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IBTHGOUTTIOR

General) Discusalion

The nusbering of the quinsline »ring s;adem, used in

this theals, ls shown in the followiag foraula:

in general &wa&&tu»ﬁasy.%ﬂegﬁ& on the bsnzens ring: sre
refsrrec Lo ss Re-derivatliven, andi geoups on the vwa»a»nﬁ
ring as Py-derivatives, wwte»%wtuwﬁﬁﬁWﬁaﬁu are nsast a8
derivatives of Lne parent soapeund llsted In Cihemisal
~batrests. PFor sxssple, substituted Z-iyiroxyquinoclines
are nsasd as derivatives of cerbsstyril,

This tiseis ls organlised in numbered seetionas. These
gections are initisted Ly & scemmtie preparative oiari,
walan lagioutea the Desale resctilens considaresd for the
preparation of the desired coupounda, A s0llid arrow slge
alfies a aoaplets. reaciion, for w.leh Lhe sxperimental
pracedurs 18 glven Iin the axperimentsl part of the seotlon,
A Lroken arrow londlostes s resction stteupted, froaam wilaoh
the deslred compound was aol obianed, Attsupled synileaes
may be dlscassed in tre ssetlions, &ﬁ@.@ﬁaﬁ ars [acluded 1in
tue sxperisenial directions, The selemalle prepereiive charts
do net show #ll the compounds {ncladed in thla work nor

alterantes resgsnts waed in soocowpliscing & perticalar step,



Trne Zesabatltatedede(I=dletlylanlnppropylemin)e
gquinolliaes agntacniu&dkin tls work wers prepared for Leste
iﬁ& s galsaayalksiniﬁult¢ R”an matars of the tuatzag POD-
edure requlred bne lumdred grmss of vie risal drug. Tuls
ruﬁﬁir*mans poasd, froa a practical standpolat, the nsoaeaslitly
of working oat in deteil the preparstlon of interwsdiate
ooapounda {n bigh yialﬁs; sad from & ressarsh aupect on o
relatively large scosle, Thus optlmum resstion coaditions
were laportast for eseh step of Los aynthsals snd slse
resctlonz wileh would be applicable to layge aemles opereaiions
were Of prias sonaidepation, These factors, ln conjunctlon
with & desire to minimise onances for fallure, supseated
sttempting more toan ome syntietic route to a final drag,
end, la pariisular, aztressed tihw dJdevelopment capest of the
problea,

To be able $o prepare any particalsr eccumpound was not
safficlent, Various metiods snd /or eianzeas 1a resction
conditions were resarted to in stteampls to sttaln optiaum
reaction conditions for nipgh ylelds on large scosles. An
exanpls, wo.ieh 1llustrates Liese fastors, is the preparstisn
of Segalnc-2ea loroquinoline, Fouwr reduction syatema wers
ased la preparing this compound, snd sleven rans wers aasde
unkley vsrious csnditions, Btilizing the sost promlaslng of the
four reduetion systeaa.

Tuis development work, with optiamm conditionz of .re=
puration, strangly sqaggested resording experimental detsils



efter the amanner ussd ia "Orgenie Syntheses™. As an fdealis-
tie elm end for consiszteney, it would have besn xnost satlae
fagtory to record all experimental work in thi: mananer,
Fherever possible, this ametrhod :aa been used. The prepar-
stion of 1 g. of &=(3-diethylaminopropyleasino)-2-usthoxy~
quinoline dihydriodide points out the lapractabllity of
recording, in &ll instshnces experimental work using the

style aaﬁlﬁyad in "0rganle Lyntreses®, In sny event, detalls
bave been recorded witi the slam of glving as muon ald as
posaible to tne experimsatsl cnemist, wiho alght have oecaslion
to use the praaoanrnc._

A1l celeulsiions in this sanuseript h#va besen asde with
u‘alido’guza sxespt per cent cqapuait&aa af compeunds and the
cancénirttiﬁnj of aaxétléas “sed vo obtein altrailélit_ahh
sorption deta., The altraviolet abssrption curves are
gaslitative, and in nli Gnaei“t$Q aam?ﬂuﬁda investigatea
were sasuncd to be pure. The molar éxtinntien conificlent
i3 delinad on page 6G. uwelting points ers esrrected.

Tne investigation of Lhe poliomyaliticidal propertles
of quincline type derivatives waa firat stizuleted by the

1

ouesrvation of A, #, Dabla™, t:hat S=(3~dlet ylaaminopropvle

amino)«2-met oxyqainolline, 3813054, Isoplasmoeld,

\}{3'53‘33

_ 1Ungub1iahaa resalts~ A, 2. lJeblin, Childrens Hospitsl
Beasarch Foundstlion, Cinelanati 29, Onio.



reatru:ned the invasion abtage »f pollomyelitis. COUndsy the
sadpices of the Hatlonal Foundation for ianfantile raralyels,
& eoordinsted prograa for the Investigation of certaln
guinoline compounds as poliomysliticeldals waas instigeted.

suinoline derlvatives of the type dessrided im this
thesis are scrsencd %ylﬁaxiﬁiﬁg tests, tien wien warresisd
are tested ss mantiaslearial drags. The sntisalarisl progrem
hes been sdequately surveyed by several sathors, Larly work
speeifionlly concerning G-aalnoquinoline derivatives has Leen
reviewed In detail by Jolcman.? The eatire field haa bewn
soverad up to 19,0 &r‘%it&l@gl&.B

The rhesus sonksy “a» been used for deleraining the
toxiglity of tiese drags. This pasrticalar gsnus of moaxey
reacts mue: Lie ssus Se men 6@@3 o &kags wihie: alfeet Lie
central nervous syastem., Lines the poliomyelitia wirus ine-
volves the gentral nervows system thesoe animesls sre probably
the avst sualtabls for condacting sorsening tests, Compll~
esting factors "ave been the searcity sand sost of these
saiamlis. Uatlil 1940, ihe nonkey was ths only sxperimental
animal In wolol it was possible Lo reproducs ynliaa@ul&ti&,&

2y, colasan, “synthetic Antimslerisls®, fh.i. Thesis,
University of ZBarylsad, 19.44..

37, ¥. Eiselagle, "Survey of Antimalerlsl Drugs 131~
12:57: J. €. ddwavd, ann Arbor Klehigan 1936 (3 volumes).

Sinnuel Report, The Eatiocnsl Foundatlfon for Infantile
Parelysis. Rew Yark, 1943, '



Bedinfi¥l UoFiVATIVLE OF BeAsibOaulluliB:.s

“There are thres psn«real awiheds {or preparing E-aliayl
derlvetives of 3~mmiaa@uxna1&ne.5 Gne sonalsts of conw
densing an Selodoguincline with en slkylsmino campound. 4
second aetied involves using the Skraup rescivion on an
sppropriately substituted bensene, The third metiod wileh
bhaa been investigated in some detall, psrilculerly during
tne antiselerisi p%agrum of the second world war, appsszrs
to b of & Rore gsneral spplication, xh&a method utilises
&0 8-@#&&&&%&3&&1&: wiioh xa nlkg;stvd, usnalxy, by sn
alkyl ﬁ&liﬁﬁ. Somuon assge naa avaivu& the btrm “nﬁalwmi"
for the &wasineguinoline anﬁihy anﬁ ’aiﬁo eczain® for ﬁhn
slkylating agent. Thore sre aﬁtqril m&ﬁlf&attia&a of tue
details 1n the third geaeral ma#ﬁ@ﬁ. x?ivw ashemes wileh
have teen uaed in 8 ousber of cesews, invelve tune soupling
sonditions shown,.

schems &3 1 mole "nueleas”, l.1 mole "sids cnaln®, 50 ml.
abkaolute aloshiol.

Soveme B3 1 mole "nusleus™, ) sole "aslde ehain® =s aslt,
saall sasount of water,

Scheme @3 1 mole “aucleua® .ﬁ'mﬂlo sodium ecetate, 5 moles
“side aiwin”™, 5—& ety mleohol.

b&p&aif%u sxaaples with referunces, f{llustrating ithese
type resations are susasrized in Ven Hook, "A sStudy of tne
ireparation and Properties of U«(S«lso«propylasincenylsmine)~-
ﬁnnnthaxyquinelina sni aome of its Lalta™, Ph. U. Thesis
Gniveralty of Barylead 13.6.



Sohese D3 1 aols "aucleus™, 1 mole "&1&# ahain®, Haghto -
altrie mm, hax‘z‘w pH 4o,

seheme E: 1 mols "mueclesus™, 2.5 moles "alde ehaln®,

The methed of isolatimg Lhe desired produst fros the
resction mixture varies considerably, but 1a meny csses
deponds on aﬁj‘wting‘ the pit in sush & manner that ”nnalim"
and "glde ohein®™ may be preaipitated or extrsated frox the
soncsnsation produet whleh may then be sonvertsd to a salt
and recryatsllizesd, frectionsl sand moleculer distillation sk
jow pressurss have bDesh used sxtensively for sepsretion sad
partial purifisstion.

The problem asy be arbitrarily resclved into five
stepa.

1= & suitable syathesias of the substitated Seaminge-
guinoline.,

B Mpmtim of the slikylating sgsat,

ot é«- A workebdle setiod of coupling "nuclens™ and “side
shHain

4= The isclation and purifisetion prosscure for ths.
sondensed oomp

G The formation of a aclid z2elt and sstimation of the
parity,



I 4 - AR
ARV R SR SV S W

roliosyelliiles la cellaed as en goabs speoiile ine

-

featious di&@&ﬁﬁ.' 1% la bBeliloved LY. Do o8obed

e

by only
turse tyees of [literable viruse! The dlscess wenilesbs

srity i cmews Ly warly ayaptous ralerable
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saguent alitsch on Lhw gealtral zorveous systean e advasced

stapes Fregoenily result in parelysis ol ccommsionally o
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deatiie . @aylbe & Lroasencoes sacunt of stuady, the disveae
romsins e of s weat ballfllng as well sa intersstiap
conmunieerle dlassecs. wany sswsentlisl Jacls rosanln abscare.

Yrensmisgslon. In pesneral Uie dlessse lz spreal L7 way

« [

af Ltrne upper resciretory passspss o frowm Lo ;astro~intess
Lingl btrect.e Lircotl cuntecl from one pepson Lo wacsl. 8T,
vely trouws asssl ssorvtions f: s feversile sossinillity.
indirect Sranssission L . proarn water, mlle or Jstoer foods
wi.ian  ave bewn gountaminsted wlth szerets o bhe Intaesbinel
trectis of petlente wlth thw Jdlssase 1 & posalltllity, since

1t se besen dexonstreled Lral the virus ls orcsent fn ataools
of baulvidasls salfaring

5,
g

Fros wilusest Joras of Vi Slaeiss.
Troe fa liotle evidence that s.wan Jsetors es lnssel »obts

Wi diets nave any part In trasssission of Lhe dlacaue.
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“oollomyellitle e slao referves. to es Infentilu
aralysie ur lsins-.sdln dissesc.

f“:ouak s fweelil”, Aswricen sodicel ~sace’stion,
éjbi;)?il l }(}-& s e 1,3 -
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wpeesnlolo se cokloamyelilly hwee & ver; low mttacy rais,

cwen ln larpes foolles, wizre dlvect 2ualsel s fevured,

samlly uenly ooz ohill 1s sbisgseds 1ol andsual featare

Ty

W wesn waslselinsd on & Deals of Jiffealdt cowsanicabllily.
Mowever & wore pleusivle sagleneilion le st tle sajerity of
fmsivivuele bulld protectlion or lausanlity by cowming Inte con=-
vacl with sasll coses of Uove viras. These asell coscos of
Viras @re adeguaile to stimalats Low developoent of laoaan. iy
Bab are Lneallielest Lo produts adslly Moo, NiGa le Sym Loms.
e sbtbtack jensralisy produess Life-lon: luacaniiy, sowever a few
Bt a&nlio 0BG U Bedond atlecks ave Deen o oarted. Ui

el Jorlily of eases ogear In thw [irst ben jwsars of 1ife, widsr
one resr le Wnaadal, a2t Lers le an lnorssalns tencenny Jor
Loa cleewse Lo #trile olus?T 8, ¢ 2P L) &. c&los s oore

[y

susoseslivie Lhen Iewales. No race la ovas letely it

ac TG
ke neore appesrs bie moszd resistant. e fnelionee of e
wiacase strides & sead In Low Luillest wsal 8y, ~8nwrslly
Saly o wmnd Sap et and declines gulekdly wlto onsel of cool
BOBELGT . infactile Jerelysies 2lou Spovers Lo e riusrils

# L wPete BOLs GLuvBES,e

chssesiretl . U dne tiue LU wae Lhoupht el e

viras o resd by wer ol Lhe lympliellics and tiw bDloos, evens

Laaldly romocdiy oo e

nbPel aervods »rsbedm. Cagsrlasntal
evicenes wus Loen pregsentsd siioh Indiestel Loat only Las

o ]

Senrel Nervoae GyBLS. wWie Pesspoenelitle Tor the dlssssicstlion

in Sthe Locye Tals led to

L2S




skish held that the virus Lad an affiality only for narve
tissus, entersd ihe nose, thenes aleng the nerve Axones

of the olefsctory bulb Lo the posterior and anterior horn
sslla of the splnel cerd, Ine lstest evidense landepsndently
deterained by D. Bodlon and L. e Torstmenn and prosentad

to the smerigan Assoclation of lamunelogiasta auring April
1952, in Few York City indloates tizat t.e wirus ls in the
blood stream at some phase of the dissass,

Fethology. Originelly 1t wes thoug
litias was confined striotly te the central nervoas system,
the mcat avsriiing olinleal featurs ﬁdtngftha well known
parealysis reasulting froas deatruction of nmmwriap hoprn ¢ells
of the spinel cord. At the ;m;m tims, 1t sas bew: shown

ht toat pollosye~

that other portions of it nervous system sush as the pos-
terior horn oells of the eord, ospedrum and other parts of
the bralin way be lavolved. It miﬂ@‘U@@qnpa eortsiu tuet the
sntire hody is iavolved o a ssprtain satent in the sttecik
of the wirua., VFor sxample, marked c anges ln the gastiro-
intestinal trsot muy ocewnr, from tamoyrhages of the atosach,
extensive multiplication of tlszsue elasmenta resalting In
inereased 2ize, to congeastish of the lyuphold tlssues of
the lowsy intestinal tract, The lLlyaphold structures ol Lhe
apleuwn, thysus end tonsil ars also sffeoted, The viseeral
vensels sz woll sa the seningner sad central nervous syastem
g 0w aerked congestions, woich &t tiuss wer be spuflislent

Lo cauze heaorrtages inte the tlisiues.



Inding s wn the centrel

b

Toe BWe oost ennEploadus
fsuervous systun ere cdoms and oolleotlon of Lerse acabers of
Iymproeytes outelds the caplllery wells. cestrucilon of
Lihe aepve esll 1tseld i3 probelly the dirsat resall ol tiw
virus, ~ul g8 poupliceling feetor L Lhe interierences of Liwe
Hhood sapply resalting fros (hs edesnic cosaition. The
“ve rec wf paraealysis depands apen Lthw sateant Lo wiieh the
nerve oall o8z bDesn destiroyed, whoress 1o many Ceses nerve
sslls whose Dasetion has been lnterfercd wlth becwmane of
isck of Ploosd supply will repeln thelr function saftar
eiamns &s swbealded and Lous peralysis will cisspear,

5

chaptonstolops. The eliniceal wanifeststions of polio-

@yellitle sy be Alvidsd Into Lhpes parts: Le LAvesidn, oe

lovaelvoasnt of Lhe eanirsl nervous sralea snd J= parelyslse

A= invesions The coset of the dlisesss Lg ool slways
aniforme. & sajority of cases atert wili. & reletively low

feover w Lou ta geecoopinied wldy sraploas saon &s upsaet

SLOAEG T, Suld In thw hoad, broasiitle amnd general lssaslbudu.

in & certaln pesreentse of tesges, tiwse irst sysptous
e ALsRppeRr ol Luen resposal after Teo oY Lhrce daya
slony with aya toms desseribod wadsr lovolvssent of the

gontrel pervous systome IN mesy osses Lhe Towpe&luls gon-

12

Linuss trnrouzboutl tne lneabetion stsoo, or Lthe inltlel ats;e

of lnveslion sy be absent «li. & aauden tewsurature and
sl on e cenlrsl narvous syetem. wxesminetloc of wowe

soinal Plald daring sy of these $ype lnvas.ons will ivs &



pnoraeal seil eount. It le tllas wne erzcteristis lovsslve
stape woicn seies sbuolate Slarnosia fagoasibles. I an
wptdemlie 156 presoat end Lwre ls an angusstlonstle niatory
of sxpngure, @) o6 inltiel syapioas asntirely sabslie then

the case 1z gensrally dosi nated as "ebhortlwe”.

2w jnvelveoment of Cesnlral Jetwons ystesz  The seoeond
stage of oo wilseass gpoesrs we & ebiffosss of wre neok and

vy

Eplns, Peis and sorengss apre cvident on wtltempllsg Lo wove
L patlente ooactlaes palin oo mewvsasnt of L gpins will

Boe evident in the exbrexnisties ehlob la Indlestive of posslble
paralysis of thoss partsg, in genspeal toors 13 & bendenay
Por hypersunsitivearss of the sila of the sntire body.

wrowalnesa, twilo dngs snd Lrewors sre nol unususl ond ro-

fiexcs sare peonerslly alfected 1n sowns ssoner.e The Leasaralars

oo

ie ugusslly woderats but Lo pulss rate ls resid. “he sploel
flalae will now revesl an Ilneresese In protelin sad collis, b
aajority bein, lyspieeybes. 4t toils polat toere s boen

no peralsals pndg Coles steye ez suastises Yoen callsa Lie
grasarslyile atsse. 10 &ltar two or tihree weeks Liours lg no
paralysis, senerally the dlseass lu of Lhe nud-paralytlaz

Lype, never progrsseing Lo e Lhird ste &.

e cgrelyslis: carslysls ls genepelly [ Fouapsd Into
twe s jer Lypes, splosl snd balbar, In siinsl zaralysis biw
suterior o cells of Lre sord sre effectsd, and Liw bulbar

Lype pesalting fron decars o tre oerenlal nerve ruolel.



A sombination of these two asy prouuce a feolsl or volos
parslyasis along with peralycls of one or more limbs. &le
acst any combinet.on ef PEralYsis may Soour,

The aspinal type is the awvst oommon, the legs the most
frequently parelysec with the aras the next most ususl site,
Paralysis of the bBeak or sddomen muscles is rars dbut whan
the disphrega or respirstory musoles ere afllacted breatiling
way becoms impossible and thus the aschanieeal "iron lung”
resorted Lo.

The bulber Sype affeote toe fsolel aorves most
freguently which by 1tself i& not serious. rareiysis of the
pharynx mascles is dangerous besauss the pstlient csnnot
swallow and ths end result may be sspliretion posumonis, 7The
tonsue, syes &0d xﬁrnyx are other perts of the body waieh
way be affected.

A Gom

binstion of these Swo Lypes way parslyss the legs,
beok and sbdosinal mcscles, arss, nesk, bulbosraniasl nerves
and the resplrstory osater, pesulling in death,

Proephylaxis. Teo wothods of sctive immunisation

egainat tihe disesase hLave been trieds One used o killed
virus ead the other & illve virus, The aizzu& virus proved
to be uszless wkils the live virus proved Lo be too danger-
ous for ‘use on humsn beiags. -Verioys druge have been
clalmed Lo @x&ﬁ% SOmn se&iaﬁui#hﬁr in ﬁiﬁ%&ﬁﬁlﬁﬁ sy &@&w
ifying the sttsok, ?ﬁtﬁil&ﬁﬁrﬁﬁéttgtﬁ; asrouroshyrans ,
nexylresoroinel, vitemin O, tatiﬁéay and p-aminophesnyl
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stibonle aoid are among some of the ehemical agents whioh
modify the lafeotica. In generel the sulfonsmides cave besn

inelifective.

attempts to find an sgent wileh would ocure o wodlly the

goenta. Gsny ehemicsls bave bess used in

effects of the polieamyelitis virus, von Rosyen end fbodes®
indicats thwt such shemiculs es urvs, formalin, oopper sullete,
potasslius perzangenate, Horlic acid and methanol destroyed

the virus, viteain O sud ascordle sclid tnmotiveted the virus,
wusrees the vires wes resistant to t&g»aﬂﬁian of ethar and
glycerol. The ploture ia complicated ainoe & uniform test

wes ol used thrsughout, wosat of e teste were conduoted in
vitro sud viras froa several ¢iflerent experiasntal anlaals
were wsed. it 1s belisved the virus strains from ooe salzel
group mey be somewhet. ifferent frow thoss of saother group.S

&%hs foregolinug review af-pa&&wnsvlitiq Las been

sumserined from Lhe following a0uUreRs.

driele Top, "Bandbook of Communiceble Lisesses™, C.V.
Eosly C0ep %e Laulss 19,1 Cuapt,. 26

HeCo Cage and J.7e Landon, "Comsuniosble Liseases®™,
Peha DBvias C0ep, Fhilsdelphlies 19,5 Chapt. 26

~ ®yon Kouyen snd Hbodes, "Virus Uisessss of Zea”,
Jelson Co., Hew York: 194d Cbapta., 121 shrough 138
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Seli ITRGLULIBULIRE
Dincussion

In tiw sourse of thlas problea 1t becsxe noossaary to in-
vestigate in some detail ths production of U-nitroguinoline.
Tree important fectors msde tiis investigation adviassble: an
sxtended delay i obtalaing s supply from commerelal sources,
the considersble smounts required, esnd the bigh cost of the
substanse (E30.00 9Qr’ymﬁad)a

8-Eitroquinoline has desn prepared Lo t@@ﬁg waysi~ by
the éiésqt.nﬁyw&&i@n:ét'wa&&a&iaﬁ, by’aaﬁ@~a§ﬁ&f§@nt1@@iaf
the Skrsup resction, snd by Lestimg Jenitro-2-quinolinsesr-
boxylic eold. |

Besthora snd i&ﬁlﬁg n&trtﬁtﬁ 2~ﬁﬁiuaixauaurhaﬁylie aoid,
sepupated thw 5~ snd U-nitroquinsldinic acida through the
aolubllity «f thelr bsriueam ssltes, asnd regesnerated tis free
sclde; bhesting U-nitro~2-quinolinecardoxyliec seld to ths asliing
point forasd ihe dealired &uﬂ&t@@ﬁﬂiﬂ@ltﬁ& by elialination of
carbon dioxide. This method appedrsed lesst proaisling of the
taree met ods and was not atteapted.

The direet nitration of Jquineline has been carrisd oat
by several workers. A survey of these prossdures indicated

FBeathorn end Ibele, Ser., 39 2333 (1306)
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thiat 1t was possidie to vu}y'tﬂw smounts of isouera and
position of tha ~entering nitre group by wultthlo mm&ifiaatiaﬁ
of the uitrlting conditlons ead reag&nta.if |

10 wsed antsllie aitratﬁs

Bacharssh, "sat and Caroline
slth sostic anhiydride as n;ﬁ&t&a&in§7wuﬁiaaf They found
nitrates of hesevy astals unas&itfaaﬁary.“hﬁtavar, ase of
sluninum snd lithlum aitrstes in the presense of cuprie
nitrete, resulted ia the production of T-nitroguinoline,
previouasly svellable only throuzh & Skreup resction.
seborigin and ?ayﬁneninvll nitrated quiaalihi using nitrogen
tetraoxlde end obtained & low yield of Teniltroquliaoline.

K8nlzs'? treated quinclinme nitrste with s mixturs of
faming altric aclid snd concentrsted sulfurio sold. Claus
snd Erassesrdtd studied EKBnlgs method end sepsratsd Sso mono
altroguinolines and s dinitroguinoline. Cleus and KXttasrl+
nitrated quinoline sulfate with concentrated alirie soid in
a« ssaled tube at 169°%. moelting and ireatusnat® trestsd quine-

1gﬁgah&rmah, haat end Careoline, Kec. trav. chim., 32
+313-19 (1333

W3eherigin snd Topisehiev, Ber., 63 1874~7 (1936)
}Mrsatps, 1014 12 447 (1879)

Lc1sus snd Kraer, 1b1d 18 12,3 (1885)

l4claus snd Sltiner, ibld 13 2885 (1866)
5xoelting snd freutasnn, 1bld 23 3655 (1630)



17

oline sulfate with & mixture of fusing nitric scid end cone
contrated sulfurlio aclds The experimentel detalls for
all these progedures ars rather limited snd in po csse was
s yleld of any puare isomer reported. Hoolting sad Traat-
ananlﬁ indleated thet toe tesperature during altration aflw
footed the proportion of 5+ and e nitroguinolines.
Larper ssounts of the Senltroguinelline were fﬂ@ﬁ%& et lowar
Leaperatares.

curtonl? had need for considersble savunts of B-nltroe
quinoline esnd satsblished in detail s nitration procedure
besed on fifty grams of quinoline, £Re used this procedare
saocesssfully with a3 muoh as thres handred grass of gulinollius,
The mntﬁ@d'inyali@énaénpﬁrt@ign_ﬁf solid gainoline nitrate
asing feaing nlteis gnxd snd the sdiltion of this salt in
_y&rtiaha-ta eaﬁuﬁntrgtaﬁ talﬁuria.agid.,‘A;amgiquaantity ol
' famin; salfuric aeid was added after emch portion of quin-
oline nitrate to prevent sxcessive dllution of the nitrstling
wmlxztare., Tﬁm toaperature was controlled nainﬁ any fee bath
and by careful addition of the gulnoline salt, The resction
mixture wos poared into weler and & smell saount of dinliroe
aydroxyquinoline rexoved by filtretion. 7The orude 5« and G-
aliroguinclines were prescipitatsd witih base sna then dis~
solved in & lerge guantity of dilute nltric scid. Oa coollng,

xéﬁeultingAnaﬁ Trautnann, jog. glt.
AMourton, J. Cheam. 300., §3 782 (1872)
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e enlliroguicolins sell ssparetes Iin slacst pure ora. e
mother Liguor was nestralised snd tie oruds d-nlirogusinosllins
gryatalllsed once 7ow 8iloonole thls wethod starting wilih
Lopoe pundaresd grama of guinoline, pave one uandred ifty
creas (37.1) of Denitroguinolins wolen aslted at 5%,
%ﬁig%ﬂ;& fPreated gulaoline sulfste witn g zmixture of
famine nitrie seid snd faslng salifuric scid {2+ anhydride),

Reealny thw tsuporal.aare ob —2u$. Tha Le angd Ce altro-

Guinolines were sopkrraled LhPods o the nlirste selis weiay
Aaftonts aetnod. olaty five jrese of Senltrogquinoline (4Ge3u)
wore obisined fros ono handred graas of q4lpollaee selting
points ssre notl recorted For (e niltroguinollaes obtained Ly
HBLEG .

Leravie wnd gww@vrmEQ aaling sdsentially oalftonts aeliod,
obtalned nins reas of Venitrogaineline {(13.x) fros L0y
prase of Quinoline. The canpounc asllted «b ﬁﬁ—&%g. Connety
and Croves? rasosbed Luftonts work. .eluils were cot plven
b 11 aﬁﬁ ¥isld and quelity orf tus Je-nltroquainoline obtained.

&1

~laaroarn propared twenty thres ;raus (3,.1s) of Je

sitrogquinuline, by 4sing ms & besls, Lhw worg o0 keigen,

1 - i At JEVEN oy e
1“@wigam, Je prekt, Uhean. & f] 73 (i)
lé&ﬁ?@??ﬂ S0 LeFuvig, Je Dhoke L0Ce, bell (3535)

23 snnett and Grove, 1bId, 376=80 (1445

bt 3 . . % o ; otk
“lwiammwmrﬁ, fage Lrave Ciildle, 4o Lol (13€7)
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s . sl .
Fleser snd lerstuerg®e nlirstes syntietle galunoline saelfats st
S L T FAE L o R P S T
Low=237 by <issulvluy tLe sslt 1o 05 "oleun” and toen addlag

Faming 2iltric aclis T0o H5= and U= nltroguionolines wers

»

separated tigrousl tow solunllity of vios niltrale selta. i

¢
o
£

wEnner, Clossr and lers buerg oblsined el;.ly soven [raus
{(FpeB it of erade Jeanlirogquinolice w.loeh owlbed fros 77 to &7,
The 7isld of pure Jdenibrogulaviine ses nol reé.erisd.

Le Testesd arepared venltrsquinosline using Zenlipo-
gniline snd glycerin in & aodlfilestlon of the krauy resclion.
T procdet coelteds sb &QQ, At tnw yielc was nol lven.
mauaggala* applilod & wmoulfleallon of the .ureup resctloa,
stapritin, wit. (ifty orese of d-nlipsanllicne and sblselined
Lolriy 8l pracs {ufeds) of Jenltrogquinelise. Pedle; anxd
tabioson®e slaglifles fameppel's proteaurs by eabrect.ag Lis

arads Jealtrogqadnoline 1t bSenzens snd rosryebtellislr

Light petroleas sther. The product aslted b (7=
_ . .o R o ,
the sisld was ool resorbed. LoXovre and Lo svrett sued

Sauspprel's dlroclilons, simplified the purifisstlon sehome

and regortsd forty Ulve greas (Fleni) of depitroguincllae

Aty

€2 jauer And  @rElTerg, J. A@. Ci0@me . 0Ces L2 1L,0=
'y 3

i

%

3 {18u63)
el
inaeppel, ibld, 2y TO, (1d)%;

2. S 5 LA s
“sﬁﬁ b&giﬁg Gl ey iu & f

Evipraciey and SOULREON, Je UlSie - 9Cey LES=03 (Li3Z}

20 gl'evre wnn wiuvre, Loc. cite



whloh selted at 83439, Satth end cetall, using Xnusprels
directions a8 & basis, worked out in detail & progeduare for
the gwapaéitiua of Bnmizrnquiﬁmlinq.b&aoa on twoe poands of
2enltroaniliine. The orudo saterial muich they obtained,
was uwsed direostly in s redugtion resciion for tiw preparaw-
tion of S~aalnoqulnolime. 7The oversll yleld for doth
reactions waa rTeportsd es 503,

Timo becese & v«ryriuyarﬁuut factor at this polnt, snd
& aodifled Sioreup rosoction am@-ntﬁmu&iﬁn.prwonﬁavw WHre
invaestigated ﬁaamurrwatly; ﬁrl e L. LOoo prepared erude -
altroequinoline by & skreup type r@ucgian eod & mebiod for the
purificstion of this crude saterial wes @&ﬁkrﬁ&ﬁ&ﬁ;ga This
purification ls detailed in the sxperissatasl part of thic sec-
tion. The yleld of 3-nitroquincline, wblch molted at 88-89°,
was 50-60% of the btheory based on Zenltroguimeline.

iy nﬁtﬁmp%'wax aade to nitrete Quineline asing the
wnethod of Lufton, by sdding foming nitrlio sold to fifty srass
of quinoline and vhen adding the solid salt in purtzéna to
soneentrated salfuric soids The sslt wes not well deflned
and had o tendenoy to becose Olly which made 1t 4ifficult %o
~omdles 1n sn 1oe batn the sddition of 10 al. of 22-33%
fualng sulfurlc eocld ceused tie teapsreture to rise frous 10°

27amity: ane Oets, Choa. Nev., )L 113-29 (1935)

28258 writer wisies Lo thenk Ir. T. Le Loo for prepariag
3awg1aXx‘muaérta graas of orude Genltrogainoline for thls
problom.
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teo 110°%, & dry lee~chlorofora bat.. was resoried t9o in srder
to esp tie temperature at 1093 5 éuring ths sddition of the
fuming sulfario scid. On pouaring the resetion alstare into
water and neutralizing, auly aily quinoline was obtained. A
second nitration putﬁarneﬁ attﬁr tnat dcaeriﬁeﬁ by PFleser and
Hepstibera ising Lhe auifuﬁn ualt ot qniuolim. 304 fusing
sulfurie seid and fumiag nitria aci& r@aaltcd i u 23;3&
yleld ar 8«@L&aaﬁuin@ihnm ﬂuieh m.k%ia t$ ﬁ?«%ﬁﬁ ﬁapcnﬁ&ﬂg
this work using 8 nigher tespersturs end lenger reaction time
resalted in e aam&iﬂiytﬁ&yggﬁaﬂﬁﬁ @ffadékﬁrn& solld material,
whler was relatively asid inscluble. Tals metnod geve &
24435 yleld of Seaitroquinoline which melted st B53-899,

S-littroguinoline éa.uugyliwﬁ by derek and Company, InG.es
was & chocolate Lrown powder whioh melted at 88483,5° to
sz alsost black iiquid, The quslity of 8~n1traﬁaiﬁal&n& vy
not setlisfactory for use az 4 stertiny xaterlisel end was
purified. Three usthods were deterained whien tﬁro sultable
as purificstion processes. The method used depended upon
sacr: factors es; the assmount of materisl to de recrystallizsa,
Lhe squipuent snd solvents avallavle, Puarificatisn procsdures
for the crude C-nitroguinolinme from the skreup reagtion,
nitration of guinoline and comuercial product ars detelled in
the sxperizentsl part of this sectlion.

in peneral, aslag lsopropyl sther as & reerystelllziag
solvent for lenlirogquinoline reaulted in 8 nearly wiite pro-

duct wiie: mslted at 55«89°. ‘The recovery wss sluvet



quentitative. The dissdventeges of uslng thls solvent are
the nigh woletility, snd toe low solubllity of the o=
anitrogquinoline. (bt la to be recowmssnded for the purificstion
of relotive sszmell eunocunts (lsss than 150 gl of =-nitroguline
Glintu.

asthod §, glven in ihe oxpsriasntel poart of (ihls scctlon,
wsing dllate bhydroshlorlie ecld and recrystellizetion fros 55
aloobicl le to be recoswmended for the purlification of lurpe

samounta of Gealtroguinollae,.
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RAPRIBuBTAL
BITRAT.OR UF UIRBGLIEK

Procedure

A mixture of 32 ml. of consentrstsd sallfuric socld and
230 g. of 304 "oleun” was placed in & le-l. beaser, egulpped
with & aschsnioal atirrer nested in & 2-1. stsinlisss stesl
psn, Chloroforas snd dry fioo were placed in the atesl pan
{note 1) snd 75 g. («58 mole) of freahly distilled (note 2)
Qquinoline was added dropwlse Lo the seid aixture, witn
vigoroas stirring. 7The tesperature wss kepd below 40 by
regulating the addition of Quinoline snd by the addition of
dry loe to the cooling bath. The homogensous sovlution wee
cooled to 15°, stirred and 110 g. of fuming altric acld sdded
from s dropping fumnel over & 30 minute period. The solaticn
was slliowed to stir an sdditional 30 alnutes asnd then poured
iate 750 al. of 6old water. Eright red crystals presipiteted
and were rewoved by filtration (note 3}. The filtrste was
then nsde atrongly bssic witn approxisately 128 sodium
hydrexide. Hrownisbh-ysllow erystals ssparsted snd were
golivoted on a &&nhn&r funnel, wasied several times with ester
and presszed »s Jdry a8 possible. This preeipitate waea dise
selved in 500 al. of nitrioc ssid, baving e ssealfie pravity
of 1.12 (21i), by heating on & steen bath, On eooling in sn
ice bath, bright orsnge oryatals of the aitrate salt of H5e
altroquinoline prtaipiiuﬁmﬁ snd vere separated frou the



o2

solutiven Ly filltrestione. Thw [iltrsle wie asde atroagly
@launline wili. L& suci s Lydroxlde, Loe solids [iltered
il oo driede e ssterisl was reocrysiallisged ruw
levprupsl sther. 1o Lhle csuner 2, . (£3e6e) »f slaust

' . . : . Y g .o . L R Cae b e b oemam
w . ite c-ndtrogLincllae whieh melted 8t L7-00 was whltelaed.

‘gut@s

le w1*y Gece s g lorolors nade & convenlent cuolling bat:.,
Chlorol o was saded Lo a wwpth of souroaluastely one Inca
i the ouler cunlz. aer end dry e adued & nweded.
e Trarsgon” preciicsl grade guisncline, dried witn sodluaa
Fureaide, wes Jdistllled o ground lesss egal peenl protectied
frou mulaluare wii, suvdlam ydvealide o & dr7ing Labse 08
frection wolling ot 23,835 /770 mue wis colleclud.

3¢ Ge red precipitate wes Not ldentiflied. Likely wuale
Dilitles were 8 dinitruqelnuiine, & dinlteroiydroaygalosiins
Sr s smkxblure of Lo CUBRLOWRLS.

0D SN PR T M T
T erdde Genitrogquinoline purlified in the vliowliug

PrOCE LAY Waa pPepared DY e Lele Lo waling esseolialiy
aosher, Jenio, sad &Bit%ﬂ?@’%gﬁ sx erimentel Jdeuvslis fur

the preparriion of Cesblioxy=-U=altroguinslinue,

’:‘) 3 2 L L - Yy
“}urg. wynbisaws, 27 40 (L3eT)



PUHIFICAT IR uF SeBiTAGLUIN LN

Fros sxsll ak@uup'ﬁtﬁctiﬂﬂ. _

Tluree nnﬁﬁrwéutxxrty preas ﬁf blaei paste, which bad
~bﬁam 9?&&&&@ ns dry es yu&w;bi« on & %aahﬂ.r fuﬂu&l. was
mmw with 37109 m of 34 m@m&wu aold in i x.;,-lf.
bounzer, [lltered by decantstion from en olly asterial
(nots 1), decolorized with charecsl end refiltered through
%@u neated flubsd filter papers (note ). The Liltrats wes
allowed 1o goul end asde slightly basleo with concentrated
ammoniawe bydroxidse. The brown s0lid was ﬁ@ii&ﬂt&é on &
ﬁ&ﬁanar fanael and pressed e dry ss possidble with & rubbepy
dume The orade produst was dissolved in 2-1l. of dioxsne,
desolorised, filtered sud eovled. Twelve liters of cold
water sore plaged in & 1bel,. battery Jjar equipped with &
sechenloal stirrer, snd the oaai dioxane sclation added in &
fine stres: with vigorous stirering (noke J). Fine iight
brown orystals sppearsd imnedietely, were sllowed to settile,
and were tuen separated from the solution using e Buchner
famnel3 the @uﬁi&f@@ﬁi&ﬂl&ﬁt wis pressod as dry 48 pessible,
The filter cude was dissolved inm 3«le of 35 Lydrooklorie
seid, decolopized, filtered twiee, snd evoled.s Teo lliters
of cold water wes added and the solution brought to a pf of
T=3 wit:y coaceatrsted ssmmoniua Lydroxide, The S-nitroguine-
oline was filtered off, dried, snd reerystellized roa ben-
pene., Two hundred and elighty-seven zrans of aesrly white O=



nitrogquineline weaa @b&umd{ Tl esapound melted st %ﬂ?ﬂ

l. 7This trestasnt sldsd 1a the resoval of 2enitrouniline,
singe the latter ls w.ut&wm_immu in 35 hyérochloris
sold. N

2. Reovs iAngel F802, 52 om. fluted filter psper was used,
This papor hﬁs:a_#aﬁad vu%&réf r&lﬁ&ntlan; however twe nssted
pEpers were rannﬁ’nnmm:aary‘ta prevsat decsoclorizing charcual
from pessing through iate the filtwete.

3. Repld stirriog and slow addition of the dioxens solution
weaa negossery Lo minlwize the forastlion of lumps,

COReEROIAL BeBITROGUINGLI®M: (HLRCE AL O0. INC.)

Eethod A

PLCLYy zrams of commorsial grade Senitrogulneline was placed
in & aingle neci 5=l. round-bottom flssik, 3.5 le of iso=
propyl ether, sad seversl bolliag ehlps were edded sand the
mixture was heated on the steosx bat: until the ether noiled.
The 1lizht yellow aolution, whiaelk contained am ostimuted L2 .
of dark inscoluble fapurity, was decolorized and then filtered
{pote 1) through & ll=om,. sintered glesa fumnel, heated with
& Olas.-Col hesting mantle (nate 2), into s 4~i. filter flasi.
Alaost guloriess %mﬂquﬂmﬂm separated lmseciately end
aftor cocling the aixture 1un an loe bath, 3I5-40 g. of compound
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wnioh aslted st B8.80°, wa&iwﬁllaatqd by rilﬁrntﬁan. The
mrw@u&a waa repeated, ndﬁxﬁg suffielent fresh fsopropyl
ether Lo the goeled filtrate to bring Ehﬁ>t9;WHﬂ o &p/roxi—
a#kﬁiy 3¢5 Ao (R0%e Y)s After a flasl recrystellisstion pro-
ssdure, concentration of the aclvent to }9&*5@0 wmle {aata &)
snd ovaling, resulted in an additional 8=12 g. of pure 3«
nitroquinoline.

1. Plltretion with gentle sustlion wes essentisl becaunse the
s0lvent volatillized resdlly end the preeipltated Beaitwo=
Quinoline clegzed ths Filter,

2. & hoated fllter was used to keop the B-nitroguiasline in
awlutiaﬂ dauring flltrstion. i aintered glua: #uénﬂl e
found to be the only §rnﬁtiaul filturia@ wedlum. In order
to recove the éa«»luriuiﬁg @hawaﬁml. ﬁau ﬂa. 1 shatasn
filter papers wers uuaotuuay.‘saﬁ.it‘uit not possible to
Zwop &ma w;mrn mM m & Wr !‘ml w aﬁiu@, &wt
inﬂﬁrﬂwxl athnt. .'i5 K ;&“ . -f;‘ff‘ }’m» ﬁwfigrf «é

3. Approximately turec 50 . runs could bo sade before the
funnel had to be oleshed, ‘ "

e isopropyl ether tends to fora pnra&iﬁna and anoald not
be distilled to drynsss.



dethod B

Five hundred and ten graas of Swpnitroqiinoline was
dissolved inm 750 al. of dioxene. The sslulion was trested
twiee with degoloriszing chareosl, filtersd hot and sllowsd
teo oo0ole Twelve lliters of cold waier was added to e iﬁol.
vatteory Jar eaﬁ#ﬁiﬁiﬁgld &wéhan{ail atirrer snd the cool
dioxane solutlion added la & fine atrsan witn vigaroa»
'ﬂ%irvang;“ The @tﬁﬁi@iunta at szightly bawum ary&buls o
aﬁlxaﬁtﬁé %@‘f%itﬁtﬁaﬂﬁ saé ;lxawwéraa azr-éfy awarn&g&z¢
The usterisl (note 1) hdad ‘then dissolved in 1500 ml. of 954
sleonal and éﬁ@@l@»@ﬁtﬂ &uﬁﬁo ax&n& '&a#@ﬂ* Pol iowing the
sesond filitration, ths browa seolution wes 9o0led in an ige
beth and the preaipliteted U-alitroguinoline collected oo s
Sushner funnel snd elr dried. Thres handred snd one grams

of nearly colorless product wus obtained which melted at

88-59%, The slooholie filtrate was then poured into 13 1.
of cold water sad 18 g. of erude S-amitroquinoline wes
recovered (nmote 2).

1. 7This asaterisl was not of suffloleat quality So peralt
its converalon to lemstoylelenitro-2-gulnoline.

2. This ester-prscipitated zeterial nsd & slizntly green
éast and was not setiafectory for treatmsat with dimst yie-
sulfate,

28
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wistcussion

2=hilora=lenl trogaineiins apoaared to offer suverel
c.emicel resctions which wouid be of grest vaias for the
preparation of interasdlates in genersl gulnoline cusulatry,
sl in partlicalsr for the synthesls of the Jehydroiy, d-ehloro
end Zeasinoeleniirogainelines. & vsry lapertant factor here
wes  weleralning s synthetbic awined whleh oould be ased on s
rolatively lerpe sosle and whiloh pave & pood over-sll visld.
Therelors, a gresl deal of tisw ond effort werse dipescted, In
The course of Lils probledm, Luward the davelopaent of a
met od for tha pregeration 9f Ze-chdoro-denitroguineline, 'n
B o@enOoer wihloeh was Peprocatible snd would be an aceestable

2

sotned for "urpasale .yatissea®,

Phae Lwo jeneral sovmed designated in Chart 11, apipeared
to be toe sostl sbtral -ntforward spproaches Lo L.s deslped Ze
¢ loro-teniirogainelines. It wes felt tihst tne (lnal choles of
the Two wel ode s .02ld be digtaled by egperisentally detere
sinsd posiltas. Lawever, ssversl preclicsl conalderations wers
favoreble to the asstiod deing Oenitrogquinoline sa starilng
material. The scompournkds #1304 Lhe nlilro grouy ed lower
melting polnts than e germesponding nitro derivatives; iLhe

niiro couwpound s oald be essler Lo eryelallize and manie

palate, Jenitrogquinolliaos was svallable coumg

grelally at
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#30e 3 por pound cowpared Lo decnloroqulineiioe el (7..03 per

pounide Joe Diltratlon of d=ghlorpoQuinoel. v prodaced lsovswrs
woenoh Led to be sepsretesd, w.oPess, the allernale se sue pro-
Gueed unly onus l8oner. eVERed Dandred jrasas of desibroguinoe
Lites wore avellable, slsv ssverel Riloyrems of gulnslins whiecn
cowuld be cvnvertel to eltier Zechloroquicoline op Cenlirg

Juiitolitee

A review of toe litereaiure [or the preparetion of de

tue poselLlliity of ceveloLisyg & setisfsctory syntiwtls e ihou.
e fenersl stueae consistecs o0 foraing & gueternery lewstihyl
siil, ites wxlcalion o Lhe Guinolone and conversion Ly de
oi:loroquineline, wnd Florlly aitratlion of 2=chiloroguinoeline
s ssparetion of (he lsowsrs.

The eonversion of gquinoliaos Lo & qualurnary eall ecin;
astogl lodlde hwae been scoomplishes Ly peveral warkers.
§2111ass? trasted gulaoline «ith wet yl lodlde in & tube &l
1339, La @wa§ﬁ3l repeated slllliears work 4 & lower Lomporée
tare wn laevlablsd & s3&ll enlc: aslied sl ?Em WG PUerysialie
iiged frou slochiole deroRwsld and ﬁ@?@?gz substitated a
rellua coudenser In placs of the elueed tuabe and sowwd Lhsb

tiw product of (1lilass eans of La Coete, shlen meller at 729,

-

33»iiiiiﬁiﬁﬁ) o ﬁrﬂﬂto 1,4@3&0. éi 355 (lé‘:’fj
3lie coste, Ler., 1i 132 (1682)

32iarcswald snd <eyor, ibld, 33 186, (139))



E3

wea 8 wonuuydrsites silen lost waler over aulluric scld, The
ganvercuak lewstoyiguainolinluws lodlde zali reerysisllilissd vom
absolate sloohol smeltsd et 133“. g@axar33 usad erckueld
&G Leyers s@ithod on & lerger scmle LUl P orited no ylala o
welting point of Tihe procact oblasined. Jresand and qignand
used bonzend as solvsnl, decanted tus solvent frou the sedi,
waashed fhe gsalt #1it. ether and regsortsd an slagel guaniiles
Livy yield of lemethylqguainolinolas lodide. They elso soowed
Lhiat nosrly L35 of the prodact wes retalned o s cobber
Liguor wmpen sloo. 0k wse used &8 selvent for recrystalliszation.
sealasan Bnd ;1b&?%iﬂi3§ independently worked cut @ slallar
progedure Lo thai of sreund end Lloeherd, but <id oot plve whe
Field or Qquaelity of the sroeduct wileln: they obialned.

lesnt  yi-2=qiioolune bas Leen propsred Dy several
ciwuiotue. u%cx&rsﬁ oxldized lemet ylguinoliniuan fodlde w Lh
sotessiua Jerrieoyanide to producs lemstiyl-deguainoelane in
dnsoeclfiss Flelo ang purlity. rorxin ond bl naons Prepured
# astor solation of irne setiyl sulfele selt aller rescting
Gusl aoler guesntliies of gulnolioe snd diasti yl salfisie,

Lren eXxinieing Lhne sulfete sslt In tolg solatlon Lo whe guinoe

33 esker, wre, 33 2270 (1790}
Jerreund wnd slcnard, Lbid, =2 2107 {1409}
o murnann and sivertinl, 1bid, @ 377y (1paye

- Hlecmer, J. prait. Cheme, [2] 47 31 (28673).  lerd,
2 w3 (1052)

) W’— 0 3 i Y Sy T . N ey vt
3V veriein and fobinaon, J. Chewme LO0Ce, 123 L7 (1L



long with potess.us ferpricyenlide. They obtalned 25 peo (F0s)
of nwarly pures leswthyle2-gquinolons. & variety o»f other
methods for prepariag lesst yl-d-gulioolons ars regorided
Lo the Llteratare, bul beca.uss of 1w lecx of sipsricsentsl
dets, dow yioslds or speelsl equipoent reguired, Lowss aoeihicds
21id nol appear sulitsble for thle problem. For aXesple,
Frisalbnder and JOllers® trosted earbostyril with et yl
alouinol, zethyllodide, aad sodlam hydroxids snd obtalned a
trege of lesstiyledeguinclong., —stermeyerd? resctoed lemetihyle
gquinoliniua Iodide with zioe culoride and oblained leasthiylel-
gulnosloene 1n an anspesoillied yisld. sosert? prescted potassliaa
pydipoaide with d=ludoeleanut ylqQuinollinalyam lodlde sod onlelnsd
Iesic b yli=Z2eguinolons, Flachwer sng ﬁﬁumﬁllimg&r*l reported &
theereticnl yield of lesostiuyl-Ze=gqulinolone by slectrolzile
oricetlion of the avlhyl sdiilate salt,

g=chlorequliseline ray been prepared rom leastigle
d=gulnelone or {rua carbostyril. Fvlwaléﬁﬁﬁr Rt ;gtsrm&iwrﬂa
trgated carbostyrll with shosphords oxyelidoride snd

phospiurds pentacnlorlas ot 139~1¥3“ snd sbialined newrliy =

€.

3¢piedidnder sne Luller, “ula, £2 2207 (1867
3steraayer, inid, i 55 (1855)

$Mioger, ann., 202 377 {154,

+hi g ge ar wng soanallinger, “ere, & 25456 (1713)

e 2N t! . . - A sy s gk ¥
weiriedlander snd cslersaler, 1bld, 195 333 (1882
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theureticnl ¥ield of Ze-c lorsguinolins. haa&rﬁ3 raopeateod

3

§
+
L2
7533

leader end ssleruelsr’s work but Jlid not cenllira ithe

. teciertt rescted o alzturs of phosphorus pontachlorice

o

yiel
snd phosphsras sayosislorids witn lessinyled-gulnolons (0 sLitain
dweldloraquinoling, ln unreporbed yiolds orain and ﬁa%iﬁmaw*g
repuated Flicner’s word snd coapleled the delalils for L1e Oro-

,,,,,

paration I Ze=g loroguincline in Ou-92. yield. The product

W

seited at 35%, rlseiwr snd Cutsasnnt” used diehlorobsnzens s
& solvent, dlapensed witn the poosphords oayenlorlide in
risc. er's orlyinal wethod end obtalned & Quentltsilive ylela of
Z=gilorogulnoline Iron lewstigl-d-quinclone. Ding sad Ea&h*?
treatod l=aetiyl=Legualnolons wlith & toluasns solutliza of phose
LGt mb 1$3$ anu obielasd s T yielad of d-solurogulneline,
wioloh welted at 37-38°. Jgete, lisanlil snd %ﬁn&oQﬁ A& Lrg
gss.ontlally the st od ol #pilsclénder ens .sterasier sitlsined
Smghilorogaineline from csrbostyril in an §7. yleid.

.

&= and yecnloroguineline are ltrsted ipn mixed acld &b

Lhe L= o Jepositlion. lsgrer and “atrmennt? nitrsted oe

w3, ye
tTaoser, ope 8ibe poe 376

*rrlecner, Tule, 33 412 (1038}

s rerkio eno Hoblnson, 1oc. oite

it o 1 . % o, ' » 3 v -, & . .

*isi&eaar snd Tublnuenn, J. praigd, Chems £ 0023 357 (1518}

%?g;nk and ath, Aohe, 0L 76 (1431}

L b

oeata, Ulsnlkl sao Paano, “ull. inatl, P ye. Cneue
Posearalh (Tokyol.e Uele 33 o0byg (17.,7)

+Frlsguor mna Cubhmenn, 9p. Gite ppe 302
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enluroquinedine and obbue.ned apyproesiastely 2 of toe s-aliro
isomer sad 229: of leniltroezZeguincline. .einet sad @uamgg
repeated Lthis word witn sloadilsr resdits, toen Caveloped

set od lo wile. they repurtsd & 50F yiead of E—chlsru-&nuitﬁa-
gquineiine. They peve v detwiled wel ou for thls aolirsiion and
uawiy sies. uistillation a8 & swihod for sepesreting Liw D= und
Genitromd=enloroguinolines, the selaoker bein: stess volstile.

Lrvas 1t appesred fewssible to uss repkin snd Hoblnsen's
mebthog [or wWhe greparat.on of Zeanloroqguinciine in cowbine-
gtion «lt.. Line mstood of Leiaet end Lut: {or the nlitretion of
dmgoluroguingline ang separstion of the usciped I-allars=U=
nitroguinoiine. The ylelc of the [iacl produast sbhoald e in
tise meighboriose of 304e & problesm ressined, howevar, in
sdeyting Liosse sethwus Lo & larser scelso, «in0e reriin and
Heblasonls prucuedare wss besed on 0 ge ol galacline, while
toat of Lsinet siud Lulz wees roeporisd for 37 1. of 2=chdoroe=
gainslins.

Yeriouwd =%2p8 in Vhe omuversion of Senlitrcsguiaciioe to
egrlorowienitroguineline cave Leen lavesti etzd by werly
wordedrs in the alnoline leoid. MﬁQEwP}l propeped Lhe weile
Lodide swit of cenltroguineline by reabting n water ssiustlon
Gl Lioe wmeloyl sulfste seltv wlitn polusslaw lodlide.e Leozer sy

Lbraviulopoalos”® preperes e mebl Fi seliste sali, wxloized

SO sinel 800 LB, Je fide UhoMe (0Ge, OO 13200 {0

ligcker, Sere, 35 251 (1303)

22 eoiter end . traveolopoalvs, J. Srakts Chome, GO 100
(L33



e mothyl s«lfste sall e lessibylelsnliro-=d-gualiaoclones wlth
potassiun ferrieysnlds 5.0 Low@d gdnvedrted Lol galinolonw o
Se=a Luryeenltroguineliae elth phosp orus ggﬁt&a?isﬂi&@. i
perimentasl delells were lacking snd only & stetsasnt Lo Lbe
aifact that L e yield "was roud” was recorded. xislow ang
How o r1178 prepared Ieohloros=lenlitrogqulneline throsas the same
sequance of resctions except Loal Loey wsed LJdrersn LOroXl Je
to oxldize l=astiyledealiroguinolinius lodlids o lewoliylede
NLLrs-dequinoione. ovidently tne use of hydrogen Jgroxide was
putteorned affer an oxldatlon asgcwnnyllshed by iﬂﬁ53 @#ho con-
verted l,l=dlawtiylesenlitroguinslinias foclde o Lhus oorresg-
pondln, qulaolones. olaslos and 20ep01il peve no ¥islus orp
exporiasntal deteils Ffor the Individaal steps,

Thie survey of the literstures ees engoursylay Lo nath roe
agtlon sequ:ness esxeepl tiet, [a genorael, Lhe lodivicdusl ste s
wgrs scarried oul on & muoh «maller scele Lian w6 nueovesspry
for thlse problem. &n undssiratle leeture present in botbn see-
gusaces wae Loe use of potagulua Jerricyenide as an ox dizlng
grent Jor e prepaprstion of the l-smeliyled=guinolones.
anetter Interwst.ng polnt In conaectlon with Lhe zohams
startins wlith dealtrogalnoling, concernsd appursntly a
sterie nlndrence factor of thoe allrs group ia the e

posltlions wwokerst found toat Jealtrogquinoline woald not

2Biislow and Aoepfli, J. Ase (LR C08ey LB Lus, (136)
2310y, de Chieme 20Ce, 2232 (1731)

S GoKer, Terey JU Ll (1705)
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fora & methlodide salt direetly by tresinent with wsethyl iodide
ia contradistinction to quineline. in ovrder Lo prepare ths
metulodide salt of S-nitroguinclime, the metnyl saulfate salt
was preparesd using Jdimethyl sulfets and then & weter solution
of this sallt was trestsd with potessium lodide which precipie
tatsd lemstinyledenitrogquinoliniuas lodide, uinue the method
found most sstisfactory in this problea involved oxidizing

the aetnioedide salts wit: nydrogea peroxide, this sterie
factor of the C-niire group, ia elffeet, csused sn sdditicnsl
etep i ccampesrison .to the alleraste path, 7The effectivensss
and low volatlility of dimethyl sulfste compmred Lo awthyl
fodide aud tle sase of convarting the ssthyl sulflete salt Lo
thue methiodide with potsesium iodlde compenssted for the
sdsitionsl atep.

In comneetion with the route starting with quinoline,
wory was done in eonvertimg the methyl suifate salt to the
setilodide salt and sattsapting to wse hydrogen peroxlde,

(5%, 1&% and Bﬁﬁi, sa sn oxldizing egent. These steps

were tnvaazigatca boouuat the ua# of nydrogen peroxide in
the slbsraste nyﬂthttia nuhaan was found Lo give a very
‘Wlx PUre lwwml‘&mimwﬂmmmlm, ltwmn potassium
rnrriuyaaidt arméngcd a vury erado qn&nn;ano tmiah had to be
resrystaliized suee or twisce. rotassiua ferricyanide was
mueh less sonvenieat tv use Lhas hydrogen peroxide. The
resulis of these anns&ig#tla&s wores & astisfactory astihod

for sakiag the methiodide salt from toe astuyl sulfate sslt,
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bat the oxidetlion sbles produced saly red wiles shlol cuald

e

ot be recryatallilicd. Vhesrelore Lng meilod Pepuritew by

cergia sad Doblasanss {or the preporstion of J-ahloroguinoline
in epproxiastely 75. yield ene not Lapiroved by e G erlie

5
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it tu gertlineat tu drae sttuentlon to lhne pressrailion
af Senltrogerboetyril By the sold hyaroiyalo 5 Jeshlopoeie
nitruquinoline celtelled Lo ectlon (1. ©f thls cenusgrisle.
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The result of this wori on the altratlion proceduire was
the separetion of at lesst four fractions whieoh were mutuslly
suntesinated snd consequently gave produsts wiith large meliing
ranges.

Selif troearboatyril wes obtained ss & water soluble
fraction by separating the hot solution in ths distillation
pot from the reslidue by filtration, snd coolling tiw Filtrate
ia sn 168 bath, The weter inssluble residus was axtrsacisd
with hot slsohol wnigh lsft sn aleohol insoluble wmaterial
wnich melted sbove 250° snd was essumsd to be S-nitro-
sarbostyrii. The orude aasterlial obteinesd from the alcotol
sxtract melted from 100-120° scmparsd to the veluss of 1,8°
sad 152° resorded in the litsraturs for 2-chlero-S-nitroguine
aline.

Sinee 1t appesared that the stess diastillation was une
desirabls several mest.ods for tho supsration of the S-and e
nitro-Zesnloroquinolines wers investigated in an ettecpt to
tl&&&gaﬁo Wis provess.

It was felt that the selts of the twe lsomers would
neve difforeat baslelties and that a buffer aystea sould be
unta%l&saad umiuh,mw&la trr&rﬁ & aﬁaan et uwparakzaa. Thia
method of :a@arutinﬁ p?ﬁ?ﬂﬁ ﬂuwarknbio bnoaunn tha rrwa &az&:
wore quite diffioultly solable snd the selts were nlghly
hydrolysed. -

2=GChloro=-tenltroguinoline was found %o be relatively

insoluble in sther snd conveniently recrsstallised froa



scetone. However, 2-chloro-Senltroguinolins also sxhlbited
sisilar solublility characteristics, Ligestion of the
originel nitrstion mixture with sither acetone or ether left
& residus whose melling resnge wes not sppreclably lmproved by
setion of tiwes solvents.

ﬁrm&ak&uuﬁé roduced the nitretion mixture eatslytically
snd atteapted to ssperste sn lnsoluble eopper complex of the
Bepmino-Z2~ghloroguinoelios. His resclis ware not setisfsctory.

The sxperimeatel work, on thé prepapation of Z2-shloroe-
S-nitrogainoline utllising 2«chloroquinoline &s an Iinter
apdlate snd altretion of the latter compound, indlgsted the
separation of the S-mnd Benltrogulnolines formed in the
altretion was a &ifficult tssk. 4As & result of the d1ffi-
eulties encoandered 1n separaling these lsomers, outlined
in the preceeding paragrepbs, 1t was coneluded thet thls
preparative scheme was aach less natisr&eta¥3 than the
alﬁﬂ#ﬁﬂ%ﬂawﬁﬁh@d a:iug %«niﬁv&q&ih&l&nn »o atartiup ‘mpterial.

In the mﬁﬁh@d doveloped far tha yraéaahiea ar Z2eshloroe
S-nitroquinoline starting with &-ultraquiaaiiu&. there were
ssveral faotors ?hiﬁh were of priow iawﬁr%aase.

It was very nacessary o bave 8 good quallty of S-nitroe-
quinoline w8 stertiog meterisl. JSetlefectory parification
proosdures have beesn given in ssetion I of this thesis. It
wes slao found necossary to have the S-nitrogualacliocs dry.

géf?&vsﬁa cosmumication



| 'cwz»m; éimﬁi:yi sulfste whick had besa dried and

rén@hly diatilied pave the most satisfactory qualernary
sslt,.

l-methyledenitrogquinolinium methyl sulfate spposred to be
hyeroscoplic sad & astisfectory ameti:od of comverting the ree
sction produact direotly tuo the aetricdide, thus ellminating
purificetion of the aethyl sulfote selt, was delevalned.

In conncetion with tae wethlodide sslt, two feclore
were of mejor laportsnve. Iullficlent weter to Jdlsaclve
sxocust potagsiua lodide wor sssentlisl end {t wes sbaclutely
neceasery to recrystallize the lemethyleB-nitroquinolinium
1odide before thne oxidation process.

The working out of & suscsaalal @xiéatian'érecséart wes
8 autter of detersining the proper saounte of solvent, bLsae
#nd hydrogen perczide and certala other experlimental detalilas,

i=ietiylefen) tro-2-guinolone wes dried thorou hly befove
tresizent =ith phoaspiorus pentaeciloride. 7The ohlefl Jlfficulty
with oonveralion of the gquinelons to 2echloro-S-nitroguinoline
using phosphords penasctloride wes Jdecoaposition of the
sxcess phosphorus pentashloride sad phosphorus dxyobhloride
wh:ich was formed, without hylrolysing the 2-chloro gr.up.
This was eocompllianed by pouriag the hot resction wess onto
the surface of boasers mrvlgvga glmnss treys end allowlnag
them Lo stend overalght. It wes possidle tv sdd lumps of
ies %o the solidified resction moes, la an loe bath, but
thias procecure was tos time consuming and not as satiafastory
as tiw {inal developasnt.



seversl sclveants woere tried sa rauryut#lli:iag medis
for 2e~gnloro-b-nitroquinoline. hcetone prozed Lo be the sost
satisfastory, although absolute alechol s0uld &lav be uasd,
Inportant experiasntal information, in deteil, will be found
under "notes®™ in the sxperlimental part of this seotion.

The finel result of couslderabls siperizenial work waa
s enlasntly satlalasiory synthesis of 2~ehloru-l-nliro-
- quinelins, in overe-all yields aflsaaﬁﬁ% based on Sealtroguine
olins., The produst xelted &% lijeq=leles®e The two atepa
required in prepearing leasstuylebenltrogquinolinius lsdide
procssded in 00-90L ylelds. The melting polat of the usthe
lodide salt sould not be used as an indication of purity,
slnce the salt decoamposed Letwesa 100 and LQ@” to a dark
2ils It was found that the use of vommerclal grude 3o
hydropen percxide as an oxidizing agent for ihe coaverasion
of le-methyl-Oenitroguinelinium 1odide o0 Lemethylele-nitroege
quinolons geve 75 to B53 riél&x bssed on the methiodlde
salt. The gquinovlene was collscbted on a Eachnes funnel,
vesked thoroughly with uwater, dried snd melted at 13l.,w-
13244% It wea not necessary te recrystellizs this product.

£ slmplified prosesdure for the preparation sad pari=
fiostion of afﬁhiarnnﬁynikrwqg&a@;iaa from Lemst:yleb-aitro-
quinclone wsing phospherus pentaci.lorids was devsloped in
gislds of 80855, he produgt welted st 1@#.@;ﬂ3?-ﬁa sad
was of suffislent purity f#rt;lx'ﬁtﬁaﬁ'ﬁadétgamﬁ far uhliah

it was used,



The axpsrinsatai directions for the preperstion of 2«
a&lwwﬁmiwéizﬁnw have beea uaed with quantities of O«
attroquineline from .18 %o 4.0 moles. The oxidation pro-
codie , whleh involved a 20 1, battery jur, %uﬁ'@@aﬁiﬁtrﬁﬁ
a8 the quantliy ocontrol fegtor. It weae found convenient to
nandle aspproxlisately 1500 graas of the methlodide eslit, snd
oxidise this selt in thres egusl portions, over s 16 hour
poriod, raether toan utilise larger squlpwment in the @;&@itiﬁa
steop.

in view af the setiefectory syntheals based on S-nitro-
quinoline end the very real difficulties ia the separation
aof the aitrstion products of E-chlersguinuline, (% wsa cone
sluded thet the method based on Senitroguimcline se atarting
astarial, dotailed In the expurimsatal part of thls section
wes the moat sstislsetory progsedure for the synthesis of
2weiplore=denitroquineline.
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greas (69.5%) of lesstnylquineliinium fodlde, whioh docomw
posed above 130° was obtained from this procedure,

Eotes
is An attompl wes aade to recrystellise this salt fronm
sbaolute slaochol «nd absolute sther, ?h&riighﬁ green
eryatels aprsrently are very hygrossoplo and would not
remein eryatelline on saposures to aly,
&+ Dengone was uaed to resove aay unconverted quinoclins,
3. Socme unldentified, aloehel inscluble, materisl weas
present sad was remcved ai this point,

A-ETHY LS UIBOLORE BYLROCHLORILL

Procedure

ine hundred and twenty-nlime grexzs (1 wole) of quinoline
(nots 1) was placed in g lel. J-necked flssk on s ataem
bath. 2 stirrer, reflux sondenser and dropplny fuonel wes
fitted in the flsek, toe qa&uaiina stirred vigorously, and
139 g« (1.1 moles} of dietsyl sulfate (note 2) added dropwise
over s two sour period. After addition of tbe dlethyl sule
fate, thne mizture was noated for two hours, cooled and dlae
solved ia 250 ml. of cold water. The water solution was
traantcrroﬁAta % ¢~l._?yrsx Jar cantninwﬂ in an {ee bBath,

stirred, sad sllowsd to esol to 9°. Twc sepsrate solutloas,
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for thls Lype reasctiofi.

3o The soluetion of potassiux ferricysnide was prepared 1o
sdvaence by ‘eating toe wolla salt wiith UWe watoer s alliow-
L tom sulutlon Lo cowl ln toe Pyrex sepesratory faansl. ¢
length of coyper wire wie nedsssary Lo weep the [uoned -
clorped, cinge Lhe potasslas ferricyen’de hsc & tanduney Lo
eryslellize on cooling.

we The socium hydroxide zolullion was preparsed Lo sdvence
Brd keptl Lo sn leo both wsbtll assed.

oy e e ypowe
Pl SRR IS S SRR I ¢ TS W

FrOcedure

otie pandrsd aod oo praas {o5@ wols) of leatijlelw
guinoelone nydrcohloride ees plsocod in a lele Jenscasd llasy,
eful sped wil, as metico stirrer, theraeastieor smkd rollaX Qoue
densor. one nundred sad ten graczs (53 aclel of powdered
phospioruas pentaelloride {(note 1) wos sddes so. the misture
warued genlly (note 27 until liguid. Ihe brown solutlon mas
atirred amd scated uncer rellux (note 3) for about six ours,
Liien el lowed B0 stend ovornipgobs - I00 0 Dundred ailliilters
of lev waler was sduded slowly (note ! w.ile the mixture was
gept cold la en fce bath., 4 10% sodium hydroxide solation
was added until tie suspancslon wes somewust besic {note L)

and extregted Lopuwe tlaos with 200 @le portlons of oilhwr,



L
Lo

The eowoliawd tier eXirscis sere 4rled oVer Japnenlda sule
fate and tihe elind waes P2aOvec o & sloes. Latia. Tos reslduas
wae dletilisd under pood weler pump veouual tie fractlion
collected at 13,-31..°/10 wame, &% & Aight yellow oll solicilled

Yo anearly shite cerjsisls on coosling.

Noten
e it wawe neogesary v handle e phoasploras panlaculoride
snd run the resetion In an officient noud,.
&e Thwe roeseiioen s sxobwreale, The alxlurs wes bheatoed
gaatloualy watil the soellds Mlauliflied. & Cles-0ol mantle
Was UGed Lo aupply Sute
3o “hs interusl tacperature was 1109,
se  L06 waler weo saded very slowly to the [leacu, jo the
owd, walll anrescied phospuaoras peatecnloride nmd decuapossd.
De Dese was sdded untll sli-ssld peper luadloatad a pil of

5"190

PR P SR LR 3 N AP (I 7 TR S ST
L B 2“%0 Fiae B FT SO L SN W

Froaedire
a8 ,wle Latlery Jur, nvstoed iao an cel, Lelier; Jer
was placed 50 mle (Veds wolesn) of comcentrated sulluclic

acid and 377 asl.e {Seh moles) of fanin, nliric sold (note 1.



A moconznliesl sbtiersr (note ) sou theraons loer were adjusted
in the gosnter jer, € to 3 ilnonss of enloroform sdcesd Lo Lhe
outslde jar sow the mels sixtures atirred wigorsealy. vy
ide wae sdded odis crlorelorae batu unill the leaperature

af e mixeu scld dropped to ~13%, 4 proviously prepared
gulubion of 3 ;e {euh wwles) of comasrcial d-cilorogulnelins
178 50 mle (le.d molwar of fwin, nltrie acic {acte 1) wae
added dropelse over & pear.ud of one hour. Tha Leaporalure
#ho Aept 8t ~ID“;:§ during tnls addition period, by plasing
dry fee in oo chlorolors bein, &ng then st =137 for an
sgdillivnel hour. ihe selulion wmas stirred contlnusualy for
i nours snd sliowsd Lo cowme Lo room tosperst.are Jduarlngs tils
pariod. Toe yedlow solatlon esa ppured onto yw-i. of cragged
lew sud allowed Lo svend anilll @csy 2 the praciplisils Lec
setilled. Loe sollds wsre awpesrsisd oy [lliretlon, and wse sd

wit, water asatll neerly eacid fres, irs nitreatlon sizture

wus transferred o & beader, contsining L0)=530 ml. ol welar,.
The sespension was ssnaally estlrred s concenireted snonlas
Gyeroxide adoed antil toe slurr; was bssice nw sollds were
solleotssd sa & “uchner Funns i sose weshed seversi Llaes sl th
waldr. Jne preclplisie wes miv-drled on the flliter overnl L,
treseferred Lo & 3wl., Jensoged Vlas« snl subJectsd to stean
gistilletion until Jechloro-s-nitrogulinoline oo Loncer cumwe
over (nuts 3.

ine stees voletile Jechloro-s-alirogiiauline was oried

B8 @ sample recrysitellized fros ethere dinebsen  recs (10e.u)















































































































































































































































































































































































































