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Clseyton K, Ven Hell

TH:.5I3 ABUTHACT

Tue known properties of L-mminopyridine make it sttrasctive ss &
standard fn seidimetry, This thesis includes an investigstion of
ev/nthetis methods for the preparstion of L-sminopyridine and sn evelustion
of its properties as & standard for acidimetry,

The Losesn and Sclwmidt resctions are not spplicable for the synthesis
of Leminopyridine, The cleavage of L-pyril lpyridiniun dichloride with
solutions eontaining potsssium hydroxide, sodium hydroxide, smonium
hydroxide, or sodium oartonete results in very poor yields. Leiminop;rie
dine can be ssparated from mixtures by stesmm distillation from an alkaline
solution, A very pure product {s obtained,

beiminopyridine satisfied many of the requirements ef a standard for
use in scidimetry., The meutralisation of Lesminepyridine with a strong
scid is stoichiometrie and moth;l red indicator chenzes color at the
ejuivalence point, The indicator blank is small snd easily dotermined,
Eesults agres to witlin ona part pesr thousand with results obtained using
two other standards, potassium acid phthalete and sodium carbonate,
hesminopyridine is not hygroscopic, and carbon dioxide has no effect on
the titration, heiminopyridine has a definite vapor prsssure Which causes
substantisl losses on prolonged heating., This property also ensbles
purificetion by sublimation, Le‘minopyridine msy be recovered ezsily
and economicelly,

The one major disadvantage of L-emincpyridine is the fact thst it
1s not ecmmerciclly availadble,
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4, Discussies of Primary Stmdards

Standard selutiens ssswnme sn importsnt rele ia all fields of
chemistry, sad bessuse of this impertmes, wuch sttention has besa
focused wpea the develspment of primsry standard materisls fer the
preparstion of solutions, Iavestigsters are eceontimmally searehing for
»ev materials which might pessess the desired properties, mnd they are
developing refinments in Abe mewufesture of known meterials ia erder
%6 mske availsble substenees in the high state of purity mecessary for
their wse &» stemdards.

An emsellent review of the many aspectis of stmndards sppears ia
mmmumrmmmmww
the Divisiem of imalytisal Chemistry ia 1951 emd published in Anmalytical
Chenistry, Am excellemt defimitien of & primery stenderd whieh sppesrs
12 ene of these papare 19 s follews: Prinery stsndards are shemisal
substances whish by virtus of their purity sea be weighed direetly,
either for the purpese of assaying & velmmetris selutien of wakmowm
strength or for the preparatiocn of s determinate selution of the sub-
stamce iteslf (8),

Te be csmsidered fer swsh uwse & shemical substemee sheuld meet 2
oumber of requirements,



S. I8 should resst steichismetrisally,

6, It should be capsble of being tested fer impuritiss
by qualitative tests of knowm sensitivity,

7. It should mot be se hygroseepisc as 0 take wp meisture

during wedghing,
8. The indicater error sheuld be megligible er essily
deternined,

rh.;mm\dyammmiuntmm-
nended for the standardisstien of seids, These inmelude such materisls
a8 sodimn earbonste, sedium exalste, thalless sarbenste, petassiw
blesrbonate, sedium Missrbensts, potassinm iedste, mevewris exide,
berex, diphenylgusnidine, tad teis(hydraxymethyl) minsmethone, In ad-
ditien Y0 these stendsrds, other metheds sre svedlsble fer ebtsining
stenderd asids, The wse of semstant boiling hydreshleris ssid, sulferis
asid, snd perehleris ssid hse beea resommended by various suthers fer
Ahe preparetion of standard selutisns of these seids,

NHoms of the recommended substenses, bowever, posoesses all of the
properties desired eof & primary steaiwd, Fer eseh substumes memticned
M,w“ﬁdﬂ&&uﬁﬁmhnﬂ. Ter oxsuple,
sedimm sarbemste 13 lygresscpls sod hes s lov equivelent weight, All
earbenstes sad blosrbonstes wust be ignited %o sssure definite ecmpe-
‘.m-. Berax 19 & hydrats aad care must be wsed in 148 preparstion and
stereage, Diphenylgesnidine requires sm aloshol selvemt snd tris-
(hydrexymetiyl) minemethone 13 wnsteble om hesting sad lasks & switsble
indioster, In additiom, beAk of She latter Vws subotinses are weak bases
as cempared %o inergaais bases. |

Bessuse a1l stendsrds new in wee aad Shese that have beea rescn-
mended fer use do not 11l all of the requirensats for stamdards, there



15 still 2 definite aeed for & goed shmdard fer wse ia seidimetry,

Aaﬂhtcmm&lchnﬂnmuwm
lead neturally e orgeais eempeunis smd mitregen bases in particular,

Twe properties whish are of first ccasidereticn in & Sesrsh are
the melting peint and the basisity of the swbetames, MNost of the knewm
adtrogea beses do net have desirsble properties as for a9 standards
are concerned, The commen taines wbich sre Streng éatugh 29 bases ore
wouslly 1iquids or gases of low melosulsr weight whish sutemstisally
exsludes then frem oemsidersiion, and selid smimes of Mgher melesulsr
wight wually are teo wak 85 bases whish tands 4o elininste them
wmless some selvent 45 weed Vo enhanee their besieitly,

B, h-iminspyridine as & Stenderd

An erganis base which may pessess the propertiies desired of o
standard 1s heaminopyridiss, beimimopyridine is & wesk nemsssidis bese
with s modesulsr weight of 94,12, Twe valuwes for \he icaisation sen-
stant have been reported in the litersture, Trepssh, in 191L, determined
s value of 1.3 x 10™° at 25° C, by eendwotivity measurements (20), Ia
W,Ahmw.vdummﬂ.d!.tiuhmu
s valwe of 1.6 x 20" for §, (2). In comperisen, diphemylessmidine hs
.t..cu-u"uw(wwmh-.uc
1..::10

Wamumumum&um
ble 4n bensens snd shlereferm, Defimite seliddilities have boea reperted



in enly ens instanses Albert shates thab Ste selwbility im weter st
20° C. 16 1522 end in ehleroform 11k0 ot 20° and 1420 a8 Q% C, (2),

L-ininepyridine has & melting poist of 159° C, whish 4 guite high
for s mmine of lov meloculer weight, In eemtrast, 2-mimspyridize hes
s melting peimt of 58° €., and J~enimopyridine has & melting peimt of
&c,

A verieaee of malting peists mmeng 19anesw of & Sudstense 15 not
SNOGMeR, aad 8% times 1% can be Saken 88 mm indisstism of structurel
differences betwoen the fsemere, The difference of almest 100° betwesn
the melting peint of hesninepyridize snd the melting peimts of 2-, ead
Seminopyridine indisstes thet h-sminopyridiss wust exist in some
Sautemerie ferm that 15 nod sharssteristis of the 8- smd J-isemers,

A mamber of strustures have been propesed for h-smimepyridine, but
munm.m-:umum.

- xe CH,
H I I S
B O | ] B
» Q) ¢
- |
) ¢ po s I Iv

Leis and Currem, in their investigstion ¢f the dipole mements of several
pyridine sempounds, determinmed 8 dipele nement of k.)6 debye wnite for
bemminepyridine in & diensne selvest (16), The sutbore prepesed that

this high dipels mement resulted frem & strong eentridutien of strwoturo IX,
Proviswsly Sidgvick hsd propesed thst kesmimepyridine eould exist ia



s tatemeris ferm, IIX (18), As this ferm would hawe a lew dipole
mement, Leis snd Curran ruled out the presence of this form in sny
spprecishle mewnt, Andersom snd Seegawr found thst L-mmimopyridine
possessed ealy ens wltraviclet sbeorptica band whisch correspénds to the
stne sbesrptien band pessesssd by L-dimsthyleninepyridine, IV, whick is
wasble to ‘autemerize (3). Frem this evidence ihey eencluded that emly
the pyridine ring structure, I, osn be sssigned te Li-aminopyridine,

C. Ststement of Preblem

The purpose ¢f this werk wes to inwestigate the properties of
mqmumuiummutmmm
nents of & stamdard, New netheds of preparstion of k-suinopyridine were
alse investigsted as the knowm methods were insdegquate dwe to lenglly

preocedures and lew yialds,



II, EXPERIMENTAL



A, rummotbwni

1, Previocug methods ef preparstion,

The firet reported synthesis of kesminepyridine was by Camps in
1902, whe prepared the eempound frem Lseniocstimsmide by the Hefmamm
systhweis (L), In thet eame year Kirpsl alse reperted the prepsrstion
from tsoquinelinis aeid by the same presedure (11), Mere resest in-
vestizators have alse resemended the Aofmarm synthesis, In 102k,
Chichibebin sud Zeide reported h-minepyridine as & miner predwst in
the sminstien of pyridine with sodmide (S), This sme methed is Ahe
basis for a Osrman patent lsswed im 1923, Ia 1915, Mement and Derm
reported & preparstion frem h-shleropyridine, The chlerime stom is re-
placed by sm muine grewp by hesting L-shleropyridine in s amenissal
sine ehlsride selutisn fer five hewre in sa suteslave &b 2X° C, (7).

. In 192k, Keenigs, Xinne, sad Veiss prepared h-minepyridine frem
b-chlerodipieslints seid, On hesting this emmpound in sa sutesleve for
12 hours with consentrated ammenium hydrexide st 150° C,, the h-shlere-
dipieelinis sedd 1o eonverted to h-mminodipleslinis seid whieh is them
desarbexylated by hesting with caleimm exide (12), The mest widely weed
 methed of preparstion wme intreduced by Keenige end Greiner in 2931 (13).
They prepared h-nisepyridine frem h-pyridylpyridinim diehleride by
eleaving tkis compound by heating with semsemirsted sumeniwmm hydrexide
1n sa suteelave for eight heurs st 150° C. Tielde ef 605 were reperted
by this methed. Kosnige end Oreimer alse found that seme h-sminepyridine



wvas produced vhen the elesvage was sarried eut wsing ssnceantrated
potassium hydroxide st mormal pressure and reflux temperatures, In aa
sttempt $0 reproduce the results eof Xoenigs end Ureimer, more recamt
investigators fownd that the method was very erratis and seldsm prodused
the yields eriginally elaimed, Az & result, Albers im 1950 deweloped &
pow method for cleaving the Lepyridylpyridinius dichleride (2)., immexis
€38 was bubblad through & boiling phenol solution of the sals, shish
resulted in em 805 yield of heaminopyridine. In Ahe same yesr Hauscr
and Reynalds were able %o obtainm & maximum yleld of LOS by refluxing
hpyridylpyridiniwe dichloride with ecmsemtirated mmoniws hydrexids for
oight hours (9). Tields of 705 were cbtained by these workers using the
Hofmsnn synthesis, i very promising method for the preparstion of
hesminopyridine wee developed in 1950 by dem Herteg snd Overheff (6)
and alse Ochdad (17), kL-Mitrepyridine-N-oxide wes redwsed with irem in
glacisl acetie acid resulting in & 90% yiéld of kesmimopyridine., The
hmitropyridine-N-oxide wes prepared fyom pyridine-Neoxide which in turm
was prepared frem pyridine snd psrphthalic scid, The most recent pasper
on the preparation ¢f Lh-~smimepyridine appomclhl?Sﬁ. Wibaut, Hersberg,
snd Schlstmena investigated the originsl preperstion of Koenigs snd
Greiner and ware sble to repreduse the resuite erigirilly elaimed by these
wrkers (2),

2, Ireparation by the Lossen resctien.

Several methods for the preparstion of Lesminopyridine were investie
gated ia this work, 7The first method attempted wes an spplisstiom of



the Lessen resrrangement, snd cams a8 & result of the werk of Sryder,
Elstes, and Kellem, who prepared verious smines frem the esrresposting
ssids by this method (19), The procedure fellowed by these voviars wes
%o hest the ssid with hydrexylmine hydreshleride ia the presemce of
pelyphesphoris ssid. The resulting hydrezmmis aeid rearranged %o =
Ssccyanste whish then desswposed to sn mine sad carbem disxide,

KCOOH wam BCOMBOH mmemed BNCO wmmp RiHq ¢ €O,

KH 408 HC1 |
R = phenyl group, substituted phenyl grewp ar sapbilyl grewps

Exgellent yields of amines were obiained by this methed frem & wide
vm-rm. I8 was felt thet this symthesis might epply te e
preparstion of kemminopyridine frem iseaisctinie 2eid which 1s cemmereial.
1y svailable, The eriginal method was varied ia euly eme respest whish
vas U resevery of the mmine, This was due %0 Ahe sclwhility of
heeninepyridine in weter, o

Rsagents:
Issgicotinis acid, ebtained frem Reilley Ter snd Chemisal Corp,
Hydrexylmine hydrochleride, Esstman White Label,
Polyphespherie ssid, obbained frem Vicjew Chemisal Verks, 835 Pyly.
Sodiwm hydrexide, Merck Reagent Pellets,
Bersens, Nerek Reagent Orade,
Sulfwrie seid, DuPomt C P, Reagent, 955,



Apparetuss
Soahlet Bxtrestor

Procedures

Pive grans (o.ddmh)dmﬁmmidmd).lw(mdss
mole) of kydroxylsmaine hydreehlorido were added to 25 grams of pely-
phospharts scid in an spen 500 ml, tallform beaker, The mixture wes
stirred mamually and hested alowly in an ofl dath up to 180° €, <At
spproximately 100° €., the evolution of hydrogan éﬁm«-ﬁm«m.
%o further resctiion wes noticed and the evelution ef carben Mexide 4i4
not take plase en fwrther heating, mmmmmm
erusbed e and the Tesulting solutisn made strengly slkaline by the
sdditien af sedium hydrexide pellets, This solution wes them evspersted
t.odr;nuouuito.bdh. The solid residus was them pulverised and
mmuuabmnamnmm. After 10 hours of
extrastion, the bemmens was removed and evaperasted 0 a small volume,
On ecaling, & white solid precipitsted, This material had a melting
point of 155-160° C, snd wes soluble in water, yielding sm alkaline
selution, Ferty milligrams or 1% of the thesretisal yield was recoversd,

The sme precedure as sbove was followed ueing 955 sulfurie acid

in place of pelyphesphorie soid. No tress eof h-suimopyridine was
detested,



Another generel methed for the preperstica of anines frem the
scrvespending asids 45 the Solmide resstien, A liNerature surwy iadi-
oated thet this nethed had mver bomn trisd for the prepirstiion of
beminepyriding, snd 66 10 was feld that this methed might be & prestisal
aymibests, |

RCOOH o NN, e KXH, o COy + N,

Reagentss

Isenisetinis asid, Reilley Tar and Chemisal Cerp,

Sodtum sside, Eastmen Prestisal,

Sulferie seid, Du Pemt C 2, Reageat, 955.

Chloreform, Negok Resgeat Orade.

Sodiwm hydrexide, Mersk Resgent Orade Pellets,

hApperatugt

A eme 1iter hassk remnd botten flask, oquipped with & varisdle
speed siirrer, & reflux condenser, s thevmemster wmll, and & Mesting
saatle,

Proocedures

A mixture of 2.95 grems (0,024 mole) of isomieotinis sedd, L1 m1,
of senseatrated sulfwris asid, snd 00 ml, of chlersform wos hosted %o
50° G, Te Ahis het mixture wes sdded 1,62 grems (0,02k mole) of sedimm
sside in small pertiens with scastant stirring. Ne evelwtion of aitrogen



was meticed during the addition, ifter 6ll the sedium sside was added,
the mixture wee kept st S0° C, for %we hours, The mixture was allewsd
to coesl and then pewred eute orushed 10e in A besksr, The vesultdng
solutien was made strongly alkaline by the additienm of 100 grems of
sodiwm hydrexids pellets, ifter the chlerofomm wes remeved by evspare~
$icn em & stemm bath, the sclution was trensferred to & flask snd stemm
distilled, After Wwo liters of distillate ware sellested, the precess
was disscntimied 88 the distillate wes meutrsl, On evapereiion of the
distillate to drynese ea & stems bath, ne residus wes left, During
this procedure there wers tw indiestiems thet the desired resstion
failed Yo take place. There wes ne evelutisn of aitregen snd Ahe stem
distillste we neutral, |

L. Preperetien £ drlpyrddintas )

48 beth the Lossen end Sobmids resstions falled %o prodwse sy
loeminepyridine 4% wes desided that ems of the existing methods fer the
preparsiion of the substamee should be weed, OFf these metheds, that
espleyed by Koenigs snd Greimer seemed the mest premising 8¢ enly eme
futernediste 18 invelved and Shis sam be pwepared cesily and in geed
7ields, The preparstion of the intermediste, h-pyridylpyridinimm di-
shleride, snd 106 subssquent elesvags %0 hemminspyridine mad glutsseantis
dialdelyde are summarised by the fellewing equstiones

_ A
2 O +8Xlg B+ C1l”
L) N

»

|
3+
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The glutesenis muoum reeinifics wmym alkoun esnditions
wring the clesvage. mwawmrm-ﬁ°w
pyridine sem Yo sffested by veriews alkaline resgents, Consemtrated
mw«mmmnmwum
pressure, sd alse &t eleveted temperstures in an suteslave, Concemtrated
potassiva hydroxide will ales effest clsavage &t reflum tesperatures and
nornal presswre, | |

The best yislds are obteined when the elesvage is rwm st alevated
tenperatures in an suteclsve, Rowsver, this presedure may aet be eom~
venisnt, &8 ia this Lnvestigstion, Therefors, sttentien was centered on
the preparstism weing imorganis bases st reflux Seperstures, Several
mﬁmmmmmm-mu(sm,u”
trated ssmoniun hydrexide (29%), comsemtrated sedimm hydrexice (30%),
and eonsentirated sedium carbemste (221),

VYarisus nethods wre trisd for resovery of the hemisspyridise
formed in the resstioms, Stemm distillstien direstly frem the alkaline
resstivn xdxture was used in most instamees, Hewsver, sslvent extrsstion
with ehlorefern end bensens was slse stiempied,



SV ALY SRLNE 4Cld I AN VA ELAANE S o

‘P‘. 23)" . : L X
The L-pyridylpyridiniem dichloride used in Skis fovestigation wes

prepared by the methed of Ioanigs amd Greinsr (13),

lupnh; | , |
 Pyridize, Bakar C.P, inalysed, dried ever petessiw hydrexids,

Thionyl chloride, Esstmsm Practisal,

Absolute eAdyl aleshel,

 Rowtte A,

Dilute hydrechleris seid (apprex.ql X)
Presedures

me(l.?ém)o:Mmmnﬂmm
(2.54 males) of thienyl chloride were mimed Shevoughly ia & 500 ml,
fter flask, The flask was steppered and lefV stending o4 reon tempere
sture fer Ahres days. The flask eontaining the mixbwre, shish had
Ahiekened snd turmed breva, wes thea plesed ia & bot weter bath amd
W“Wn“”ﬂmﬂuawmﬂn.
Gae bundred ml, of sbsolute slechel wes sdded Ve the flask snd the selid
breien wp With & glass yed. The flask mnd esntests wers Shen eseled %
0% C. 1n en 190 beth snd then £1ltered en & buchaer Pamel, The trewm

80114 was vashed enoe with 100 ml, of #add sbeslwte alschel smd sir-dried,
dichloride

Four preparetisns of b-pyridylpyridiaiw/were nsde by \his precedwre
it ylalds ef 100 grems (69%), 105 grame (725), 10 grems (T15), et
117 grems (811) respectively, N.p. IRATL® C,



u

. Xoenigs smd Creiner resosmended that the urpurified Lepyridylpy-
ridiniun dichleride be wsed fer the preparation of Lemminepyridise,

Eowever, 48 een be purified by recrystallisstion fream dilste hydro-
ehlaric scid, Beth unpurified end purified hepyridylpyridinium dishleride
ware wsed ia the preparaticns ef L-eminopyridine,

Presedure’ ) ‘

Thirty grems of unpwrified bepyridylpyridisiwm dishleride wes dis~
solved ia 120 ml, of beiling dllube hydrechlerie ssid, Twe grems of
Borite A was added and the mixbure bedled for & fov mimstes, The mixture
wis tham f1ltered amd the £1ltrste evaporsted down en & hot plate wmiil
1% besmme thiek, The het selviiom wes then diluted with am equal veluwe
.:mm-m:..ma-um. The selid
that separsted was sellected om & filter snd Ahwn dried for 2L hewrs in
a destesstor ever salchum ehleride, Sixteen grems (55%) of a pals
yellow flaky selid was resevered, i second datch of LO grams of wpurie

fied material wes recrystallised ylelding 32 grams (030 of puwrified
lMll. |

nnmnwmmdumw
hydrexide as sa alkiline eleaving agsnt. The etwditiens, Sush 80 time
of resstion amd resovery of mmine, were warisd £Yvn oue pregedere o
santher, m.‘b-m”m-'.bmd-tbhmw
dishleride takma,



Reagentss
L-Pyridylgyridinies dishloride, unpurified sad parified,
Potassiwm Wydroxide, Merck Resgent Crads Pellets,

- Benzene, Merok Resgest Orade,
Narite A,
Sodium hydvexide, Nevek Reagest Grads,
Eydveehloric sold, Baker Analysed Reagemt, Ji%,
Chlevafors, Nerek Reagent Orade,

Apparstuss
 Soxhlet extrectar,
Stem distillatisn spparstas,
A 500 ml, flssk squipped with a eondenser amd » heating mamile,

Precedures o
Tweaty-five grams (011 male) of wpwrifisd hepyridylpyridinten

Glshleride wee added to 125 ul, of 8 50% petascimm hydrexide selutiem
i & 500 wl, f1ask equipped With & sendencey dnd hesting megtle. Some
Lest was evolved om the addition of the sald %e the base, The mixtwre
was reflumed for 15 howrs nd daring this %ime & hard black mess was

farmed, The mixture wes then stem distilled with the £lask hested e
270° C. 4n oam of) bath, Seven huadred ml, of basis distillste were

00)lacted and evaporated te drynsss em a stem bath, The distillstiea
was discontinwed duws te fallwre ' the spparstus, The &y residus vas
then exirasted several times with 100 al, pertiens of beiling Lensems,
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These extractions ware corbined, one gram of Narite A added, snd then
belled for & fow nimutes, The solution was filtered and evaporated to
a smell wolue on & steam bath, Oa cooling, wits needle~like erystals
of Lesminopyridine precipitsted, The crystals were sollssted ce a filter
ad airedried, & yisld of 1.1 grams (11f) ves ebiained, N.p, 159° C.

The sesend prevecure using 505 pokssiue hydrowide ves siniler te
m&nm. Tweaty-five grans (0,11 mele) .of wnpwrified
hepyridylpyridinim diebloride wee added e 125 al, of & SOF poresetims
hydroxide seluiien sod the mizters refluxed fer fowr hows, The aixtwe
wes stem dlstilled a% & normal tempersture and after 2.2 1iters of
¢istillete ware sollested the distillatien wes stopped alihough b
distillate was still basic %0 litaus peper, The 4istillsie was Srested
identically as iz the £irst precedwe, 4 yield of 2.1 grems (19%) wee
recoversd,

The ssme prececdurs wes reposted waing 84 grams (0,37 male) of start~
ing material and 200 ml. of & 505 potessium hydrexide selutisn, Fourtesn
liters of dstillste were esllected yislding 6.2 prams (18%) of Leamine-
pyridine,

The fourth procedurs used differed from the previcus methods in
thst the resstiem tise and the method of yesevery were changed, Thirtye
five grows (0,15 male) of unpwrified L-pyridylpyridinium dichleride wes
adied te 130 al, ef & 508 potassimm hydroxide solution and the mixtare
refluxed for 10 bours, The hot misturs was then tranaferred to & beaker,
asutralised vith eoncentrated lydrochlories scid, filtered, snd sveporsted
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to dryness on & stemm bath, The dry solid was extracted with three
200 ml, portions of boiling chloreforn, The ehloroforw extractions
were carbined and evrparated to dryness on & stem bath, The ro'lidnt
mﬂxendiuolndinboﬂingqum,om'uuofloriuAaddod,md
the solutionboiled for & few mirutes, Ths solution wes filtered and
eveparated 40 & small voluze om stesm bath, Onm coeling and filtration,
1.1 grmus (7.69) of hesminopyridine was obteined, The solid used in
the chleroferm extraction was dried, pulverised, sad extrested with
benzane in 3 sexhlet extrasior for ¢ight hours, The becsens wes removed
frem the extrastcr, boiled & fow minutes With ene grem of Korite 4,
f1ltered, snd eveporated to & sasll volume oa & stess bath, On cooling
and f1ltration, 0k greac (2,87) of hesminopyridine wes obtained raising
the over-all yield %o 1.5 grene (10%), The solid wes remeved Zrom the
* extrector, dried, mnd dissclved in weter, Enough pobsssium hydvexids
ves added to reise the pH of the solution te li, This solutisn was thea
evaporsted 40 drymess on & stemm bath, and the selid yesidus was pule
verised and extracted with bemsene in & scohletd extractar for 10 houre,
7ha benzens was removed from the extractior sad treated a8 before, in
additionsl 0,7 grem. (S%) of Leaminopyridine was obtadned ralsing the
yield to 2.2 grews (15%), | |

Parified Lhepyridylpyridinium dichleride wes used in the f£ifth
precedare, Thirtyetwo grams (0,1l mole) of the purified salt was added
%0 130 nl, of a 50% potassivw Nydrexide solution end the mixture reflumed
for 10 hours, The mixture wesstem distilled watil the distillate was






B longer basle, 4 Wohal of 4.5 Liters of distillate wes eellacted and
wmmmnmnamm The selid residue was
MMM&MQ&W““M””.
of Norite A had beem adied, The benseme extresiions were swmbined,
mudhmumu,mmuau--mm.au
steam bath, ruhmmuummm-umum
ecllected em & £il%er and sdredried, Ayiouofs.ém(ﬂﬂm

Tmmmmwmdﬂummmﬂ
potassimm hydroxide,

Resgentss
L-Pyridylpyridintun debloride, wpurified,
Sodiun hydrexide, Nerek Keageut Grads Pellets.
Banzens , Merck Reagent Orade,
Horite A,

‘pparatuss
A 500 ml, flssk equipped with & eondenser and s heating mentlas,
Steam distilletion epparstus,

Proosdures

Tifhy greme (0,22 wole) of wpwrified hepyridylpyridistwm dishleride
was added Ve 220 M1, ef J0% eediwm hydroaide, and the mixture reflumd



1y

for twwr howrs. A hard blask mass separsted seem Sf%r mixing, The
mixturs wes then stem distilled wiil the distillste wes o lomgw
bests, The 1) 1itere of distillste hat were callezted were evaporsted
to dryness ea & stam dath, mmmumm“nthu
with 100 ml, pertions ef boiling bensens, Theos extrastions were eeme
bined, mndlﬂhla&ed,mmmbatﬂm
m»mxonmsmtnwmnwus-mﬂ—m.
stom bath, mhwmtmm-mnum
Mmsmwuumu. Aymaots.tmuuéz)m
obtadned, |

kea,

The cleavage by eomcertrated wssembim hydroxide hes beea weed %o
obtain y1eld up 40 LS of the theoretical, This presedare wes quite
WhWM,MWM«mdb‘zﬁn—
pyridine was altered,

Reagentas .

. hePyridylpyridinim dichlaride, urpurified,
smmewiws hydrexide, Du Pomk, C.P, isslysed, 295,
Chleveform, Merck Kesgemt Orede,

Bangens , Narek Reagent Orade,

S.étwm hydrexide, Kevek Reageat Orede,

Norite A,



Apparstuss =
A 500 ml, flask equipped wish a esndesser sud a heating mamtls,
Stem distillstion spparstus,

Procedaret

Ten srame of unpurifisd Lepyridylpyridinim diohloride (0.0LL mole)
umaumu.uz”m:umwmumm
refiumd for fowr hours, The mixture was ecoled, smether SO ml. of
m-mmww.mtbmmmmm«m
six houre, The mixbure wes then cooled, filtered, and the filtrate
evaporated to & paste on & stem dath, This paste vas then extrected
several tizes with SO ml, portions ef bofling chloreforw, The chloro-
form extractions ware comdined and evaparsted to dryness on a stem
bath, Ko residue was left,

The clesvage with ammonium hydroxide wes pepested using the same
reflux tine and stess distillation to separate the hesminopyridine
formed, |

Preocedurs: .

Fifty grems of wypwified kepyridylpyridintes diehleride (0,22 mele)
wes sdded 20 250 ml, ef 295 smmenims hydroxide sslutiem, snd the mixture
refluned for 10 heurs, Forty grme of sodiwm Rydrexide was then
added nd the mixture stem distilled wniil the distillste wes me lemger
besic, mine 1itere of distillats being sellested. The distillate wes
eveperated teo dryness en & stem bath, and them the selid residwe ws



extraoted several times with 100 ml, portions ef bofling bemsens, The
bentens extrasticns ware ecmbined, beiled with & gram of Nerits 4,
filtered, snd svsporated to & srall volmme, On eocling and filtratien,
3.6 grems (185) of hemninopyridine wes obteined,

This precedaire waing sodium eerbonate weas wery similer 4o previews
procedures, Ammm-umoumuwvw‘nn
forned wes Separsied by exirscties methods,

Keagemtsy
kePyridylpyridiniue dichleride, wpuwrified,
Sodium Carbenste Momokydrste, Mallinckredt Analytissl Resgent,
Chlareforn, Nerck Reagent Gvade,
Sodlum hydrexide, Merek Resgent Grade,
Beasene, Herck Reagwb Orede,
Nortde 4,

Lpperetust
Five hundred al, snd 1000 ml, flssks equipped with eondensers and
heating nantles,

Precedures

Ten grans (0,0l mels) of wpurified hepyridylpyridiniwm dishleride
was added %0 100 ml, of & 225 sedimm esrbenste selution that had been
heeted 40 beiling, A heard black selid sepsrsted soom after mixing,



The nixturs ws refinxed for sne howr, allowed %0 ssol, and then
f1ltered. The filtrste wes extracted Alres \imes with 50 ml, partlsas
of ohlercfesm in & sepawratwry funmel, The chloreform exirestisns were
Wumnmnamw. Be trese of ‘
l-dmﬂdh‘-lm The aquecus selutisa frem the extvestion
mwbm-.mmmmm‘mmu-
trasted tiaee tines with 50 ml, portions of bedling chlovolerm, These
sxirections were oembimed and sveporeted to dryness ea a stem bath,
No residus was laft, ‘ .

The sleavege with sedivm cerbensts wes repested wsing s lemger
reflux tine snd stem distillation 40 seperste my heaninepyridime
Precedures

Fifty grens (0,22 nols) of wpwrifisd Lepyridylpyridints dichleride
wes added 0 LOO m), of a 22 sediwm sarbemste selutisn and ths mixtere
reflumed for eight houwre, A hard black mass fermed semm after mixing,
Ferly grams of sodlum hydrexide vas then added sad the nixture stem
dlatilled witil the €istillate wes ne lenger basie, nine 1iters of dis-
t111ate baing esllested, The distillate wes eveperated 40 dryasss ea &
stesm bath, snd the solid residm extrastied several tines with 100 ul,
portions of boiling bemzens, The bensens exirestiicns were osmbined,
boiled with & grem of Nerite A, filtered, sad svepersted %0 & seald
volume, On eooling smd filtretien, 1,3 greme (6.3%) of hetminopyridine
was ebtained.
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The Lossen resction predused li-minopyridine ia very mall mounte
md the Scimidt resstism falled samplstely, Tields of hemimspyridise
obtained by eleavage of hepyridylpyridinium dishlerids ware very lew,
The results sbbsined by the lstier methed are sumerised in Table I,

TiBLE X
SWMARY OF ALKALINE CLEGVAGE OF L-PYRIDYLPYRIDINIUM DICHLORIDSE

Alkaline Refiux  Separetien Tield

Starting
Kateorial Resgeat Time Process
| (Brs,) ,

' | atno!c. $

25 g. 508 KOft b Mem distillstion 2.1 ¢.
‘ ot 1008 C, 1921‘,

8l ™ S0% KOR b MW‘ 6.2 g.
¢ . s 100° ¢, 18% s
a

32 g, S0% KR 1 Sem distillstien 3.6 §.
¢ 100 G, m

32 g, scf KOH 10 mby 2.2 g,

Chloroform and 151

50g. 0% Bl k Dtem distilisticn 32
g o 100 ¢, 3w ©

10 g. 29% NE K 10 Rxirestion by Bo ylald

, , Chlsrofemm

50 g. 29% W 08 .10 - Ne O B
g Ry ni:o 13 s

10 ¢. 22% Nag0, 1 Extrection by e yiald
‘ ‘ : Chloreferm :

50 g. 22% Ka O 8 Stemm distillation 1.) g.
¢ “% o 2000 C, 635

S Pwrified
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The procedures follswsd in the elesvage of hepyridylpyridintes dichloride
wore nod varisd with the iotention of £inding spesifis shmges in yielde
esused by aldering cenditisns, Howsver, seme genisral somslusions nay be
made frem the results obtained using the verieus precedares, Streng
bases such as petassize hydvesdde snd sodius hydraxide are me mave
offistest than & wesk base Sush 8¢ mmoriwm hydrexide, Sodimwm esrbesate
4 wach less efficient, however, The use of purified hepyridylpyridiniws
dlchloride dncreased the yield sbout 10% but this intresse fn yleld doss
208 warrand the purifisatisn presess dus 0 the low yesovery of material,
The time of refluming did 8et have sy evidewt affert en the yiald, md
stem distillstisn, althesgh more tedises, vas nere effeetive than
sclvent extrestiion ia yemeving hesmincpyridine fyem the yesotisn sixtuve,

In the determinatien of various prepertics of & substance 3% is
desirstle Ahat seme means be aveflable by which the jropartiss ef Ahat
eubstanes nay be evalusted in terms of the purity of the substanse it-
salf, With h-minepyridisne Uids was secxplished ssnvenisoily sed
acourstely by Mtretion of smples of beminopyridine, This precedure
served & twefold purpese, 88 1% ales previied ¢ ocupsrison of hemine~
pyridine vith Wwe other standards, potassiom scid phthalste sad sodimm
ssrbemste, which wre wsed ia the steniwrdisstion of the scid also,
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Six liters of 0,1 N Lydrochlorie acid solution wers prepered
fraom reagent grade hydrochloris scid and stored ia a esrbay equipped
with a aiphon delivery tube, The carboy wes covered to protect it from
direct sunlight,

The acid wes standardised by two methodss titratica with sodivm
hydroxide solution which had bean standardized against potaesium acid
phthalate,. snd titrstion of sodium cabonate, Two differsnt lots of
potassium ecid phthelate were used, one & Buresu of Standarde Sample,
and the other s sample from a cammercial mamufsctures, The sodium
carbonate used was also a commercisl product, 4 buret salibested ab
2 C, was wsed for the titrations, is the tiArstiems were ssrried eut
in the teapersture range frem 25° C, %o 27° C., Vespersture esrrestions
were sot applied, 4 few calculstiens 4in fxwtenses vhare & Saperature
sarrestion might apply, indigated that the corvection as givem by
Koltheff sad Stemger weuld have e effest iz the parts per 1000 range
(15), Puret scrrectiess amd hlank ssrrectisns were spplisd howewer,

Twe 1iters of & 0.3 N sedim Mydrexide salutiem were prepared by
disaclving the proper amoust of reagent grads pellets in twe liters of
d1stilled water, The sodium hydrexide was freed frem ssrbemate by
sddition of barimm chleride %0 the hot selutiom, The barfum sarbenste
wvas removed by filtrstion under susidon threugh & eotten psd fake &
polystiylene storage botdls, This sterage botile Wes equipped with &
siphea delivery tude snd a soda lime twde,

The precedure ef Hillebrand, Lundell, Heffman, aad Bright wee
followed im the standurdisstion of the sedium hydroxide solution ageimst
potaseium soid phthalste (10),
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Reagentss
Potasslus Lcid Phtbalate, Bureau of Standards, Sample No, 8,
Aesay 99,978,
Potasalua icid Phibalste, Baker inalyzed Reagent, Lot o, 3381,
Asasy 100,038,
Phenelphthalein Inddcator, 0,17,

ipproxinstely 0.9 graa smaples of potsssium acid phthalate that
had bees pulverised md dried twe hours st 120° ¢, ware acourately
wighed imto 250 ml, flaske whish had been swept free of sarbon dioxide
with aitregm, Fifty ml, of recomtly boiled &istilled weter snd three
drops ef 0.1% phenolphthalein indisster were sdisd and the smple
titrsted vith sedim bydrezide, The exipsizt wes determined by s ealer
operisem with the sae velwme of & buffered salution with a pil of
8.6 contadning the same msownt of isdicstor, Ainm indicstor Llank was
mdl’yﬂhungﬂncpMaudeMu
mtummmmnmuumummou
amout of indisster, mn&nuummmm.nmm
stmosphere, A blmik socrrestion of 0,01 ml, and buret corrections were
applisd 40 the volumes of asid used in the titr:ticme, The results of
the standerdizstisn are tabulsted in Table IX,
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STARDARDIZ.TICN OF SQDIUM HIDROXIDS WITd POTASSIUM ACID PHIHALATE

g, Kir M, B8 R,
0,857 34,95 0.3143
0.7177% 30,13 0.aly
0,6223" W79 0J1hL
0,0333* 34.83 0,114
0,9319° 39,85 011k
0.9293° 39,19 0.1L3
0.9323° 39,90 CRLIAR
0.9319° 39,50 0213
09309 39,84 CRAIAN
0.9297° - 39,80 0.1k

Lverage 0Ll

® Baker's inalysed Reagemh,

Y Buresu of Stsndards Sasple,

The soid was standardised with Ahe stendard sodivm Bydroxide by
messuring out L0 ul, of actd into 250 ml, f2asks frem the ealibrated
bured and thea ¥itrsting the scld sauples with the standsrd sediue
hydroxide selutisn using the sme buret, %he cndpodot was determined
1n Ahe sane manner 88 in She standsrdization of Sue sodium hydrexide
solution, Aawumumxmommmamm“umm
naumer, Both buret ecrrections and sn indissvor Blauk eorrection ware
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Wummcmaummumumm. The
mtcmmwnmmmmm-nm
ur-uoxn.

T:BLE III
STAND.&P.D]ZATIW OF HYDROCHLORIC ACID WITH 0,144 ¥ SooTM RIDROIIDE

n, K1 X1, Fad X, K}
ko 07 5. 0,021
12,07 35.17 02021
40,07 35.78 01021
10,01 38.11 0,102
10,07 a1 01021
10,07 5.17 0,102
w.or 35.79 0.1022
k0,07 35.77 0,102
K001 % 0oz
k2,07 35.79 0.1022

Average 9,101

Prhquma&d grades sodim carbonaie wia the second substince
with which the acid was standardized, and the procedurs of Kolthoff
and Ssndell wss followed (1L),
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heagentas
SodLum Carbonats inhydrous, Hallinckrodt Primery Stamdsrd, ignited
ZLor 2 bours &% 205° C.,, sassy 99,95-100,05%,
Fhenolpbthalein Indisster, 013,
Bromeresol (reen Indisator, 0,04,

Procedures
Saxples ef sodimm surbenste, 0.2 to 0,25 pram, ware ssomrately
weighed inte 250 ml, flasiks sod diswalved im 25 nl, of dlstilled water,
One &rop of phenclphtheledn scluticn was added md the selution titraded

with s0id until eolerless. Tws dreps of bremerssel gresa initsster
weve added snd e titretion eoziimed wntil the indiester Degan to
ahange %0 green, Ths solutios wss then boiled & fov mimtes, coclod te
som tamperature, and the Aitretion cowtimed wetil the eoler shanged
% greon agsin, A blank was determined by taking sm equal volume of
water sontaining spproxinately the seme msounts of sedlus ehloride mnd
inilestar as wers present ab the equivalence peimt snd titrating with
acid to the sme coloe, A blank carrection ef 0,03 ml, sod buret
carrections wers spplied to the wolumes of ecid used in the titratioms,
The results are in Teble IV,



3

T:BLT IV
STARDLBDYZATION OF HYDROCALORIC 4CID VITH SIOTUM C.RBETI
S c——t—— —
G, HagCOy n, Kl W, E
O —
0,2396 Wh,28 oaca
0.2154 40,54 0201
0.2233 12,25 0,100
0.2260 11,76 0,021
9.282 | 40,31 0,02
0.2300 4.1 0.2021
0,26 19,35 03020
0.2212 10,88 002
0.5 TR 02021
0,2320 2.8 0,022
' Average 6,102
2, Diasegtsl snslysis of h-swinopyridiese,

The lesminopyridine used fur the variocus tests was cbtained from
the various preparstive procedures, Ten grams of the matarial vas ree
orystallised ence from benseme, 4 melting pedmb of 141° C, was found
using s Fisher Nelting peint blook with a 2-3° temperature rise per
xinute. The matarisal had the following elemental snalysis a8 repcrted
by Kicro-fech Labarstoriss,



TABLE ¥
ELEHTAL ARALYSIS OF hesMINOPYRIDIN3

Caleulsted F Average

Eydroges 6.3 é.39 6,28 é.J3)
T —————————— e T Sy
Tobal 200,00 20024 99.68 99.96

in sttempd was nede te datarmine the nitrogem semtent of the
UeminopyeLidne by the K3elisid, Wilferth, wd Oumtag nethed (1),
- Orilamrily this method 45 met sucoessful with hetereeyclis type ergmis
ompruais, Nowever, 4f h-suinopyridine exists primerily ia & tmtomeris
forn, then this method would be expscted 40 give ressenable results,
Several determinations were neds snd the resulds sre showm in Tabls VI,
The digestism Sine wes varisd also, but this had ne sppresiable sffect

68 the: resulis,
TLBELE VX _
AR;LYSIS BY KJELDAHL METROD
W —— o — —— 1—-:
Digestion Time Paressh Nitregen Found®
2916
h 29,10
L .25
8 28,58

Cals, 29.
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Tids method did not glve satiafastery results with the malysis of
leanirepyridies, This peerystallised besminepyridine wes alse tested
for the presence of shlaride fon, is the kemminopyridine was prepared
from & substense eenteining s sonsidershle meunt of ehleride tes, ita
prosence might be suspested,

Fresscdures

40,5000 gren smple of keminepyridine wes dlsselved 4n 10 xl, of
2 X nitris s0dd snd S nl, of 01 ¥ stlver niteste adled, This selutien
vas empired 40 & salutian of 20 wl, of 1 B nitris esid sontasning
£ive ng, of sedium shloride per 110w snd trested with five nl, of 01 B
silvr nitrste, 4 blank we dlse run which ssnsisted of 10 nl, of 1 B
aitrio seid 4o widch was added five al, of 0.1 N sllver nitrete, |

No epilescence wes sheerved ¥ith sither Wb blauk v the emple
enidaining besninepyridine, Considersble epslsssense was sbeerved with
the stenderd selutien of oedime ehleride, The sensitivity of Whis test
1s 0,015 W1, | '
3. odsction of m ipdigstay,

Soversl smxperinents Ware neeessary 3o establish the senditiens wader
whish keminepyridine osuld be Sitrated sussssafully, The fivet cperi~
Mot wes the salestion of an Sndisster 40 be wend n the \itretiens,

The proper dxdisster for the titretiss of h-minopyridine mest
have & seler ebange in the il renge st the equivalenee point, To doe
Sermine the ;i of the equivalemoe pednt, prelininery saloulations weing
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spprexisats coneentrations to be encountered in sstusl titretions and a
lgdl.;am"-,mmmunmcmuitw

(B8] e /!5 .
Moumwawamtmnmmnhmmt.

mwucmmmm-ummm
Table VXX,

TiBLE VIT
 CALCULAT:D gt A% SUIVALICE POINT

L (%%} pl

2Ax 10~ O x 10" Sh
4.0 x 0™ 5.6 x 0™ 53
630" 6.9 x 10™ 58

tmmmﬂmnmmmmmnmpurq-u
metlyl ved which 4s k. to 6,0, Te definitely eetablish thet methyl red
was the proper indiestor, twe smples of h-minepyridine wre Vitreted

vith lydroshleris seid and the Mtratien fallewed with & pHl meter, Twe
drops of 0,15 metlyl red indisster ware alse addsd %¢ the sslution md

the saler shange of the indisster serrelated with the change in pl,

Lpparshust
Becknen pH Meter, Nodel H-2, equipped with a glass indisstar
elestrede and & ssdamel refersnve elestrods,



Kagoetio stirrer,
Calibreted buves,

Resgeutos
Hydroohleris seid, 0 ¥,
Hydrechleris seid, 0.5 N,
Netlyl red indisstor, 0%

Prececures
Aogmwmemmwuw
in & 250 nl, beaker snd 100 s, of yesemtly Befled dishilled weter and
twe dreps of 0,15 metlyl yed indisator added, The slectredss of the it
moter wars then dipped in the solution, To this selution were sdded small
tosrenents of 01 § soid frem the buret, The sclution was stirved
thevwagbly sfter esch adiition bub not during the resding of Wie pH,
Shis smme precedurs wes fullowed Sa Abe titretien of 11602 prus of

hemtnopyridise with 0.5 N esid,

Yigare 1 shews the Mltrstion ewrves ebtaimed by pledting mi, of
seld added e, the pH, Ths dsta for these curves sre eenlained in the
Appemiix, ummmuuwmumm
mﬁm.wmwummmume
eminopyridine with hydreshleris seid.

w«mmmwmmsm«-
wore saleulsted wsing infernstion sbtained from the Sitrsticn ewwes,
The doaiastion senstat for aximes is wouslly expreseed by 4he folleving
squstions
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oH RANGE OF

51— METHYL RED
41
g 0-0.IN ACID
A-05N ACID
2__.
| | | | L | |
o 4 8 2 16 20 24 28 32
ML. OF ACID
FIGURE I. TITRATION OF 4-AMINOPYRIDINE WITH

HYDROCHLORIC ACID.
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l L 2
it the midwey poizt in the Sitretion of m mine with m aoid,
(ENHy')  [RNN,0H)s and Vhea By ("], The [GH™) cam be dstermined

fyan the pE ob the uidpeint in the titrstion, The data fn Tabls VIII
were cblained ia this necmer,

T.BLE VIIX
TE3 YONIZATIOR CONSTANT OF LeAMINOPYRIDINE
Normelily X1, of HC1 pit &t
of HC1 To Xidpodnt Midpoimt pox Ny

AR

oa 3,00 9.2 by 13 x w™
0.§ 12,52 9.1 by 19 x 0™

The valuss for the K, of hesminopyridise deterxined ia this namer
agree with the value of 1.3 x 10™* a8 reperted hy Trepesh (20),

k. Bygregcoploity.

The hygroseopieity of hemminopyridine wes deternined by noting the
ehangs 1n wedght of 3 saupls of Leminopyridine that wes exposed to the
air over a period of time under mwnal changes in namidity sad Semperature.
The resulds in Table IX are swmulsiive, the pereent shange in weight
being the tetal ehange for sny maber of days,



A 1,0040 gram saple of resrystallised Lesinopyridine wes placed
fn 8 previcusly dried weighing bettle sad the epen bottle plased in
mudmammmb@muuwunm. The
smple was 30t pulverised o dried, The beskwr wes sovered with o
Pibbed wetch glass ts purnit free scoses of sir, The beble eomteining
Ahe lmmaisopyridine e the Sere were weighed daily for severel daye snd
ma.tmm.

T:3L8 IX
BYGRCSCOPICITY OF L MINOPIRIDING
="“~_—"‘=ﬁm In Velght Change In Welght lotal Fercent
7 I s , T are C

3 «0,0001 «0,000% . 0,0000 0,00
2 «0,000% «0 000} 0,0000 0,00
g 0,0000 0,0000 0,0000 0,00

: +0,0001 +0,0001 0,0000 . 0,00
[1 0,0000 0,007°0 0,0000 0,00
6 0,00%0 0,0500 0.,0000 0,00
? «0,0001 0,00 0,0000 0,00
8 «0,0000 «0,0001 90,0000 0,00
9 0,0000 - 0,0000 0,0000 0,00
30 0,000 0 ,0000 0,0000 0,00
L =0 ,0002 06,0000 «0,0002 «0,02
37 «0 0003 +0,000, «0,0002 «0 08
29 0, «0 0003 «0,0001 «0,01
25 «0,0003 40,0003 «0,000 «0,04
28 «0 0000 +0,0003 «0,0004  «0,04
3 «0 000 +0,0003 «0,0006 =0,06
Ez -0.sz *0,0001 «0,0005 0,08
«0,0008 «3,0002 © «0,0006 «0,06

53 «0 0007 0,0000 =0 ,0007 «0,07
& 03,0009 «0,0001 «0,0008 =0,08
95 0,001 +0,0004 «0, 0015 <015
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L~xinopyridine shows ne hygroscopis tendsnoy btut sotually loses
wight stesdily under varying humidity snd temparsturs comditions,
This loas in weight 4s omused by the vepor pressure of Leminopyridine,

5. lasegu hesting 98 JOS7 C, .

wmm.mummuumw
mmumnmwmmum
mmamm ummaumm-n
of imterest, 1% wes shadied oleo, |
Proceduras

A 1,0080 gram smple of recrystellized hesnimepyridime wes placed
m.wmymﬁmmmmmmamuammé
205° C, fer varying pericds ef tine, from 1/4 howr %o 10 howrs, The
bottls sonbaintng the hesminopyridine was eseled sud weiged efter te
varicus perisds of besting. The results ef tils presedure ere contained
e - . ved _

mmut@u:m.m“.oNWmcm
Prridine results en prolanged hesting st 105° C, The less per hour
rensing fairly eemstant however,
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T.BLE X
. 1033 ON H4TING £7 105° €,

0 - 1,08 | |

A 10067 003 0013  0dy 03y . 0.2
V2 1004 0006 0,01y 006 039 o
3/ 1,008 0,0m6  0,0035 026 035 02
b § | 3,003 0,00 o0, 0045 00 o5 0,0
2 1,000 00086 0,007 0.26 00 0.3
3 o995 o000k o00s ok 13k 0as
L 09911 0,005 o©0,M69 0.5k 1,68 0h
S oS8l 0,007k 00239 o 231 o0
¢ ogm1 omok 0,033 106 W0 07
1 0.9588 o.,0akp O.0k52 1,5 L.88 0.22
6  o.gutk 0.M6k 0,636 in 62 om
9  ogsk 0,070 00826 1.8 829 o020
0 o000 0m8k 03A0 199 1008 040

— e . s _—

Totadl hesting time « 55,5 hours
Total loss in weight = 0,1000 graa
Total percent loss =10, reent
sdversge less per howr -o,\ﬁ‘w



Lo

6, Effcct of pulverization,
It i3 & novmal procedure to pulvarize sll materials used as

stenderds prior %o drying, This is important to facilitste removal of
mmdmhdodnlmt. romumxv-m-um
mwmnmmuwmumuumm.
mumwmwwmmumm
mmuwnumw«-umdmm

huluupulm

Procedures | |

Sasples of wpulverised heminopyridine of sppreximstely 0,39 grem
which had been drisd tw hewrs &b 105° C, were acourstely weighed inte
250 1, fissks, Fifty ml, of recently boiled distilled weter end W
dreps of 0,15 methyl red indisster ware addsd snd the Selution titrated
wiih 0,1 ¥ seid t0 & defimite pink sclew, in indigster blsnk was
dstemined by titrsting sppraxizately the sass volums of resemtly boiled
distilled wetor a8 at {he equivalence peind and osstaining § drepe of
neAlyl yed indieater to the same shede of pink, Thres smuples of
besminepyridine that had been pulverised te apprexinately 100 mesh snd
dried far & howre 2% 105° O, ware titrsted by the Sume precedwe, Buret
eorrections snd 8 Miank esrrection of 0,02 nl, ware syplied % the
welunes of soid wsed in the Sitrstions, The valuse for the weight of
beaninopyridine feund snd the pereent purity ia Tabls II ware csloulated
wsing 0,021 88 the nemmality of the scid. The valusa glvea far the
meraality were salculated ssmming 100,08 purity,



oSt 0.3738 38.50 99,67 02082
03685 0,683 38.3) 9993  oamm
0958 0,356 a1 99.96 0022

IV wes soncluded frem theee dxda thad pulverisation has w0 effest
on the resuits ebtaised, Howver, all sibsepnt smples of keaninopyrie
dine were pulverised prier %0 drying with the exsepiion of & fow cases
where 1% &5 mentioned,

T. Effegh of earbon diexide,

Alkaline aquevus solutions ere subjest %o shesarption ef earden
diexide frem the sir, and a8 & weter selution of Leaminepyridine is
slkaline, She possidility of this effect wes inwestigsted, Swples of
heeminopyridine Shat had been pulverized md dried for twe heurs st 105,
were titrated weing & nitwegsn atmosphave, Lxsept for the use of the






nitrogen atmesphere, the precedure used in thess titrations vas identie
ea) with that used in previeus titrstiens, Correstions smd esdoulstions
were made in the same mammer also, The resulte ebtained are tabulsted
fa Teble ITI, |

TABLE XIIX
" THE EFFICT OF CAEBON DIOXIDE
e e e —————

v o n, Kl Purdity u,

0,688 03886 Lok 9995 oo
0JTR 03787 .78 9988 0,08
0.3720 0377 38,68 99.92 0022

Frem \he dsta, 18 1o evidemt that any sheerpiise of sarten dlexide
frem the adr by s elialine seluiien of k-smimepyridise had me offect
se the Miretion results sbtained shov me ehengs frem jreviews results.
Tharefere, all subsoquent Vitreiions vere nade wsing & nomal stmespheve,

8. EfLeqh oL basting o9 205° C.

© The affeet of prolonged besting wes deternined by tiwsting wwe
ssuples of the keminepyridise Ahet had been weed in the 1ess ea hesting
teste. This meterisl whiish had alresdy beea hestod for 55.5 heure we
hoated for sm sdditiemsl 10 hewrs st 105° C, Twe samples of eriginad
neterial ware also hested for 10 howrs 8% 105° C, and them Mitrated,
The nsterial wes aet pulverised,
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TABLX XIIT
THi WFPCT OF HXATING 4T 105° G,

0 0387 ox& a8 104 0202
6.5 035 0,38682 loko 2002 0,1020
.5  03N0 06 0.5 1002 0302

mmum«m.mum.mnummmwa
mmmmmmuu umunm
betmen the rPesults cbtained with the material hested 10 howrs end that
whioh was hested for (5.5 hours, it was eemoluded that the ehange het
hed Saken place, vas eceplete in 10. hours and the additiomsl hesting
Bad me farther offost, Thin shenge in the meteriel eould be sMtributed
%0 the fevmation of sews Geesupesition predusts of Jowse ogaivelemt
wigh e he renevel of valsile fnpuriiies such &8 bessens or pyridime’
wiioh wre net removed by he evstomary We hew dryisg \ime, During
ﬁn‘mnumc.uMWhNM,dm‘m

9. Stabllyy.

Twe semples of ke origindd 1o% of vesrystallised hesninepyridine
which had bosn stesed for six meaths in & elased wighing bottls en a
shelf 4n the 1sbersiery ware titrated %0 detemmine if any shange had



Saken place, These saxples were pulverized and dried for twe heure at
105° C, and thew Mitrated, The dats are Sabulsted in Table XIV,
TiBLE XIV

ey

. uo % go s,m Il. il Mv N,

- 03820 0,382k 9.7 003 . 0,020
0,352 0.369) WA W  oam

A Gefinite shenge iu the meterisd had tsken place em stemdiing, This
sould be saplainsd Alse by the furmetion of dsempesitien preducis of
lower opuivelont weight or by the gradusl less of valstile tapwrities
Sush 00 bemsems o pyvidine,

10, Regovery of L-spipeoyxiine. ‘
lininepyridine ssm be yecovered resdily frem sgurous solutioms bWy
eveperstion of sa slkalisme selution of the base mad extrection of the |
dry residus with bemsems,

Prescdwrss .

The aquecus selutions eomtaining Leminopyridine were made slkalime
te & pil of spproximately 1l and then eveporated te 4rynsss en & stemm
bath, The dry residus wes thea pulverized, placed ia a soxhilet extrao-
tor and extrested with bersens until the extractiem is oomplste,
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The time of extrmtion varied wWith the msount of L~aminopyridine present,
thres to four grems taking sbout 2L hours. The bemsens selution wee
thea remeved frem the extragter, beiled for & few mimutes with one grem
of Norite A, snd then filtered, The filtrete was evaporsted to & emall
voluse and allewed te ecol, mde&uM
mm-»mm.-.mwmm Bomdm
wre nade in this nemmer, m.man.zm,v.spu(asx)
were regovared,

The effecd of reerystalliration wes investdgeted using this re-
coversd materisl, Smples of nsterial thad wers reerystallised 1, 2,
and 3 tines from Densens were fitrated with asid, The meterial that
was rearystallised ence would esrrespond t0 the eriginal let of Leanines
pyridine, esch et having ens mere reerystallisatisn thaa involved in
the eriginal asparetion,. The results are tebulated ia Teble XV,

Thore wes ne significsed shange in aither the peritly o the newmale
1ty em vesrystalliasiion of this vesoversd nsterisl, Nswswer, Sitrsiion
results chtained with the resevered nsterisl varied by two parts por
1000 frem resulis ebiained with msterial weed ia previows tests,

Au.plidﬁhmdnﬂldﬂ%dtumm
sublination snd igaition, '

Procedures .

A 05000 gram saple of recowered M-mimepyridiae ves weighed inte
8 Sared plsdisun dish, The platimm dish was then imserted inte the
sublination sppersius weed in the preparsiiea of the mublimed material
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Ope Recrystellizetiey

0.3542 0948 1,08 001 0.1020
0.3792 0,3798 39.52 W,2 0,102
0,3885 0,3690 Lo 48 102 0,1020
0.5502 0.3306 37.64 100, 02020
0,362k 0.3629 9.5 1001 02020
- 0,388 03691 Lok9 00,2 0209

Ihree Recrystallisstiony

03916 0922 - 10,8 1002 0,1020
0.3892 0,3898 k0,56 100,2 0,1020

W

wed ia 1ater titretions, The hemninopyridise wes sublised empletely
sad the pladimm dish reweighed, Tha platimm dish wee then ignited
hmﬂudalsu.mtwotumuqudn.
After sublinmetion elone, the semple had & residus o£0,2 mg, (0.0L%).
Aftey ignition there was e weighsble residus,

1, Effect of publimation,
The sublimation of Lesminopyridine was evident in several inetances
in this werk, The 1oss en hesting was due te sublimation, s well e
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the loss on standing exposed %o air, During the preparstiem ef besuinos
pridine, this sublimetion wves notised, However, enly Vibaut, Hersberg,
and Sohlstasrm have resommended sublination is & Newns of purificstion
of L-sminopyridine (21),

Te s0e Wit offect sudblinatien would have em the titratien results,
sone of the original matarial, some yeesversd materisl, wmd smme of the
msterial ebtained from later preperstions were sublined af 55-60° and &
pressure of approxinstely 10 s, of meroury. Sexples of tkis material
were then dried for two hewrs % 205° C, end titrated with acid, The
remilts of these Sitrstiens are eollested ia Teble IVI,

Some of the sublimed materfal ciAained frem lster preparstions was
Pesuiblined snd titrated, These results are slse included in Table VX,
Sublimation osused & dafinite chengs in the erfgimsd mstertsl,
mmmmmumﬂmmumwwu
the 2014, Wo ehanges were ebeerved ia the recoversd msteris), hewsver,
200 the sublined meteriel ehtained fren & Leter prepsrstisn olso gave
the same resulis, Dowtle sudltimetien alse esased me shanges, Thare
—-mm’nmmummnm

limation snd the melting poist remained at 1% C,

Several properties of sublimed h~minopyridine were studied 3o see
if they varied from those of the heeminopyridine that was recrysteallised
from bensens and wsed in the pricr determinatien of properties,

The hygroseopisity of sublimed hesmimepyridine was deterxined by a
procedure similar to that used with the recrystallized L-mminepyridine,



T4iBLE XVI

- BFFICT OF SUBLIMATION -

—— —— — —
heiminop-ridine Parcent
mﬁ M. Rl Purity LR
. 25 l!!ﬂ y EEEEEQQ!!

0.3650 0365 | 38,02 100, 0.1020
0.3608 03815 3990 0 .100.2 0.1089
0,379 0,804 39.58 100, © 0,1020
V3822 0.3825 39.60 1002 0,1020
0.3692 0.3697 3847 1001 02020
073 0,Jn8 38,69 200, 0.1020
0,353 0.3758 ALY 103 01020
0,377 0.5722 38,13 1003 0.1020
0,385 0.3€51 40,07 200,2 0,1020
0.3 0.3602 39.56 200 0.2020
0.3626 0.3832 39.87 2003 0.2020
0.394 0,3966 11,27 1002 02020
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A 0,966 gram swmple of sublimed naterisl was dried for two hours at
105° €., vooled in & desicsator, and then weighed, The open weighing
uzmmtuh—-wm:-tmwnumuw
Mchwncmduthauhbodmhdmuanwbnmct
sir, A tare was trested sinilarly, Both were weighed daily for several
mmmnmwmm
rumurmunnsmmmmmnum-d
Mmrmmuuwmmauqm,mmuu
sligitly grester, |
rmhuuuat.mams'c.mmommm
letninopyridine, The pressdure followsd was identiseal with that used
with the yeerystallized material, The results sre somtained in
Table XVIII,
Lmumwm-nwmmm
sublimstion emd igdtien, following the procedure used with resevered
materisl, O swblimatison alone, the ssuple had a residue of 0.3 mg.
(0.08), sfver dgnitisn there was me weigusble residue,



TiBLE XVIX
EYGROSCOPICITY (OF SUSLDTD L-IHOPIRIDING

Clsnge in Walght

Change th
Saple

,n... ,
| 1§| 83842988a94888493389
| 28
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Ti3L% XVIIT
1035 OR HiTING iT 105° ¢,

Reating bém_mmzﬁgm ' 2m$ %
Tine ¢ s o @ <
Heating loss Hesting ' Eowr
R AR IRV iy

(irs,)

0 0.L9ke |

1/ 0.4938 0,000 0,000 0,20 0,20 0,80
1/2 o935  0,0003 0,013 0,06 0,26 022
LY 04926 0,0009  0,0022 018 ol 0.2k
1 0lm? 00009 0,008 018 0.3 0.8
2 oLe9h 00,0023  0,005h LR 1,09 o2k
3 o.L8st  0,0036 0,009 0.7k 182 0,25
L o8, 0,005k 0. 0L} 1 2N 0,28
s 0738 0,0066 0,010 iy hah 0.27
6 oLél2  0,0096 0.0306 2.0 610 0.3
7 olk9s  0,0146 0,0L52 315 902 o.k5
8 o.,k355 0,01l 0.0593 3. N8 0.3
9 o8 o,m78  0,0768 b02 15,52 0.5
10 0.39%,  0,0186 0,0954 | Wi 19,828 O.Ls

Total hesting time e 55,5 houre
Total loss in weight-0-, 0954 grem

rmxmh--n.zsz“
Aiverage loss per how » 0,34 psroent



12, Pupity of betmivopyridine,

Table IIX contains the porcents of purity caloulated for a1l
saples of lesminopyridine titrated, The results are Lased on an scid
normality of 0,1021,

%.BLa AIX

 PEACENT PUKITY OF heMINOPIRIDINE

Sublimed ‘ Kecryst T

—— L. Yecovare rep,
1001 99.61 00,1 2001
1001 99,96 200,2 300
100.1 9.89 1001 1001
7 N 9995 100,1 1001
10023 1001 100,1

19,2 9951 100,2

1062 99,68 21002

Lok 99.92 100,2

1001 99.93

1003 5996

Aversge

1071 99.93 100,2 1001

The Lesninepyridine used for 4he determination of the various

propertiss had sa average purity of 99,935, Prolenged heating at 105' c.
snd sublimetion raised the puriiy 4 100,1i, 3terege alsc tended Vo
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raise the purity of this materiel above 100,08, The sublined L-smino=
pyridine, vegardless of source, had a purity of 100.1% with resube
limatien having me effect, The recovered L-minopyridine had a purity
of 100,1-100 2% with recrystallisation and sublimetion having me appre=
cisble offeot,

Sevars\ praparations of Lesmimopyridine msds sinoe the eriginal
lot, also had the same purity, 100,15, The enly difference betwsen
the £irst 1ot and lster 1ots of Lesminopyridime wes that with the former,
quantities of hesainopyridine thal had been sepsrated by extrection snd
that had been prepared frem purifisd hepyridylpyridinium dichleride were
introduced, Im all later preparstions the L~mimopyridine was separsted
by stemm distillatien only, Sublimation amd reerystallisation had ne
offect upon the purity of later preparstions, The results edbtained en
recrystallisation of L-minapyridine obtsined by & lstes preparstioa
are in Table XX,

TABLE XX
EFFECT OF RICRYOT.LLIZ /TION

5!.55 Em QE Percent
*® (] n. m M' ..

"

One_Recrystallisastiog
0.3848 03852 Lo.,08 1001 0.1020
0.3633 0,3836 39.92 1001 0,1020
Two Recrystallisations
0.37197 0.386m 39.595 1001 0.1020

0,3855 0,3858 L0.,2s 1001 0.1020




4 smpls of this mew material wes tested for reaidus after sube
limation emd fgnition following the procedure wsed with resovered
naterial, On sublimstien alone, the ssmple had a resitue of Ok mg,
(0.085), After 1gnition there was no weighable residue,

Ts was eencluded that the sublimed heeminopyridize, the recovered
kesminopyridine, sed Abe lster prepsrations ef hessinopyridine, all of
which had & purity ef 10015, were the pure materisl, despite the fact
that the effective purity was over 100,0Z, The reasscn fer this high
purity is mot known,

13, Gomparisop of Stendapds,
A1l the valuss for the normality of the scid ocbtained using the

various substsnces are gambined im Tsble XXX, The ealoulated yesulis
are based en & purity of 100,02,

The normality results ebtained by standsdisation with sodivm
hydroxide snd sodium earbenate show very goed sgresment, The normality
results sbtained with hesminopyridine show trends anslegows o the
perity yvesults md e the purity imsreases, the mormslity desresses,
The material recrystallised frem bensens yields aa aversge mermality
of 0,1022 which 49 ome perd par 1000 high, The sudblimed meterial,
resovered materisl and later preparstions all show sn aversge normality
of 0.,1020, which is one part per 1000 low,



TABLE XII
CP.LRISON OF ST.KD/RDS

55

No'H Naglly cry %d
Be a d B

0300 0102 0.1022 0,1020% 0.1020°
ooz ol0a 03021 0a01® 0,020
01021 o0 0.1022 0.1020° 0.1020°
ool 0,021 01022 0020°  03020°
0021 01021 0.,1022 0,1020° 0.1020°
0dox  oae 0.1022 02020°  oamy®
0.1022 0.1020 0022 0.1020° 0,1020°
0,1021 01021 0,1022 0,1020° 0,020°
0.1021 01021 0,022 0,1020° 0.1020*
01022 0,1022 0.,1020 0.1020° 0,1020°

010204 0.1020°

00204 0,1020°

Lverape

0,021 0,021 0.1022 0,020 0,1020

Original recrystalliized Lesminopyridine,

Recovered L-sminopyridine,

Later preparation of L-muinopyridines,
sublimed,

Doubly



III CONCLUSIONS



heininepyridine does meet many of the requirements of s standard
for use in ssidimetry, The meutralisation of L-smimopyridime with a
. strong acid is stoichiometric and the substance may be titrated success-
fully using methyl red as an indicster, The indicator blank is smell
and easily detérained. Results thst agree to within eas parts per 1000
with results obtained weing twe ether standards, potsssium scid phthalste
snd sodium earbonste, ean be obtained uwsing Lkesminopyridine as a
standard, L-Aminopyridine is nod hygroscopic and csrbom dioxide has me
offect on the titrstion results, L-iminopyridine has & definite vapor
pressure wvhich csuses substantial losses on prolenged heating, This
preperty also ensbles purifieation by sublimetion, L-iminopyridine
ney be receversd essily sad eccnmmisslly,

A% the present time L-Aminmopyridine is met availsble eemmercially,
However, thers are a mmber of methods for its preparstion, The Lossen
and Sclmidt reastions sre met applisadble, and the sleavage of
k-pyridylpyridiniue dichleride results in very poor ylelds, The separs-
tion of kesminopyridine Wy stems distillstiom preduses & very pure
produst,
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T4BLE XXXI

TITRATION OF k=;MINOPYRIDINE WITE 0,1 N HYDROCHLOKIC ACID
4
M1, HC1 pH M,EKl1 p M1, H1 pH M1, BC1 pi

0,00 10,68 20,08 8.66 21.92 5.96 3210 2.57
1.05 19,32 2.,c8 8.57 27.97 S Th 32,60 2.53
213 1,04 2.1 8.h8 26,00 A7 33,00 2.8

95 9.92 23.10 8.37 26.04 18 34,10 2,40

.08 9.77 2L 09 8.2k 28,07 k.53 3511 2,35
5.08 9.76 24,59 8.18 28.13 k.26 36,11 2.28
6,08 9.64 2501 8.11 20,20 k.06 7.1 2.2k
7.09 9.56 25.43 8.03 28,22 3.96 38,11  2.20

8.08 9.9 26.60 8.00 23,29 3.6 A1 247
9.10 9.Lh 25,90 1.93 26.35 3.72 A1 2.2k
10,08 9.36 26.10 7.89 28, 3.63 MJa2 2.0

12,08 9.23 6.4 1.73 28.63 343 k3ak 2,05
13,09 9.17 26.67 1.63 28.%0 3.33 khoakh 2,03
14,09 9.11 27.09 1.50 25.99 3.20 k515 2,00
15,09 9.03 .35 1.33 29.33 3.07 L6127 1.9
16,08 8.98 27.55 7.08 29.89 2.9 MTA7 1.9
17.09 .90 a.n 6,16 30,60 2.76 L8.16 1,95
18,09 8.8) 27.84 6,38 1.0 2.68 a6 1.9
19,09 8.7% 27,69 6.8 n.60 2.63 5016 1.92




TIIRATION OF LmaMIKOPYRIDING WITH 0,5 M HYDKOCHLOKIC ACID

TiBle XXIIX

M1, HCl pH M1, HC1 pH Ml,H1 pH MQ, HCl pH
0,00 11,1k 20,5k 8.Lé 2L.87 k.o? 29.06 1,85
1,00 10,93 21,04 8,36 2L,72 3.17 30,06 1,76
tool 100&3 21 oSh 8030 2“075 ’056 31006 1068
3.0 10,04 22,06 8.21 2L ,£0 3.37 32,06 1,62
Loa 9.92 22,55 82 2k b5 3.26 33.06 1,57
5.02 9.79 23.05 1.96 ak .89 3.6 34,05 1.53
6,02 9.69 23.55 7.79 2L .95 3.06 35.09  1.L7
1.03 9.60 23.71 7.73 25.06 2.95 36,07 1.k
8.03 9.5 23.64 T.64 25.16 2,86 37.01 140
9.0k 9.42 23,90 T.62 25,26 2.76 38,07 1.37

10,04 9.3k 3,99 1.53 25.36 2.67 9.07 1.3

11,04 9.25 2k.05 T.k8 25.46 2.63 0.07 130

12,04 9.47 24.15 T.k3 25.56 2.56 l1,08 1,27

13,04 9.02 2L .2l 7.33 25,66 2.53 L2,08 1,25

L 04 818 2L.2y 7.29 25.76 2.u7 L3 .09 1.,2)

k10 9.02 24,35 T.17 25.85 2.ks LL.09 1,20

15,0k 8.95 2L .39 1.06 25.96 2.0 k5,10 1.8

16,04 8.67 2h Lk 6.96 256,06 2,37 L1 117

17.04 8.77 ak .50 6.77 26,56 2.2) L. 1.16

18,04 8.65 2k .55 6,63 27,06 2.4 k1 138

19,04 8.55 2k .59 6.33 27.56 2,06 ka2 1.

20,04 8.43 2L.6) 5.88 20,06 1.9 042 1.1




Nemes Clgyton E, Van Hall
Born: 4&pril 2L, 1924 im Grend Rspids, Michigea

Aeadawte Careers Grend Havem Eigh Sehool, Grand Kaven, Xichigan,
19361942

Eope College, Holland, Xichigsn,
19L6-1949

Michigen Stste College, East Lensing, Michigin,
1952-195h

Degress Held: &, B,, Hope College, 197



