxmmma.m

" then rinse 1% with small (s fow ml) porticns of petroleum
 other (Depe 30s75%)¢ After all the 1iquid has pessed inte

3 mmuu.ummnumu&nmmom. To

: __'l’-ﬂhll_ » ecntinucus "head" of eluent, s flask with s
" glase tube attsched to 1% is used in sn inverted position

in the eolusn, OContinue the slution with petrolenm sther
until 40O ml of eluate has desn collected, Then use

 bensens { thiophenesfres) as sluant; discerding the ﬂ.ul
90 ml of benssne elusts and eollesting the 200 ml in &

‘ beaker, a.mmabmmauumumuwﬁn

pmmntuuuuuw(wmmmnmmm

. longer scidie to litmus paper)s Allow the washed bensens

' umummanmmammﬂmr-u.mm

R

 stand for snother half an hour, Titrste the excess allali

| _wmlut the filtrete in & 250 ml besker snd eveporate o

m&m residue uhuh yomaine is umwn.

TR

WM To the beaker sonishiing the residus
sdd 10 ml of pyridine, sllow %o stand for hslf sa hour, then

844 10,00 ml af 0,1N aquecus Mmh@mmﬂnmw



nme.xnmmmnum.uumumu

phenolphthalein in scetons s indisstore maumkslt-h

- eath set of samplesy mmumnmmm‘m
m : - : R A :

Wol.un HCL nqund rw bm @ volmse HCL for uwio) -

(¥ EC1) (96,1) 8§ mgn Centharidin in 10 Gn

-‘mw'mﬁmm. 2100
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