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I, IWTRODUSTIOH

, An attempt hes been mede by others? to synthesize
XvVI

(CuHE ) NCHp, N

AV Camogquin

with the prasp@gt of obtalning an analogue of the anti-
malarial, Gamuquing, which wmight be even more promising. Its
formula passass@a more of the structural f{satures vaquivea‘
for gametooidal amctivity by the Sohdnhlifer thaory3 than does
Gamoquin.

- Despite the earlier unsuscessful aﬁtemptal to
obtain XVI, the intermediate III was screensd for possible
satimalarial activity because it, too, possesgses the
atructurél foestures for intrinsic effectiveness required by
thakSehﬂnhﬁfer theory. 111 was found to have antimalarlal

aotivity in avian malariae; howsver, the activity found in an
impurs sample of III eppeared to diminish appreciably upon

purification. Conceraing the effectlvensss of the impure III



2.

. 5 n .30
(CoHE) NCHY,

NH2
11T

Dr. Paul G, Thompson, pharmacologist of Parke, Davis & Co.,
said: "At even the MED /minimal effective dosg/ the
parasites are completely aunihilated. Indeed, 1t is diffi-
ocult to find even traces of parasites in the blaod smears."

The problem of the sctivity of impure III could
perhaps be resolved inte two posaibilities:

1., Activity of an impurity, sither a by-product
or astarting magarial which was sarrled along in the reaction.

2. Aotivity inherent in the comp¢und itselfl with
the observed decrease in aetivity attributeble to vagaries
in the method of pharmacological testing.

Thus it seemed advissble to 1nve$t1gate
thoroughly bbth the chemical end pharmacological aspects of
the lead. The pharmacologicel studies ware to be candﬁeted
by Dr, Thompson,

The objective of the present chemical studies
includes the synthesis of XVI and the analogous compounds,

XAVI and XXXII, all designed as possible entimalarial agents,

88 woll &8 other derivatives and felativaa of I1I such as

XLViI, XLIX, a, LIII, LVI, and LIX,



HO
GHgBT U‘5H10,
KxXvi | AKAII
(Ol ) HNCHY, R
61 R T
AVII KLIX | a
// 4 2}1(}1
“ | 0
LIIT B LI

These latter compounds, XLVII to LIX, Iincluslive,
might be expeoted to possoss smebacidel aotivity, since they
have structural f@aamblanne to well known amebacides such as

Viofora, Diodoquin, and Ghiniofon,

® W
I | sc;ﬁH

Vioform Diodoquin Chinlofon
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Further, bascause of the known amebacidal activity
of the li~aminoquinoline antimalapialsi (represented by
Camoquin), it was decided to prepare such a compound as

LXXIV which not only 1s a lj~aminoquinoline but slso possesses

LAXIV

the quinolinol nucleus of ﬁhe.amebaéidea, XLVII to LIX.
Thus, LXXIV 1s a hybrid of both tﬁa;comgounaa aynﬁheéizad
for antimalarial and for amebacidal purposes in the present
étuﬁiea. The bioloziesl sctlivity of 3uch.a product woul&,‘

therefore, be of considerable intevest.



1I. HISTORICAL
Antimelarial &gentsgﬂé

Great progress outside the field of chemotherapy
has beanfmade in the fight against hqman'malaria with the
widespread use of the revolutionary insecticide, DDT, for
killing esnophelilw mosqultoes., While such preventive
measures are important, they nelther solve the problém nor
eliminate the need for improved entimalarial drugs which
will be‘highly affective against the disease and yet only
slightly toxic to the patient, |

| The four gafasiges which cause human malariz are
vPlasmodium malarise, P, ovala, P, faleipayum, and P, vivax.
Only malariaa caused by the last two.species will be
considerad 1n'this,diaaussian because of their paramount
importance. P, faleiparum is thevcausative parasite in
malignant tertian malaris. Its attacks which may bevfatal
are characterizéd by an incresse in temperature every 36-i48
hours. The symptoms, if properly treated, are unlikely to
recur., P, vivax is the causative parasite in benign tertian
melaria., 1Its attecks are seldom fatal and have 36~hour
rises in temperature.  The symptoms recur periodically, often

over long lapses of tims.

The Peruvian aborigines used the back of the

cinchona tree empirically to treat malaria. The spread of



the use of the drug extract over Europe led to the

isoclation of the ective ingredient, quinine, in 1326 by
Pellatie?ﬁécgggg;iene blue was the first synthetic drug

to exhibit antimelarial activity experimentally, in the
laboratories of Ehrlich, This key obaarvatfon muahraaméd .
into the healthy research program of thé I. G. PFarbenindustrie
which produced the following active synthetic plasmodicides:
pamaquine (Plaamoehina}‘in 192}, quinscrine (Atebrine) in
1930, and finalijttné uéaminoquinaliﬁe groug including
chloroquine (Resbchih) in 1939; ‘In the progreas‘of this pro-

gram, the German workers produced end tested over 1200

compounds.,
HYCH O CHp G (Gl )2 | 0CH3
HNGHCH,CHaOHoN (CoH5 )
CH CH
] 3
Plasmochin | Atabrine
. cl
CHBO
' CHOH! . o
: ‘ ‘ HNICHCHECHIQGHQN"( Colg ) 2
foreny O3 |
Quinine - Chloroguine

a It should be noted that trade names are capitalized. In
the present discussion, the most commonly known name, either
trade or generic, is used.
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After the outbresk of World War 11, a tremendous
integrated program was launched by the Gdrernment of the
United States under the Office of Sclentific Beseareh and
Davélapmﬁnt'ta re-evaluate the Germen discoveries and to
synthesize a substltute f@r'quinina gince the main sources
of the latter drug, including the Netherlaends indies, had
fellen to the Jepanese, The net result of the war work has
been summarized in a three volume monograph.’

The practical re-evaluation of the German com-
pounds established the fact that the I. G; Farben antimelarisl
drups, whiehvwave open to klli@d manufsoturs ainoe ﬁhay were
praduéed before the outbresk of the war, were sufficiently
effective to control human malaria.> Atabrine was declared
to be superior to quinine ehamather@peuticaliy although its
use Imparted a yellow tint to the akin."Piasmoehin was found
to cure vivex melaria but was too toxlc for general use.
chlcroquina‘waa aven move effeativa and useful than the
Gérmana had reported originally.‘ |

One of the synthetic antimalsrials produced in the
Unitéd States under the war program was pentaquine, an 8-
aminoquinoline which 1s structurally simllar to Plasmochin.
CHi3

HNTGﬁT)5NHGH
S CH3

Pentaquine
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This drug, used in conjunction with quinine and administared
under close supervision in a hoépital, will cure the
relapsing typé of malaria, Tﬁe h—aminoquiﬁdlinés. |
represented by chloroquine, are considered to be.supérior
in vivax malaria to Atabrine, essentially a lj-aminobenzo-
quinoline.

Toward the end of World War II, the British intro-
duced anvinexpensivé, nontoxic drug named chlorguaniée

(Paludrlne), vhich présented a startling development since

SCH3
CNHCNHCH
i I(\]lﬁ GH3

Paludrine

it 1s a prophylactic for»falciparum melaria and a partial
prophyladtic for vivax malaria.s In additlon, the structure
of Paludrine ia completely different from that of any of the
plasmodlcidal compodnds previously known. Unfortunately,
Paludrine does not possess asction rapld enough to control an
acute attack of the diaease,9 and 1t also shows a dafinﬂ:a
tendency to lose its effectiveﬁess against certain species

of the protozoan parasite.lo Furthermore, it does not cure

relapsing malaria caused by Plasmodium vivax.

Many of the more important antimaelarials which
have successfuily withstood clinical trial contain the
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gquinoline or benzoquinoline nucleus, Paludrine 1s a notable
exdeptian. The quinoline derivatives are generally con-
gidered to Se}thé‘drugs,of cholce in the treatment of maleria
except where‘a’true praphyléctic is desiréd. Further, the
hpaminaquinolines afe administered for an acute attaék of
malaria (faleiperum); a combination of an 8-aminoquinoline
and quinine:for relapsing malaria (vivax).

| 0ne~of the l-aminoquinolines which has shown
exceptional activity against avian and human malaria is

Gamoquin2. Since Camoquin is a phenolic Mannich base, a

Camogquin

logical step forward in the chemotherapy of this family of
drugs would be the synthesis of various quinolyl Mannich

bases, several of which are discussed in later sections.
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Amebacidal Agentsll»12,13

Amebiasls is a disease caused by invasion of the

tissues of man by the pathogehic ameba, Endameba histolvtica.

The parasite 1s carried from man to man by food or drink
whioh is infested with the cyst form of its life eycle.
The motile forms of the parasite are ‘activated in the large
intestine and 1nvade the tissues by boring through the mucosa
of the intestinal wall, The parasite may then cause abscess
farmation, most often in the liver but occasionally in the
brain, lungs or kidneys. Thus the toxic manifestations of
ameblasis may be divided into two groups: those caused by
gastric upset and those caused by abscess formation¢' |

The disease. is world~wide and has been parﬁicularly
troublesome during war. dAbout 5 to 10 per cent of th
population of the United States is sald to be infected,
elther as active cases or as carriers. Amebiasis 1s:endemie
in the southern states.

The causative organism, Endemeba histolytica, was

discovered in 1875 by L8sch in the dysentéric stools of a

patiehh in St. Petersburg. Emeéine, which was detected in
?tce.c Bar \( Avd Ve av endie

otvishena bavk by Pelletiagﬂin 817, was flrat used extensively

in dyaentery and hepatitis by Rogers in 1922. Many drugs

have been used in ameblasis since that time but no single drug

has proved consistently acceptable chemotherapeutically in

both phases of amebiasls.
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Among the quinoline derivatives which have been
introduced for treating intestinal amebiasis are Ghinibfon,

Vioform, ana»Diadoquin.v All these drugs are of the same

. OH *
I
Vioform
) OGH3 T
OCH
I

Fmetine>l Diodoquin

order of effectiveness and are quite non-toxic. While the
quinolines are exdellent remedies for intestinal emebiasis,
no one drug is effectivé in every casell, The efficiency of
the dompougds is said to be due to the available halogzen
‘content. Among other’non~qu1n§line drugs used are the
pentavalent arsenicals: Garbarsona, Treparsol, Aéetarsone,

and Milibis,

For many years the only drug used consistently for

extraintestinal lesions was emetineld, Surgery was often
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resorted to because of the lack of proper chemotherapeutia
relief.”*Alth;ugh emetine relieves al ut 85 per cent'of'the'
acute symptomé;fthe number of cured cases ranges only from
10 to 15'per}centu°sl3515. ~Further, the patient should bé
hospitalized during the course of treatment because of ‘the
ﬁdXicity of the drug. ‘Many of the alkaloids which are’
effective amebacides are also cardiac'poiSOns‘(conessine,’
ete. )17,

Reports of the use of antibiotics in the treatment

18. ‘Penicillin, aufeomycin,

of amebiasis have appeared lately
ahd bacitracin have been found tb be dctive, Although
information about clinical results of the antibictics 1s
frégmentary, 1t 1s to be expected‘thaﬁ thelr chief use would
probably bé'confined to combatting‘secdndary‘baateriai
infections which invariably asccompany amebacidal infection,
In the last few years,‘certain'antimalariaiidrugs,
of which the h;aminoquinolines*shduld be mentioned, ﬁgv« E
exhiblted effectiveness in hepatic amebiasisu. Chloroquine
‘has been proved elinically to be at least as effective as
emetine and much less toxlc. While the hnaminoquinolines
have shown usefulness in extraintestinal amebiasis, an

intestinal amebacide is needed as an adjunct for complete

therapy. With these facts in mind, the hybridization of the

salient features of Camoquin or chloroquine with those of

Diodoquin or Vioform would be of great interest. Recently,
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the 7-iodo derivative of chlorogquine has been reported to

have appréciable.amabaeidal activityl9,



III. THEQRETICAL
Guinolinol Antimslarials

It is'generally‘agreed thét no single mechanism“
acqountsffor the prophylactic, suppressive, or curative
action of all the verious aﬁtimalarial drugs against‘the
gamut of'stréins of 9peéies of causative parasiﬁes iﬁ
different hosts. An insight into a possible theory which
may account for activity of the 8~aminoquinolinss and their
relatives was deduced from the observation that
methemoglobinemia is a common result of the inbroduction :
of these drugs into animals. Methamoglqbinemia (presence
of an oxidized form of oxyhemoglobin in the blood) is also
caused by the ingestion of aniline and many of 1ts congenera.i
The oxidative degradation of aniline 1s postulated to pro-
oead through the ortho and para hydroxy forms and then to
tﬁe quinohiminés which are thé toxid ﬁroducts.

‘The extensive degradation of plasmodicidealwhen
metabolized is well knbwn. Plasmochin has exhibitéd"mﬁch
greater antimalarial activity in in vivo tssts than in
in vitro tests, thus suggesting that an aetive degradation
product or process might be the source of activity. {85,
Aminoquinolines can form quinonimines similar to those ,
derived rrom eniline, Only the 4-, 6-, and 8«aminoquin011nes

of the ‘seven possible isomers were found to have antimalarial
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activity.‘ SchBnhBfer3 postulated that the reason for this
experimentél fact was that only these three aminoquinolines
had the structures necessary to form posaible quinonimines.
Although there are several anomaliles to the
Sch&nh&fer theory, an overwhelming proportion of derivatives
‘show activities which_support the theory. Acylationvof the
aromatic secondary amino groups of 8~aminoquinocline derivatives
~completaly obliterates the activity of the parent.
Substituents in thevpositions.vital for quinoidation a1so
diminish asctivity. Substituents; such as the'methox§1 groﬁp,
which might'aid quinoidation increase activity. Therefore,

the Sch&nh&fer theory appears attractive in explaining anti-
malariai activity 1f full cdguizance of the limitations of
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the theory and the complexity of antimalarial-activity'is
maintained, | . |
| Several compounds which wéra to be syntheslzed in
the presant studles poasessed syaﬁéma'whieh would easily
lead to quinonimine fovmatioh. In additioﬁ, 8ll wera‘to
contain the Mannich base éide ehain in order to obtain a
satisfactory physiolozical distribution of the drug through
greater solubility, Compound XVI is & close canganef of

Ggmsquin, e good‘auppressive antimaiariaif

(Goft ) oCH, H % (CpHg ) QNCHy
Ni
W o GJ:::](f:j |
VI ~ Camoguin

Compound XXVI 48 a hybrid of the G-aminoquinoline with the

Ccl1
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héaminaquinolima drngs,(thus cqmb#nipg‘potantial gamatocidal
and sugprgsaiva activity by the hybridizetion. Compound
XXXIZ woulﬁybé“similarfta xle; however the hydroxyl group
‘meta to the quinolylaﬁiﬁo group would not be as favoreble

to faclle quinoidation as the situation which the para
hydroxyl groups présent in compounds XVI and XX#I. A lower
activity in compound III would be interesting from the viewnv
paint of the Sch&nbérar theery.

aQninolinol Amebacides

A wide variety of drugs héa been used to téaab
various ceses of amebiasis, Exaainatian‘af'thase'dr&gs
reveals the widespresd use of quidoline derivatives and the
preference of physiclans for them. The amebecidal action of
the quinoline drugs is usually attributed to an aotive halogénu
»atom or perhaps an alkoxyl group tagather with the overall -
quinaline structure. Often a solubilizing group is present
to enable the drug to reach the site of asection. Chiniofon

is & good example of an intestinal emebeacide. Theliadina'

OH3 ‘
Chinlofon o Chloroquine
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atom is undoubtedly the toxliecant. The sﬁlfanic'&cid radical
is the solubilizing group. The group of compounds in the
present work follow this same pattern by combining a tbxiganb
halogen atom with a solﬁbilizing Mannich side chain, botn
substituted in the benzenoid ring of quinoline. These

compounds are of the following type:

HO

NG5l 6

Chlorcquine has shown great progress in the ehemoé
therapy of extraintestinal smeblasgis and is gradually raplaeing
the toxie emetine. No theory has been postulatea for the
action of«ektraintaatinal amebaoiaes. Chloroquine, however,
fits into the same structural pattern as do the intestinal
drugs. The ohloro atom 15 possibly the‘toxic atom while the
noval diamine side ahaih is the group which aasureg physio=-
logieal distribution of the drug. While the foregoing
analﬁsia of quinoline amebacides pervhaps oversimplifies the
actual mode of sctlion of the drugs, such analysis might'be

valuable in the synthesis of more general, non-toxic amebacildes.

A hybriﬁization 0f chlaroquine or Camoguin with
Diodoquin or Ghiniofon in & structure such as LXXAIV might
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produce a compound which would be aective in both phasss of

amebiasis.
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IV, DISCUSSION
Quinolinol Antimalerials

Source of Activity of Impure §~Amin0n7~diethxlaminomathgl~

* 8-quinolinol Trihydrochloride,(III

Com g BN S 3oL
' HCHO R (C’2H5)2NGH2 ' .
A —_ —
HC1
, (CoHg ) oNH HOGH NH,
NHGCHz B 5 S
° T 11 111

As stated in the Introduction, an gmgggg,égmple
of 111 exhibited exceptionsl antimalariel sctivity. In the
chemicel investigation of the source of the éotivity; it was
decided to attempt to prepare for antimalarial testing the
'eompounds actually used as intermediates in the originsl
synthesls and those which might result as bynproducta.
Further, i1t was declded also to prepare sz by a route
different from the original, %o rapaat the ori&inal synﬁheaia
in order to obtain an 1mpure sample of III as well as a very
pﬁﬁe sample of III. The pharmacological éompariéan of these

three samples would be very ravaaling;
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A - (H)
-
Ni .
ND NHAe
Iv “ v 1

ﬂurimg the preparatlon of‘aﬁ 1m@or£gnt intermediate,
S-acetamido-8-quino11nol2® (I), trouble was encountered in
thefraduatieniand subsequent acaﬁyla@ion‘of Snnitraso-B?
quinolinol®t (V}. Catalytic redudtibn‘and concomitant
acetylation of V was successful in amall guantities as indi-

cated in squation B.

v oovi VIII 1

ﬁ‘:Thé most’consistant productiva method of pﬁaparing
I was reduction of V chemically by the method of von
Koataneckialb followad bylﬁcetylatian in water with two moles
of sodlum aoetate and twaymalaa'bf acetic enhydride. The

O,N-diacetylﬁderivative'(VIII) 8epargtea initially from the
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acetylation mixture, but the D-ascetyl group was removed
easily by the addltion of concentrated awmonium hydroxide

to yield the desired compéund (I).’ I couldlbe p&rifiﬁd with
dirricult§ but the crude m&terial was usually auffieiently

pure to be used In further reaction.

HCHO A -
HOAo S
o NHAc NHAe ,
I CIX
- OgHj gNH
OH
E
Ac
I X

- In the course of the ofiginalyreaction (a), a
small amount of insoluble material was recbve?ed which was
thought to be either 7,7'-msthylane«bis-CSeaaetamido—8~
quinolinol) (IX) or its ﬁeaaétylgtedlralative. IX was pre-
pared by ﬁwo‘methoda:' condensation of two molgs of I with
paraformaldehyde in acetic acid (D) and alkylation of I with
Séécstamido~74(1~piﬁavidy1methyl)ea;quinolinoi (X) (equatiéﬁ

E). IX was insoluble in‘gbmmoh solvents and decomposed
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slovwly at high tampéraﬁﬁres (above 300°). Attempted
deéaétylat&on'éf IX in concentrated hydrochloric acid
resulted in a taﬁ>aéliﬁ precipitating direectly from the acid
salutidn aftar‘a short refluxing period, This product, which
ia‘apparently'oﬂiy the hydfaehloﬁide of IX, seemed identiecal
with th§ hydrochloride made by dissolving IX in e minimun of
cancentraﬁed”hyareahlorle scid and péecipiﬁating‘it with
acetons. Deacetylation of IX in alkali resulted in dark,
dadamyositian productsQ,~Sinee,the bis prqduets were very
insoluble and had very littla activity (see page;;g), work

along this line was discontinued.

«2HC1

 An intermediste which might be present as an
lmpurity in the impure II1I and thus might ascount for the
antimalarial sctivity is Snaoetamido-7-aiathylaminomethyl~8-
quinolinol (RI)‘ XI was not isolated in the criginai
raactien.and could not be obtalned in a crystallina state 
but its dihydrochloride was crystellized with difficulty.
The piperidYXméthyl (X) anslogue was jsolated very. easily

as the free base (Equation G). However, both of these HMeanich



bases}were inactive pharmacoloziceally.

OH OH OH
| ; ; W «3HC1
3 CH. . NCH !
| HOL
H- ~NH
¥aAe  moHDC NHAc >
I X XI1

| An impure sample (XIIa) of S-amino-7~(l~pipériayl-
methyl)-8-quinolinol trihydrochloride (XI1) was submitted
for antimelarial testing along with a purified sample (XIib),
The two samples hed similer activities (page 26 ). This
.'piperidyl compound should be similar, pharmaecologically, ta
the diethylamine analogue (II;)~~the product which inspired

thase studies.

NS (E’G)QNCH

i

N02 ]

v X1II X  IlIe

A8 an intermediate in an alternate synthesis of I11I,
5-nitro-8-quinolino121b,22 (XIII) was prepared by oxidation
of V with nitric acid. T7-Diethylaminomethyl-5-nitro-8~
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quinolinol@ (XIV) was then obtained in a standard Mannich
reactiéh and reduced with treahly,p#apgrad_ﬁaney niqkely |
‘aatalyaf in glaciel acetic acid, Alr must be carafully kept
from the free base to keep oxidatlon et & minlmum. III made
by this slternate voute was designated IIla for comﬁérisan
purposes, | ' k
'Finally, reaction A was repeated to obtain an
impure sample of III (IIIb) and a carefully purifiad‘sampla
(I11Ic) of the same compound. Pharmacological aomparison of
these three samples (1ila, b, and o) indieated the same order
of activity for each. Therefore, the conclusicn was reached
that the ametivity is 1ﬂherent in the aempoundwitsslf; and,
further, as admitted by the pharmacologist, the apyareht
"decrease in activity” may actually be attributable to

vagaries in the test method.

a Lateb,iit was learned that XIV had been prepared earlier
~ as the monohydrochloride (m.p. 20&-2050733.far another
purpose by Dr, W. F., Holecomb of Parke, Davis & Qo.
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Antimelarial activities

1 20,075 X - ¢0,075

IIla Coods wvimn ¢ 0,075

IIIb 0,61 X1 €0.075

Iile 0.53  Xila 0.28

1X.2800 < 0.14 ~ XIIb » - 0.28

X 20,15 X1y 0.3
Original impure III 1.3 |

The antimalarial testing was carried out by
"Dr, Paul G, Thompson of Parke, Davis & Co. The nnmbars
are quin*‘equivalents as determined in melarlia caused by

Plasmodiunm lophurae induced in the chick. The excellent

agreamenﬁlor effectiveness by III (samplea'a, b and e)
indicates that the dompgund (III) is about half as aétive
as quin@ein the test., The conclusion thab»the original,
unusual getiéit# 1slanomalous is confirmed further by ﬁhé

identical sctivities of the analosue XII (samples a and b),
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5= 7-tharo~h-quinolv1amino) 7«(1~pineridylmethvl)-d-

quinolinol (XVIII).

o OH
(CHg ) oNCH 5
NH.3HCl
o1 7
XV

One of thafpriﬁé objects of thlis investigation
which has already been discussed was the synthesis of XVI,
a Quinaline analogue of the well known Camoquin., Former
attemptsl to prepare XVI by the,reacticn reproduced above (I)
weré unsuceeéaful. The failure of this approach was con-
firmed; however, an alternate method (3),,consisting of
synthesis of ﬁha diquinolylamine skeleton and then use of the

Mannich vreaction proved satisfactory.

Q@__} QO Q0

2HGl

RooFeoXeR

XVII XVIII
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VII was condensed easily with l,7-dichloroquinoline
(XV) to yield S-(7-chloro-l-quinolylamine}-3-quinolinol
dihydrochlorida nemihydrete (XVII). While XVII would not
form a ménnicﬁ base ﬁnder the expérlmental conditions
commcnly used,'1ta free base’reacted readily in alcOhol;‘
more difficultly in glecial scetic acid., The'yiélda are
excellent if the starting material (i.e. the base of XVII)
is pure. XVIII 13 a white, crystalline compound which is
soluble in dilute hydrochloric mecid and insoluble 1nvd11uta
sodium hyd?oxide solution., The piperidylmethyl derivativé
was ranned'because it is usually more easily crystallized
than the dieth&léminométhyl Hennich base. The latter
'eomeund'shonld be easily prepared in a similer menner.

XVIII was found to have & quinine eguivalent of
3.2 in avien malaria. It also was quite non-toxic since
1t was better tolerated in the chick than Gamaquin.VVThus
XVIII has a velatively high therapeutic index.
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8-(7~Chloro-héQuino;vlamina)~6-(1~piperiﬁvlmethyl)~5?"
guinolinel (XXVI).

AIX KX XXI XX1X

OH
AXIII XXIV XV
o1 N
NHS2HC1
—p
Mannich
OH!

XXV XAVI
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Tha preparetion of XXVI wes carried out in orderp
to obtain a position isomer of AVIII which would also have
structural featurea;nqcesagry‘to satisfy the require@ants
of‘thersdhﬁnhﬁfar iheqry. KXVI‘might also be regarded as a
hjbrid of the h-amino”and'8~am1no guinoline sntimalarials,

8-Nitro-5-quinolinol (XXIII), an important inter-
‘mediate in this synthesis, was prepared with several |
modifications acoordiag to theiingtvuetiona'af Fuson}gg,g;?&.
In the preparation of 2~n1tra»S«chloroacetanilide (KKI}; the

nitraticn,mixture must be allowed to come to room temperabura

slawly with stirrnmg in oraar to ciraumvant an axnlosion. ,

| The Skraup reaetion on 2~n1tra-5-ehloroanilzne has
been the method of choice for the preparation of b»ahlore«&~
ni£r6~quinolina (XXII). Neitner the original method of
‘Fourneeou®> nor a modifioaticn of Lutz et alab provad
satisractory however. A fine solutinn wag found by the use
of the Manske modificetion?! of the Skraup reaction which
employs an’aeetanillde‘(XXI) gs starting material., The
yields are consistantly 60-70 per cent if the procsduka
outlined in the Experimental section is followed carefully.

| The hydrolysis of ZXII was carried out in one

step with'alcoholio'pota881um hydroxide, This reaction did
not prove applicable to quantities of over two grams of
XXII. | |
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05 N\

AXIIT XXVII

_ The Mannich reaction was carried out with XXIII
aa'ataiting materi&l;‘vThe‘praparation is very teq;oﬁs due
£o the extremely low ébiﬁéility of XXIII in ethanol. XXVII
was theught’tb be a potential smebseide, aside from its
value as an 1ntermadiate,~

‘ xXIII was raducsd'with stannmug‘chlérida and econ-
centrated h#drochloric'aciﬁ‘in;essantially’the same menner
es VI. The yleld of 8-amino-S-quinolinol dihydrochloride
(XXIV) was 70-75 per cent. XAXIV was previously reported as
thé aulfateyprepared,by‘aﬁ‘electrolytic reduction208s28,
éha varioua'aminoquinolinolhydréchlcrides used in this work
were extremely hard to:ﬁufify due to extensive oxidation and
were often used in aubseqﬁént resctions in the orude form.

" The condensation of XXIV with XV was accomplished
easily to produce a yellow, cottony compound which was’mofe
\swluble‘in'etﬁanol-ﬁhan its 1som§r(XVIIi).

' Although the free base of 5-(7-chloro=l-

quinclyiaminc)48~qu1nolinol dihydrmohicride hemihydrate
(XXV) could not be isolated, the Mannich reaction with XXV

and three moles of piperidine was succeasful. The beautiful
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yellow crystals arénaolubla in dilute hydruchloric,ﬁcid )
and insoluble in dilute sodium hvdroxide solution. XXVI' |
has a quinine equivalent of 0.15 in avian malarla. Thése

‘results are rather dlsappointlng, however, the fact thet ‘

some antimelarial activity 1s present 13 inbereating‘

Attempted Preparation of 8~(7~Chloro~qequ1nalvlamino)-;-

(l_piperidvlmethvl)-b~quinolinal (X£XII).

P

M

AXVIII

XXXI o XXXIT.

An attempt was made to prepare XXXII, a third
isomer of XXVI and XVIII, This aompoﬁnd would be interest-

ing with reapect to its pharmacological activity. It does
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not fuifi}l the Sahﬁnther;prmcepts es Qompletely aé its
other two isomers because of the meta position of the -
hydroxyl group 1n ralatién to the E-aﬁino group. Such
‘pnsitian wuuld prevent the faaile gquinoidation which 13
possible in XXIII and AXVI,

&mnitvamé-quinolinal (xx1x)29, abtainad bv
demethylatien of the commercially avallable 6-msthoxy~6—
- nitroguinalina,wwas rmduaedlin the stan&arﬁ method with
éténqpuﬁ_chlagiae and gauaentrabéd.hydroahloric sold to
ﬁruaﬁaa‘B~am1no-é-quinalinoi dihyarochioriﬂef(xxx).lVThe
basa of xxx was previoualy p»e?area by reduction of the
proper coupled diazo compound by Maﬁh@us30 who also
| desaribed fovmatian of the hydraahlaride but neglacﬁéd to
giva a mexting paint‘

The eomdansatinn of AXX with XV waa readily earriaé
out but repashad attempts to obtaln the %anniah base of
XXXI, even amploying high dilution taehniqua, resulted in an
insoluble, yallow.pawdar which decomposed at high temperatnres

and is pnabably‘the bis, compound (XXAIII).

Cl Cl/
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Manmi o ' Nx
N HO ’ HO
| |  CHpNG5Hy 6
XXIX KXRIV

The ifannich resction was carried out with XXIX
in the standard manner to obtain XXXIV, sn congener of two
comnounda pravioualy pvapared {X1V and XXVIIJ Perhaps
later work will show that it can be employed in the

proparation of a type XXXII compound,

i=(L~Chloroanilino)=7=~(1-piperidylmethyl)=8=quinolinol {XLV).

OGH3

| OCH%  COOG»HHE
o NH, ggocz% g 25
2
COOCH, - COOC2HE
—f———_—% ‘
XXXV  OXXXVI XXXVII

N OGH3 ‘
\00092H5 : N\ COOH
, —>
4L

XXXVIII XXX IX | XL
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XL XLII .  XLIII

. NH.2HCOL » :
Q Mannich
XLIv : XLV

AVL is an isomer ef Cemoquin which &oea not posaess
a systemAﬁhich would facilitate quinonimina formation
suggasted by the SohBnhBfer theory a8 readlily as saveral of
the pracading campounﬂs (111, XVIII, KKVI); however it is
intereating in its own right since it is o position isomer
of -1 Gamnquin homologue. - -

huchlarouﬁ-methaxyquinulina3l (XLI) hes been made
by the ethoxymethylenemalonic ester (EHNE) synﬁhesis using

'gpaniaidine ag atarting materi&i. 31née the sodium salt of |

oxalacetic ester (XXXVI) is readily available, the modified
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Gonradahimpach synthasia32*waa utllized to’prepare'tha 
desired intermediste (XLI), It was found that the overall
jiald was much lower than that~reported by Lauer who used
the "EMME" method. |

XLI was hydrolyzed with 60 per cent sulfuric
ae1633 to obtain j-chloro~8-quinolinol (XLII) whien is,
contrary to expectations, only slightly soluble in 3 per cent
sodium hydroxide soiutibn. o
| grchlsraanilina (XLIII) wes condensed with XLII in
the standard manﬁar by refluxing 1n,athahal. The product,
= (4-chloroanilino)-8-quinolinel hydrochloride (XLIV), is
slightly soluble in water. It is quite soluble in ethanocl
but isopropanol was‘faunﬁ to be preferable for‘racrysté111~‘
zation, The Mannich bése of XLIV wasg prepa#ad by uding two
moles of piperidine to obbtain the desired product, XLV.

fQuinalinbl Amebacides

The Mannich bases of several halogen substituted
quindlincla;were,pregared}1n accordance witn'the’pattern -
suggested previously; 1;6..wthat‘such compounds‘wauld,aantain
g solubilizing group substituted in hhe halogenated quinolinol
skeleton which has been proved effective in ameblasis

(Vioform, Chiniofon, etc.).
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| S-Halc~8»gninnlinolé |

P 2 B R VI (3235)2NGH2 S
NN aMannmich
o | c1
KLVI XLVII
. N 2HC1
Q
w KLVIIT CXLIX

| ‘The S-ochloro- (XLVII) and's-brcmanquinolinﬁl'(XLIX)
Mannich basas'WQré aynth&aiz@ﬁ;“howéver thé'ﬁ*iedo'congéﬁer‘
 could ncﬁ be isolated. After several attempté at'ﬁdth
1oainating Y-piperidylm&thyl-&-quinﬁliﬁbiBnxanafuaing‘the‘
#annich raactimn‘with,Bwiaﬁd;6~quinolinol35,tthe sonclusion
was‘reachad‘that this most inﬁeraétiug'mamber of the SQries-
was too hygroscople to be isolated in a orystaliine state.
(The fluoro analogue has also been prepared by Dr. Arthur
Helln Q£ the Chemistry Department.,) In preliminery |
amebacidal tests at the Parke, Davia,& Co. laboratories,

XLVII and XLIX have exhibited fairly good activity.
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8-Halo=-b-quinolinols

NH2 cucl GU N - N %
HNCq HBr Mannich

@3 - —> HO

CH30 o
| 2NC5H1 o

L F5 I LiI DR 4 3¢ ¢

8-cﬁlero~6~mathaxy§uinnlina‘(LI) was prepered by &
Sendmeyer reaction on 8-amino-b-methoxyquinoline (L) as
deseribed by Price 23,5;36. Ll*waé demsthylatéd with 448 per
cent hyarobrnmia‘aeid to vield the previously unreported
a-chlora46§quinalinai (LII). The B-halo-b-juinolinols have
very high melting points as compared to the 5-halo-3- '
quinolinols and 6-chloroe-3equinolinol. The Mannich'
reaction using LII as starting matariml pvaaua¢d 8-dh1oro~'
Se({1=piperidyimethyl)-bequinolinol dihydrochloride (LIII)
_@nalyzed as tha'sasquihyﬁréte. The Manmiah'group w@a ‘
assumed to enter the 5 position rather than the 7 paéitiaﬂ
| becsuse of the evidence af provious slmilax inatences3’ aﬁd

the predomlinance of the resonance form indlceted in LII.

L CLIv | W LI
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Since the Sandmeyer prooadure cutlinad by
Berkenheim and Antix38 for the preaaratinn of Bebromo-b-
m@ﬁnoxyquinmline (LIV) yialded poor r&sults, a procadure
5imilar\ta the prayarabion of LI was used, ?he hydrochloride
of LIV was obtained in fair yileld (49%) end was used as such
in the subsaquant demethylatian. 8~Brom9~5~piperiﬁylmetnylu
6—quinoiinol (LvI) was prepared by the mannich reaction as

. stable, brown glatas.

| HO1 |
HBr \]Mann K
- GH30

oNC5H,

v wi WIr - LIX
~Although $~ioda-é«methexyquinollne7kLVII) was

reported by FPrice g&_g;?é, only a suggasticn of the method ;
used was included in his paper. The details of the Gattermanﬁ\
reaction wers clarified to obtain LVII in 25 per cent yield.
8=Iodo=-b~quinolinol (ZVIII) was purified by vacuum sublimation '
at 0.2~0;3 mm. as was LV, ‘S»Iodo~§-piperidylmethyl-6« |
quinolinol (LIX) was & besutiful, erystelline compound which,

contrarywlse to itas 5-iodo-8-quinolinol isomer, derkened only

slightly on prolongéd‘eprsure to air.,
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HMiscellanaous Hsloquinolinols

OAc Ac
| NHo NHAG NHAG
U s —_— '
Ac0 Clpz c1
X LXI LXII

LXIIT LXIV

- In the acetylatiun’of‘gfamiﬁephanal {LX), results
different from those previously reported 1h,ther11terature»‘
wera obtained. ﬁcetylatian by refluxing in an excess of .
acetic anhydride for eikheerna~half‘haur,-a method by which
Theilacker39 obtalned LXI, or twelve hours produced a com=
pound whieh»melted,aﬁ 78-80° and which evidently is the
 0-amcetyl derivative. Bambergerho reported that acetylation
of LX in a mixture of acetic ahhydri&é and,ethyl acetate
produced the o,N~-dlacetyl derivative (LKI)} however this
resotion ylelded a compound which melted at 200-202° and
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which apparently is the N-acetyl derivativeltl, " The desired
ecmpoﬁnﬁq(hxi) was finally obtained by the use of acetic
anhy&ride and LX in pyridine solution as suggesta& by :
LeRosen and Sm&thﬂl | , :

| ' It was found that 6-chloro-8-quinolinol (LAIXI)ua
was obtalned most satisfactorily from the Skraup reaetion
Tmiituéa\by~vaauum,aublimatian¢ 6«Ghloéo~7~piparidy1méthyl-
Bnquinalinol'dihydrmahlarida (LKIV} was obteined from the
Mannieh‘faaatien a8 a’hyaéate. Note should be made that
fractional smounts of water are often indicated by the
‘analytical aaté. This fact is probably becsuse drying over
phosphorous paataxi&e under low vacuum ebstracts a portion
of the watav hald by the compound in queshicn. The praaence
of a hydrata is often difficult to pradiut in sdvance, S3ince
‘the free base of LXIV was insoluble in 5 par gent soﬂiﬁm
hydraxidé solution, it waé asg&med that the HMannioh group
had entered the T pa&itiank3. |

Attempts to brominate and lodinate LX resulted in

mixtures of inaonclusiva‘prdducta. T&me‘preventad further

work along this line.

i~-Substit uted Aminoguinolines

In view of the recent recognition of the extra-

intestinal‘amabacidalfvalu& of the huaminoquinolinaau,

an attompt to synthesize a hybrid of Diodoquin and Camoquin
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was initiated. Such a compound would be of Interest for

testing in both phases of amebiasis.

3 | 'GHBO Sn ' ,OCH} '
0
v 2 | ‘2 HC1 NHo
I <
LXV B LXVI LXVII
QG qooozts OCH3
| | NHE:'H | ' C00C,H;
gg°°2H5 600C3H5 |
Ho \
00C,Hs, T oH
—-—ﬁ .
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Nxpoor: N PO
NaoR 4 e |
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" The ﬁrbhiém*éf‘praparing'the‘proger -chloro~-
quinoline was attacked from two directions, Iodination of
ALII (p. 35) 'with i0dine chloride produced a high ﬁélﬁing,
insoluble solld which could not be eondensed with the
Camoquin side chain (LXXIIX)., The alternate route (V) was
more successful.,

The'reduetion'af 2»nitro~h~iodcanisolehh (LXVI)
was successful with tin and hydrochlorie acid but extraet;on
ef’the praduat”with‘ethar was ‘extremely tedious due‘ta thev
presence of voluminous tin salts.

. The oxalucetic ester synthesis was used to form the
&asirea'hmquinalinol.~ Some trouble was encountered ia -
obtaining the free ester from the eommereially available
scdioathyloxalacetate due to the extensive decompasition of
the ester upon heating. ﬂiatillation thrau&h a vory shorb
 column at low pressure was nscessary to obviate the aifei-
aultyh54~ A |

Two aqually satisfactory methcds ware ussd to form
the aorylate (LXVIII) fuithav ‘the ester (XXXVI) was con=-
densed with the amine (LXVII) or the sodium salt of the ester
was con@énéed with the hydrochloride of the emine in the
manney suggzested by tisk and Stacy.uﬁ

- The eyelization of the acrylate was found to

proceed to completion in 35 to 45 minutes in refluxing
diphenyl ethar; - The ﬁsa of mineral oll as diluent is ngt



bh.

adviaéble becausa,of extensive decomposition ertha iodine
compound, This‘abnormally long heating.geriod‘for ring
closure is uhdoubtedly due to the bulky nature of the 5-iodo
substituent. .

Daearboxylation of LXX at high temperatures
‘yielded an insoluble, infusible reaidue which is prvbably
caused by the loaa of the iodine atom4 The deearboxylatian,
however, proceeded without d&ccmposition at 220-230° bug
some unreacted acid remaineﬁ.~ It was separated by prolonged
stirring with sadium carbonate solution, S~Io&a~3~methoxj~»
h-quinclinal (LXXI) has an abncrmall? low melting point
since & hydrate is formed, _

h~Chloro«5-1o0do«Bmethoxyquinoline (LXXII) was;
prepared by the action of phosphorous pentachloride and
phosphorous oxychloride on LXXI. The erude product obtainéd-
from benzene extraction of the neutralized reaction mixture
is best purified by vecuum sublimation st as low &
temperature‘és possible. Sublimatian at high tem@araturaa
produces a tarry sublimete., The yields are very low but are
much higher than'those obtalned by using phosphorous
exychloride slone. |

LXXII was condensed with the Camoquin side ohain
(LXXIII) in excsellent yielda; however the resulting praduct
(LXXIV).could,not be easily purified, LXXIV vecrystallized

nicely from isopropanol but upon filtration the erystals
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prnvaﬁ o ba vary hvgroacapie. No solvent was found which
was satiaraetary far reeryst&llization, A amall amount wgé
finally‘r@yraaipitated«fram isopropanol aoldtioﬁ‘with
acetone to yield a stable hydrate form.

LXXIV could not be demethylated with 48 per cent
hydrﬁbramie acid to give a desired 8-qu1nelinol. A dark
reactian mixture resulted £rom vhich no product aould be
isolated. d¢wevar, LXXIV itself may prove to be Juat.aa
1nteresting since many similar ecompounds (ﬁtabrina) are
damethylated in\vivo.

A suggestion for futurs work toward the synthasis
of the demahhylahed relativa of Lxxxv is the initial
demethylatian or LXII, followed by sondensation of ﬁhe
resulting h»ahlaroquinolinol with tne Samoquin side chain
(LXAIII) to produce the desired produst. Such a course of
gction would immadi&tely form the dihydrochlovi&e whiah is
eviden‘aly more stable than the free base. |

It ahculd elso be noted that althaugh the ocompounds
reported have been divided into two groups, entimalarials
and emebacides, for purposaes of discussion, all the compounds
possess Interesting posaibilitias in ﬁath diresctions, a fact
which may be.aptly illustrated by Lxxiv and XLV. ?hasa.
~ eompounds have struéturea whiah‘may have poténbialitiea
against either parasite. Fragmentary reports on the come-

pounds tested at the time of writing have corroborated this

reasoning.
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- Although the HMannich reﬁctidn,is'dominant ¢
tbroughout,the;axperimeﬁtal pért~o£ this paper,.no affort
has been made to discuss it in detall since excellent
review articlassagara aVailable:on the aubject. 'Recéntly,
the first article of a series on the mechanism of the

Mannich reaction appeared in the literature.53
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V. EBXPERIMENTAL® -
Quinolinol Antimalarials

5~Nitroao~8~quin&11nal (V)31b¢~~~Thirty-six grams
(0. 25 m@le) of ﬁuquinalinol (IV) was dissolved in a mixture

of hS ml' af coneantvated hydroahlcric acia and 45 ml, of
distilled water. The solution vias ecoled to 8° and 8
saturated solution of 18 g. (0.25 mala) af sodium nitrite
~ in water was added with efficient stirring over a two hour
period, The mixture was then tested with'starch“potéssiuﬁ
lodide papar to verify an oxcoss of nitrous acié.f Thé thick
yellow solid was collected on a Buohner funasl, washed with
water, and praagad with a rubber dam to yield h? 5 : 3 (91%)
of' the hydroahlariae of V. , _
a solution of 20 g. of sodium hy&roxide 1n 300 ml.
of water wes added to W7 2. (0.22 mole) of the hydrachloride
of V dissolved in a minimum of water, The resulting red
aolutien\waa‘treated with Norite, filtered, and mede éoié;c‘,
‘with dilute acetic acld to yleld 37.3 g. (95%) of yellow V;
-m.p. 240°-245° (deo.) (reported‘m.p. aaaﬁzusozlb).

ﬁ_gmino—8~quinolinol Dihvdrochloride (VII).~~-Two

hundred end eleven grams (1 mole) of the hydrochloride of V

8 All'malting points and boiling points are uncorrected;
all carbon, hydrogen analvses are by Mr., Charles Beazley,
Skokie, Illinnis,
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was slowly added to an egltated solution of 500 g. of
erystalline stannous ahlorida in 600 m1¢ of cone@ntratad
hydrochloric acid at a r&te which kept the temperature below |
20°, The mixture wes then hested at 60° for six haura.i'The
‘red tin salt was separataa by filtration, washed with con4
centpated hydrochloric acid, and dissolved in 2% 1. of hot
water., Hydrogen sulfide was passed into the &Quéoﬁs solution
until no further precipitete was formed., The solution was
filtered through a sintered-glass fllter and concentrated in
vacuo on the steam béth'aa rapidly as possible to yiald 100,3

. (54%) of beautiful yellow crystals; L hﬂ-2h5° (dee,)
(reported m.p-,2h5°)21b - |

S~Acetamidow8~qulnclinal (I) Method A,---Eight

and,séven-tentha grams (0,05 mole) of V was suspended in
glacial acetic acid along with 9.5 ml. of acetic enhydride
and 0,1 g. of Adams catalyst. Dgring the subsequent, low-
pressurs hydrbgenatian,'the theoretical quantiﬁy‘cf hydrngan
was absorbed and heat was evolved, The clear sol&tioniwas
refluxed‘for'six’haura, The spend catalyst was removed
from the warm solution by filtration. After stending oveﬁwv
hight; 0.6 g. of qnidantified yellow orystals separated;
MePe 26&9. The filtrate was concentrated until it began o
bump badly, Trituration of the concantratad solution”wiﬁhA
ammonium hvdroxida produced 5.4 g. (54%) of grey solid, M. D
208°, The product may be purified by recrystallization from
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othanol; m.p. 219-220° (reported m.p. 221-2220)20,

© Method B.~~~A solution of 15 8o (0.06 mole) of
,VII in as little water as poasible was heated to 50° with
efficient stirring. A solution of 17.L g. (0,12 mole) of
erystalline 3odium acetate 1n w&ter wes quiekly added
together with 13.8 g. (0.12 mole) cf postic anhydride.
After heating at 5&~55° for two hcurs, e yollow mass ,;
’aeparatad. ‘The cooled aaiid was separated by filtration-;
meps 2076208° ~ The diecetylated derivative (VIII) was
tritura%ed with smmonium hydroxide to form 12.0 g. (924)
of the deslred product; m.p. 21&-2159

,1,?’-Mchylenaubisn(Sfaaatamida)~8—Quiﬁolinol (IX)
Method a,—a-&VSdlutian of 9,0 g. (0. Okk mole) of I and 0. 6?'
g. (0,022 mole) of parafarmaldshyde in glacial acetic acid
was refluxed for two hours. After senaration by filtratian
and washing with acetone, 8.0 2. (87%) of tan s0lid was
reoovared; this material wag exbvamaly 13501uble in eommon
‘organie solvents and decomposed slawiy above 275°.
Method B,=--~A suspension of 3.0 g. (0,01 mole) of
: S-aéétami&o~7-(lmpiparidylmathyl)~8-quinolinul (x) and 2.0 g,
(0.01 mole) of I in 50 ml, of methanol~ethanoi,mixtﬁré was
heated on the steam bath until the solvent was nearly gone.
Glaclal acetic scld was edded to the reéidue. Thé clear
solution was heated at reflux for five and one-half hours.

The sddition of 35 ml, of water seperated a product which
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paasessed.propartiesjaimilar to thdae of the golid obtalned
in Metnod A; 2.0 g. (uB%); Mepa 300° (gradual deg.).i'Theb
30115‘§33 801ub1a'1nldi1ute'Sodium'hydrcxide aolutidn‘,(
Dilution with weter caused partisl preaipitatian but.aipallet
of sodium hydroxidﬁ’oléared‘thg solution once again, Excess
acetic acid forced the produst from solution. Purification
was_aegomplishad by recrystallizatianlfram & large volume of
quinoline. |

| , Anal. OCaled. for C23HggW,0): C, 66.33; H, 4.8h.
Found: C, 66,33; H, h.87. |

5-Acetamido-7-diethylaminomethyl-8-quinolinol -
Dihydrochloride (XI).---A solution of 20,0 g. (0,1 mole) of

" Iin 1l 1. of‘ébsblute ethanol along with 21.5 ml. (0,21 molei
of diethylamine and‘3'g¢ fOQl'mole) of paraformaldehyde-waéw
refluxed for one and one-~half hoﬁrs.‘ A‘small amount of bis ;
product (IX) was separated by filﬁratioﬁ. The VQl&tilel
materials were avaporatea in vacuo ﬁnhil a thick sirup
remained. 'Additlon of ethyl ether forced a brown sirup
from solutlon. Dacantatidn of the ether and‘trituration'of
the sirup with acetone with vigorous stirring by hand
produced 26 g. (74%) of yellow solid; m.p. 198° (dec.). The
pboduat can be recrystallized from ethanol with difficulty;
M.Pe 203-204° (dec.) |

Ansl. Galed. for GyeHpyi303.2HCL: G, 53.3hs
H, 6.43. Found: C, 53.34; H, 6.56.
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§é3detémi&6&7w(1»gipar1&ylﬁathyl)~8~Quinolinal'(X).~-~
A solution of ?.8 g‘ (0 039 mole) of I, 1,3 g. (0. 0&1 mole) of

parafovmaldemyde, end 9,0 ml. of pip&ridine in 150'm1. of
eth&nal was rafluxed for anekhour, The condensar was removed
and tha'aclahion9a11awed ta-baii off to a ﬁulume‘ar hﬂ»SOlmlq
same 1nsaluble matavial {IK) was aa@arahe& by filtration.
Aftar atanﬁing for two hours, the solution yielded &,o gq.af
hrown solid, ‘The filtrate was evayar&ﬁad to dryness and the
residua triturated with isapropanal to vield 6. & 2. ' The totel
’yiald aftar washing the comblined portions of solid with
potroleum ether was 10,6 g.‘(ga%); mep. 171° (dec,), White

crystala‘ﬁarevbbtaineﬁ byvracr?stallization,from an ethanol
isopropanol mixbture; m.p.-197»198° (dec.).

Anal, Caled. for Cy7Hz)N30p: ©, 68,203 H, 7.07.
Found: G, 68.0%; H, 6.9).

5-Amino~7~{1~plperidylmethyl)-8-quinolinol
Trihydraahlorida (xi1).-~~ﬁ aolution of 3.2 g, (0 031 mola).

of x 1n an axc@sa of alcoholie hvavagen ohloride was heated
ah reflux until vellaw crvatals separated. The produot wask
ramaved by filtvatian and washed with acetone to yield 11.2 g.
(98%) of cryatala* L 23&9 (dea.). After several ra-
‘crvshallizationa from absaluta athanﬁl, 8 melting peint of
236-2370 (dac ) was attained.

QQ“L; Caled, for 015ﬁ19ﬁ30.3ﬁclz G, 49.13; H, 6,05,
Found: c, 9. 50, H, 6.10.
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GeNitro-B-guinolinel (XIII).--~ A suspension of

117 g. (0.56 mole) of the hydrochloride of V in water was.
dissolved in a solution of 50 g. éf sodium hydroxide in
700 ml, of water. V was formed by acidifiéatian withféilute
~acetic aocld,

The moist V was added to 400 ml. of nitric acid
(spe &+ 1.38) with efficient stirring and aoaling balow 500,
Stirring was continued for one hour. Additian of 20@ sodium
hydroxide until the mixture was‘basie'farmed a thiak,“rad»
aodium'aalt. Aoidifying with acatia aeid, filtratian, and
washing with water produced 100 g. (Qhﬁ) of yollow solid,
m.,p. 170-171°. fhe product was purified by vacuum
sublimation to yleld yellow crystals; m.p. 172-173° (veported
m.p. 173°)%2,

Zuuiathvlaminamﬂthyl-ﬁ-nitro~ﬁ~qu1nolinal (KLV) -
A solution of 5e Be (0 026 mnle) of XIIi, 0.8 g. (0 02& m@le)
of parafarmaldehy&e, ana 3 ml. {0 029 mole) of diathylamina

" in hDO ml. af &bsolute athancl was rafluxad for one and one-
half hours. Cooling sroducad 6 D g. (83%) of yollow aryatals
m.p. 205»206“ (dea ). comaentratien of the filtrate produced
1.0 g. of orystels, The total yield is quantitativa. Re-
drystallization from butanol produced no rise in melting
point. |
o _’ Anal;‘ Oalcd. for leal7w303; 6, 61.07; h, 6.23.
Found: ©, 61.16; H, 6.25.
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5»Aminm«?~diethv1am nomethvl~8~quinalinal Tr1~
hydrochloride. (I1I) Method A1.~-~& solution of 9 g. (O, GhS

mole) of I in 400 mil. of absolute ethanol was refluxad far
three hours with 5.2 ml. (0.0Svmala) af‘ﬁiethylamine and
1;5 g,'{O;O§ mole) of parafafmaldehy&é. One hundred ﬁiilié
1iters of alcoholis hydrogen chloride was added to the
solution and the reflux period extended for one hour. A
amall amﬁunﬁ cf bix product (13.2301) was separated from the
solution. The volume was reduced on the steam bath to about
§G1ml. Gooiiﬁg'praduaed 10 g. (6&%) of red solid; m;g, 209=
211Q (&éa;) (IIIb). ‘The produst can be pufiriad by aeva?al ,
raerystalliaatiana‘rram*machanél' m.p. 218-219° (dec.) (III@).
| 'An’al Caled. for Glhﬂmt@}{) .38C1: G, U7, J.m, #, 6.25,

anas ¢, 47.64; 8, 6.61.

| o Meﬁhod Bow==A solution of 9 g. (0. Oh? mole) of
XIV in glacial aoatic acld was vaduﬁed with Raney nickel in
a Parr low praasara hydragenation appnratus. The theoratical
amount of_hydrogen was rapidly abaarbaa. The solution was
filtered into an akcesg‘af ¢oncentrated hydrochloric acid,
The resulting red solutlon w@s‘conaentﬁated in vacuo to a
low voluma. After alight dilution with athanml, the additlion
of other separated a red sirup which solidified after
extensive stirring with 2 rod to yield 9.5 g, (82%) of brown

solid; m.p. 2G5-206° (dec.) After purification as in Met&o@
A, light brown s0lid was obtained; m.p, 219-220° (dec.)(IIIa).
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Anal, OCaled. for Cj)H;gH30.3H01: C, L7.40; H, 6.25
Found: €, 47.02; H,‘é.lu*

5—(7—0h10rc—h~quinolylamine)-8-quinolincl Qihvdvmm

ehloride Hemihyﬁrata (XVII).-»aA solution of 13.5 g. (6‘958
mole) of VII and ll.h g. (0.058 mole) of h,?wdiahlarav

quinalina (XV) in hﬁa ml. of ethanol was heatoed at raflux
for three hours, After atanding overnight, & grey~graen |
aoliﬂ was saparated by filtration and washed with hot ethanol
ta yielﬁ 19.0 . (81%) m.p‘ 3000 (&aa.). For an analvtieal
sample, 8 portian of the praduat was dissolved in methau@l
wihh heating.k Ethanol was a&&ed and the methenol boilad off
to praduce a green aolid after aooling,

. “Anal,’ Galcd. for 613H12G1N30 3&01.%320: G. 53.55;
H, 3.75. Pound: G, 53 43; H, 3.73.

‘g.55(7~Ghlor0-h@quiho;ylamino)~74(1-nipar1&y;methyl}~
8-quinolinol Aydrate (XVIII),---The free base of AVII was pre-

pared by_diaaolving the hydrochloride (XVII) in water end
precipitating the yellow base with amménium hydroxide; crude
m.p. 142-143°, N R |
A solution of 1.2 g. (0,0036 mole) of the free base
of XVII, o.zi &e (0.0037‘m91e) of peraformsldehyde, and 0,33
g. (0,0039 moia) of’plperidiﬁa in 100 ml, bf ethanol was
refluxed for two hours. The volatile materials were then N

taken off in vacuo on the steam bath until a whita'solid ,
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atavted to come out Qf solutlion, Gnalimm and trdturation
with wabar grmduaeﬁ 1.h 8- (93%) Gf slightly red solid,,‘
‘m.ﬁ. 203~8ﬁ&9 Sevaral recrystallizaﬁions from acetone
yielaad wh¢te crysbals, MePe 212° . This eampeund is aoluble'
in 5@ hydraehloric acid end 1naoluble in Sﬁ aodlum hydroxide
salutian. ,

 Anal. Galad. far GguﬁggclﬂhQuéﬂgﬂz c, 68. 07,
H, 5.71. Found: G, 68.08, 68.12; H, 5.65, 5.63.

‘ m-chloroaeetanilide (XX} .==~4 solutlon of 391 2.

(3. 06 mole) of m-chloraaniiina (XIX) in 370 g, of glacial
gcetic ecid was refluxed fnr twenhv hcurs. The reaction
mixtura was paure& into an excess of ice weter. A dark 1iqnid
.waparated mhish turned into white erystals on stireing; &45 B
(35ﬁ) m.p. 70—71° (reporta& m.p. 72, 5”)h7 |

Wltraticn nf m-ﬁhloroaaat&nilida.—-~a mixture of

262 g. (4.16 mole) of fuming nitric acid and 236 gz. (3.93,
mole) of glaciel é&atio acid was slowlv dropped iﬂto-a
aalubion of hQS g. (2.61 mole) of XX 1n W2l g, (L lS mola)
of aaatia anhydriae and 236 g. (3.93 mole) of glacial acetic
acld with the temparature between 00 and 5°. The mixture
was allowed ‘to come slowly to room temperature with stirring.
The acid solution was than poured onto ice. The resulbing
brown solid was‘pressedvunﬁar a rubber dam on a Buchner
funnel and then dried in a large wvacuum déaaioator over

successive fresh portions of phosphorous pentoxide. The dry
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powder, a mixture of 1isomers, waé‘extpaetad Wiﬁh 500 ml,

of benzene in a continuocus extraation to yiald Zgh 8. (hb%)
of 2-n1tro~9-ch1aroacetanilide (XAI), MeDe ll&-ll?“ { reported
mep. 117-1169)2%4,

ﬁychlois-S—nitraquinmline (XXII).===4 homogeneous -
mixture of 15 g. (0,07 mole) of XXI, 10.6 g. of evsenic
'péntdxide; and 51 ml.faf'pﬁeviously dehydrated glycerol was
treated ﬁith'28.? ml, of concentrated sulfuric acid. Heat
was applied with s luminous flame until a vigorous reaction
‘had starteé. When the reaction had subsided, the flask was
‘sllowed to stand for two hours. The reaction mixture was |
poured inﬁa;ice water end filtered through porous plate.
Ammcnium‘hydroxids”was édded to‘thehfilﬁrate hofaepafata’9.8
g. (68%) of brown solid; m.p§'123~12h° The product“isx
purifiad by reeryataliization from 504 acetio acid; m,pPe
135~136° same as repovbeﬂah

Snﬂitro-suquinolinol (XKIII).-~~A solution of L =,

_(o 19 mole) of XXII and 12.0 g. of potassium hydroxide in

80 ml, of ethanol and 120 ml. of water was refluxed tan"
hours, The addition of an excess of sther féreed the
yellow potassium salt,rrbm solution. The,aalt\waﬂ dissolved
in water and neutralized with éaatia acid'to praduaa'B,Z'g.
{86%) of yellow solid; wm.p. 255-257° (dec.)(reported m.p.
257-2560)2h,
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f-litra-b-niperidvimethyli-5-gquinolinel Hydro-

ahlmri&e-(XX?II).nwuﬂ heated soiution ef 0,40 g, (0.013 mole)
of paraformalﬁahy&a‘and 1.5‘ml.“(0.015 m@la);of‘pipaéidina
in ethenol was sdded to 2.5 g. (0.013) mole of XXIII in 1.5
1. of absolute athanalg The solutlion was concentrated to
~about 50 ml, Whiah,yieldsa;upnn cooling 2.5 g. (83%) of
yeilww,solid; m.p. 124°. The base was converted to the
‘hydrochloride which waa-rauvystallizad'fham ethanol to yleld
- yellow crystalé* m;p* {gathers at 1h0~1h1°) 193-194° (dec.).

| Anal. Galcﬂ for 015%17ﬁ303ﬁﬂ1; 01,«1ﬂ.92,
Found: C€1, 11 10, :

8-Amino-5-quinolinol Dihydrochloride (XXIV),.ew=

XXITI (11.8 g.) was reduced in essentially the same menner

as Vi gmg&;'ﬁhamieally*with stannousehloride and ccﬁcenbrabe&
hydrochloric acid to yield 10,5 g. (73%) of yallnw crvstala;
m.p. 252-2550 (dec.).

8«(7~Chloro=hi~quinolylamine )=5~-quinolinol Dihydro-

chloride Hemihvdrate (XKV).—ﬁ-A solution of 2.5 g«:(0.0ll‘
mole) of XXIV end 2.1 g. (0.011 mole) of XV in ethanol wes

refluxed for two hours before 3.7 g. (87%) of vellow flakes
separated; m;ﬁ. 265~270° {(doec.). The light product was
pufified;by.two reoryéballizatiana from ethanol; 231-232° (dec.)
| |  anal. GCaled. for 01331331N30.2H01.%Hao= e, 53.55;

H, 3.75. Found: G, 53.27; H, L.30. | |
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8={7-Chloro~li-quinolylamino)=b=(l-piperidyvimethyl)~
gaquindlinol (XXVI).~-~A heated salution of 0,39 g. (0.015
mole) of paraformaldabyde and 4.5 m1, (0. 045 mole) of '

piperidine in ethanol was added to & aolution of 6 g. (0. 015
mole) of XAV 4in &06 ml., of ethanol, The solution was heataa
at reflux far thir%y'minﬂtaa and the volatila materi&ls
removed in vacuo. Tha yellaw rasldue was axtvaetaa with
; éﬁﬁyl ether 15?@ Soxhlet extractor. After drying over aadium
»aulf&te, ﬁhe ether waé evaporated under 8 atream of dry air
to leave L.k a.“(ééﬁ) of yéilaﬁ erystals; m.p. 182-183°. The
p?aauct way‘be racryataliized f£rom ethanol: m.p. 186%. It is
saluble‘iniS% hydrcchlaric'aoid gnd insoluble in S%»#odium
hydroxide solution.‘ B ,
; Anal; Galcd. for Gghﬁg301§&0= g, 638,81; H, 5.53.»
Found: ©, 69.25; 4, 5.73. R

S-ﬂitromé—quinolinol (XXIK) o mmmdh suspansien of bO g.,
(0.2&6 mole) of 6~mathoxy~8«aitrcquinoline (XXVIII) in 250
ml, of u8% hydrobrcmic auid was heated alowly to bniling over
the duration‘of one hour. The dark aolution was rafluxad
fér‘fourfheuré whan'yallaw erystals came out of.solutian. |
The product was éeparet@é“by filtéation,~auapenﬁed in water,
and made alkalina with 20% sodium hydroxide solution. Thé |
; dark solution was filtered thrnugh ] glass funnel and neutrau
1ized with 5 N hydroohloria acid to separate 2.7 g¢‘(91%} of
crystals; MeDs 2276228“ (dec;)~(r9portedym.p. 226-228°)29~
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‘8-Amino-6-quinolinol Dihydrochloride (XXX).---XXIX

(6.0 g.) was reduced using the pvdcedﬁrév0f VII and XXIV to
yield 2.9 g..(hﬂ%) of yellow crystals; m.p. 2&2~2A3° (&ec.).

8-(7~Ghlero~h~gu1nmlylamine)~6»quinolinol Dihydron‘

chlaride manohvdrate (XRKI}¢-~~3 solution of 2.3 g. (0.01 male)
of XXIV and 2.0 g. (0.01 mole) of XV in 100 ml. of ethanol was
heatad at reflux fnr fifteen minutes when 2.9 g. (71%) of red- -
yallow erystala came out of solution, m.p. 283-285° (dac I8
The produet was racrvatallizaa from athanal' e P 295° (dec.).

- égg;,’ Caled, for 61331301N30 2101, 1330: G, 52.25;
H, 3.90. ‘Fcuna* G, 52.33; H, u,la. | B

§-Diehhzlaminameﬁhyl~8-niﬁro»énquinallnol (XKXIV).~~-
A salution of 5 g (0,026 mole) of XXIX, 0.8 g. (0. 026 ‘mole)

of parafarmalﬁehyde, and 3 ml . (0 026 mole) of ﬁiethylamin&
1n &00 ml, of ethanol vas refluxed for two hours. A small

3 amo&nt of dark aclid was removea from the solution by ,
filtration._ The valume of the salution was reduced until
acoling and atirring prmduceﬂ l.g. of yellow solid; m.p. 125~
127° (dec.). The remainder of the base was obtained by
pasaing hydrogen chlariae gas into the alaohalic aolution

- which haﬂ been diluted With sthyl ether, ﬁissolving the salid
in watar, and nauhralizing with aadium hydroxide aolution¢
The total yie;d‘waa A,E g.\(éah) of vellow erystels from
aceton; m.p. 1&1~1h2° (dec.).  -
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Ansl. Celed., for Oj)Hy7N303: €, 61.07; H, 6.23.
Pound: C, 61.12; H, 5.95.

%«ﬁathdxy—h~quinaiinel (XL)o~--A solution of 22 g,
(0.12 mole) of oxalacetic ester (XXXVI) and 24.6 g. (0.20
mole) of,gganisidiﬁe in 100'm1.‘er glacial acetic acid was
heated fdr four hours at uﬂf50°.; The solution was aliéwed to
stand for 20 haﬁrs and than'paured into ice water. Neutra-
| lizaﬁion with 207 sodium ﬁydroﬁide'aolution caused the
gseparation of a heavy 011 which was extracted thrica with 200
ml, of ethyl ether. The combined ether partians were
extracted in turn with two portions of 300 ml. of 0.7 N
hydrochlario aciﬁ and wiﬁh two portions Qf,lécAml.‘af“0;7 N
sodium hydroxide golution. After drylng over anhyaréus
‘potassiuﬁ carbonate, the sther was évéporated to leave &
dark sirug which solidified on cooling and stirring to yleld
2h.6 g. (72%) of orange soiid (XXXVII); m.p. 59-60°.

‘ «’Thé‘powd@red aery1ata (XaXVII) waa»slnwly added

to 200 ml.‘afkmineral oil {Biphenyl ether can also be used
with good results.) preheate& to 2500 with stirring over &
ten minute period. The mlxture was heated at that tempera-
ture for 5 mlnutes longer and then allowed to cool. 4n
exceas of Skelly301V& B was added to separate a thick liquid.
After decantation of the supernatent aoivant, the airup'waa
crvstallizad by extensive ﬁtirring with a rod 1n $kellysolva
B into 19.3 g. (93%) of tan golid; mePe 101-103°
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A solutian of 19 z. (0.0?7 male) of 2~earhethaxy~
ﬁamathoXy~h-qminolinol (XXKVIII) in ZOO*ml. of 5% sodium
‘hydroxide solutiun was rafluxad far twe hours, then ccolad
and filte?ad ‘through a poraua plate funnel. The dark ,‘
solution was aaidified with 10% hydrochloric scid to yleld
.‘16.5 2. {98») of tan solid; m.p. 242° (dec.).

| The aeiﬁ (XXXIX) was alowly drnpped inta 100 mle
of mineral oll heat@d at 270° with stirring. ‘The mixture _
was mainﬁainad at 270° for: five minutes langar. Upon cool-
ing, a. glassy solid formaa on the sidas of the besker,
Skellysolve Ehwaa gdded &nd)tha nmixture was filtaredﬁho
jleid 13.0 g. (99%) of impure product (XL); m.p. 131° (dec.)
(reporteﬁ,m;p§ 163~169°). This seliﬁjwaajrecvysba1112355:J
from water toAy1e1a=6.9ﬁg. (53%) of the hydrate; m.p{'136~
131° {reported m,p. 13-135°)31,

L-Ghloro-8-methoxyquinoline (XLI),=--A mixture of

16,8 g. of phosphorbws pentoxide and 16,8 g. of phosphommus
oxychloride was heated at 70-830° (oil bath temperature) while
13.3.g. (0.076 mole) of XL was slowly added. The oil bath
wes heated at 130-140° for thirty minutes then the
temperature was raisad to 150-160° under vacuum appliad

with the water pump'unﬁil the excess phosphérnus oxychloride
had been removed., . The eoéléd rasidue was added to a mixbure
of ice and watér,, Aftar filterinm, the aaﬁk solution wes
neutralized with 10% sodium hydroxide aolutian to yield 9.7 g.
(66%) of pink solid; m.p. 77° (reported m.p. 79-800)31,
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h~Chloro-3-guinolinol (XLII).---A solution of

9.5‘&. (G—G@Q'mola) of XLI in & mixture of 61 ml. of cbn~=
centrated sulfuric acid and 36 ml, of water was refluxed .
for five and one<half hcurs. The acid solution was pauraﬁ.
over les and neutralized witb ammonium hvdroxide to
aaparata 8 grean solid. Tnis solid was sﬁirred in 300 wl.
of 2/ sodium carbmnata salutien for two houwa, then
aenarahed by filtratian, washad, and ﬁried to vield & 2 Be
(8u%) of gZray-green solid,,m.m. 139—1hl° (dec.) A sample
for analysis was prepared by vacuum aublimation and re~“v
| cr?stallizatian from ethanol to vi@ld baautiful, white
erystals; m.p. ;2~1h39«,  o

 Anal, Caled., for OgHaCLNO: C, 60.18; H, 3.37.
Found: €, 59.98; H, 3.36.-

"h~{&uchlbroanilinn)~8equinolinol Hydrochloride,
{XLIV).=~-A solution of 7.2 g. (0.0} mole) of XVLL and 5.2 g.
(0. cu mole) of grahlaroaniline (XLIII) in heo ml, of ethanol -
was refluxad for tnraa hnurs. The salutian was eoneentracaa |
and diluted with ethyl athar ta aeparate 8. 8 g. (71&) of green
s011d; m.p. 2&9~292° {dec., ). A sample was racryatallized ‘
from 1soprcpan01 with difficulty; m.p. 306-307° (daa. unevanly)

Anal, Oaled. for ﬂlgﬁllclﬁgﬂ L o+ G, ;

H, . Found: G,  ; H, . B
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gg(h-ahloraaailina)~7—(l*nipariavlmethvl)wéw

quinolinol (KLV).wawA previou&ly haated selution of 0, 2@ 2.

‘(G 60@7 mola) of paraformaldahyﬁa and 1,3 ml. (0. 013 mola)
of pip&vldin@ 1n.athanml was mixed with,a solution of 2 g.
fb.éoéé'mgla) ér KLI?§ The mixture was boiled on the atéamv
,bathifcrnaﬁlﬁiﬁutaa aﬁa'ﬁﬁan“evapbruﬁad to dryness in vacuo,
The g*éen‘rasiﬁue was axﬁraetea'with'ethyl ether in a Soxhlet
extractor. The ether was evaporaﬁad‘under a stream of dry
air to leave 1.6 g. (62%) of yellow powder; m.p. 179--1{310
(dec.). 4 sample for analysis was recrystallized four times
from athébo;:wm.p; 206-207° (dec.).
~Ansl, Caled. for OpyHppClN30: ©, 3 H .

Founds G, 3 H, . : |

Quinolinol Amebacides

: S-théron?udiathvlaminam@thyl-&-quinmlinol*Bihydro~

chloride (XLVIX)‘~~~5-0h10ru~8—duinolinol nitraﬁé (XLVI)® was

dissolved in water and an 0XCo3s of sodium hydroxide solution
was addedftd the cooled salutian.& After the alkaline solution
had been filtered, XLVI was aeparaﬁed by the addition of
acetlc scid; m.p, 127-128° (reported. m.p. 128-129°)49,

. A solution of 8 & (0,045 mole) of XILVI, 1 .35 2.
(0,045 mole) of paraformaldehyﬁe. end 5 ml, (0.048 mole) of

a XLVI was furnished by the Ghamistry Department of the
" University of Gincinnati.
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diathylamine 4n 500 ml. of ethanal was rafluxad for one and
_ane—half hours. ;$ome dark solid waa removed from the aaclea
solution by filtraﬁion and the velatile materials wera
remOVed at tha water uump until thers. remained only & &ark
airup which was disaolved in ether. A slow atream of
hydragen chloride gas aaqarateﬁ 11.2 g. (?4%) of yellow
80lid; m.p. 195-196° (dac.) Furificatian waa accamplishad
by raerystallizatian from ethancl, Mapo 197~198° (dec )

S . fnal. . Caled, for Glhﬂ1701ﬂaﬂ 2361“ Cc1, 2} 0.
Found: €1, 21.08. |

§~Bramo-8-quin011nol (XLVIII).~~~An auatia acid

solution of 32 g. (0. 20 mole) or brmmine was alcwly addea ta
an agitated solution af 29 e (0. 20 mola) of xv in acetie

acld over a two hour pariad.’ @ha precipitate was separated
by filtration and extracted with hot water. The‘addiﬁion of
sodium aoetate aalutian caused the separation of 10.0 Be (23%)
of XLVIII~ MePo 108~109° The sclid wes reary&tallized from
ethanol; m.p, 12l-1259 (reported m,p. 124°).

5»Bromo«7-diethylamincmethvl-&-quinclinol Dihydro-

chlaride (XLIK).~~-A solution of u g+ (0,018 mola) of XLVIII.

0. Sh 2. (0 018 mole) of paraformaléehyde, end 1.9 ml, (0.018
mole) of diethylamina in 160 .ml, of aﬁhanol was refluxed for
one hour. The sclution was filterad and ooncentrated at the

waterlpump to & low volume. ~ Hydrogen chloride gas was then
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passed through the solution which had been diluted with
ether to form a ﬁ%igky, yollow sqlié“ The supernatent
1iquid was decanted from the solld which was immediately
dissolved in hot ethanol. The alccholic solution was
filﬁeraﬁ, eancenﬁrateﬁ, end cooled., Vigorous stirring with
8 rod was nec@saary to separate 3.5 g. (51%) of golden
solid; m.p. 182-183° (dec.). A ‘semple was purified for
anaiysis by‘aavaral recrystallikatians from ethanol; m.p.J7
197-198° (dec.).

ggg;, Calcd. for 01h317BrY20 2501: €, l4.00;
H, 5.01. Found: €, L3.71; §, 5.02.

 3-Ohloro-b~guinolinol (111)36,-~wi solutia@ oiiS g
(0.026 mole) of B~chloro-b-methoxyquinoline (LI) in 50 ml. of
&8% nydrwbramic acid was reflnxed rep gix hours, ‘The solution
was eooled and enough 20% aadium hydraxiae soluﬁion was added
to. dissalve the salid whilch 1nitialxy aapar&tea Thg dark
solution was filterad and neutralized with 10% hydrochloric
acid, A light pink soiid‘waa geparated by filtration, washed
with waﬁar.«and dried on a pqroua‘piateé,&.g g. (96%) m.p.
236-237° (daa.). The sclid‘was’pﬁrified by recrystallization
from ethanol; m,p. 237-238° (890.).
. Anal, Caldd. for agﬁéalﬂbg ¢, 60.18; i, 3.37.
" Found: 0, 60.08; #, 3.49. |
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-0h10ro-;~(1~niner1avlmethyl)-6~qnimclinol Dihvﬁrnn
chloride Seaquihydrate (LIIX).nu-A solution of 3 g. (0.017

mole) ef LII in alaehol was a&daﬁ to a pravioualy ‘heated
solution of U.51 kL {0. 017 mele) af paraﬂcrmaldehyda &nd l T
ml. (0.017 mole) ar piperidine 1n ethanol. The clear aalutiaa
was refluxeﬁ for five hours and concenhrated to abaut 30 ml.
Hydragen chloride gas was bubbled slowly thraugh the solution
to- separate a brown solid bthar was added to complate thﬁ |
separation of 5 I Ze (88%) of LIII; melts 1aﬁafinately abave
2209. The 1izht ten solid was pacrystallize& from ethanol
fﬁr analysis.

An@i. Caled, for 61531751@;30 2HC1,13 ﬁ30~ 01, 18.82.
Found: €1, 13, 82¢; |
f The fraa base was obtained by dissclving LIII in
watar, neutralizing the solution, and extractiag wibh ether.
The dried ether aolution was evaparated ta drynaas under a
stream of air to leave the crude base; mep. 97-98° (dac.).,

The free baae ia insoluble in 5% aoﬁium hydroxide soluticn.

: 8-Bromo-é-mathoxiquinolina (LIV),=-- Nineteen grams

(0 28 mole) of sodium nitrite was added to 120 ml. of concen=-
trated’gulruric acld_w&th«stirring and cooling at a rate
‘which kept the temperaturs below 10°.’ When'the sodium nitrite
had been added, the mixture was heated to 70° at whiéh‘
temperature a violent réaation took place and a clear solution

resulted., The cooling bath was replaced end a solution of
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'ha g‘V(Q;23 mm1é71ef15‘amiﬁoeénmathbxyquinuliﬁe'(L) in
glaéialsaeatia aciﬁ‘alawly;adaad to'maiﬁtgin-a[tam§erature
of 18-20°,

"nuéing‘this time, .2 solution of cuprous bromide .
in 75 ml, of &&% hydrab?amic aoid was prepared. The
diazaﬁizahigm mixﬁuya\ﬁas;aloﬂly'addad‘to}tha brcmideﬁ
mizture with shalking and ¢aoling under the water tap. The
mixtura was theh &eaﬁed on the steam bath for one hqur‘and
allawe& to atand at room temparature overnight, ,

The mixturﬁ was aantralize& under cneling with ,
ammcn&wm,hy&raxida. A blaqk tar was aeparatad from the
aalutién py,filtration and extraotad with dilute h&&r@chlorie
acid, The aeié‘solution was neutralized with sodium .
hydroxide solution to ssgaratsia‘dark solld which was
extracted with one 1itar of ether, The aqueoué solution was
flltered end %ha rasulﬁing dark solid also axtractad wlth
ethev 1n a Soxhlet extractar. Hydragen chloride gas was |
passed into bath dried ether solutions to aeyarate 30.9 g
(L9%) of orange’salid; mep. 213-214° (dec.), Further
purification can be accomplished by recrystallization from
ethanol.f'fha hydraahloﬁi&é;(QIV) was in part converted to

the free base which,is knowm33.

8-Broma~6-quinolinal (LV).~«~A solution of 5 8.

{0,018 mola) of LIV in 60 ml, of 418% hydrobromic acid was

refluxed for five hours, 4 slight excesa‘cf sodium hydroxide
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solution was added to thesolution. A?hef filtering, the
addition of hydrmchlnrie acid separatad 3.9 g. (95%) of
brown solid; mepe 2&?-2430 (deea). A sample was purified
for analysis bv vacuum aublimation at 0 2-0,3 mm. follawed
by savsval recvyatallizations from,ethanalz m.p. 2450 (dec.).

. Ansl. Galed, for CgHgBriio: €, 48.2l4; 8, 2.70.
Found: €,  ; ",

8-3roma»5—(ghpineridvlmethvl)-ﬁnquinalinol (LVI) ==~

4 solution of u g. (0.018 mﬂle) of LV in ethanol was added to
a previously heeted solution of 0,56 g. (0.19 male) of para»
formaldehyde and 1.8 ml, (0. 018 mols) of‘piparidine in
 ethano1¢‘ The mixture was rafluxed for twanty minutes, than
cansentratea to about 50 ml. at tha water pump. Cooling and
‘stirring;with a rud‘sepavatad’h.e g. (70%) of tan 80lid; m.p.
» 137°.(d9d;).‘yé sanple for analysis was preparad,by several
racryﬁtallizations‘from ethanol to yleld tan‘platea;,m.ﬁ.
139° (dec.). | |
‘ _ Angl, Osled. for C1gH17Briz0: C, 56.08; H, 5.34.
Found: G,*bb.ﬁb;'ﬂ.’ﬁ.h7-‘ | |

B-I0do-b-methoxyquinoliné (LVII).-~-A solution of

7.2 g. (0,104 mole) of addium‘nitritevin‘l5 ml, of water was
slowly added to o aoaied‘and aglteted sélutidn of 17.4 g.
(0.10 mole) of L in 14.2 &. of concentrated sulfuric acid
‘diluted by 50 g. of crushed ice and 50 ml, of water so that
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the temperature was maintainaa:aﬁzﬁwﬁd." The mixture was
stirred for fifteén'miduﬁés longer,

| ‘*Tk¢ diaﬁcéizapibn‘mixturafwas guickly poured lato
a cold solution of 20 g, of gotéssmm fodide in waten
féllawed;immeﬁiatelyb? éh'excaas of copper bronze pdwdery
The mixture was hested on the steem bath{fOr'two hoursa at
75~30° with efficlent stirring. The red residue was filtered
from the cooled solution and, aftar~drying;lexhaustiVe1§>
exﬁracﬁed wiﬁh'banzaﬂe‘ 'Afberbtha banzene had been eveaporated
wnday a stream-of dry air, the black residue was dissolved in
not ethanol at 0nee. The aleohalia solution was cancentrateﬁ
and caaled tu separ&te Te 2 g.((&S%) of pure, red erystals;
fap. 109° (c’teo ) {reported m.p. 105-»107“-‘)36

iB'Iadeaégquinblinul (LVIIl).~~éFive grams (0,018

mole) ﬁf’LVII'was dissolved in 50 ml, of hﬂ% hydrdbrémlc acid.
The salt precipitated hut rediasolvad during the progress of
thekfour hour reflux period. The clear, red solution was
allowed to stend bVQrﬁight. A slight excess of aodium |
hydraxide aolutian was added to the acid aolutian with cool-
1ng; Acidification with diluta hydrnchloric acid sanaraued o
h 1 g. (89%); 2&6-2h8° (&au.) ‘A sample was purified by
vaauum sublimation at 0 2-0.3 mm, and reorystallized rrom
ethanol to yi@ld pink orystels; m.p. 859—260° (dec.).

Anal, Caled, for cgﬁbxnoz 0, 39.88; H, 2 23.
Found: G, - H H;
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B-Iodo~5-(1~ﬁ1perid?1mathvl)-6~quinolinol (szl,---
A solutien of 2, 5 g. (Q 0692 mole) of LVIII in ethanal was

added to a previausly heated qolutimn of piparidima and 0.28 B
(0‘0093 mola) of paraformal&ahvde in ethanal_ The clear
soluticn wes heatad on the ateam b&th far twanby minutaa and
then aouaantrated to ho ml. Gooling and atirring with & rad
separateﬁ 2.8 g. (ab») of browvn solid' mepe 1711729 (dee )
a sample was puriried for analysia by rearyatallizatian f£rom
athanal to yiela besutiful, tan crystal&; m.ps 178° (dee.).
' nal. Galed. for OpgHy7INa0t G, 48.92; H, 4.66.
 Found: €, 49.23; H, .65,

0,¥-Diacetyl-2-aminophenol (LXI}.~~~& solution of
21,8 g. (0 20 mole) of o-sminophenol (LX) in pyridine with
42 ml. of 99-100/% scetic anhydride was refluxed for one and‘

one-half hours. The éolution was edncaﬁtrabed and let atand
evarnight to seperate 30.5 g. (93%) of er?atals, MmePa 123~12h9
(reported meDs 12& &“)hl

0,8-Dincetyl-2-amino-S-chlorophenol (LKII),-e=A

stream of chlorine gas was passed through a cooled solution

of 30 g. (0.13 mole) of LXI in 250 ml. of chloroform until

the theoretical incresse in welght had'béén‘rséiizaﬂ;' The
aaluticn.waa conoantvetad and’ ooclad to separabe 19.6 g. (SEﬁ)“

of tan solid; m.p. 166-167° (rapcrtad mep. 163~16h9)39
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6-Ohloro~8»quinelinal {LXIII).~~~A mixﬁurafef 19.5 g.

(0,10 mole) of LXII, 25 2 af glynsrina, 15.5 g. of arsenic
 pentoxide, and 15 ml. of canaentrated sulfuric acid was
heated at 1»5“ for four hcurs. The dark sirup was poured

| intoJiae water én&'néuﬁrélizéa with ammonium hyﬁrcxiae; The
:blaak aoliﬁ was separated by ‘filtration, washed with water,

: and eithar axtraateﬁ with ammanium hydraxide or sublimed |
direatly. Neutnaliaation of the filtered basic solution pro-
duced 6.8 2. (38&) of white erystals; m.p. 141% (repartmé m.p.
140042,

6~Ghlora~7~{1ag;maridy1mathvl) 8~quinolinol ﬂihvdroa

chloride derate (LXXV).~w~A salntion of 0.37 g. (0 012 mole)

of paraformalﬁahyﬁa and 1.2 ml. (0.012 male) of piperidine in
ethanol was mixed with an alooholic ﬂolution of 2. 2 z. (0. 012
mole) éf LXIIIQ The mixtura waa haatea for 10 minutas on the
»ateam bath and than aoncentratsd at the pamp to a small volums.
ﬁydragenAchlarida zas8 was passed intn the salution which was
then diluted with ether to aeparate a heavy. black airup.
| Trituration with several fraah ;arﬁiens of aeetone prcducéd
3.0 g. (72#4) of grey aolid; m.p. 190~192° (dee ). 4 sample
was raoryatallizad aever&l times fram 1sopronanal to yield
.an off-waite soli&, m.p. 198»1990 (dec.). ', ' 
|  Anal. Galed. for Gy5H;7C1N0. 2101, Ha0: ©, 49.60;
H, 5.63. Found: G©, U9.67; H, 5.89. |
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l-Iodo-2-nitrosnicole (LXVI).---A mixturs of 70 g.

(015 mole) of anitreaniscle~(LXV).‘I&O ml, of concentrated
nitric acid, and 90 8. of lodine waa stirred overnight, The
thick mixture was ﬁilutad with watar snd sulfur dioxide gaa
passed’ thrcugh until most of the exaaaa ionina' had diaappaared}
The yellow 5olid wes separaﬁad by filtration, washed with

| water, end dried on & pareus plate to yleld 12& g (98%) of
crystole; m.p. 9&»959 {reported m‘p¢i98°)&u¢’ If eny iodine
réméins after the:sulfur dickiﬁa tﬁéétm@nﬁ; raeryata;lization

from alcohol 1is advisable.

, 2~Amin0-u~1aﬂoanisole (ﬁKVI).~~-A mixtura of 220 2
,(0 79 mele) of LAVI and 720 ml, of aonnenﬁr&tea hyérachloria

acid was stirrad afficiently while 220 8. ‘of mossy tin was .
slowly added.: When the tin had been added, the mixture waa o
atirred for one and onawhalf hours and neutralized with sodium
hydroxide sclution:wihh oooling. The cooled reaotion‘mixhura‘f
 was then extra¢tad with 3 1. of ethyl ether. The dviad ether
'solutian was concantrata& 1n.vaouo to laave 193 g. (98%) of
whita orystals;'m.p., 3~7h° (reportad m.p. '?‘*")}"'LL Tﬁé product
may be purified further by rmcryatallization fram athanal but

such prosaﬂure usuallv oauaas darkening of tna material.

Ethyl 6 -Garbethoxy~/3 (B-ioacué-methoxyanilino)~'

acrylate (LXVIII) Mathod Avwe=p aolutian of 102.6 g. (G

mole) of LXVI and 7l g.f(0.39.m013)~of XXXVI in 300 ml. of
glacisl mcetio mcid was heated for five hours at ,5-50° and
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then let stand avavni@htu ?he acid salutian wag pourad into
viee Water and aeutralizsﬁ wikh aodium hydrexida 5olution
_with coolin@.f The mil whieh aaparata& was diasolved in
ebher. Tha cnmbineﬁ athav @xtraaba were waﬁhad with dlluta
hydrouhlaria aaid an& than with dilute aodium hydroxida
zaolutipn. Tha ﬁrieélaﬁhav aolutianvwas conaentrakeﬂ on the
sbean bath until only & thick sirup remained which solidified
into 130 6 2. (83%) of yellow eryataln upon acaling and
stirring wihh g rod; m.p., 71-72%, A sample was purified for
analysia hy raervatallizatian from ethanol, mep.. 799,

Anal, Gsled, for CygH3gINOg: O s 42,975 a, . 33.
Faun&: ‘Q,vv; $ Hy .

) matﬁm& BYO, mump suspension of 25 g. (0. 687 mole, MePs
alu,«au,a" (dec.)) of the hydrochloride of LXVIII, 25 g. of
anhydrnua sodium aulfate, and 19.2 g. (0, 991 mole) of the
sodium sult of xxxvx in 200 ml. of absclute ethanal Waﬂ

atirrad at room temgaratura fer twanty haura. The mixture
was pourad 1nto about 11, of watar an& the oil which B
sep&vahed was extracted with ether. The ather extraot was
dried ana ‘soncentrated to yiald 31.3 g. {86%) of yellow

| arystals;,msp.'72~?3°.

awéarbehbaxv-gai0&948umathoxv~h~quinolinol (inx);~~-‘

One hundred and thirty @rama (0.31 mola) of LXVIII was added
ta 300 mle of pv@hsated diphanyl ather at 2h0° The'aolution

waa than refluxed far thir&ywrive minutea, caoled, and diluted
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with Skellvsolva B to separﬁta an olil whieh.was axhaustively
tvituratad with aucnaasive frash yortiena of &kellysolve to
‘proaucs 76 h 8. (8&%) ar light brown snlid, mepe. 118«1L9°
‘(daq‘). & sample fér analysis was purified by several re-
‘éryatélligat;ona from iﬂoprnpanalg MaPe 1§7°4(éaa.)y
 smel. Galed, for CygtipINop: 0, L1.BYs Hy 3.2
?oupd: ﬁ. ul 53* H, ¢3h¢

*2~GArhoxy-ﬁQigdouﬂnmsthaxv-kaqdinalimol'(EKX)gb&&
A suspension of 76.L g. (0420 maza)‘ef5nxxx 1n*SﬁQrml¢'bf l0‘
pevLeeﬁtiSQéium;hydrcxiﬁe"solution was refluxed for t#b hours,
Thé cooled Baiutian was filhér&d &nd‘neutvaliaed with coas
,cantrated hyavnehlaria acid to yield 71 @.,(100%} of ysllow
_aolid, m4p. 252u293° (dse. with evalutian of gas). A aampla
, was purified by recrystallizatianfrom ethanol to yiald
\yellow cryahala; mePe 3600 (dea.}.~
~ Anal, Oalad. for auﬁdmohs ¢,  $H .
?dudﬁ:;'e,’,h 3 H, . o

5»1&do~8»methowih»quinolinul (LXXI),~==Ten grams
(G 029 mala) of Lxx ‘was dropped slowly into 80 ml. of

diphanvl ethev wiﬁh stirring and heatin@ ab aa;~aso° The
mixture was heated at that tamparatura for ten minuﬁaa and
'then aoolad to snoarata, after washing with ethyl ether. e
brown solid. The impura mixture was stirred in hOG ml. of 2%

sodium carbonate solution for two hmurs.Athen filtered and
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washed with water to recover 6.9 g. {79%) of brown powder;
m;p;;EhSo'iﬂeée);‘ & sample}was rearyatglliaed‘aeveral times
from ethenol for analysis: m.p.f?hﬁ“.‘ | |

Anal. Caled. for GyoHaINO,.RHa0: O, 38,733 H, 2.92.
Found: G, 39.00; H, 2.75. |

salution of 13,5 8. (Q 065 mole) of phaaphormus pentaahloriﬁe
in an exaeas af ghoayharoua axyehlaride wes heatad %o 105-110°
with atirring, at whiah tamperatura 19, & e (0 065 mole) of
LﬁKI was slowly addeﬁ. ‘The oil bath was then raiaed to 135~
1h0° for thirty minutes, The excess ﬁhasphgrius exyeﬁloride
was removed ah tqe water pump, The qtieky rﬁaidﬁe wasiadde&:
slouly to an sgltated mixture of benzene snd dilute sodium
hydroxidediolﬁﬁion.' #hen the r&&dtiﬁﬁ'rasiéuevhad bé¢ﬁ 
added, the solutlon was made basic with sodium cerbonate,
The basic‘salutian,was,éxtraatéé 8 aacaﬂa,tima with hauﬁene.
The &enzene extvaéta were combined and evapérateafu&deiia
stream of air to leave 10.3 g*’(SG%)‘éf impure brown‘sélid;'
m.p- 97-99°, The producﬁ was vaguum subliméd at as iew a
»temperature as possible followed by seversal rearyatallizatiana
from ethanol to yleld a white solld; m.p. 11-115°.

| Anal. Caled. for O1gH701INO: G, 37 2lys K, 2.21,
Found: 0,  ; H, . |
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| hQ(}-diéﬁh&laﬁiaomethylahuhydmnxjani11no)45~10d0~
3~mathox?qﬁinaliﬁe‘(LXXIV)‘~~;A'801uticn of 2 g. (0. 6063 |
mole) of LXII and 1.7 g. (0,006} wmole) of hﬂamina-2~
diethylamlnomethylphanol aihydmahloride (mmx} in 200 ml. B

of ethanal wes refluxed for two haurs and thon aonaantrate&
to 39 ml. The aloahalic aclutian waa pauraﬂ inta an axcess |
of ether tc separate a brown sirup whiah was aryatallizeﬁ by‘,
oxtensive stirring with a rod in asetone ta 3.2 g. (93w) oft
yellow cryatals, m.p. 116° (deu.). The product is very |
hygrosaopic when recrystalliaatian is attemptad, howavar,‘a
small portisn wag precipitated from isograpanol solutlon |
wiﬁh gcetona to yield yellew crystals; M.p. 182~133° (dea ). 

| &nal.‘ Caled, for leﬁghlﬂ303.éﬁﬂl s+ C, 3
H, + Found: O, 3 Hy e
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vI. APPENDIX

HOHO CHo
W —
| HOAG
NHAc Ae
LXKV LXXVI

Whan,xx'(pame;xa)ﬁwas,thmught.to,hﬁve interesting
antimalarial actlvity, the naphthﬁlana aanmenar (LKXVI) of
IX was mad@. 31nea LXKVI was found to be exc@ptienally
inaolﬁble and sinaa IX was auhsequantlv found to be 1nactive.

no further work alqng this 1ine was attenpted.

- 2,2'-Hethylene-big-(h~acetamido~1-naphthol ) (LXXVI) ==~
A solution af'lz g. (0. 60 mnle) of h-aeetamidoalunaphthol

(nxxv, prepared by acetylation of hwamino~1~naphthol hydru~kk
chloride in water with sadium;acetaﬁa‘and aeetia,anhydride)‘

and 0.9 g. (0.30 mole) of paﬁafbrmaldehyde‘in acetic acid was
x*af‘lukeﬁv overnight. Two grams (16%) of white, cottcny solid

was recovered; m.p. 29&*296° (dec.). The product was

insoluble in all avsileble solvents including dilute alkali,

oY

CH30

LXXIX
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Several attempts wers made to prepare the 8-amino-
ﬁémathaxyquinoline analogue offﬁamcquin (LXXIK)" Darihg the
pragreas of this work, B={ h~hyﬂraxyanilino)~b~methoxyqu1nolins |
(LXXIX) which ‘had baen praparaﬁ by Dr. J. H, Burckhaltergﬂ
was remsda and’ a aatiafactory analyais obtainad¢

Anal., Caled. for Qléﬂlhﬁéﬁ 28501 c, 63.56 H, 6.00,
Found: e. 63.37; Hy S.82. | |

Tha faat that the maanich raaetisn could not be
appiied_to Lgxx hgd been indicated by Drw,Burckhalter'
previous work and this was oconfirmed. ‘Many attempts were
made to condense the 8~hala¥6«metﬁaxyquinplines (LI, L1V,

LVIX) with variaus side ehainsvwnieh éould lead to LXXIx;
however, no poait&ve vasults were obtained presumably’becanse
af the lability of the aide ahaina to heat.; During the
prograsa of this work, h-amino~2~diethylaminomethylanisole
(LXXVIII) which hed not beon 1aolatad befora was preparad.

It 1s 1ntareatina that LXXVIII can be diatilled without

deeompasitian‘
OCH3 . CH3
| cHQN(czH5)2> | | GHQN(GQHS)
X : -
‘ Pt02>
NO2 - (H)  NH»-

LXXVII LXXVIII
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