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INTRODUOTION

I. DEVFLGPMENT oF CHEMQTHLRAPYq '
| Chemotherapy 1s defined as the treatment of diseases by
adminilstering chemicals which affect the causative organism
unfavorably but‘d0 n0t injure thefpatienﬁgwywhe science of
chemotherapy 1is %elativaiy new and; alﬁhoﬁgﬁ it 1s'now an
exceediﬁgly widespread and valuable'method'of combating sys-
ﬁ‘temic infections, nevertheless, 1t is only since the turn of

the century that appreciabla progresa has been.made 1n this

. field.

Thé earliest of the chamotherapeutic ggents wera, asv
might be expected, naturally~occurring pro&ucts. The uae of
Canhona berk fcr the traatment cf malar1a<was introdueed
into Furope in 1638 and quinine, its pr&naipal alkaloid, was
isolated by Pelletier in 1820, Ipecac was introduced into
Europe in 1658 from Brazil where the natives used audacoca’
tion of the root in the trestment of diarrheas. ‘Emetine,
the most active of the ipecsac alkaloids, was first described
by Pelletier in 1817. The mcre recent use of ipecac datea
from the 1840's when it was employed in India as an eff1~”
cient aymptomatic treatment for cartain typas of dysentery.
Rogers (1), in 1912, damonstrated ‘that emetine was a va1u~
- able drug in the therapy of amehiasia.'“‘ ‘ |

Paul‘Ehrlich, often referred to as the "father of ehemo-
therapy," made spéctaaulgr advances inkﬁhis fleld and devoted

the major'portion of his seientific career to‘tha~pr1néip1e



-

‘that a moleoule can be constructed. which will act as a spe=.
cific agent against a parasite withcut undue injury toward
the host. His early 1ead5~with Methylene Blue and Trypan
Red were followed by investigations of comparable substances
eontaining argenic which resultad in the synthasis of the
spirocheticide arsphanamina in 1912 (2). Albhough this drug
is not entiraiy‘specific for the pathogenic 0rganism;"Ehr1n‘
ich's discovery represented a tremendous triumph in the field
; of chemctherapy, particularly so since 1t was the result of
plannea research. | - AR ‘v"

|  The succasaes attendant upon tha brilliant aohievements
of Ehrlich were rollowed by a period of wideapraad invegtif
fv gatiénkof the aréénicals:and”cﬁhar\heavyvmabaZS:k Hundreds
9f ﬁeﬁ'compounds were prepared and testédfmahy of'ﬁhich.havé
| prdvéd of gréat Value“in' ﬁha"‘treatmer;t of previously incur~
able 1n£ectious diseases. Treponemiasis, smebiasis and
trypanosomiasis yielded to crganic arsenicals,’ leishmaniasia
to compounds of antimony. : |

Unti1l 1920, synthetic chemotherapy was chiefly intarest~"

ed in argana-metallic trypanoc;dal or spirocheticidal drugd.
‘The introéuctién; in that year; bf’éérm#nin;ﬂa Strictlyebra
ganié_compound, marked an impcrtént‘ﬂéparturé from this
. fieid;} This drug has proved to be &n extrabrdinari1y usefu1
trypanocidal agent having a very high therapsutic index
(300 in mice) and a prc':longéd period of actibh. A‘s‘ingle
, dose may confer immunity to sleeping sickness for several
months (3).



' The selective aébion of dyes on Variausftissues, an.
early phase of Ehrliah's work, farmed,tha basia for an exe
tensive investigation of similar compaunds in an affort to
produce drugs which woulﬁ attack the common pathagenia‘miarav‘
orgahiéméyéﬁch‘as“ataphloccal,‘streptccoccal;and pneumococcal
bacteria. ”In'1934, Domagkf(é) aanounced the ramarkéble efe
fectiveness of Brontosil 1n curing streptococcal and staph~
lococcal infections: 1n test animals. Soon after this epoch=
meking discovery, invesﬁigatara:founﬁ that-Preﬁﬁcsii;braaks;
down in the tissues to graminbbenzehesulfonamidé:(naw com= -
monly called sulfanilamide), 8 cempound as effeativa as
Prontosil in curing infeotlons. Within a few years; more -
than one thnusand sulfa compounds hed been synthesizeﬂ, al—
‘vthough only a¥few have.ahawn~autstanding~promiae in chemo=.
vthééapy. Thus,'tc”ﬁne’list-of3path0genic‘xﬂcro~Organismsfu
vﬁlnebable\to chemical agents;ware added the streptococcﬁa,
meningococeus, pnaumococcus, gonococeus; gag- baeillus, and
others- | |

Other successful 1nvest1gationa originating from the

work of Ehrlich were in the antimalarial field. The synthe=
sia of a large namber of ‘compounds related to Methylene
Blue was undertaken‘by German: chemists who, 1n 1924, pro- 
duced Plasmoquine (5), anﬁ, in 1933, Atebrine (6)., Plage
moquine was found to possess curative;prupertiestagainst _
 both benlgn and mélignSnt tertiary malarias although it has .
7provedﬂtoc'tcxic for general clinical use. Atebrine, a

- drug of low toxicity, is a very effective prophylactic



against benign‘aad;melignant'tertiaryfmélériés;)andfé’cﬁre‘
for the malignant tertiary forms ' e 1 |
Further progress in the fight againgt the malaria pgraé

site was achieved by ﬁhe“muﬁnﬁwntal‘effort put forth in the'
recent wartimﬁvprogram'of'théfoffieé‘of'Seienﬁificiﬁéaeéréh'
and Dovelopment during the course of which some 14,000 Gom=
| péunds;waré tosted.,  Of ﬁheSa;"tha‘moét'autstéhdiﬁg gre’
structurelly related to élther Atebrine or Plasmoquine and
have béenasaignad'thaifblldwing'némea'(7)2"”Chidréquine,‘t
.a#ychloraquiné; Santoehin,:CamOQuine’ana‘Pentaquinea Al
of these compounds have‘shbwnaeﬁiVihy'surp9351ngithat of
Atebrine as suppressive druga'wniléiPEnﬁaéuinebhaé‘éisa‘béen
shomn to have curative action éxceeding“thaﬁ of Plasmoquinés

- Paludriné'(B)Q'a'biguaniaé CCmpound,'the’resﬁlt‘of'a” *
' éearch‘by British‘ihvestigatarS‘for“antimalérial'&rugé S
among pyrimidina'deriﬁativaa,-héé-proven:to be a potent
and'nsn;taxicfantimalarialdrug.‘“It-is:éctiva‘againSﬁ'éxi’
three forms of ﬁalaria and possesses the property, absent 
from other antimalarials, of preventing the aevélopmanﬁ of
paresltes in the pre-arythrccyticistége." |

- fLateiy; the;developméntlof»a naw type of chemotheras
PéutiO*agehﬁ,'thef"Antibiotics;“'has"becbme*increasingly’
importants These are soluble antibacterial éubétathS'prosf
duced»byimicro-organisms daring gfowth‘qn'suitablé‘madiaa

Inhibition of growth of one bacterial:ﬁgééies by the

| présence of enother had beén observed since the beginning |

’; of bacteriologye. Emmerich and Low (9),"in 1899, prepared



‘an extract of a certaln spocies which was found to have a .

 destructive effect aninst”pathogénié-cadai-but'it was,too SN

’.toxia for dlinical us 6. - ,

In 1929, Fleming {(10) discovered that the broth,on
which a mold known as Penicillium was growing had.baateri»
cldel properties. The name ranicillin.wgs givan to active
filtrates of the breﬁh and the active compound itself was
isolated in 1940 (11), fThiakantibiotic‘haa remaﬁkébie antie
bacterial activity. It is bacteriostatio againsﬁ almost -
all Gramwpbsitive crganisﬁs, buﬁ completely nonetcxib. The
 constitution of the drug has been eiucidatea and its synthee-
8is auecmplished (12) but ylelds are’tbé low for commereiél
production. Today, it has attained,widespraad use againsb
a variety of 1nfeetions. ‘

Since the wonderful auccess of Peniaillin, a arug'which
abproximates the 1deal chamotherapeutia agent, several other
antibiotibs have been discbvered and‘elinically tested.
St:eptomycin,vdieco#ered by‘Wakamah (15) in 1945,.is'abtive
against Graméhegative organisms. The structure of streptcu
myein has not been elucidated as yete thloromycetin,\an -
”antibiotic effedtive agalnst Roeky Mountain spaited fever,
rickettaia,styphus ana-typhoid fever, was discovebed by
Burkhoider'(l4),iﬁ 1947. Tts structure snd synthesls are
known (15) and thaudfug‘is 6ommercially évai1éb1eq_ Yot ane
othar,antibiotic of considerable 1mportance is Aﬁreomycin-<

(16)s. This compound has been found effédtive‘égainst '



. Lymphogranuloma Venereum, Rickettsla and certain viruaes‘

‘ However, so far, very 1ittle infcrmatian is available ‘cone
~corning its chemical structure. | |

Prom ﬁhis brief discussion of the: subject. it is readily
. apparent‘that,the seience of chemotherspy has had a’ relativem
ly short but remarkably fruitful past and it is safe to pre~
dict anpeven‘more-briiliant'anﬁ.prpdnétive futﬁréldnriﬁg
which the gosl of Ehrlich, the synthesis of a specific
moleculs to cbmbatvevery infactious‘diSQaaa, will be largely
realized. | |

I, DRUG ANTAGONISM AND ISQSTERISM. » .
| In the present work, the most 1mportant thsoraticdl o
'guides for the aelection of a method of attaclk on the pPro=
blem of synthesizing drugs ef a high degree of therapeutic
| activity have been the prinaiples of drug antagonism and
fisostarism. , ,

The theory of drug antagonism (17) has been a recent
avenue of advance fcr the scienoe of ehemotherapy and de~"
serves some commant. It 13 frequently dbserved that the
addition of a second drug to a system alraady containing an
~act1ve drug causas reversal of the aation of the first drug.'_
Thia 1s known as drug antagcniam.' It may be direct, 1n that
the antagonis% combines chemieally with the drug to form a
physiologically 1nact1ve complex, or 1ndireot, 1n bhab no

chemical 1ntaraction between arug and antagoniat is possible,
vbut each ia capable of displacing thﬁ other from its biologe



T

}] ical point of aetion.a~'

All essantial metabolites, Whether they function 8s Cco=
enzymes, prosthetic graups, activaters or builéing blocks,«
are usable by cells by reason of the facb that scme prataim
,,atvueture\in,tha.celliis specifically designed to "f£it" thair
",partiéular‘aieaﬁronic canfigﬁraﬁions*‘ﬁny‘subsﬁancefméda~ i,
aﬁailable‘to‘ﬁnalliving cellgywhich.penétratss the cell wall

"and is‘closely'similar‘in;alactronicféanfiguration‘to~an‘esa;

. sential metsbolite, will be llable to be caught up in the

" metabolic wheel at the point specificaliy designed to accome
modate the related metabolibe. If the analog "rite" tut |
ucannot undergo conversion to 8 functional form, then it may
.act as a growth inhibitor. | .
, This is ﬁhe present theory cf tha action of bha sulfa |
| drugs. The essential matabalite which they diaplace 19 Er
aminobenzoic acida The diacovery of this mechanism of ac-
tion of tha sulfa drugs is chiefly responaible fbr tha pre» ,
sent theory of dmg antageniam‘ ' |
" This thﬁory has led to a flurry of activity on the part‘
‘of pharmaceutical chemiats te construct molecules of similar
“configuration to that of known essential metabolitas in o=  1
‘ V'der to test their proparties as antagonists. SOme of the
‘antagonists cr "anti-vitamins” whidh have been devaloped B
include pyridina-3~su1fonic acid as an antagonist of
»‘nicotinic aci& (18), phenylpantothenone as an antagonist
“of pantothenic acid (19) and pyrithiamin as an antagonist
~of thiamin (zo).;;‘ |



,n,EThe,gcncept;bf;isbstarism'wasfbriginally definédhbyx
Langmuir (21) ip‘1919,;;ﬁa pfqpqsed that molecules or groups
whiéh havé”the same. numbers of'atoms:and‘the‘saﬁe‘total'num~
4ber of electrons arranged in the sama menney are “1sosteric,
and, further, he called attenticn to the fact that when =
) 1gqsteres.are‘also‘iscaleetric,(pcssasa-the-sama~t0tal=

 charge}, than‘thsy:have str1king1y,a1m11ar @rcpébties;'~" '
| clasaiq;axamples»ofipéirsraf 1sosteres are carbon monoxide=-
‘nitrogen and carbon dloxide-nitrous oxide. -

Géimm (22) broadenedfﬁhétcondept to include molocules -
or groupé possessing tha same'nnmber of-valence electrons,
;‘whethar or not the seme nurber of aboms ware involved. Ace

'cording to this definition, groups of the following types

',vare isosteric: fluoride, hydroxyl, amino, and methyl;

oxide, methylene, and imide' acetylide and ayanide‘

| Erlenmeyer, investigating applications of Grimm's ine |
'terpretation, pointed out (23) that certain‘dyes differing
in structura,only by the substitutinn of a methylana-group
for 1tsviéostére, an,oiide»group; exhibitéé‘almcét'identicél
absorption;spéctraqx,Hevéiso extaﬁded thefcbnéept of
isosterism by proposing (24) that‘the'ardmatie GCH=GHQw‘
group‘andvthe‘ring sulfur'abom are‘isosteric,’sincéyonly
the outer_e1ectrbnsfof the group'can}be conﬁidéred‘aignifi;.
cant in daterﬁining'isosterism;. As evidence he pointed out
- that benzene and ﬁhiophene posaess very similar physical
| properties_and, in a striking 1nvestigation-(24),‘he,shcwed o
that, even in the exceedingly specific antigén-antibody'



';reactidns.'cerﬁain'cofresgnﬁding derivatiﬁes;cffbanzeﬁa¢gnd
thinpheme proved to be. indiatinguishable. | P
| since, in the final analysis, the practiaal use of the ;
»’cnncept of 1soaterism requires a gimilarity of dhemical and.
| physical prepartias between corresponding compcunds conbalne
ing isosteric groups, the augg&sticn of Frlenmeyar that only
outer. electrona shauld ‘be considered is too sweaping 10 ace
cept‘withcutitaking account af.other‘factars,f,Benzene,_thiv
»ophene'and fufﬁne‘shauld‘befiSOstéric acdording‘to the une
- restricted definition, Wt furan exzhibits properties quite
 diss1m11ar to the chher two,. Tha same consideratiens apply
%o thiaznle and exazole in their relation to pyridine. RREAY
-  Hence, for praatical applications of ﬁhe\concept in
pradioting ﬁhe proparties of 1soster38, it is claar that
:one must be mindful of such,influences es resonanee and Ope
portunities fbr hydrogen bonding. It is~alsa noteworthy |
ithat only in:cases where the groups 1nvolveﬂ differ but
Vslightly in waight are. similav properties observed (25), .
As applied to certain snecific groups . whose similar,,t
f'effects have been well sstabliahad, however, the coneept of .
1gosterism 1s,p1aying,anfimportant_rala,in suggesting;tha,,
' pdésibilitiéé of‘ﬁew-phyéiologiea11y a¢t1ve‘égents wﬁich~
differ from compeunds of tested valua only in the substitu=
‘.tion of one: such 1sosteric group for another. 4 !
| A classic-illustrat;on of thie.approach is that of gule
, fapyridine, éuifadiaziné,‘ahd sulfathiazolef(QG).j,The ra~ |

‘ p1éeement‘af,the benzene by the thiophene ring 1nﬁcécs1ne
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produced a compound closely resembling cocaine in 1ts physie |
ological effec‘t (27)s Another 1xiterést1ng example 1s that
‘of the alkylamina esters of E-fluorebenzoie acid which have
anest:het.io prcperties similar to those of the corresponding

derivative of p_-hydroxybenzoio acid (28).

IIT. SCOPE OF THE PRESEN‘I‘ PRQJ"ECT
As po:tnted out in the dis cussion of the com:ept of
isosterism, fluoride is isosteric with hydroxyl, amino, and
:hethyll. Hence, .as a rationale for the present undert:aking,
11; was postulated that replacemani: of an smino or hydroxyl
group on a drug of proven activi ty should result in a COme
poundwhase physiologioal properties should be similar to
the parent eompoﬁnd but, itv was hoped, intensified or en=
hanced without excessively mereésing the toxieity. Furtherw
more, since the size of the fluorine atom 1s comparable to
‘that of the hydrogen atom, 1t is conceiveble that replace~
ment of one or more of the hydrdgen atoms of a compound
known to be an essentiél metabolite, vitamin, or vitamin
Substit:ute by a fluorine atom, would produce a reversal of
the acts.viby characteristic of the parent compoand, or, in
| other words, an antagonist of the parent compound.
With these two. principles in mind, the asmtheais of the |

following compounds was undertakens

- ae 3,4~Difluorophenylarsonic acid.~-This eompound is an
énalog of atoxyl (4~-aminophenylarsonic acid), an arsenical

of recognized spirochetiéidal' éctivityx..
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| bifsafmucra;vaaiéthylamiﬁemaéhylaashyaroxyquinozine.~;~ o
The hiqh antimalarial activity of a typs of compcund devaloped -‘
by Burckhalter, et al.y (29)(50), (2~diethy1aminom@thy1~4~
,»aminophenol andfdarivatives) suggested the synthesia of ak.

f,‘similar compound substituting a quinoline nucleus fer the

benzene ring and a flucrina atom for the wmino group. ;

| a. 5~F1uornu?uiodouauhydraxyquinpline¢~aThe similarity
of struature of the eompound synthesized under (b.) to the -
‘amebieidal agent Vicform (5~chlora-?-iado~8-hydroxyquinoline)
| auggested the synthasis anﬁ tesbing of ﬁhis compound as &n
‘amebicida¢ A furfher raaaon for chooaing this compound lias
1n the fact ﬁhat 1ta activity can be compared with that Qf
a serias of halogenated B-hy&roxyquinolines recently pre~
‘ipared by Eﬁgarton (51)‘;, v o

}' d. z-Trifluoromethyl-l,4~naphxhoqu1nene.~~mha substitun“,

‘bion of fluorine atoms for hydrogen 1n the methyl group of
'Menadione (Bamathylwl 4«naphthoqu1none), a vitamin K substin,

"buta, conld concaivably result in a vitamin K antagonistc |
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 EXPERIMENTAL

I. a. Attempted synthesis of 3,4-difluorophenylarsonic acid.

Method I.
HNO; ,
H2804 Ha, Ra. Ni -
6l % 82%
A I[ ) .
HNO; "
HpSO, NO2  pc,0
Y- e s B
60 % 90 %
[II ‘ ISZ
’ NaNOz, HCI
NO, Hg Ra. Ni NH, NaBFs
T 84 70 %
NHCOGH, NHCOCH,
Y VI
F F
NNBE* heat F HCI
R P
O (70 '
NHCOCHS; NHGOGH,
yiI YIT

R = HeSO, -
O AsCl,

NH,

X - |



QﬁFluoronitrobenzena (II)s-uThis campound was' prepared :

‘by the methed of Bradlow and VanderWerf (32) as follows:
:, A3 Le beaker»aquipped~wiﬁh a.stirrer,'ﬁnermometer,?and
'.dropping funnel was set in an ice-salt bath and charged. With
1350 ml.: of a 211 mixtura {oy ‘volume) of ' concentrated aulu 4'
_‘furi¢ acid and gitria acid (density 1.5). ' Additional cools: -
ing. was'prdviaaa‘by intermittent eddition of powdsred Dry*v
xce._ A 500 e portion (5.22 moles) of” fluerobenzene was
,adae& drapwise over the course of five hours while ‘the temﬁ~f
paratura was kept at abaut =100, Tha reaction mixture was
' poured over 4500 g. of ice“ ‘_7}" | ‘w i _;v; , i
o Tha product was extracted with ebher and. the ether ox~
,tract washad twice with water, once wibh smdtum carbonate
'solutiou and again.with.water, dried over sodium aulfate. e
'“ The ather was, remaved and the reaidue was distilled
under reauced pressure.‘ A total of 450 8e of EpfluoronitrOu
,‘fbenzene boiling at’ 78°% yhder 3 mme pressure was Obtained
corresponding to a 61% yield. _'? - o e
~ The residue was further distilled,tc yield 324 g (53%)
of 2, 4~dinitro~f1uorobanzena boiling at 1369 under 3 mm.'

. HNOg ‘ noz
~ HpSO4
, 61%

500 go L  ' j"" a0 g, epag.
(5.2 moles) e {3.2 moles) (1.7 moles)

pressure. ;
| B

1 All boiling points uncorrected, all melting points
corrected.
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~ };;»Fluoroaniline (III).wThe method of Bradlm: and. Vander«-

Werf (32?) wes used in preparing this aompound. ; .

A 50 g. (0.36 mole) portion of: E--fluoronitmbenzene dim
lutad with 50 ml. of redistilled absolute alcohol was. placed
in a hydroganator and 05 ge oOFf Raney nickal togethar with a
drop of . platinum ehlcride solution was. added. The mixture
_ was shaken v:ith hydmgen under a pressum er 2»3 atmospheres
| while heat was applied by means of an inf‘rawrad lamp. Abv»
sorption Df hydrogen started shortiy and the theorehical
- amount waa a‘bacmbed in four hcmrs. L o LRI

. The solution was fil’cered throu@u a sintered glass fune |
‘nel ‘o remove the catalyst and the solvent distilled, ‘the |
19.31: traees being removed under the reduced preasura pmvid-
ecl by a water pump Distillation of the residue under re-»
duced pressure gave 32.5 g. (82%) of g-i‘luoroaniline bo:llingv

at 69° under 6 mm. pressure.}»‘

| ,Hg,‘Ra;.’ﬂi; | '

R
owog “”me”,
h (3?3% mole) | (Osgésmgia)‘k

3~N1tro~4—fluoroaniline (IV).~-‘£he procadure of Bradlow

and VanderWerf (32) for nitrating p_~£‘luoroan111ne was employed.
‘ A 600 ml, besker equipp_ed _with a stirrer, thermomeﬁer;
and addition funnel was chargéd‘ with 118 ml. of concentrated
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' sulfuric aaid and set 1n an icewsalh bathe A 25 g. (0e22

“,_bmole) pertion of Ryflueroanilins was added cautiously 1n

smell portions.’ A mixtura of 9.4 ml. (0.21 mole) of nitric"
vacid (density 1 5) and 50 mle of concantrated aulfuric acid .,'
was added slowly Whila the temperature was maintainad at
‘:about -5 by the additien.cf Emy Ice powdaro Addition ree =
‘:quireﬁ forty minntaa and stirring*was cantinued far another
1% hourss | i SR R

 The reaablon mixture was poured.uver 1 kgs of 1ce and
neutralized wlith dllute ammonium hydraxida While th@ temper-
ature was . héld below 30° by furthar addition of 1&9. The
dark orange preeipitate whicb,formad wag filterea off,

‘~washsa‘with water, end teken up in ethers The filtrate waa

extracte& with ether, ﬁhe ether solutions were combined and
dried over anhydraua sodium sulfate.

The ethar was removed by diatillaticn and the resi&ue
was diatilled under reduced pressura. The crude product
-bciled at 150° under 2 mma:pressure end appeared in the re~
ceiver ag anAorange aclid. After one reeﬁystallizaticn
from a 131 ethanoliwater aolution, 21 ge (60%) of 3~nitrc- .‘
‘4~f1uoraanilina melting at 94.8«95 2° was obtained.

N SRR
B N,
| HpS0g
o ek |

| NHg G ;N,Hg,__

SO e

(0.22 mole) PR (0.15 mole) |
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3~Nibroﬂ4-fluoroacetanilid& v‘.n-A modification wf

,,,the procedure described by Flesor (55) for the preparation

;of acebanilide wag used. ; o »

g Exactly 21»5.;(0.13 male)iofs3*nitr0*4«f1uoroanilinefﬂ'
wes added to 50 ml. of benzens in a 250 ml. Erlemmeyer flask
_and to this was added in 1 ml. portions 15 g. (0.15 mole) of
')aeetic anhyﬁride*‘ Tha mixtare became q&iﬁe woarm and a lemone
. yellow solid appeared as a thick paste, replacing the erange
starting,ma%eriale ‘The solvent was remcvad'by-hﬁatin& on s
steem‘béthgand the;yQIIOstclid.residue‘waS‘recrysﬁallized'ﬂ
from:100 mls of 321'ethancl~waher solutions Afteria*single
washing‘with water and an overnight drying in a vacuum desic~
cator; 24 g (90?) of crystalline 5~nitro—édfluorﬁacetanilide
1melting at’ 159‘0~139.6° was obtained:

R F‘ _
HOg 7'-A¢30' e Nog
k”‘jNHQ‘,r‘ SRR T NHCOOHE_M;_;
glg. S0 sage |
(0.13 mole) o (0¢12 mole)

3-Amino~4-fluoroacetanilide (VI).w~A hydrogpnation

‘bottle was chargeduwith 24 g (0.12 mole) of 5~nitro-4~
fluoraacetanilida, 125 mls of absoluta alcohel, 0.2 g¢ of
Reney nickel, and a drop of platinum chloride aolution¢ The ~
mixture was shakan.with hydrogen under ‘8 pressure of abcut

3 atmospheres. Absorption of hydrogen started shortly‘mnd ~
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'contiuued smoothly until the theeretical amount had.bean
;takan upe ;;_y;. L ' | ' ,
l The solution was filtered hot. to remove the catalyst
,‘and the filtrate was. acolea, caueing 8 qvantity of Whita
_nrystals to separate. After ccncantraticn»of the mnthar
iliquor to- abaut 1/4 its. volume and.cocling, a second crop
‘\of crystals was . obtained. Thesa wers drieduunder vacuum bo
- give 17 ge (84%) of pure a-amino~4~f1uoroaeatanilide, MePe
154.9-157.1° |

e m-zg
 ‘Nﬁcchg = ‘17°j & M_ﬁﬁﬂﬁéﬁg‘
24 g. ‘i";.y 17 ge
(0 12 mole) S {0.10 mole)

2»F1uoro~5~acetam&dcbenzene diazonium fluoborate(VIx).uw

The schiemann reaction (54) for the yreparation of diazonium
fluoborates was us eds |

| A 250 ml. beaker equipped with a stirrer and thermomeher |
| ‘was set in an ice-salt bath.and charged with 17 g (0.10 mole)

" of 3~amin0w4~f1ucroacatanilide and’ 21 ml. (0.24 mole) of

: concentrated hydrochloric aold diluted with 50 mle of water.'
The mixxure was cooled to 0° énd dlazotized by ‘the gradual
7‘add1tion cver a period of forty»fiva minutea of 7.0 Eeo (0.10'
‘mole) of sodium nitrite m tha £o rm of moist balls. | At the

kconcluaion of the diazotizaticn, a cold sclution of 22 g.
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(0.20 mole) of sod:mm fluoborate in 20 ml. o:f.‘ waf:er waez o
added all at once cmzs:.ng an orange precipitate to fom. '
A:E'ter stirring: for another thirty ‘minutes, s the precipita*‘;e"
was flltered 6ff, washed w’ith" 50»?&1.';.055‘: cz‘ai-dWéteﬁ,; then: -
with 50 ml. of oold aloohol, and i‘inally with 50 mls. of
cold ether. (SR

Dr'ied in air, the Eufluoro-5~aeatamidobenzene dﬁ.azon—-i‘ ~

fum fluoborate wolghed 19 ge (764 of the theoretical)e * '

F . waWog,mGL E
W2 wepr, mwERg
T mg T A

WHCOCH5 NHGGCHs R
g . . 19g.
(0.10 mole) | (0.0?2:mole)

Actempted preparation of»si4-aif1uoroaeetan111ae (VIIT) emm

Two methods were used in attempts to obtain this eompound.
- as The Scbiemann me thod (34) involving heating of the
dry diazonium fluoborate salt was carx*ied out as :f.’ollows:

A 19 g (0.0’7 mole) portion of Eufluoro-s-acetamiao- et
benzene diazonium fluoborate was plaeed in a 250 ml. flask
equipped with a reflux condenser. The flask was cautiously
heated at a spot ‘next to the edgavof the pile of material
withine Decomposition started quiekly and continued withouh
fiu?thér applicati on of he atse A rapid evoluti on of thick
whit;e smoke accompanied the decomposition. Aftzsr the initial
reaction had subsidad, the flask was heated with a flame
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untiiyno“mdra’fﬁmes wéré evoivedg“, ‘
| . The reflux condenser was raplaeed w&thga;distilling
head snd the reaction flask was hested stromgly with.a .
flame, 'About one mls of & 1iguid boiling at 154-137° wes
‘obtainad. : e o
Tha residue, ccnsisting of a black tar, was traatm&
with ether, in which it was-partially scluble, forming an .
orange solublon which was deeanted,dr;eﬂioﬁarrsodium'suly
fate and evaporated to drynegs.1eav1ng’a‘hrown-tar;, The
residue sfter the ether trestment was extracted with benzeno
and the benzene solution was évapprated to dryness leaving
"a reddish-brom tar. ( | :
The residue after the benzene ireatment was refluxed
‘with 61 hydrochloric acid. for two hours, neutralized with
sodium hydroxide and steam distilled¢ Only one phase ap~
peared in ﬁha receiver. ‘ :
4 No 3,4~dif1unroaeetanilide could be 1aolated from any
of tha materials obtainad» - , , _
| b. The madification deacribed by Hartung (35) involving
heating the diazonium fluoborate salt in an inert solvent
.was attempted ag follcws. ;
| Ta a 400 ml. beakar containing 100 ml. cf kerosene f
heated %0 170° by meens of a hot plate was added in small
vportions from a spatula 15 g. of 2~flunro~S-acetamidobenzene
diazonium fluoborate.v Decomposition oecurred as the mater-‘

ial wes added, a puff of white smoka aecompanying the addl-
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- tion of each portion of ﬁhé dry powder. A lump of daﬁg red
tar accumulated.in the bottom of the beﬁkar¢ |

After tha coolad solution.had stoed ovarnight, a few
seatteraa crystels separated from the kerogsene. »Thase were
removed and, after being dried in a vacuum desiccabor,
melted at 122.0~124;6° Thera was not enough of this mater-
1al to attempt en identification. | g | |

" The tarry resldue was transfarred to a 500 ml. flaak,
200 mle of water was added and the mixture was steam‘dia~~; 3
t1lled to remove tha kerosene tracssa v A

The regidue was coaled, 100 mls of conaentrabad hydroty
chloric acld was added and the mixtume was refluxed for
three hOuPSi It was cooled; neutralized»wiﬁh 50% aodium
hydroxﬂia solutiun and steam dis tilled. The distillate was
extractad with ether, the ether extract dried over sodlum
sulfate and evaporated, Only a smear of oily material re~
mained £rom the evaporations | |

No further products were obtalned.

P . B
NNBEF, : o B
heat -
0% |
NHGOCHz_' o : Nﬁq0033 :
19 ¢

(6.0?2 mole)



I. b. Synthesis of 3,4-difluorophenylarsonic acid.

Method II. An attempted alternate route to 3, 4-difluoroaniline:

- F
NO,
—
6 %
F NH,
NO2o
F NaNO,, HCl
X1 | NHz " NaBF,
ettt R
24% 38%
NO 2
XII
F | F
NNBF, heat F H,, Ra. Ni.
e e >
0%
NO, NO,
X1 X1V
F
F
NH,



. =R2Re

8-Amino~4-n1traflv ombenzene (xnz .-m‘x‘h:!.s preparati on

fwas carried mt ‘by two methods, PR TR
e a. By catalytia hydroganatian‘ L e
, Exacbly 22 g. (0.12 xm‘le) af 2,4;~éinitrof1uorobanzem
o [obtaimd as a bynprodnct from the praparation of g-fluorcw
mtro‘benzene (II)] was &issolved 1n 20 ml. of abaoluta aleo-»_ .
t‘ hol and placed in a bydmgenation vessel. : Ahmt 062 g cf |
| Raney nickel and_ 1 dra@ of plamxmm chloride solution wera
added and tbe mixture was shaken with hydrogen under a . preg-
sura af 2=4 atmesnheras while heat was, applied by means of
en infra-red 1amp.s : Absarption of hydrogen started shortly
and at the end of six hours, the oalculated amount neeesaary
%o reduce one n:.’cro grmp hed heen taken P | R
The contents of tha vesael wore tranaferred to a 250
ml. flask and steam distillad. A small quantity of orange- ,
red needles appaared in the diatillate which, dried in alr,
weighe_a ,o.oe ey MePe 101.2-101.4°%, (Recorded m.p. of 2+
 amino-4-nitroflucrobenzene: 102°) (36)s The distillate was
acidified with hydmmomé acld and evapomtéaj{:o mness
to yield 0.8 ge of brownishe-orange crystais; A‘Yield of 4'.‘5%: |
‘ 6alcu1atec‘i as zv-amino--é-nit'x'oflubrobénzehe ’hydfochloyricie.
. b. This compound has been prepared by Blanksma et ala
(36) and their procedure was employad as follaws: }

A 4 1. baaker was charged with 100 go (0.54 mole) of
2,4—dinitrofluombanzena » 500 ml. of ethanol » 1 1. o:f' water N
and 100 ml, of concentrated hydrochlox*s.c acid. The solution
was hea‘aad,to 65‘:" and a mixture of 280 g. (1,48 moles) of '
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stannous'Chloriaa,}560 m13 of eéncentfafeﬁ hyﬁrbchlbriﬁiécid‘}
'anﬂ 300 ml. of athanol.waa added slcwly over a fortwaive
minute periods. St | | _
 The- cooled solution was maae basic with sodium bicarbcn»
‘ ate and steam distilled. 0range~rad crystals of 2~amino~4~
‘nitrofluorobenzene aﬁparated from the diatillate whieh, after
filtratisn and airndrying, melted at. 100-5~101.1° “Welght
of this material‘was 8.3 Ze Evaporation of tha forerun;“ A
which consistadkmostly of alcohol, yialda& an. additional 2. 5
g« Acldification of;ths,remainder of the‘distillata with
hydrochloric'aeidufalldwea“by~eva§oration yiclded 11 g¢ of
the hyarochlariaagﬁ;mhs'total'yiele;wgs 244 of the theorets
| ical.‘m“ ' A o ‘ . ‘
| The residua from the staam distillation was extracted

with ether; the. ether extract -was dried over anhydrous aod~

 dum sulfate and'evaporatea'to»drynesse " The residue wasfre-

‘crystallizea from en aleohél solution.yielding 5.0 g. (6%)

of Q-nitro~4-aminofluorobenzene, mePe 72-799,

e S SR L N°2.7l
R Ted e
Nog o Ym, V
o - 8nClg, HOL o 02 AR i
‘ el s e | (0.052 mole)
- NOg . “‘,:' a
100 g

|  (0.54 mola)

20,2 go (calc.)hii‘H4"'
(0.15 wole) .
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EéFluoroeSmitroﬁenzene dlazonium fluoborate (XI:LE.’)-”
To a 250 ml, flask set in an icaésalt'bath'and equipped with

a stirrer and thermomater was added 17 ml..(o.zo mole) of ‘
concentrated hydrochloric acid dilluted with ml. of: water
and 1245 g,l(0,0B-mola) of z-amincuéunitrof&uorobenzene.44A
ereamy mixture resulted Whidh was diazcttzed by addition bf
565 me: (0,08 mole) of 3odium niﬁriﬁe in the form of moist
balls while the. temperature was. keopt belaw 5° 2

- It was. stirred for about. thirty minutes and a cold solu-
tion of Eo‘gw.(0»18~mole) of sodiwm fluoborate in 20 mle of
water was added at onces Tho mixture was stirred for an
“hour in the cold and filtered. The bright yellow filter o
caks was washed with 50 ml. of 1ce water, then with 50 ml.
of cold. alcchol and finally with 50«ml. of cold ether..
Dried in air, the 2~f1uoro~5-n1trobenzene diazonium fluobor—

ate waiohed B.5 ge (42% of the theoretical).

P -
, maﬁog, mr ¥
532 , ﬂaBF4 N [::]NNBF4
Nog~ ~
(0.08 mola) | (0.05 mole)

o Attembted_preparation~af 5, -difluorcnitrobenzene (XIV)

by decomposition of 2~f1uoro~5-niﬁrobenzene diagonium fluo~

borate (XII“L.--This,preparation.was attempted by two methods:
‘ae By heating the dry powder: |
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»AEmixtufe 0F 1 gs Of 2-flubro-5-nitrobenzens diazoniuii
£luoborate and 5 g. of sand Wéé:piaéed«ih‘a,125”m1§'flésk ﬂ
connected to & reflux condensers A small flame was applied
fd'fhéyﬁiéak aﬁﬂvaimbéﬁiét'Sﬁée“a:vibiénﬁ“explosién'énsﬁa&,f'
shattering the flask ‘into smell pieaea.. ‘Yo further work was
’done on this mebhcdm i BN e |

' be By heating in an inert liguid:

To 100 ml. of kerosane heated to 135% waa added in smell
portions 7 g. (0.03 mcle) of 2~f1uoroa5~nitrobenzene diazOﬁu
fum fluoberatea The materisl dacompossd as’ 1t was adde& ”
forming gray, saety smoke and 1eaving a black, cokey residua.v

' The mixture was steam distilled, ‘the distillate was exe
tracted with ether, snd the ether extract was dried over an-
hy&roﬁ$ sb6itmxaﬁ1fé£é¢"Thb eﬁher'waéﬁremovea’and the resie
ans wes Tan tﬁfdugh”é'chrométographiéjadsorpticn co1umn using
/aiumina as thé*édéprbing mediume A dark:bfénge‘color ap=
pearad iﬁ‘thé'upper“part‘ef.t56 éo1umn;"It*was elutriated
with acetone, the acetone was removed by evaporation and the
residue Wasidistilled under reduced pressure. No'product'

was obtained,havﬁug 8 boiling paint comparable to the desired

producty 3,4-dif1uoronitrobenzene.' )

g .0 ge ; *OQO‘g;  .
(0.025 mole) S
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1. c. Successful synthesis of 3,4-difluorophenylarsonic acid.

Method IIL.

NH, NNBF,
NaNO,, HCI
GOOCHy COOCH;
9 % 70 %
XV XVI
F | F
COOCHs Npon CONHz Naoc
————eee —_—
91 % 66 %
XVIL XVIT
F NaNO, HCl - F
NHZ NGBFq. NNBF4 heat
————p—
89 % ' 73%
XIX XX
. |
HeSOs Hp, Ra.Ni
93 % 93 %
NO2
XXI
X
F NGNOg » F
F H2S04 F
AsCls
—
31 %
NH, H, AsO,
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ZAMethylcarbdxybéﬁZene diazonium fluoborate fXVi)§~-

U;A’Z l. stainless steel beéker fitted with a thermbméter and
‘stirfér was;set'in gn/ieauaalt béth;and~dhargedAwith 275 ml,
 (5.$ moles) afcanaenﬁratéd’hydrochloria,acid’diluted with
300 m1¢ of waters A 35 ge portion of methyl anthrénilate wasg

added, the mixture was cooled to 0° and diazotization was
' started by addition of sodium nitrite in tha forn:of molist
balls. ‘As diazotization prograsasd, mere methyl anﬂhranilate
was aﬁded until a total of 200 g (1:3 moles) of methyl
antbranilate‘and 90 gs (1.5 moles) of sodium nitrite had been
The solution was stirred‘fdr,ls minutes end & cold solu-
~ tion of 288 g« (2.6 m&las) of sodium fluoborate in 400 ml.
of water was added all at onces The mixﬁurg was stirred for
one hour and filteredQ The filter ¢aka was washed with 150
mls of 1ca§watér; thsn‘withVQOO ml. of cold alcohol and,
finally, with 200 ml;,ofjcolﬁ ether. bried in air, the 2-
mathylcarboxybenzeﬁé’diézonium fluobofate.weighéd.zocvg»‘
(91% of the theoretical)s | | :

 =‘NH2 . i‘Haﬂogavﬁcl" WNBFy
COOCHg NaBFg COOCHz, |

-t 4 |

200 B L 800 g’

(1.5 moles) ' - (1.2 moles)
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~ 24F1ubfomethgi benzoate -,gmzz,-;x 1 1. flask connected
to a condenser snd receiver was charged with '500&,:,',;(1%20‘
. ricles) of 'znmﬁhylcarbdxybenzehéidiazonium fluobqi?ate: and
heated with a Small*flamé;* ’Ifhs‘ ary aalt: graduslly .;meltafi:;
and decomposed smoothly. The residue ‘was,v.heated’é-txfongiy |
with a flame wnbil all of the product had distilled ova'rf. |

~ The diaﬁillate was washed with:watem the water wﬁas.-e'x-'-
tmctéa with ether, end the organic «por-tiens"were“ com‘biﬁed.m
Another 150 ml. of ether was added. and dry ammonm gas was
bubbled through the solution to ‘remove any dis solved BFge
' A white, cryatalline precipitate formed which wasg filterad
off and dis carded' - The i‘iltrate was dried over anhydmus
sodium sulfata, the sther was remved and the residue was
distillaa under reduced pressure. A total of 129 g’. ‘ ('70%)
of 2-fluoromethyl benzoaste boiling at 89° under 15 mme pres-—

sura was obtalned.

NNBF, S 7

coocHs \ COOCHz
: 13 hea‘b , v
- 70%
300 ge N 129 go
(1, 20 meles) R {0.83 mola)

2=Fluorobenzamide (XVIII) o==Thisg éomi:bund was prepared -
by the method of Bergmenn et al. (37) as follows: L

A 100 g. portion of z-i‘luoromthylbenzoate was added to
l 1. of 28% emnonium hydroxide end shaken for six hourg. ‘I,‘he



white crystalline pbecipitata‘which‘ formed was ‘fi‘i’hered off
and'a’riother.lm) ‘gs Of 2«fluoromethyl benzoste iwas?{addedgtc - -
the filtrate which waé thezi?, shaken 0ve’m1ght, | The product -
which formed was filtered off and by cooling the filtrate
in ice, a second crop was obtalneds The whole process wes :
repeated with another batch 50 that a total of 564 g. (3. 66
moles) of. 2~f1uoromthy1 benzoate was. us ed.; The . total weight
of the air»-dried 2-fluorobenzamide obteined wes 462 gs (91%) s
meps 117.2-117.8%,  (Recorded: 118) . (37)«. ﬁaturaticn‘_.of;the
filt'rai:e with é.nmcnia gas ‘yielaedno, additional products . |

P

P

SR 00008g yy o (7 ) 00N
s6a g a2 g
(3.66 moles) PIRUNE (5.32 mcles)

szluoroaniline (X.IX) s«=The method of Rinkes and Bolswald

. (38) was used to prepare this compound. ST

| A 400 ml. ‘baaker set 1n an ice bath was charged with 186
mls of a solution of sodium hypochlor;ta made by passing the
chlorine genérgted from the r‘eactionkgko‘f 50 go of pbtasaiﬁm
"permngahate with 500 mle of comani;r'atad hydrochloric acid
into 1 1. of 10% sodium hydroxide. The solution was coolad
to 3° and 20 g (0.14 mole) of 2-fluorobenzamide was added.
*I‘he solution_was allowed to warm up to room temperamre and o

stand for 20 hours, after which it was steam distilled., The
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distillete was extraeted with ether and the ether extract
was drled over sodium sulfate.  The etkwr was removed and
the res’i‘due wes distilled under ;raduced pressures. A ,t_otal -
Qf,li.z g._(ﬁé%)_ﬁf; 2-fluoroaniline bcilinglat,szeesqundar .

12 mme pressure was obtained. . -

‘ G‘QNHQ; NaoClL NHg -
. S 68% Ce B : R ; ;
o %ge 0 1lg
(0el4 mols) (0,10 mole)

Z-I‘luorcbenzene diazomum flucborate . (XX) w-'l‘o a 500 ml.

| stainlesa steel beaker fitted with a stirrer and thermometer
and set. in m ica-sait bath was added 103 mla (1»‘2‘5 moles)
of ccncentrated ‘hydrochloric acid anﬁ,leo.ml;;ot‘ waters About
10 gi of 2-fluoroceniline was added, the mixt;\ira was cooled to
00; and_ﬁiazo_tization(was“vstartad by {:he»gradual additioﬁof’
sodvium’ nitrite in the form of moist balls.‘, As diszotizatlon
- progressed, more of the sterting material W"‘S“ added until a
total of 5'735 ge (049 mole) of Q;i‘luoz*aanilin'a and 35 ge
(0.50 mole) of godium nitrite had ‘baeﬁ'addedQ .

‘The solution was transferred 456. al fl_‘ayélass'*o‘e&ker:érid
a cold solution of 109 g. (1.0 méle) .of"s.odium fluoborate in .
150 mle of water was ad&ed all at onces A héavy péste formed
which was stirred by ‘hend until a homogenems mixture was:

obtainedy The preaipitate was filtered of £, washed with 50:‘,
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mle of ice water followed by 50 mle of alcahol- Ih}wé.ér* :
1urried with 100 ml. ci‘ ether, filtered, anc‘i Washed with ane
other 50 mls of ether. ‘Dried in alry 2~fluarobanzene aiazon- ,

~ fum fluoborate weighad 91 g.,(agﬁ.af the theoretical)s .

5 WEg .Nai’fgg;,j"l. CoO\er
: S 89% > S .
j 57 5 g‘ R S 91
(0.49 msle) R (0.4:4 mole)

B m-mﬂuoro'benzane (XXI).m-A 334 go (3. 60 moles} quantity

- of zufluoro‘benzene diazonium fluobwate weas dacomposed in
i;wo batches as follows: o |

A 16‘7 B portion was plaeed in a 1 1‘ flask conneeted
) to & condenser and a receiver g6t in an 1036 ‘bath with a To~
flux condanser serving as an outlet:. The dry solm“ was de-
compoasd by heating the :E‘lask vﬁth 8 small ‘flame. - When the - |
deoompnaitien reaction was neaﬂy campleta, the ﬂask was
heated strongly w:!.th the i’lame until the te*aperatura of the :
~‘vapars rose to 150°  The nroduoi: in the reaeiver was taken .
| up: :i.n ether, washed twice with watar; dried over anhydrms
"-aodium sulfate end distilled.»"- |
E -From the two bs.tches, a: total of 154 g. (73%) of o-g
di‘i‘luorobenz‘anek boiling at "9],,,-79;2"“ (140 mm.) w‘as‘ ob’cained. : '

RPN "‘3"‘“(‘
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TEFL ot 1 B

B4 g, 134g.
(1 60 moles)’ (1.18 moles)

. 5,4-6Dif1uor'dn1trobenzene (XIV}. from o~difluorocbenzene

(XXI) ==This gamppund was prepared by MoNally and Byers (39)
and their p’:*oc‘a&tzre' was rollc:wed in thbpresbnf wor ke

To 60 m’}.."of” a 2:1 (by volume) | mixﬁure of concentrated
sulfuric acid and fuming nitric acld (aehs 1ty 1.5) at -10°
was added dropwise with stlrring 34 g. {030 mole) of o-
difluorohenzene. Cooling was provided by an ice-salt_ba‘bh |
aided b;y internal addition of Dry Ices The solution was
poured over 120 g.' of ice and extraetaa with ether: The
ether extract was washed twice with water, once with dilute
godium blcarbonate solution and agein with water. It waé
dried over anhydrous sodium sulfate, the ether was removed
and the residue was distilled under reduced pressure. A
total of 44 gi (93%) of 5,4-d1f1uoron1trobanzeﬁe boiling at

85° under 15 mm. pressure was obtained.

HoS04 '
93%
NOo

B4 g - 44 g,
(030 mole) ~ (0»28 mole)



3,46Difluoroaniline (IX) omeh salﬁticn-af 142@. (0.89

nmle) of 3,4~dif1upronitrobenzene in 150 ml. of absolute
ethanol was placad in a hydrogenation vessel and 2 ge of
Raney nickel amd twatdrops,cf'platinum ehlor;ﬁa solution
'were addeds ﬁydrngenkwas aémitted under & preésura'ef Bed
'étmqspheraa;ftba‘vessel‘ﬁaa sgitated and an infra-red heat
lamp waszdirectéd on thﬁ Vstel. ~Reductian~proeeadad slnwly‘
‘}and 1t was neeessary to add more catalyst . twice during the
caurse af the. reaction when it appeared that absnrption.had '
: stopped.- Theuentira_ process .raquirod about fortyue;ight»;
‘hours?~fThaeatalyst‘waé filtahad,dﬁfgjtha sp1vant was re=
movédfaﬁd the.residue was7ﬂ1sti11ed‘at;reduaad‘prassﬁreuto
" yiéid~107«g.‘(93%) of 5,4-d1flnoroaniline boiling at 77°
unaer 7 mm. prassura, n®5p 1, 5110, T

Anal. Calede for Csﬁsﬂng C, 55483 H, 3.9; Ny 10.9.
Found: G, 55.7; H, BT 11.0.0 | |

By 4-D1f1uorosnilina hydrachlaride was prepared by pass-‘
ing dry hydrogen chloride gas into m ether golutlon of the
free base.; ‘I‘he white erystalline product sublimed rap:!.dly
sbove 2200, : |

ggg;..calcd,iforfagﬁguygcls’56;-45¢5: H, 3.6; N, 8.5.
‘Found: C, 43.9, 43.8; n,~5}e, 3463 N, BaBa o e

. 1 a1 analyses oarried out by clark Microanalytical
Laboratory, ﬂrbana, Illinois.
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Y

e 107 ge
(0,89 m:)le} & (0.83 mole}

B 3;,%Difluorophanylarsénié acid (}{)fa»é'--whis «compoundwaé!:5
| prepared by the Bart reaction (40)e B |

To a 2 3.. beaker set in en. ice»salt bath and aquipped
with a 3t1rrargsndv the rmons ter was added 1 1. of absolute
ethanol , 52 g@“.(OJ.\éQ. mole} of ‘3;4-»dif‘3,uoroyanils,ne s 40 ge oF
cqnéenbfatad sulfur ic acid and"lle Be (0462 mole). of arsenous
»chlericla,'.. The mixture was oooled to 0° and diazotized by the
addition of 28 g» (0440 mole) of swdium nitrite in a saturat-
ed aqueouis: golution, at such a rate that the temperature .did
not risa above 50, When dlazotization was complete; 4'.;'0 o
of cuprous@bmmide’was added, the solution was stirred -fthor‘m’
oughly in the coid,‘ and. the:i hoated on a ksi‘:aa‘m' bé;th untdl
evoiution.of nitrogeri 'ceased'.\ ‘The mixture wes stesm dige= - |
‘tilled, the dis tinénte beilng discarded. The residue was
evaporatéd 'to:aﬁaut 200 mle and.all ov}éd .to stand ovax’fnight;ﬂ '
A quantity of white crysbels apposred which was flltered off.
By evaporation of the filtrate to about 100 mle with subse—- |
quent cooling, & second crop was obtained. The crystala wore
 washed with. alcchoi and ether and air-driad to yield 30 g»
(31%) of 6.4~di_flucrophenylarsonic acid whic.h did nat melt
below 300°, o
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An analyi:ieal sample was purii’iec‘t by two recrystalliza-
‘tiona from waters e Lo | S |
~ Andl.. Galcdmfar CsﬂsﬁgFaAss C;; 50.3; 3,2.1. f’ouhd:_ _—
- s 30.4; n, 2.30, A B, T T

L P HaNdéQ»ECl ;’f &5
I O Asslg" L ’
U e

 j ﬁﬁg “  R Yi HQASOg

B2 ge 20 g
‘(0.,4013'10153 L (0.1.:» mole)
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[. d. Synthesis of 3, 4-difluorophenylarsonic acid.

Method TN . An alternate route to o-fluoroaniline:

NO2  NaNo,, Hel NO2
NH2 NaBF, NNBFs heat
et —————
83 % 12 %
XX XXIT
NO, | NH,
F Hy, Ra. Ni F
ot

36 %



- e8P

in"itro‘benzene diazonium flucborate (XXIII).«-»This maa

te*d.el was prepared by th& 3chiemann reaction (34) ag follows:
A 1500 ml. ‘beaker charged with 170 mle (2.0 moles) of:
concentrated hydmchloric acid &iluted with 200 ml. of water
‘was set in an ice—-salt beth end 138 ge (140 mole) of o
nitroaniline was addeds The mixture was ‘cooled to 0° and
diazo%ized by the addition cver a period of 1 hom* of 69 g.
(1.0 mole) of sodf!.um nitrite in the form of moist balls, at
0=5%, It 'ems stirred for another *hhi'v*ty minutes and a cold
solution of 238 ge (2.2 moles) of sodium fluoborate :ln 250

mle of water was -added ‘all at onces The thick slurry which .

o fomed‘was?smrrea for thirty minutes anaffntema.f mne £il=

ter cake was washed wlth 100 mle of 1ce water, then with 100 |
mls of cold alcohol. It was alurmed with 200 ml. of ether,‘ |
f1ltored and washed with 50 mls of ethers Dried in air the
weight of the 2-nitrcbanzene djamnium fluoborate was 195 e
(83% of the theoratical).,:_

‘wog noz

. Namng HCL - TERNE
{ l i)
. IRg‘ NeBFs NBF:;,
;,' T AN ek
158 g 195 ge .
(1.0 mole) e (0.83 mcle)

: -Fluorcnitro'benzene QXXIVI.mThe me thod of Sc:hiemann

and Pillaraky (41) was us ed 1n the preparation of this come -
pov.nd. - |
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‘ A 10 go sample af 2~n1trebenzanediazonium fluaborato
»V Was mixad with 20 g. of sand and placed 1n 8 125 mle flask
:\connecte& to a. candanser and recerving flaskyy Thefflnobcrate}
‘deeamposed rapi&ly when heated with a small flame. Wheh'tha |
;1nitial reaction.had subsidad, the flask was haatad atrongly

, until no more decompositiou appeareﬁ to teke placa.“”ha tar~  o

Ty rgsidne wag steam distilled.: The eontents of the receiVn
ing flaak were ‘also staam distilled and the distillates were
coMbined» o | | | [ R e
Seveval batehss wara ﬁecomposed in thia manver in qnanu‘
tities of 10«30 ge until a tetal of 198 ge had: been treated.
The . stoan distillates were eommﬁned ana extracted with ether.
The ether extract was dried over sodium sulfate,: the ‘ether
‘was;remOVGdﬁand‘the'residua'was distilled'under’reéuceﬂ‘presw
. sures A total of 16 -0 (12%) or 2~f1uor0n1trobenzene bciling

at 87° under 8 nm. pressure. was obtainede EE

owog 0 mog

NNBF, P
T heat
.. . 12%
. 198g. 16w
(O 95 mole) TR  ;(0.11 mqhax 

2=Fluoroaniline (XIX from 2-fluoronitrobenzene (XXIV)sm=

A solutlon of 16 g. (0 11 mcle) of 2~fluoronitrobenzene in
15 ml. of. absclute alcohol was placed 1n a hydrogenation vesa‘
sel and 0.2 ge Of Raney nickel and . a,drOp of platinum ehloride

| solutiontwere added. Hydrogen was admltted at a pressure of
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- 2&3a«tmaéphgres‘:whilév ‘;the : vessel was agitateaav» 'An-infx?a*red
héét lanp waé‘ airesized ‘én* tha 'vensels Absorption of hydrogen
started a:i'tar thirtJ minute% and wag ! complete in another tm
hauray;,-‘?"*‘— : T

| the ecoled solution was filtared int:c: a distilling; flask, !
the aolvent was ramovead and the rasmue was dlstilled unﬁer o

| reduced pressure. Whan distillatien ms about I:salf camplate,

- .a white paste forred mide the i’laslc and began i;cs spe,t:tam

The ai stlllatre.-was combined with the residna and purifised by |
.wa‘shing”any other ‘swluticn of the pmdu‘at with s_adium‘ blcarbon-
ato solutlon. Tho ether solubion was then treated with di-
mte hydz-c_»ch“lorica{aci& and the layers separated, -'the‘ ‘ethereal
k p'dr'tidn"’éemg dis'carde&; The ‘agqueous. port-ibn ‘wag ?‘made ’baéic' |
with sodiun hydro:xida aolut:.cn, extraoted with ether ami the
ethe solution was dried over sodium sulfate, tho other re=
moved and the raaidue dis’cilled under reducaﬂ pressure. A |
total of 4.’7 g.,(sazo) of onflucmaniline boiling at 67° under

15 mm« prassure was cbbalnecl» :

W, mmp
| L 36% - N S

‘(o 11 mole) e (o 04 mole)



II. a. Synthesis of 5-fIUoro-—?—diethylaminomethyl 8—hydroxyquinoline

a pbtemiol anti-malarial, and 5-fluoro-7-iodo— 8-hydroxyquinoline,
a potential amebicidal agent.

Method I.

OH

NHz

OH

OH

50 %

NaNO,, HCI
78 %

HBF4
NaNO2
D

55 %

HGHO

(CyHg)oNH
B

42%
(G Hg)a NCHq

NaOH

l

F

OH

NO

OH

NNBF4

OH

N

0) Hz, PfOz
99%
b) SnCl,, HCI
:

41 %

heat
26 %
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5mN1troso~8~hydroxyquinoline (XXV“1-~~Jh13 material was,
preparad.by ‘the method of Kostanacki {42) as follawa.‘3:7f W"’
| To a ‘4 1. baaker ‘st 1n an icewsalt vath ana equippea
with a stirrer mmi tharmometer was added a solut:on of 166
m1¢ (2¢0 moles) ox concentrated hyﬁrochlorie acid in 2 1. af’
water ‘and 145 ge (1s) mple) of 8~bydroxyqnin011na (hastman
'chak GD»); The solution waa ‘cooled o 0° and nitrosated by‘
the gradual addition of 69 ge (1-0 mﬁle) of dry sodium nin B
‘:trite. The slurry which formed was stlrmeﬂ for an hour in |
‘the cold and riltered. The f£ilter eaka, ccnsisting of tha R
'hydmohloride aalt of 5-nitroseme-hydmxyquinoline, was
'washed wiﬁh ‘waters For use in & reduction with atannaus~'”»
: chloride and hyurochloric acld; this material ouuld be'uaed
direetly withcut drying. Ths rree base ‘was prec;pitated by
addition of glacial acetic acid te a solution cf the hydra~
ehloride in.dilute sa&ium hydraxida. ‘The stiff gel whieh o
fcrmea wasg broken up into a thin paste by beating and atir~
ring and then filtered. Dried in airy the 5-nitreao~8~hydroxyn
quinolina waighed 135 g (78% of the theoretical}.~

', Haﬁﬁag HCL
B

R

o

145 g0 s 135 g. o
{1.0 mole) (0478 mole)
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- SuAmino—8~”zydroxyquinolina (YJCVII)smThis pz*eparation .
waé carried eut by two methodat :
‘ae Reduction wiﬁh stannous chloride and bydrochloric
\aeid,as used by Kostanecki (42). = | y
Ths entire amount. of 5~nitraao~8whydroxyquinoline hydrow:

" chloride obtained from the nitrosation of 145 ge (1‘0 mole)

of 8~h3rdrox3rc;uinaline as deaeribe& above was added slowl;gr |
whille still moist to a solqtgan of 500 ge of atanmu,s ;3213».9:-»
| 1de in 600 ml. of concentrated h‘ydrdlchibric A’cid, wh'ile the
temperature was. kept below 20° by means of an lce baths S
Whan addltlion was conmlate, tha mixture was, heatad to 60°
then cooled and ﬁlteraé.. ~The filter cake was washad with
concentrated hydrochloric acid and disso’lved in 5 .’L. ‘of ho‘av L
watar_,‘ Hydrogen sulfide gas was passad into the aolutian.
for sbout 12 hours, the precipibtate which formed being file |
tered off from time to tlmes The f;li;ra‘té,waa)‘piacéd ina |
5 1o flask and .e?vaﬁpo'ratad under vacuum. When thé flask wé.,s
“almost dry, the residue was transferred to a vacuum desi e o .
~cator to complete the dx?ying procesa. The welght of the S
amino-B-hydroxyquinuline hydrochloride obtained was 9.: g.
(41% of the theoreti cal yield based on the aahydrmyquinoline).
b Reduction by catelytic hydrogemations E |
A mixture of 20 8+ (0410 mole) of 5~nii:roso-8~hydroxy-
qmnoline and 150 mle of absolute plcohol was pla.cad .’Ln a
hydrobenation vessel end 0.1 ge of platinum ox‘lde» was added. :

Hydrogen was admitted at about 3 atmespheres prassura and R
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‘agltation was started. Absorption of hydrogen v;.-g"sfzaggpxeﬁé‘
 in five hours. The shaking apparatus wes disconnected and

"dry hydragen chloride gas was passed into the aolution in

the reaatien vessel un%il it was satura%ed. After additlan
of 100 mle of ether, the mixture was cooled in an ice bath
 and filtaraﬁ. Tne filter caka was' washed with ether and .
“dried in air, Total Waight of the E»amino~G-hydroxyquinolina
hgﬂroehlorida was 23 g. (997) «  ;_

10 a) Snczg, HOL
N T ooamr

b) ___ Ha, PtQQ >

HOL

- 99%

el

. BeHlydroxyauinolyl«s diazoniﬁm,fluoboraté'h'drofiuobcfate

| XXVIII)o=«This compcund'waa prepared by the general mathcd
~of . ‘Roe and Hawkins (43) for fluorinating heterocyclic e
nuclels, o |

 To & solution of &7 ml. (0 47 mole) of 45? fluaboric '

acid diluted with 20 ml. of water wes added 20 g (o.oee |
mole} of 5-amino~B-hydroxyquinoline hydrochloridea' Th@ sclun“
‘tion was cooled to 5° by means of an ice~sa1t ‘bath end dle
azotlized by the addition of 6.0 g (0‘086 mole) of sodium
nitritehdissolved in 20 ml. ofvwgter. After stending for
abautv1%'hcurs;;ﬁhelpracipitaﬁe-was riltered.off, washed
with 30 mle of a cold 1:1 mixture of elcohol and ether and
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three times with 30 ml, of cold ether. Dried in air, the
‘8~hydrcxyquinolyl-5 diazon&um flucbcrate hydrofluoborate "
 ‘we1ghed 16 go. (55@ of tho thsoratical).

NNBF@

Naﬁcgy ﬂBFé
L;_ .,59% R
20 g T:; RN 16 g |

‘5~F1uorb-S-hydroxxguinoline (XXIX);~~A 10,5 ga (O.OSOV
mole) portion,cf-é»hydroxyquipoiylaa diazonium fluobofaﬁe
 was decompaaad by sprinkling into‘a beeker set on a hot plate
end heated ta 1SO° - The tarry residue which remsined after

v‘,the decompoaition~was dlssolved in hot water, filtered hot,

end the filtrate was neut ralized with: 3odium acetate. The -
 rasu1t1ng_precipitate'wasffiltarea off, dried in air and
sublimed in a vacwam sublimator ab 105° under 5 mie pressure.
A totai.ofvlss Ee (26%) of‘whtte, crystallineyséfluoro~8*
hjdroxyqninoline'melting‘at1110.04110*5° was obtaihed.,”“

~ Anal. Caled. for CgHQONF: ) 66435 E, BeT3 N, €46
Foundt G, 66+535 H, 3.8; N, 8454

CNNBFg .

L pemh e
HBF4 —
St Toed

OH

10.0 Bo e ’ 103 e
(0.030 mole} - o (O 008 mole)



5~F1uoro-‘7-diethglaminomat:h;y'l-&lwaroxy_guinoline (XX_)_Q.--

Thia compwnd was prepared ‘by the Mannich reaetion (44) as
followa: e 3 v o

- Toa solution of 1.2 g. (0 013 mole) of paraformaldahyde
“ end 3.1 g. (0,042 mole) of diethylemine in 25 ml. of e thenol |

. was added dropwisa a &olution of 5.5 £ (0.034 mole) ‘of 5-

B fluoro-ea-hydroxyquimlim 1n 100 ml. of 1:1 athsr-ethanol.
- The mixture was allowea to atand for thirty minutes end the
solven‘b was distilled off undar vacuunm provided by bhe water
pumpe - A dark amber 01l remained which sa’liﬂified on cooling.
'k"After two recrystallizations i’rom e*bhaz* and one recrystallizan
| ktion fmm ugm*n followed by a vacuum sublimatien to remve"
e trace of & white: Lmpurity , bright yellow orys tals or (xxx)j"A
malting at 8040-80.5° was obtained. e, | |
" The ori ginal mother liguid was evaporated to dryness,
"tﬁé_rasulhing-oll was dissolved i;a dilute hydmohlorie acld
and éxthaétéd with'éthsf§n Tha-aqusoas“pcftiaan&s:neutra1;‘;
1zed with 's'oaiummo’étate. A white’ preoipitata resulted -
. which was filtered oft, dried, end sublimed. A total of 0.5
g. of 5-fluoro-8~hydroxyquinoline mel‘cing at 109° was- racov-
g‘ered by this processe R o
AN Addition of sodium hydroxide to ’che filtrata resulted
' 1n a yallcw precipitate which wes taken up in ether. The
,,e‘aher was evaporated and 'che product was subjscted tb sub-
" limation. The residue was re&issolved in ether » filtered |

With charcaal and evaporated, yialding an oil which solid-
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| 1fied on cooling im;a briuht yellow cryatalline (XxXX) melt=..
ing at 77.0=79.0%, , Snie o
| A total of 3.5 g. (497 ) oi‘ purifj,ed 5~f1uaro-7~aiethy1«"
amincmethyl~8~hydroxyquinoline was obtained. ; SR .
- hnal. Celed. fﬂr‘“14ﬁivﬂﬁzrﬂ~‘ﬁn;57f7iVH,\Gﬁﬁgfﬁs'11»§@
Found: G, 67.7; H, 6.85 W, 11.1. o | |

HOHO

{czﬂi)gnﬁ‘
4:3%(02}!5)21;‘ !
(0 05& mole) T (0a614 mela)

‘1ﬁ5§F1uor0m7¢ibdcaeéhydroxxguinoline,(XXXI)w»éA~52 g
'(0-.13 mole ) .po'x*kion of lodine was dis solved in a sélutibn' B
of 10 ge of ‘sodium‘hydmxiﬁe in 200 ml.;f‘oiy‘ water ‘and. to :this
was added 17 &e (0‘992 mole) of the acdi'um salt of 5~i‘1uoro- |
B—hydroxyqxzinolina._~ The mixture was diluted to 500 mle anﬁ. |
‘heated on the s’taam,ba'ah for fiva‘houra. Af’cer standing'-
overnight, the ‘mim':ure- was filtereds. - A small amount of pra-
‘cipitétewas 'coneeteq, and _diecardad. The filtrate wes
acldified with diluhehydrochloric acid and extracted with
~ether. The ethereal paftionwas"- wasm@ ‘wirth four 100 ml. '
qu#ntitsi'aa of 6 M?ﬁydmchioric acld --which were‘vc’ombined and
added to the . aqueeus portion. This acid aelution was exaet»
-y neutralized vith. ammonium hydraxide. A 1ight~colcre&,
fluffy pracipitate,formad.which, was filte;'s:d; of{i"_'{ana dried_ |
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ﬁn&etf\va&uum; The weight mf this crude 5-»11*11101*0«-7-1060-—8«'-: -
hydroxycminollm melting at 144.0—145.1" was 13 g (50%).
After purifi cation by vacuum sublimat:.on and rearys‘calliza—f'
,tion frcm 1ig;min, ma.g« was 14‘?.7»148.5 ¢ 3 |

 Analy Celedy for OgHSNOFT: 'C, 87443 H, 1‘#§“ﬁ,r4;é§“
I, 48,9, Found: ©, B7u43 H, 1.9 N, 4495 I, 48.7.

N . 50%
| cﬂaj BT, ~om
17 g | o 13 g

(0092 mole) el {0,045 mole)



IL. b. Synthesis of 5—fluoro-?7—'diethylominomethyl—8-hydroxyquino|ine;

Method IL. An alternate route to 5-fluoro—8—-hydroxyquinol‘iné:

- NHz  NaNo, ,Hel
NaBF,
90 %
OCH3
XXXIT
F HNO3
a) ACgO
29 %
b) C,HsONO,
OCH3, H2S04
XXXV 26 %
FeSO4
F CeHsNO2
H,BO,
NH glycerol
2 o
SoH, 37 %
XXXVL
F
°N
OH

NNBF,

heat
69 %
OCHj

XXXTII

F a) Snola, HCI

56 %
b) Hz, Ra.Ni
NOz 86 %
OCH3 ¢) H,, PtO,
88 %
F
HI
70%
N
OCHs3
XXXVIT



' A-Methogxbenzane diazcnium fluoborate gXXXIIIZ.--This
‘ cempound Was prepared by ﬁhe Schiemann procass (34) as fol~
lows: o B o
To a 3 1. baaker set in an 1ce-salt bath.and equipped

'with & thermometer end mechanical stirrer were ‘added 210 g. 
(1, 71 moles) of Qpanisidine (monsanto Chemical Co.) and 340
"ml. (4.1 mples) of concentrated hydrcchloric acid diluted
with 585 ml. of wator. The solution was cooled bo 0° which
‘vcaused some crystals to saparate and the mixture was diazot-
1zed by the addition of 118 g» (1.71 moles) of sodium nitrite
) in the form of moist bells, Smell lumps of Dry Tce were
:added from time to time to’ aid the cooling process. The
diazotized solution.was stirrea for 15 minutes and a cold
solution)af,375 g..(3.43 moles) of sodium fluoborate dis-"
réoiﬁéa»in»soo g+ of water was added all at once.’ The rTe=
sulting slurry was stirred for about an hour in the cold and
filtered. The . precipitate wasyWashed‘withgzoo g.‘offlo% :
sodium fiuobcrata SOiutibn, then with cold 1:1'alcohol-ether
solution, and, £inally, with cold ether.} Driéd in a vacuum
deaiccatcr, the weight of the 4«methnxybénzene diazonium N
fluoborate obtained.waa 340 g. (90% of the thaorebical). o

‘NHg . WNBFg
NQNOB ’ HCl
NaEF4
o0%
odH3‘  A "0033‘
20g. . 3dog.

| (1.?1 males) : (l 54 moles)



E-Fluorfoaniséle« (XXXIV) pwmb 340 gu A 1_.‘,54; mola"s_lw po‘rtion

of g-methoxybenzene diazonium fluoborate was placed in a 1 1.
rbund-»bbt’témed flask connected to & condenser and receiver.
The flask wfasnheated‘caremllywith ‘e small: flame and thé*zn’é«s
te'rial’deoanmoéed;smoothly. AL intervels the condenser ben

. ‘cams. plugged with white‘ crys%als. These were flushed into
the receiving flask: by means: of a stream of watar. Towards
‘ths end of the decomposition, tha flask was heated strongly
to, distill :_over,the-;last traces of the prqduct-: S -
tot The»_distiliaté was teken up in ethe r, washed with 15%'» -
‘godium hydroxide solution and arded over sodium sulfat'é.‘ The
ether was removed and the .residua.ﬁas dist 1lledi»e;i£;k§tmbspher+
1c pressures. A total of 134 -g» ,(69%) :of,:p_aflﬁdmanﬁ.adle |
boiling at,'lﬁag (738 m.) was obtaineds i

" heat PR

: NNEFé
B0 g .. 13ag. o
(1 54 moles) A (1 06 moles) '
. 2~N1tro-4~f1uoroanisole (XXXV) o==This compound was ‘pro=

'pared by two differam; mathods as follows: . :

g8s The procadure of Swarta (45) 1nve1ving nitration with
nitric acid :!.n acebic enhydride wes used. ,

To a 2 1. three-necked, roind-bot tomed flask equipped
‘with an addition funnel, me chanical stirrer and thermomet‘er,"’
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 ‘ was a&ded 356 g. (2.66 molea) of‘grfluaroanmsole and 400 ga |
of acetic anhydri&ea "he flask waa placeﬁ in an ice~sa1t

| bath and cooled to «10° by addition of small pieees of Dry
, Ice. A 210 mlp (3. 15 moles) yortian of concentrated nitric

| aaid (dansity 1.42) was added dropwise at a hamperature ef
~5»O° Addition.was complete in.abcut 11 hnurs and stirring -
was continued for anothe & hour 1n the cold. The solution 5
'-was allowea to warm up to room tamperature with constant
stirring cver a two houxfperiod-  it was ‘then pourad inta,~“
3 1. of iae water. An”oillbepéréﬁed énﬂ'ahafﬁiy-fcrmsd‘a '
yellow solid¢ o e L ERNRE |

”"] Ths mixture wes nautralized wifh sodium carbonate under <<"

a 1ayer of ether. A small amounh of a rad solid formed.which .
waa filtared off and subsequently identified as thﬂ sodium
aalt of 2,6~d1nitro-4-fluorophenol. The 1dentification was
accompliahed oy treahing tha ‘dry solid with hydrochloric e

z'acid, extracting with ether, distilling the ethereal solu-

‘tion*under reduced pressgre and recrysﬁallizingithe distille
| ‘éﬁé}:which so11d1f1ed on stanaihg,'fran alcbhoiq  A bright

yollow material meiting et 49. 0;49'5° ﬁas}dbtaineda Recorded
| melting point of 2,Gvdinihro~4-f1uorophenol is 50 20, . (46)

o The filtrate was extracted with other, the etheresl
1ayar separated and dried over sodium aulfate. Aftar removél
_ of the ether on the steam bath, the residna was distilled
under raducad pressure{i At Y mm. pressure, 160 e of{a

11gu1d bolling at 48° was obtained which was identified as
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 the starting materiels The residue vhich s011d1£1 ed on -
‘cooling’ iwaighed_l”?e}gc corresponding to"éfﬁB%’yiéid.‘based o
on a total -stértiﬁg-maﬁ‘ermi or 71% based on unrecovered .
starbing matez*ial‘ . | | -

‘:Eha proﬁuc’c was recryshallizad from ethyl alcohol: te
: yield 132 g (29%) of white. cz*ystanina e-nitm-éz«.ﬂuom- o
anz.sole melting at. so.o~51.5° : k

b. Nitration with ethyl nitrate.

A 400 mle. beeker equipped with a meehanical stirrer,
thermometer and sddition funnel was charged with 50 mle of
_concentrated sulfuric acid and 25 ge (0.20 mole) of p-
fluorcanisole was poured in cerefully + A moderate evolus
tion of heat was observed. The solutlon was cooled to =100
'_ ,by-méans ,o'fl'a;'n ﬁ.ce-f-salb bath aided by int e‘rhal»'ccoling with |
Dry Ice. Dropwise addition of 18 g. (0,20 mole) of ethyl -
ni‘t’:r‘até ‘;was‘ c‘arziied out at rat‘e' su ch ‘that the ,'temp‘eramra‘ |
ata not rise a'bove 0°, When additlon wss sbout half com-
plete, the mixture became quita stiff and viscous g0 an’
additional 25 ml. of concentrated sulfm‘ic 'acid weas ad&ed‘.\
After the reaction was complete s the' mixture ‘wag pourad
over 250 ge of Lce. A dark yollow precipitate formed which
was filt:ered of £ and dlssolved in ‘ethers The eﬁhéreal' golu=
tion was washed with 104 sodium hytiro::!.de solution, filtered
through charcoal, dried over sosiium sulfate and evaporated-
The y‘rés’idue was a red oil which syo‘lidified on cooling.  The
wolght of this crude product was 32 g. -‘corréspond’ing j{:d a
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93% yiald. Recrya tallization from alcohol pmduaed 19 e o
(56"’ ) of‘ white 3 crystalls.ne 2-n1tro»4afluoroaniaole melting
at 62 5~65.0° | (Racoraea» 61.60) (45). PR e s

> ﬁ‘;: f A°2°

T b. GgHs@NOg NS 2
W ocHs T Be% .“va,OCHa A

B«Amino-én:f‘lucraaniaola (mVI)¢~~Th18 preparation was

carried out 'by three me‘bhods ag follows' |
a, Reduction wlth. stannaus chlor:}.&e and hydrochloric o
acid. LR R R o ‘4
A 12 gq (0 0‘7 mols ) per’cion af 2-n1tro-4~f1uoroaniaole -
was added to 60 ml.. (0«.72 mole} of concentrated hydrochloric
acid and 50 ge (O 2’7 mole) of s‘cannaus chloride. The mix=
ture was: heated on .a ataam bath and, during the eourse cf
about 20 minutes, 1t becanme. homogeneous while undergoing an :
“exothermal reaction. - .It was cooled in ice and a gray pre-
cipitate formd which was filtered off, dissolved in water
and- néutre.liéed with godium carbonate solution under a layer
oi'",ethe_ar. ,Aftar‘ thorough ’shsking-, the .ether 1a§er was sep.
arated; dried mr sodium*gulfat’e and evépbrated.‘ - The resl=
o due. was distilled undér reduced pz"essure'. 'A"t‘o't'al of 5.5 g
| 56%) of 2-amino-4-fimcroanisole boiling at 105~106° under. -
* 8 nme pressure was. obtainedq

be Beduction by catalytie hydrogenation us:mg Raney -



v545

nickel: e | , = |
/A B8 g. {0+34 -'inale)' pox*ti'o‘n’: of Qanibroaéénfluoroaniaole
was ‘dissolved in 350 e of redistilled absolute alcohol and |
- placed in a low pressure hyﬁrogenator.' Abddt 0*5 ge "of Raney N
nickel and 2 drops of plat:.mm chloride solution were added.
kThfa mixture was agitated for four hours dur ing which no hy-
drogen was absorbed, Ai‘ter addition of more catalyst s the
rea‘et‘ion staxv*teda'nd was complote ;invanother 14 hours. The
catalyst was ifiltered off, the solvent evaporated and the :
rosidue ciistillaé& under re&ucéd pressures A total of 41 g.
(86}’5’) of Q»aminonéwfluoroanisole boillng at 104° un&er 7 mm..
pressure was ob-bained. | | | DSt
e Redtmtien by catalytic hydrogsnation using Adams
catalyst: , e
A 40 ge {O. 23 mole) portion of 2~n1tx'o~4~fluoroanisola N
| was dissolved in 150 mls of hot redistilled absolute alcohol
~and placed in 8 lbw pressure hydroganator. Adams ;catalyat
‘was adﬁed and hydrogen was »admitted under 50 1b ¢ prossure.
After sheking was started, reduction began at once and was
'complete-:in:aboﬁts hbur‘s; The catalyst was filtered off,
- the solvent evaporgtec'{ anmd' the resicme distilled under :ve»
duced preésisre.F A total of 29 8o (88%)" of Bvami no-4~flunro-
-anisole boiling at 104° und ex 7 e pressure was obtained.
. Anal. Caled. for C7H80m“ Cy 59 53 Hy 5eT$ N, 9 9.
| Found: €, 59.5; H, 5.7; N, 10476, 10,51,
| '_”The hydrochloride was prepared by passing ‘dzfy'hydragen :
¢hloride gas into an ether solution of the free base and
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aubmitted .t’ox' analysis. | | .
e Anal. calca. far GvyHgONGlP: €y 47435 H, 5els N, .9.
Founa» c, a7, 5; a, 5.2; zq, v..v.s'y R s

F 56% R O

g nog :,35% o NAg

P e T

"SvFluoro~8'methoxvquinoline jXXXV;_l;uwThree variations',

' of the Skraup reaction as modified by Cohn (47) were tried
‘1n the preparaticn of this compound.\_r :
a. Using nitrdbenzena as the oxidizing agent- ‘
“ A sanple of E-aminouéufluoroanisole Was purified by
dissolving 1n dilute hyﬂrodhloric acid,‘extracting the acid.
, mixture wiﬁh emher, the ethareal portion being disaarded,
neutralizing with sodiunxhydroxide and extracting again
wiﬁh ether aftar which.the ethereal solution was: dried over
sodium sulfate, ‘the ether removed, and the residue diatilled'
: undar reducad pressare‘ ‘ clear, colorless productkwas ob=
~ta1ned.""’ | ey R ERBEREY |
i' An 82 g. (O 58 mole) portion of this material, 20 ge
’of fernous mzlfata, and 43 ge (0.55 mole) of nxtrobenzene
were placed 1n a 1 1. round»bottomed flask: and to this mix~
.ture was added a c61d’ solution of 36 g. {0« 59 mole) of borile
'v‘acid in 196 g. (1.75 moles) of glycerine which had been made
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'-:up hot- a 100 m1¢ portion of ccneentrated aulfuric acid |
waa adﬁed slowly wiﬁb cooling. A raflux condenser was at-‘
,tached and tha mixture was rafluxed for 24 hﬂurs at an’ cil
bath temparatura of 1500 TR |
| The mixture was coelad ana neutralizad by tha addition
of 460 g. of 50% aodium.hgdroxide solution added slowly udth
aoolzng; The basic mixture was ex%rauted with ether, th@
ethereal portion was separatsd, filterad through charcoal |
anﬁ drieé over sodium sulfate. After removal of the ether,
The distillate was treated wiﬁh 30 ml. of 20% sod&um |
‘hydrcacida solution and 20 ge of benzoyl chloriﬁe. The mixe-
ture ‘became quite’hot., It was eoole&, shak@n hhoroughly, |
 Aéidifiéd with hﬁdfochlaric acid and’ extraeted Withrether,
 ﬁhé»ethereal pdrfioh,being'diécardé&.{'Thb7aqﬁéons portion
#aé mada‘baéic‘and'éxﬁraetad‘With étﬁefg‘thé'etheré31 p6r~ o
tion separated and dried ovar aadiunxsulfate. AfteiAremcﬁw
‘al of tha ether, the residue was distillad under reduceé
1presswra to yield 38 ge (37%) of 5~f1uoro~8~mathoxyquinoline |
~ boiling at 144~147° under 9 mm. pressure. L
b1 Using zunitro-énfluoraanisole as the oxidizing agent*‘
A 500 ml. three-necked flask eqnipped.with a stirrer,
‘ﬁhermcmeter and reflux condenser was daarged with 25 g. )
(0 18 mole) of z-amino-4~f1uoroanisole, 19 ge (0.11 mole)
”of 2~nitro~4~fluor0anlsole, 6 ge OF ferrous sulfate and a o

solution of.es gp of anhydrous.gxycerol and 11 ge of boric



‘acidf. ’The mixﬁure was heated to 75° Kan& .20 ml. of concenw~
t;rated sulfuric aclid was added dropwise; It was then res
fluxed for 34 hours et an oil bath temperama of 1459,

 The coole& reaction m:ixtm:'e was poured over 500 g of
~ lce, nearly neutralized by addition of 38 g. of sodium hy=
| droxicie in 50 solution and made basic by adﬁition of sediumw

- bicarbonate. The rasulting &ark, oily mixtnre was placed

in a ccntinuous extractor and extmcted wit’n benzene for 36
hours « BT |

The benzene 1ayarv was séparated ‘and the benzene was
distilled off leaving a dark, oily residue. Upon treatment
with 26 ml. of concentrated hydroohlorle acid diluted to 75
mle with water, a clear yellow solutlion wes cbtéined which
‘saparated into two layers. The organic layer was separétea,
washed with waﬁer, and dis carded, th® washings being added
to the aqueous layer. o | N |

‘The aquems layer \#as made baslic with sodium bicarbonate
‘and extracted with other. The other extract was dried over=.
night over scsdi‘um aulfaté, the ether was distllled off and
| thé residue was distilled under reduced pressure. A total
" of 2.8 g. (9. 0%) of Enf‘lﬁom-B-methoxyquinolinebdil'ing at
128—132° under 4 mme. pressure was obtained.

The reaction mixture ‘wes extract;ed further with ether
for 24 hours and the ether extract was worked up in a sim-
ilar mannér but no more product was obtaiﬁedq

ce Using nitroethene as the oxidi zing agent:
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‘A 250 ml, flask was char*ged with 25 g. (mlsmole)fof_ ‘
2=anmino«4-fluoroanisole, 8¢3 g« (0,11 mole) of n itroethane
and 6”g;-of- ferrous sulfates’ “I‘o'thkia wag. addé& a sblution
of 11 g. of‘boi'ie acid i‘n 94 g nf‘anhydrms‘iglycérélg .and
30 ‘fnl; of cmcentr’s‘bed'sulfuﬁe acid was added carefully - 3
with _intérmittehﬁ "‘cz’odling vnnﬁer the tap. The mixture was |
 refluxed for 40 hours ‘at an Qilnbath* temperature of 150,

" The ecooled raactianmixture)‘was' paure‘dk oﬁer*ﬂso g-.A-oif,.,
. ‘ib'.e,'f"nearly nexitralized by addi‘c’i on o’f 38 ge of sodﬁ.uml hy-
droxide in 50% somﬁign end then made basic with sodium ble
carﬁtmate; Thﬁ m’ixture was placed 11.1:“3' cmtinuous?:aﬁ'racto:v
equipped v}ii;h' 8’ s}tix’r’er' and"ex’craoted Wif:.h-: banzena‘ for 40 C
.h"mrs;i The benzens extract was evépbratedfto 50 ml. and |
the reSi&é was ‘e‘xtractedawith 'dilute hydrcéhloric iacid-".“ .
The orgenic layer: was di‘scgrded.;; The acid Iayer’ was made
basic with ’sodiumjb,‘icérbonate and extracted with éﬁher.» A
black tar which was ’pres‘ent in the acld ‘sdlutioh'did not. o
dai ésolva in the éther but ”was‘ taken up Whai;‘ extracted with -
: bénzane‘q A , - | | |

. ‘The benzene and ether extracts were cémbinad, dried
over sodium}aulfate and the solvent was removed. - The resie
due was distilled at reduced pressure vielding 9.0 ge (29%)
of 5—~fiuoro-8-methoxyquinoline boiling at 120-122° at 3 mm; o

o After gtanding for twelve days at roém temperature,
'the'prbduct solidifiled. Meltiﬁg point ‘was 34.0~36.50.

Anal. Calecd. for CjoHgONF: Gy 6'7;8; H,, 4’:‘6;} N, ‘7.9.
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Fbﬁn’&. C, 5698, 66.93 E, 406, 073 Ng .8‘

HgEOg
| HpSO, + G§H5N0g

glycerol

R L % '
LT o + 2-nitro~4-
NG ."xflum‘,ﬂani??“r
o ocHZ
oo " 4 CgHgNOg
29%‘

S-Fluoraua-hvdroxyquinolina (XXIX) from S=fluoro=Be

methoxvguinoline (XXXVII)e=~A 10.8 portian (0.058 mole) of-

5-fluoro-g-methoxyquinoline was refluxed with 150 gs (0458 -
m‘c'la‘-‘)r 'df 50% hydriodic acld for 24 hourss ‘ The cooled solu- -
tion wes dilui:eﬁ wi’ch 150 mls of ‘water and neutralized with.

s odl um bicarbomte. ‘Iha precipitate which formed was fil-
,'tex_*ed of £, washad_ with; watei' yana dried=:1n‘ e vacuum desice
cators = | i ' ‘
o “Tha dry product was sub limed at 105° under 5 mm. preg-

~ sures A total of : 77 go (77%) of 5~f1uoro-8whydroxyquinoline
]}was obtained as the subl.:.matea

| This product was further purifled as follows’ It was
dissnlve& in dilute nydrochloric acid, the solution was ex-
tracted with ether and the ethereal portion discarded. The
aqueous ‘portion was made baslc with isodiwz“; hydroiiae -and ex- |
tracted with' ether s the ethereal portion fagéin being dls-
carded. Ths golution was aﬁidified again with hydrochloric
| acid and finelly naubralized with sodiwum bioarbonate. ;

. The precipitate which forme& was filtered off, dr*ed

)
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‘under vacuum' mnd sublimed as’ befbre to: yield 6.9 Be. (70%)
of pnrified 5-f1uoro~8»hydroxyqp1nolina, MePe 109 8-110.?0

| i t_70%  ‘, t
E ocHs ,TV' Ly

10,8 g }?Y~~7Q:f” .i?"f““ 6.9 g
(0 058 mole} oo (04042 male)
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IL. c¢. Synthesis - of 5-fluoro-?Fd'iethylominomethy|-8—hydroxyquinoline.

Method IIT. Attempted alternate route to 5—‘flu{oro-8—metho'yxquinoIine:

(CHa), SO
NaOH + HNO;
B o
12 % 56 %
N N
OH OCH3
XX XXXVIIT
NO ‘ NH
2 CI) Fe, HCl - 2 NONOZ, HCI
0 % NaBF,
, : —_
N b) H,, Ra.Ni N
OCHj 0% > OCH,
XXXIX XX
NNBF4 ' F
heat
o
N , N
OCH; OCHj,
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&»Hethoxvauiaol;ne (XXXVIII),wﬁThia compound haa been

prapared by Kaufmen and Rothlin (48) and their prccedure
 was uvged as follawsz '
A solution of us gs (1»58 malea) of sediunzhyﬁroxide
in 300 ml. of water was added’ bo a mixture of 100 ge (0‘69
' mole) of E-hydraxyquinoline (Eaatnnn Kodak Co.) in 500 mle
“of'water which was haated to about 70« To the hot sa!ution
was added 44 g« (0.35 ‘mole) of dimeﬁhyl sulfate‘ Ths solu«»r
tion was ‘kept hot for one hourg cooled, extracted with bane
zene end the benzene exhract dried overnight over sodmmm A
'sulfate. ;
The benzena was. distilled of £ and the: residue Was disu‘
'_tilled under reduced pressure yielding: 14 ge (12%) of 8«
’methoxyquinoline bciling at: 134—1370 at 5 e pressure. |
The aqueoua portion of the reaction mixtnre was acid~ :
ified withaglacial acetic aciﬁ;‘the resulting preﬁipitate*
,was~fi1tefed offy; dried undef“vacuum'ahd!Sdblimed?aﬁ:65°i
under 8 pressura of 12 mm. A total of 70 g. of purifieﬂ
starting‘materigl;(B-hydroxyqpingline):was ‘recovereds
(CHz)pS0, |
 WaOH

ocHg

. 100 g. v‘ ; '» ( ‘/"L, : R 14 . . .
(0.69 mole) AT (0.08 mola)
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o»Nltm*B»matho:gquinoline (XXXVIII).r-«The method of

~ Balaban (49) was uaed foz* prepax’ing thia aompeuna.

E I& 250 ml. baaker equipped with a thermometer anc‘i s‘birrer -
was set in an icemaalt bath and charged with 55 ml. {1.24 |
' moles) of. fuming nitric ascid (density 1,50). & 22 g pose
Ation (Gglz‘mclja) of Sumthoxyqainoline wag added gra&mll;& o
over a fperﬁ;c& of;l;% ‘hours at a :tmpefatura of ",-;-5-'-0"«

‘ 'The“nﬁ.x‘biu;'a1wa:s”stirz"ed for ‘axiother hour',“pm‘:tred over. .
75 gs of ice and diluted to 250 ml. with ice water. A yel-
‘lcm precipit ate appearsd which was i‘iltered 0f‘f, washed
| with water and dried in e vacuum desiccator. The weight
of the | B-nitro-sametrmxyquinoline nitrate hydrata t}ms Obe .
taxnad was 20 g+ (56% of the thecretical) . |

"’b,e nitrata hyd:eate was dacomposed by treatment with
dilute sodium hydromide salution‘ The . 5~n1tro-8-hydroxy—
quﬂ.noline, which appeared as- a yellow precipitate, was . fil«-"
tereé‘. off and waahﬁd with watam Dried in aiz', the product -
‘melted at 148,8-149,29, (Recor&ed* 151°). (49). |

1602

LA T .
,\ocng‘;; N R ;.”.0035,

| ‘HNQS‘ HgO

22 go o 20 g
(0.12 mole SR (0.0'71 male)
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f "Attémpteé preperet iem OFf  Be amirib-.'Béma‘bhézcyﬁminbliriéﬂi

j_}f_,z_x_b--mhis preperation wag a’ctempted 'o;;r two. methods*
. as By catalytm hydroganationz : AR
AN 8¢4 g (0.041 mcle) sample’ of 5»nitro~8-me’cho:ty-*
quinoline (mepe 14‘%8»148.39): wag’ placed‘ m--a.fhydrogemts.on
‘bottle: and 30 ml. f)‘f'redistfille:d" ah'SOIuﬁa aiiedhélg 045 g
.of 'Raney‘_ nic:kei‘ and g “dx"opiof -p‘latiﬁﬁhi%‘chlwide"so‘luticn' L
welra ‘added.  The mix tu‘r'é‘ wes ‘éhakien ‘with hydbdgé:x ‘under a
presgure of 2«3 atﬁdapheréls'vmiléf"haétf ,waé"appliéd“by me_!aiz'éj Sy
: cf.‘ an infra-red heat 1amp. After an in&ac“tioxi pe:ribd ‘Df
forty-five minutes,: abscxption of hydrogan startad- Tt was
| complote after two hours at which time the theoretical
amoum' of hydrogen ‘had bean a‘bsorbed. |
The catalyst was remved by filtraticn *bhrough a gine-
tered glass funnel - and the - solvant ‘was d:z.stilled off 1eaving
a red&ishwblack tar, This residue was ‘dis sﬁlveci in dilute
hydrochlorie acid and the solution was extraated w1th ethor P
| the;ethereal portionlbeing disca:dedg‘ The aqueous porticm R
was neutralized with sodium hydrdxide ‘am'extractéd first
with ethe r, then with benzens. The ether and benzene ex=
 tracts wore dried over godium sulfa‘se‘ - |
‘ Nathing bub tarry residues cculd be cbtained from these
solutions. . |
b By the proaeﬁure of Bala'ban (49), 1rrvolv1ng reductien
with iron and hydrochlorie acids ‘ }
To a 500 mlg, three-—necked flask aquipped with a reflusx



. condensger, mercury-sealed stirrer and &, i’laxible tu‘be for
vad&lbion ni‘ solids LEER addad 210 g; (O 075 mcle) 01‘ 5~nit'ro~
Bamethoxyquﬁ.noline nitrate hydrata, 150 ml. 0f‘ ethyl alcohol
B and 2.0 mlg of’ comentrated hydmchlorie acﬁd.‘ The mixture

was heatea to mflux temperamra by moans of an 05.1 bath - |
and 20 g. of . powderad ircm was added in small pcrtians mrer

tha coursa of.’ thirty minuteso Ref‘luxing was ccmtinusd for B

B | thx'ee hcmrs.» e

The solvent was distilled 0ff 1eaving 8 dark tar which :
Qwas drﬂ.ed undar Vacuum ana extracted with benzene. . From “
this banzene extract nothing hut a tar. could be obtained. o
‘ : The residue f‘rom the benzenﬁ extraction was traatzed
witn dilute hydrochloric scid end filtered. The filtrste
:”vwas mada baalc wlth sodium hydroxide producing a ‘bluish-—
“black. precipitate. ,. The basie mixture was. treated with hy-- \
,drogen aulfide gas causing a bleck precipitate to . forme -
This was filtered off, dried and ‘boiled in benzene. Upon“ ;_'
| fcooling, 8. trace of yellow cryat als appearea along with g
| ,reddiahm‘bmwn 1umpy solid residua; .No 5~am1no-8~methoxy~

quinol:’me was isolated from this reacticn. S

o Noa. . ‘v"Haa ‘Ra‘i.m“,,__
o -
Fe, HOL
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IIT. a. Synthesis of 2-trifluoromethyl—1,4-naphthoquinone, an analog

of  Menadione (2-methyl-1,4—naphthoquinone).

Met_hod L:
HNO;
HoSO04 i
.____...___..__..._.P _—_‘P'
94 % 91 %
XIIH )
HNO,
ACaO 2804 .
—_—
87 % 92 %
NHCOCH;; '
m
2 H, Ra.Ni NHCOCH3 :
_Ac0 CF; H,S0,
PRGN Y
T 687 , o
NHCOCH3 NHCOCH
. XLVIT
NHz
N020r207 // AN
35 %
NH,-H,S0,
—  XLVIOD | — xux
v OH &
Sn’Clz , HC! CFy
—— -
2.5% :
OH
‘ LT
C Na, Crz 0, Na,Cr, 0,
| 26%”2304 9 H2504

CFs



3~Nitrobenzotrif1uoride' XLII) ow=This material was pre-

' para& by the proee&ure of Swarts (50) as follows:  , |

A 1500 nﬁ. beakar set in an ice-salt bath and equipped
with a mechanical sbirrer and thermomatar was charged with
- 354 g (2¢42 moles ) of'benzatrifluoride (Hooker Cremicals) ,
j'ecolaﬁ to =-10%, and 600 ml. of a 312 nﬁxture (by volume) of
coneentratad sulfnria acid and fuming nitric acid (density
»1 5) was adéed dropwise over a two hour periad¢, The tom~
perature was kept ne ar =50 by the periodlc eddltion of
vamll 1umps of Dry Ice, The solution wes stirred in t;ha |
‘¢¢ia f¢r‘thfee hcurs,vthen paured over 1200 g. cf ice and
extracted,With three 250 mle pbrtions of ether. ‘The ether
‘fextract was washed with three 150 ml, portions of water
~and dried.uvarnight over anhydrous scdium sulfata.
. The ether was removed and the residua was distilled at
redueed pressure to yleld 434 g. (94%) of 5~nitrdbenzotri- A
‘_'fluoride boiling at 79° (6 mm.). o ‘ -

k.“ g HﬁOg, Sl 5
O3 mggo, (¥
o CLoen NOQ

358 g . 434 g

'(2.42 nples) — (2.27 moles)

3~Am1nobenzotr1fluoride (XLIV).«-A solution.of 434 ge

(2.27 moles) of Z-nitrobenzotrifluoride in 450 ml. of abso—
Iute alcohol was placed in a 2 1. hydrqgenation vessel



-68a

together with & g.:of Raney:nickq1iand‘two drops»of platinum ,
cﬂwmamhmm.Tméﬁmwnmsw&mwthW%mat 
a pressure of 1l=3 atmasphsres while. heat was: supplied: by. |
means:of an infra-red lamp.. Absar pticn of hydrogen started
‘;ﬁrter“ﬁwQ;hnurs-an@ was~édmplete,aftervanothar.twenty,haurg.

~ The soiut;on‘was filh@red:thraughéa-sintered glasé1fun-‘
nel tc,remove,the eatalyét,ﬂtha,solvant~was removed end the
residue was dlstillsd at reduced pressure. A total of 333 g.
(91%) of snaminobenzotrifluaride was obtained bniling at
680 (5 mme)s .

| CFy

;_ $ s L : “ CFs
| HQ' Ral.Ni - & ;
91%
 wag. o ssg.
(2.27 males) S (=eor moles)

: The resldue in the distillation flask’was dissolved 1n
ethanol, heated to 6o° and filtered with charcoal. The .
filtrate wasg chilled in ice and a quantity cf bright oranga
needles separated. ; ried in air, the weight of the crystals
was 240 gep MeDe 75 6-78,0%. An analytical sample prepared
by successive recrygtallizations from ethanol melted at |
82.2-82.5%, The conmmsition of the material was shnwn to
. correspond to OyHgNFg. ‘ e “

Anal. Calcd. for CvH4NF5: C, 52.8, H, 2e 5, N, S;a.“”
Found: C, 53,05 H, 2.6§ N, 8.8.
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On the basis of the analytieal reaults and malting

polnt, the compound was identified as m,mlntrifluoroazo~

o v m

luane* SR

' Recorded melting point of m,m'=trifluoroazotoluenet
' 82'0,5‘? ‘51)» - - S e | |

5-—Acetamidobenzotrifluorida (XLV‘) o==To a solution oi‘
500 g (3.1 molaa) of &aminobenzotrifluarid.e in 600 ml. of ‘

jbenzem was added 315 e (5 1 mcles) af acatic anhydride.
 The solution Was reﬂuxed for two hours on & steam ba’ch,

' the benzene was distilled off and tha reaidue was allowed
1:0 stand ovarnight. ; White crys tals of Swaeetamidobanzo~ N
| trifluoride sapax’atea which, dried in air, waigheci 550 g"
(ev%}, m.p. 103.7«-104.50 (Recorded mep.t 103") (50)e

e

. Mg mcocna
808 . o ss0g
*5(5.}1:. m°193)""‘»'f, SRRSO (207 moles)

i

2-Nitro-5-acetamidobenzotrifluoride (XLVI) .--‘l‘his oomnh

‘pound was prepared using the conditions described by Jones ‘
"(52) for the pre;garation of 2-n1tro-5~aminobenzotrifluoride./ :
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To é:S‘l;g'threaénédked fiaék‘seﬁfinjan,iceésaltfbéﬁh’
and ééiipped with & stirrer and thermometer waé*added'l 1o
of concentrateﬁ sulfuric acid and 200 ge (0.99 mola) of 5»"‘
acetamidohanzotrifluoride‘ The solutlon was cooled to ~5°‘;
‘end a solution of 80 g (1.2 mo?ws} of fuming nitric acid
(aensity 1;5) in 100 ml. of concentrated sulfuric aciﬁ'was
' added dﬁapwise over a forty minute geriod at ~5~0° * The .
solution was braught to room temperature, stirrad for three
haurs, heated to 400, stirred for one hour, and then poured
over 1ce. A voluminous yelloW'preaipitata separated‘which
was filtered off, washed thnroughxy with water, and dried,
first in air, then'undar vaouum.h The weight’of the’arnde
produet was 509 8o (126%). : - R o

A caraful investigation of the crude product was made
in the following manner:

S Tha entirs amount ‘was dissolved in abcut 2 1. cf hoil—
ing benzene. Two crops of orangewyellow crystals of 2~'
‘nitro-s-acetanﬁ.aobenzotmfluorme melting at 121, 2«-123.00
were obtalned by cooling;first to room temperature and 1ater “
in 1ces The con&ined.weighb of *hese crystals was 160 g. *

‘” “The mpther~11quor was'evaperated'to*about helf 1its vbl- ‘
ume and cooled in ice. TLight yellow crystals ssparaﬁéd |
which were filtered off and recrystallized from alcohol to
yield 6 g« of a white crystalline s013d melting ab 163»1660
An analgtieal sample was purified by suceessive recryatallizany

tions from alcohol follcwed by sublimation under'vacuum.
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* meitino~paintrar7thé~fihalvproaﬁét~was”172164i7é?4°" ;Ah$1¥  |
ysis of this material showad the compos:xtion £o be Cgﬂqﬂaﬁgﬁ‘sa
Anal; Galcd. :i'or 09379313321‘«‘5: 0, 45.6* H, 2.9, N, 11.3.‘
Found: c, 44.0; H, 3.0, w, 11.v, o RN
g5 I’rom the analytical aata ‘and malting point thia camw‘
pcund was identified as Ennitro-os-acetamidabenzotrifluorida.
(Recorded mepet 171°) (53)s | |
' hddition of water ’to” the 'alco‘hoi*m'o théi'”iiqabi‘ ‘ana"éﬁ"h..
sequent "ch'illing yielded 13 g. of yélllow ér'yStalé‘," MeDe
104-1150, later identiﬂied by melting point of a purtfied
semple as 2~n11:r0-5-acetamidobenzotrifluoride.
I‘ur’bher evaporation of the “benzene mother liquor from
. the third erop of ‘erystals resulted .‘.‘tn a fourth crop which,
’after one recrystallization from alcohol end water, weighed‘
51 gu melting point 80—-950 ‘This material was also ident=
ified by the melting point of a puriﬁed sample as 2-nitro- :
5-acetamidobanzotriflnorid e. Y o
A i‘ifth crop of crystals fram the benzene solution was
‘deep oranga in oolar and waighad 6 g, ’ MeDe 118-1650 Afterl,
one recrys tallization from slcohol, the malting poi.nt was |
‘188-1890 An analytical sample was prepared by a second re~
crystallizaticn from aleohol follcwed by vacuum sublimation
to yleld bright orenge crystals melting at 191.2-162. 2°
The composition of the material was ahown 'by amlysis to
correspond to 091&4’%091?‘5. e o |
- pnal, Calcd. for,GQH4N5Q9FS§"6, 28,2;vH, 1.O; N, 18.2
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F°“nﬁ‘"'05'28453~ﬁ,‘0@8;>ﬁ,*18;5;41-'*"“' |
; yrom this information, tha following structure was

postulated fo:cf the compound: ,: S

EcE ﬁégﬁ.

NHGOUHg

"‘” 2 3 4 6~tetranitro-5~acetamidobsnzanrifluoride., f }

Tha total weigh’c of znnitrc)—‘éuaoetanaidabenzotrifluoride
was 224 B (92%)« R gty

A sample was. prepared for analysia by reerystalliza» ‘
'tion from aquecms ethanol s dilu‘be acetic acid and agai,n from
aqueous ethanol to yield a pure material melting at 123.2- 8
183.90 Raco:eded m‘p. of 2~nitro-5-acetamidobenzotrifluoride.
125.50 (53). B ,' - _v’,” |

Anal. Galcde fer CquOsNng* : G, 43.56, H, 2.84* N, 11.29*
'Foung» G4 434813 H, 3.025 N, 1;.29. 5

R Cszt”HNQS‘L L CFg
‘ —_— - -
. ) o924 . o   ¥;, }
"“'NH“OCﬁg '”'  o NHCOCFS
o200 . %
(0 99 mole) R (0 90 mole)

2 S-Diacetamddobenzotrifluoride XLVIT) e=eh 19 g q“:*

(0.‘77 mole) portion of Q-nitro-5~acetamidobenzotrifluoride o
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\puriried'by recrystallimatlon xrom‘benzsne, dilute ethanol
and dilute aﬁetia aeid, waa dissolveﬁ in 50 mle of aaetic
'anhydride anﬁ.the solutxonuwas placed in a nydrogenating
(apparatus« &bout 0.2 g. of platinnm oxide was addad and “‘
the solutlon was shakanmwith hydrogen'undar a pressure of
1*3 atmnspneres while heat was gpplied by means of an infra-
red 1ampg Absorphion of hydragen started at once and was
complete in two hours.‘ The coolaa solution was filtered

~ to remove the catalyst, diluted with 100 ml. of water and
sgt'in»ah‘ice‘bath for'4o\hadrs;'“White*¢rystala“separateaﬁ 
| which'wera dried in air to yield 14 g* {70%) of 2, Sadiacetaa,
| midcbanzctrlfiuorida, MeDs 184~187° | |

wog  ymoocHg

| CFs Hg, Pt02 o CF3
o uncocgs RIS NHGQCHS
19 g P 12 g

(0.077 mole) ’3.'fi1 (0 054 mole)

. giS-Diamihobenzbtéiflﬁorﬂae hmﬂroéﬁlfate {XLVXIIiaJﬁ
A B0 g;'(O;lQ mdie}‘pofﬁibn‘éf'2;sédiaﬁetﬁmi&obenZdififiu@r«'

 ide was heated.with stirring in a solutian of 255 mls of

concantratad.sulfuric acld diluted'with 770 ml« of water
until it dissolved. Qhe hot sclution,was decolcrized by
: filtering wiﬁh charcoal. The produet, Q,S-dimninobenzotria

fluoride hydrosulfahe, was not isolated but was oxidlaed in e

B the sulfuric acld solutlon as described belows



ﬁ?éw»i

. NHOOCHZ . i .¥H

‘ CF5 ' '3'7%“‘112‘3:64;“,? | '33‘3“ P e
‘ Fﬁcacﬂg ;;ﬁ bkwi}d:NHQﬁHQSQ%ﬂ-":ux";f

- B0 g
{0 19 mole)

| | Trimuorome thylbenzoquinme (XLIX).»-The sulmrie ac:!.d
soluticn of 2,5-61 aminobanzotrifl:«mride hydrosulfate pre~ -
pared as above from 50 g. (0 19 mola) of 2 5—-diaeetamido-
 benzotrifnoride was set in an 1oe Dath and *750 ml. of ben~
zene wae ‘added. The heterog;eneous syatem was cooled to 8°
and stirred vigorously while & solution of 68 g (0 26. mole)
of sodium dichremate d:thydrate in 125 mle of wate:e was added
at such a rate that the ’semperamre did not rise above 10°
The reactlon mixture was stir.md.fqr tvm ‘hours in the eold ,
and the"benzane layer ivas separated. It was dried over. ans
hydrous sodium sulfate and concentrated. to about 30 ml. 'by

, 613 tilling off the benzens undep reduced pressure provided
by the watar pump. About 100 ml. of Skellysclve G was aé‘ded
'and the aolution was chilled in a Dry Icenohlarcform bath.
dedish«-orange c"ystals of trifluorome thyl’benzoquinone separ-»
ated together wlith white crys talsg of benzene. The banzene |
cryste:!s diasolved upon slight warming an& the trif.‘luoro- o
mothylbenzoquineme was filtered off, By additi.on of ane
other 100 mle of Skellysolva C i:o the fil’trate and 5ubse- ty |
quent cooling as before, mothor crop wes ob‘balmdr Driva&



iri ‘é;i.i* the weight of the trif? uoromethylbenzoquinone w&s 7
12 go (35%), TMaPet 48«-490 After one recx‘ystallizatien from
' alcohol the p'mﬁuct was a dull gellow color anc’i melte& a.t :
51, 2«54.00 S FIRSS e "

mEp

- OFs vagorgoy
Ns
. liHgemgsOg

(0,068' male) .

2-Tmf1ueroma ﬁhxla-s ,8 ,9 zloa-tetrah;_réro-wl i A-naphthoqainone |

| j_)_.--’l‘his compcund wag prepared by the geneml method ,
described by Fieser (54) f.‘or the prepara’cion of substitutea
naphthoquinonaa fram subatituted benzoquinones.
A solution of 12 g (o.oee mole) of tmﬂucrometnylg i
benz.oquinone in 55 mlq. cf acetic acid was placad in a pres- :
sure flask e.nd cocled in ice watem A 4..3 g‘ (0.08 mole)
portion oi‘ butadiene vinich had béen condensed out o;t‘ a tank
into a gmduated cylinder set 5.n Dr'y Iee was added, the o
stopper was clampad on, and tha :C’lask was immersed in running
water i‘or forty hourm Thﬁ solution wae filterad with acetia
acid washed charcoal and reserved i‘or the next reactiom 'I.‘he\
product, 2»tr1f1uoromethyl~5,8 ,9 lOutetrahydro-l %naphthc- ,

quﬁ,none, was not isolated.‘ G e



12 o i ‘ (not;‘,‘isolat;gdg)
(0.068 mole) T S I AL |

2-—Trifluommthvl-5,8 ,9,10~tetrahvdro«~1 4-naphthohydro~ e

_guinone (LIL.-u-An ace’cic acld soluti on of z-trifluoromethylw

5 ,8 ,9 ,10-tetrahydro-—1,é—-naphthnquimne prepared as described

a‘nove from 3.0 g. (0.017 male) of tri.’t‘luoromethylbanzoquinone _ |

was he ateci on a staam bath f‘or twenty mlnutes and ta the hoi:
aolution waa adc_lgawme ml' of conc erﬁ:rated hydrochlorie acid
and 0 42 ge. uf stanncus ehleride in 14 ml. of watar. The o
solut:len was all owed to atand ovez'night at x'oom temperature a
and LECR then chilled .m ice. Aftar several hours ’ 1ight~ A
colored crystals separa’cad which were fi.ltered o:f‘:f‘ and dried |
in air. We:lghh of ﬁm 2~trif1uorcmthyl~5,8,9 ,10-tetrahydro»
1 4—naphthohydroqu1none cbtaina& was 0.1 8o (2.5%), meDs:
165-16’?° After recrystallization frem alcohol g tha product
’melted at 176 8-177 o° 5 | S

) Anal. Calcd. for 3111{11021?‘5, C, 56.9; H, 4.8.» Foundt e
, G, 5'? 0, 56 9y 5'? 2, 56. 9; H, 5.0, 4 9, 4.6, 4 8 o |

v DR OH '

‘[I|I'|IDICF3

. OH
"0e1 Lo '
(0.00043 mole)
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© ReTriflucrome thylel, 4~naphi:h6qmnonef {LIT 24 s==An .‘acetifz

" sold solution of Bwtriflﬁéramathﬁ;sB,Q,lowbe’cra}aydm&l i~
.-naphthoquinona (L) prepareﬁ es dascri’ba& above fmm 12 g. -
_(0.068 mola) of ‘amfluox'omathylbenzoquinane was placed in a

| 500 mly thz*e eunacked flask aquipgad with a Eershberg stim‘ér
and thermometer;» It wes heated to 50° and treatad with &
sola’cion o:f‘ 2‘7’5 g. (0.092 *tmle) of sc}dium éiehroma‘ce dihy- |

- dmte and 1‘4 ml. of concentrataﬂ wlfuric aeid in 1’7 ml‘

of water at 500 | Ths mixture waa haatea to 65° over a hot
‘plate and maintained at 65-"70 .‘ Af‘tzar about {:wanty mlm:.tas , |
'the tamperatur@ auddenly began to rlae and cooling was pmuf,ﬂl ‘
vldad by means of an 1ce batha The mixtura was maintained :
ai; 65-'70° i’ox' another hal:t‘ hour, than pmred into a mixture

of ‘70 g. of :!.ce and VO ml. of" waber. ‘I.‘ha yeilow sol:m wh*ch o

appaared was f‘iltered af‘i’, weahea with water Pe and c'lmed !m
air. Weight of the Bntrifluarom th:rl-l ,4—naphthoquinone o
| was 4.0 ge. (267), m.p. '73.0-»85.5" Aftzer two recrystalliza—-'
‘tﬂ.ons f’rom ethancl,, the pro&mt meltad at 104,3-105,00, - |

L Anal. calcd. :E‘or GuHsOg}.“st c, 58. 2 Hy 220 Founds
c, 58.?; H, .2. | | ‘ o o

- NagérgOv
C¥3 “nos0y |
26%

(0 018 mole)
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~III. b. Synthesis of 2-trifluoromethyl - 1,4-naphthoquinone.

Method ITL. An alternate route to trifluoromethylbenzoquinone:

NO, NH, NH,
CFs sncCly, HEl CFs  NaOH CFs | n,s0,
.. . e —— e
68 %
NHCOCH NH, -HCI NH,
XIVT , I — —
B LIV
NH2 ' 0
CF3 NGgCTzOJ CF3
—_—
28 %
NHz - H2S04 0
XTvimom. - XX

Method TIL. An attempted route to trifluoromethylbenzoquinone:

CF, [ \\CF, | CF,
NaNOz, HCl | H20 NaNOz, HCI
—_— ——i —eee—
| . 50% 0%
NH, NNCI OH
XLIV Iy LVI
'NO
CF3. NOZCrZO-, CF3
H, SO,
.—.—-—-———-—-’
OH o
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5-I}iaminobenzo+r? fiuoride hvc’h*cchlorida (LTE_)_.--TO

.,%4 & . (0.18 mola) Of Q-nitrcnﬁuacetamiddbenzotrifluowi&a in
al L beakar waa added a somution of 147 gs O stanncus
(chlpride,in 168,m1. of cqncantrated hyﬂradhloricgacid.x_whe
 :temyénaturé'of,tba‘mixtura;roge'slowly’to $O°“eﬁd §£%wés*’?
hested on. & hot plate &0 aboub 90° and kept hot for two
,hours.l lt was filtered to remove some insoluble impuriﬁies ‘
“and Hgs gag. was passeﬁ 1nt0 ﬁhe hat sointion for severai
fhours, - The heavy yellow precipitate of stannic sulfide was
; £11tareﬂ aff an& the f*ltrata was evaporated to dryness.
Tha waight of the crude nrndmct was 37 g.
| This maﬁariai was ﬁubl?med at 210° under 5 e’ pressure
to yield 30 80 of ‘sublimat o which,was samawhat browniah in “
color. It‘was dissolvad in Water, filtered with eharcoal,
evanorated to dryness and rasublimad to wive 26 g. (68 ) of
2,5~diamindbenzotrifluoride hydrochloriﬁe whieh aza not melt
below 250° L | .
’ An analytical sample was prepare&.by'neutraliuing thﬂ
_hgﬁrachlovida with diluta soﬂiuxzhydroxide, extracting the
free base with ether and reprecipitatine %he hy&roehloride
by passing 1n dry hyarogen ¢hloride gas. The prseipitated
salt was filtered off, dried, and reaﬁblimeda
Anal. Galcd«. for (37}1'81“12013?53 C, 39¢5; H, 5-8‘ Ny 13-2-;
Found: C, 09.4' ﬁ, 383 W, 1340
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NG e Ty

S OO angipy mer o YT

. NHCOCHz . ... . nﬁg.ml

(0,18 mole) W ~ (0.12 mole)

8 5~diaminabenzotriﬂuorida (I:I’«Vlo‘“ﬁ 3°1“ti°n °£ 49 g.

5(0.25 mola) ef Q,S-diaminobenzotrifluomde hydroehloride in
200 mls of water was made basie wii;h 10% aociium hydraxide i
aolution and axtracted with ethex'. Tha et:hareal solution
‘began o darken ‘at once. The 2,5-diaminobenzotrif1uoride
was nct. 1solated bvt; waa usad in the ai:hsr solution fox* hhe
ne:x.t reaction. L IR

wEp

NBg-HGl SRR L
49 g (not igolated)

2 5-dianinobanzotrii‘luoride hydrosulfate (XLVIII)-w-The

ethereal sclut:!.on of 2 Sadiamincbanzotrifluorida deaoribed
above was extracted with a so:h:\tion of 250 ml. of ooneentrated‘
sulfuric acld in 775 ml. of water. The acld solution was
clarified by filtration with ehareoal and used direcf:ly for ‘
the oxldation reaction ueacribed below without 1solating the
5~diaminobenzotr1i‘luor1da hydmsvlfate. :



“w8le

ng |

B ‘ “‘ 2 ‘, +

Nﬁg ° HgS 04

(nat isolatec‘i)

‘: v'.i'rifluerometh' 1benzo uinone XLIX'.--The sulf*uric acid

‘solution prepared aa above from 49 g. (0 25 mole) of 2,5« |

| diaminobenzotrifluaride hyarochlnride waa placed .':,n a :5 1..
’beakaar aquipped with 8 thermoma*ser and meehanical stirrer '\
'and cooled. in an ice bath. Approximately *750 ml. of benzane‘
was adéled, the mixture was cooled to 8° aénd oxidized by the
addition of a solution of 68 g. (0 25 mole) of' sodium di-l
chromate dihydrate in 125 ml._of water at such a rate tha’b
the tanperature did not rise a‘bove 10° After additicn was
beomplete, the mixture was stirred for two hours in the ecld
‘and tha benzene 1ayer was separated. It was dried over an-
’hydrous sodium sulfate, filtered, and concentrated to about |
: ,'4.-0 ml. by aistilling oi’f the benzane under reduoed pressurei .
provided by the wa’cev pump. The residue was diluted with |
100 ml. of Skallyaolve ¢ and ccoled 111 a Dry Ica»ahlorofcrmr"
| mix’cure. Redd:ish-orange czystals separated which were fﬁ.l-‘
| tered of'f. ‘ Further addition of Skellysolve c with cooling |
ag’ befora prcducad a second crop of crystals. ‘I‘etal weight'
‘of the trifluoromethylbenzoqus.none obtamed was 11,5 8 B
‘(28£ based on the diamine hy&rochloride), m.p. 49.5-51.3%,
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. Swﬁydrovaenzotrifluoride (LVI).-»A 72 e (0.45 mole)

portion of, 5~aminobanzotrifluoride was addad to a solution
of 49 ml. of concentrated sulfuric acid in 225 ml. of water.
"The solution was eaolea-to 0°. énd diazotized by tha gradu&l‘
aadition of 54 ge (0. 49 mola) of sodium nitrite 1n the farm
" of moist balls at 8 temneratura below 5% The excess nitrous |
aeid was destroyed by the addition af 10 g. of urea. The ;
5~trifluoromaﬁhy1benzene dlazonium ehloride (LV) formed 1n |
the reaehion mixture was hyarolyzed and remaved by steam
distillation from a dilute aulfuriu acid aolution.? About
VBOO ml. of distillate was collected which'was extracted with
ether. The ether extract was dried over anhydrous aodium
’sulfate, the ether was removed and thﬂ rasidue was distilled
;under raduced.pressurs to yiald 36 g‘ (50%) of colorless |
3-hydroxyhenzotrifluoride, De. 75° at 14 mm.. ;

N o

OF3 Sanog,HOL OF3 | mp0 GF” N
T : |1 ‘——;?’ ”

¥Eg | WL | ,’ ,_03, , 

L B —J

(0.45 mole) s S s (0¢22 mole)



=B Gm-

A%émni:éd* ﬁraparatibn of 2—#nitrbs"oﬁsa}weﬁrom‘benzotri« e

fluoride (LVI}’) .m‘l’he method deacribed by Kremers et 8l. (55)

 for the preparati cn of nitrosothymol was used. |
A 36 ge (0.2’2 mole) portion of . $~hydroxyhenzatr4 i’luaride

dissolve.d,in 166 ml. of 95% ethenol was placed in a 1 1.,

- beaker - et in an ice'-"-szalt béth, 166 ml. of concentrated hydro-

chloric acld, was adc‘le& end the solution Was cocled balow a9,

' ‘m’y sodi’um nitrite was added in’ about 5 g portiona until a

total of 23 g (0.53 mole) had been introdueadn ‘There wes no

evidence; of afreaction,, ﬂo praeipitate was obtained when a

smalifsampl'e'was ipéui’ed‘ into waters -The reaction mixture was

allowed to's béhd, a t ‘room temperature for twenty-four hours

| m‘thbu'ti'aibpére'nt'a':t‘“f"}'ec{;&. It ‘was‘heaﬁedifor znme'héﬁrs‘ch

N tha‘f_syt‘sazri bath 'aﬁtabbﬁ.t 60% but no reaciion was iobservedg

&*?hé‘n ‘1@’@3‘ géﬁred 1’ntc':42' 1: of water, a reddish oil sep=~

arated which was. removad and identified as the starting ma«- .

terial.. . No 2-nitroso~5-hye1roxybenzotrifluorid.e was obta:lned.

| omo
TS yanog, 1 [ )5
| ) g
Cse  oog

(0"."22 mole}
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»nzsoussxo§~aﬁ EXFERTHENTAL RESﬁﬁTS

£u SY&THESIS OP 5 4~D1FLUPRO?¥DNYLARSORIC ACID
Mathod 1 (Flow sheet T a, page 12).~~The steps involved‘

in this synthetic scheme wera eomparatively straightforward ,
and were carriaa ozat m.th good ylelda up to tkae pmpoaed de-
composition of 2~fluora-o~acetamidobeﬁzena diazonium fluo~“
,borai:.a {V:{I) to pmduce 2,4-dn.flu0raacetani.1:.de (VHI), &
resction rasultn.ng in zex'o vielde ‘

The first atep ’ the prepara’aion oi' gunitrofluorobenzenev
(I.L), was carriad out in 61% yia.’id while at the s ame time a
| 55% yield of 2,4—dinitrofluorebenzene was obtalnad. Brade
low (56) reports that the use of a smaller cmanti’c:sr of sulun
furic acid incraaseﬂ ‘I:ha 'yield of the mononnitro compounﬂ '
by 10-15%. |

 The décomposition of Swacetamidobenzene diazomum
fluoborate (VII) was ai;tempted seversl tlmes but each time
8 hopeless mass of tar was obtained from walch no px»oducts
could be isolated. Roe (34), in his dia,cussion of the Seh‘;!,ve-»
menn resction, lists the preparation of only one fluoroacets
anilide from the 'correspondihg fluoborate but no yield ‘is
reported, He also makes ‘thasta’cemén'.t that amino g;foups
lower the yield olfl fluoride cbtainedr These féctsxi_ndicate
'that the preéénea ,bf the acetaihidﬂ group practically elim-
inates the possibility of obtaining a good yield fram a
Schiemann reac’cion. e

Hence, it was necessery to abandon the approache



 ¥eothod tI {Flow sheet T b, page 21).-~In an effarb to

'avcid tha presence of the acetamido group during the Sdhie~
. mann reaotion a schaum was asvised wheraby a nitro graup
‘would ba in ‘Eha placa cf tm aaetamiao gmnpu g" ‘ , )

; Thﬂ first step,’reduction of 2 4~aiﬁitrofluerobenzene;A
'(XI) with stannous chlcrtde and hydrodhloric aOLd pro&uee&v
~ the dasirea iaomer, 2»amino~4~nitr0¢luarobanzane (XII), in
a favarable ratio (4 1) to the ather isomer, anitreuéa
aminofluorobenzene (IV), but yields wore discuuraging (24“ |
and 6% resyect&vely).‘ The dbgarvation of Blanksma {56) |
that Enamino~4~n*trafluorabanzane (XII) had a sweetb ﬁaste
| was uonftrmed by fhis 1nvestiﬂa+or..,ﬁ sweet odor cﬁuld ba'
detected alsa during avanoration of somations of this cdm*'
poand. , |
| A rather low yield (38 ) of 2«f1¢pro§5—ni£robenzehe
diazonium fluobcratak{XIlI) was obtalned by a 805*emann re=
| ac*ich’on 2~amino¥4nnitrofluarmbénzene (XiI). Thiq hright
'yellow compound waa quite sensitive to 11ght anﬁ would »
darken on the gurfaca when.exposed for only a feW'minntea .
although shaded areas remalnad bright.“ Tha attempted da~‘.
comnosition of 2~flu0ro~5~nitrobenzene diazonium fluoborate
(XXII) ho obtain S5s 4-d1fluoronitrobenzene by heating the dry
salt resulted 1n a violent explosion- Fven thaugh "diluted“
with sand, 1 g. of tbe flucborate detonated with sufficient :
force te shatter a 125 ml. f1ask into amall pieces. It was

deameé too dangarnus to pursue the 1nvest1gation of this
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type of dacempodit4on:further‘anﬁ'heatiﬁg in>9n~in&rt’ﬁolveﬁt
’,was attempted.= mhis proeeﬁure reaulted 1n,a tnrrv masyg from ,
whﬂeh«no product could be 1solated. This approach also was

abanclone d. ;

.. Meﬁhad ilT {Plnw sheet I c,Agage 26):-~In this synthetlc

scbema, fluorine atoms weoe introduced into tha benzene rlng
‘firat, to be follcwed‘by nitration, reduction and arsonation.,
Happily, this pvocadure pro&uced gocd yields at every step, |
‘ except, perhaps, the Bart reaction in the 1aat stap. f‘ .

| Ia>per¢orm1ng a Schzemann reaction on mﬁthyl anthranil»
ate (xy), two slight mod;fications of tha usual procedure,
auggested by tha exparience of other workara (57) on thia' 
%ypa of reaebion, were ﬂntrcduced. The 1n¢t1a1 diazotiza~ :
tion was eonﬁucted 1n a stainlesa ateal beakeru Thia had '
tha advantage of" apaeéing up tha cooling procass due to more
rapia heab interdhange between the solutian ‘and ths ice-salt
bath, and, in aﬁﬂiticn, the yield.waa increasad from a Tom
ported GSp (58) te 91%«’ It has been fﬁunﬁ in this 1abora-‘
tory that, in geﬂeral, én increase of 10% in the cverall
yield is freqvently ebtained by the vse of & stainless steel
beaker, } , 7

| Following the decomposition of the fluoborata, tha pro~

duot was teken up in eﬁhar, dried, and disaolvad boron tri»
fluoride Waa ramoved by precipitating oat an ammcniauboron
trﬂfluoride complex by'passing in dry ammonia gas¢n This'
eliminated the posszbility of complaxafoﬂmation somatimes
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encountersd auring’thé”éisfillaﬁibn'Qrbéesq}"Thﬁ ?1elﬁ~ofaf<a
B-flubromathyl benzoate obtained.by this method: was 70%
- vhile the rsported yisld was 53% - (58)¢vv“‘-f~f"*‘ | '
Several variations of the Hofmann reaction weTre tried \V
in t,he preparatioa af Eufluoroamiline (XIX) f‘rcm 2-f1uora- |
benzamida (XVIII)aY The use of sodium hypsbromite following
saveral dirferent prmca&ures pre&uced yields of 10—48%. |
Se&ium hypochlarite csnsistently gave 58a66m yields of 25 ‘
‘fluoroaniline (XIX}.\ | e i o “‘v
Tha Sch lemann reaetiou wﬁfh E-fluorcaniline (XIX) pro~‘
dvceﬁ Q«fluorobenzene dlezonium flucborate (xx) in Bgﬁ i |
yiald as compared with a reported 4%% (57). Deeorpositian
of this fluoborate salt procaedad smootbly to gtve a ?¢%
yiald of o~d1fluorobenzene (X (1) although the renortea yield
is cnly %Oﬁ (073'. o snecial variationa from +he evstomary
e thods were used in the decompcsitﬁon‘ B ‘
| mtration of o»c.ifluorobenzene (x.m) geve 3 A-—aiﬂuom#
nitrcbenzene (XIV) in 95% yield as compared to a reporteﬂ
85% (59) and catalytic redustion of the nitro compound gave
éwdlfluoreanﬁlina (Ix) in 930 yie&do . |
. The Bart reaction on 3, 4~difluoroaniline (IX) gave o
3 4udif1uorophenylawsonic acld in 31% yiald wihhout serious

complicationa,

Methﬂé IV (Flow sheet I d, pags 36).~~A potentially

shorter method of obta¢n1ng 2-f1uoroan114na wherein o-

nitroaniline ia uged as the starting matorial was at tempted



'aceoréing to this scheme.” The yields von‘;alll steps wers une |
;katisfacﬁoryvand s furthemmore, the decompesition‘ of Zenitroe
benzene diazonium fluoborate was a very laboricué, and tinee
cons@ning task. Tho schene was therefore discarded in favor

of Hethod TIII.

II:» SY!*?‘ZL’HIBIS QF SuFHJ GRO*VuDIE‘I’HYLAM’NOMETHYLuBnMﬁROH»
vaoz,m AND 5~}T‘I.BQRO~7~IODO—8~HYDHOXYQUINOLINE -

. Method I gmow sheet ‘II 8, gaga 402.-«-Th@ preparation
of 5~n:itr=oso-s-h;yﬂroxyquinoline (XXVI) wag carried out'. in
gpod yield (78%) without dii‘f:!.eulty. Reﬁmticn of 5-nzltroao~
8-hyﬁroxyquinolina (XXVI) to Snaminme-hydroxyquinoline o
(XXVII) by chemical means ua:!,ng s tannous ahloride an& hydrc- |
chloric acld was accomplished m ra.ther law yield (43.%) at
'the cost of eonsmarable time and ef:f‘orb, the pmduct baing
| obtaimd a8 the hydrochlormea When reduced b;r catalytic
me thods , y:!.elds wera hﬂ.gh (85-99%) but bhe ment:lty and pur-
ity of the pmduct was queationabley 5~Amino-8~hydroxyquin—-
oline (XXVII) waa 80 uns’cable that 1t wes found best to |
isolate the hydroehloride and carery the v:ork farward with
that materiale

‘I,‘he prepamtion of the diazonium fluoborate of 5-am1no-‘
B»hydroxyquinoline (XXVIII) was carried out by diazobization
in 45‘,’5 fiuoborie acid. The y"leld was somewhat low ‘:m’a thia
13 not unumal for quinoline compounds»

The decomposition of Buhydrcxyquinolyl-s diazanium fluo-
borate (XXvIII) gave a low yield (26%) of ﬁafluoro—enhyﬂroxy-
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. qﬁiﬁbline {XXIX) which could not b6 improved by :répeatéd‘ a‘cheinpts .

" 'By means of & mannieh reaction on 1‘5.‘-'-‘:,&‘11;1Gt*ouaahyd'roxyquin&
”oline (XXIX) s S»fluoro-'?-diethylaminomathylwa-hydroxyquinoiine '
"was o‘bta:med in 42% yield without aerious trfmble. -

“Preatment of 5~:t‘1uoro-8—hydromquinoline (XXIX) with
iedina in alkallne selution pro&uce& 5~f1uoro~‘7-ioda-8~ '
hydmxyquinoline in 50% yields |

| In: ganaral, the whole proc esy outlined on i‘low sheet na
| ‘was deemed quite unsabis :E‘actory due ta 1ow yields on aeveral ,
steps and the instability of some of ‘che 1ntermediates wh:z.ch
mada ‘the work very difficult and tedious. 5

Method‘II)(Flcw shﬁet‘II b,'page'48);;51t'was;aac1aea :

| to avold the wse of the wnstable aminoguinoline intermeds -
iates by 1111:30;1‘11&311@; tho ﬂﬁorine atom into al"bénzens ﬁﬁ“" ;
cleus which doulé be c.onvei'ted 1’a‘b‘e‘r‘ into a quiholinfe ringe
- _ A Schiemann reactmn on n—anisidine (XXY:II) prcducea
g-fluoranisole (XXXXV) in 62% overall yield. ‘Nitration of -
the 1atter was carried out ‘by two methods, a,) with nitric

acid and 'b ) with ethyl n:ltrate., ‘Tha yields of 2-nitro-4~ |

' ,fluoroanisole (XXXV) raported by Swerts (45) from the ni-

| tration of p_—-fluoroanisole (XXX,IV) with nitric acid in aoetic
anhydric‘ie could not be duplieated. An apprecia‘ble amount of

the starmng material remained unreacbed. I‘urthermore, thﬂ.s :
,»pmceaura gava a. cmsidemble amount of’ 2 6-din5.tro-4~

fluorophenol which was diﬁ‘icul‘t to deal with in working
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up the product. Fitration'with ethyl nitrate-wasrmore,satisé
factory giving 2»nitro~4-flu0roanisole {(xxvy in 56% yield. ‘
‘However, it was found nﬁcessary to use fresh raagent for
this reactions k | , | , ,

Reduction of Qunitrc-éufluoraanisole (XXXV) wag readn
| ily accomplished either with stannous chloride and hydro=-
chleric aeid or catalytically. Catalytic raduction gave’ |
hlgher yields (86«88% Vs, 56%) and plaﬁinum oxide causea | E
the reactlan to proceed mch fastar than Raney nickel.

A ﬂ@u&;l@d study of the $kraup reaction usad.ﬁo converﬁ '
2-amino-4~fluoroanisole (xxxvx) to 5~fluero~8~methoxyquino~
line (XXYVI) way acndusfed¢ thn nitrdbenzene was used as
an cxidizing agent, a yield of 37% was obtained. The yield
obbaine d by using nitroethane was in the same range (29%)-

In the Skraup veactian, the nitro compound used. as an
oxidizing agent 1s itself reduced to an amine, Which, in
the case of an aromatie compound, can then also undergo a ;
-Skraup reaction, thereby competing with the progress or the
desired-reaction and~contaminating thevproéuct.~ in an ofw
 fort to remove this possibility, a reaction was ean&ucted ‘,
usinu 2~nitro-4~f1uoroanisole (XXXV) es ths oxidizing agent
‘which, if reduced, would yield Euaminoaéafluoraanisole ’
{XXXVI), the starting material. Hawever, the reverse eful,
fect was‘achievadg, Ths yield, instead of 1ncreasing,
dronped to 9%. | 4 _ ,

It was concluded that thare are inharent limitations |



rto thﬁ yielﬁ obtainable from this reactian, pxebably dua to
 sueh factcva as sterio hinarance and hydrogan banding¢:w -
j_‘wv Cleavaga of 5*f1ucro~8~methoxyquinoline (XXXVII) with
 hydricdic aeid went smaoﬁhly to produce 5«f1u0ro~8-hydroxy~;‘
quinolinﬁ (XXIX) in 70% yieldﬁi‘_\

meﬁhed IIr (FIGW'gheet Il c, Qape 61).-~It was folt that

a large part of the difficulty 1n synﬁhesizing 5~fluoro~8w_‘
hydroxyqninolins by Method : was due ho the presenea of the
‘hydrqul g:oup; By blocking this group through formation of
‘aﬁ'éther; a'iess“reacﬁiva eompound.would,be obtaxned from ;“

- vhlch higher ylelds might be obtained in a ’schieﬁian.é;}eéction.
| The methyiation of B—hydroxyqulnolina (XXV) wlth methyl o

- sullate pro&uced an unexpactealy low yield (12%) of Sumethoxyn;

quinoline (KXXVITI) with a high (70?) recovery of startlng ,
materiale The 70% yield reported by Kaufmen and Rothlin (48)
cauld not be duplieated, possibly because the’ deacription of
‘ﬁheir prooedure was 1ncomplete and ambiguous- '
' ﬁiﬁration of 8~maﬁhoxyquinoline (XKXVIII) was carried
out in reasonable yield (56%) but attempted reduction of Be
nitrc-aumethoxyquinoline (XXXIX) produced dark ters from
Which,none of ‘the dasired 5—amino»8~methoxyquinoline (xx)
| ‘could ‘be isolateds | - S

 After several attempts, this method ‘was abandoned as
definitely inferior;to Mchoa\II,;altbcugh, perhaps , ‘not
'impossibie”if‘given sufficientvsﬁﬁdy,
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IIIo SYﬁTHBSIS OF Q-TRIFLUGRONPTH¥L~1 4«%APHTHOQHIKONE
Methad T (Fluw sheet ITI a, paga 66).*-The sequence af

reactions propcsed in this scheme was ‘carried out effectively‘
up to the nitratian of S-aeetamidobenzotrifluoride (XLV). - |
Although no trvuble was, aneounxered during this reactian, it
wes difficult to obtain a prcduct pura anough to be reduced
~cata1ytically.‘ To obtain such a material it was found
nacassary to perform auccassive recrystallizationa from ben~
, zena, alcahnl and acetic acid.‘u L ';4

| A stuﬁy wes made of the produats of the nitration.' In
addltion tn the desirad 2-nitro~5~acetamidobenzatriflucride B
{XLVI), a small quantity (2 5%) of the colorlass (x) isomer |
Qunitro-ﬁwacetamidobenzotrifluoride amﬁ a small quantity
(l.5p) of ths highly nitrated compound 2,&,4 6-tetranitro~
5~acetamidobenzotrifluoride ggra obhained.‘ It 1is posaible
that amall amounts of these and other products, renovabls L ,
' by the triple recrystalliaation employed, inhibitad tha
catalytic radnctlonc . , ‘ , S

Once purified sufficiently, reduction of 2-nitro~5~‘-

aeatamidobenzctrifluorids (XLVI) with hydrogen end nlatinum
oxide procee&ed smoothly to completion with 1ittle troubla.
The usa of acetic anhydrida as a solvent resulted in aaetylank
tion of the amine as it was fonmed. Difficulty was. aemeai_
times experienced 1n iaolating ﬁhe 2 5~ﬁ1aoetam1dobenzotri~
fluoride (XLVII) from the $olution due te the formation,
after the solvant had been removed, of an orange oil whioh
lnterferaa with the recrystallization.



.1?hé[h&dfﬁiﬁsis{df72,54diagétamiéoﬁanzotrifluOridé
| (XLYIT) with iailutéf'smfuﬁg aold ook place readily. The
prodﬁét"2}Sééiamihbbenzotrifluoride hydroSuifate (XLVIII),
which wes not isalated, is written as ﬁhe monowhydrosulfate
of. 2,5~diaminobenzotrifluoride by analcgy with' the eomposin‘
"‘tion of the hydrochloride which will be mentionsd later, .

~ oxldation of 2,sudiaminabanzotrifluoride hydrosulfata .
(XLVIII) with sodium dichromate seemad to take place quite 7
easily ‘but. the iaalation of the product, triflucramethglo
Ybenchuinone (XLIX) was nat a simple taak. Thavreaction,
mixture.was~kepb:1n intimate contact with benzene, thus-éxe_
tract&ng‘ths_produaﬁzasl1t waé_formad¢v’This pracednre'wan,
abpérénﬁiy'6f£ectiﬁe,“but'fraqﬁently an emulsiﬁn'waéfabtained
from thﬁ mixture which required several haurs to separate.
fPor bast rasults, 1t was desirable that the solutions be
 kept a8y cold as possibla without causing ‘the benzen& to
’erystallize. Hence, the reaction was rmn betwean 6 and

10° and. the benzens was removed under vacuum at 10~20°
Yields'wereffrem 15~35%. This*particular .reactlon was

’ rather unsatisfactory and was a. bottleneck in ‘the general
 scheme. Varlations were attempted using ferric chloride -
‘ »and hyﬁrégeﬂ pefoxide. Hdwe?er, nO‘imprdveménﬁ'over‘the |
imath.od described was abtained although a critical study
‘was not made.\’ : Sl ‘ ,

B  The raaction of trifluoromethylbenzoquinone (XLIX) with
7bﬁtadiene apyarently,topk place-with‘reascnable yielés~a1-



thcamh ‘the product, 2~tr1f1uorcmsthyl~5,8 9,10~tetrahydro~
. naphﬁhoquinone (L) was not isolated¢

‘Reduction of this material with stannous chlcrida ami
hgdrodhlorie acid gava 2*trifluoromethy1~5 8,9,10~tehrahydro~ |
aaphthﬁhydroquinone (1) in very Low yielﬁ (25%) o The
- melting point of thia compound‘was 176° which 19 close to
‘that of a nonyhalogenated related compound, zsmathyluﬁ 8~
dinydro-l,4~naphﬁhohydroquinone, m.p. 1710 (59). A second
eompound, purpla in color, and melting at: 1539 was isolatad
from this reaction but nct identified. By analogy to tha
structure 0; an intarmadiate reduction compcund isolated.by
Okahara and Yur ata (59) tha following quinhydrona structure
vis poshzlated for this meteriale | |

. omeme—oeg
GFS Fsc

The material deacribed by'Okahara and murata was purple
in color and melted at 126°, | "v |

Oxidation of 2-trifluoromethyl~5 8,9,10~tetrahydro~:‘lHu
‘naphtnaqu¢nona (L) with aodium dichromabe and sulfuric acia :
‘gave tha desired final product, B-trifluoromethylwl,é- |
'naphthoquinone. Oxidation of 2~trif1uoromethy1—5 8 9,10-
tetrahydronaphthohydroquinone {LI) Or of the quinhydrone



des cribed abmre vmuld alsc be sxpscted to yield 2-‘brif1uora-
mthy1~1,4~naphthoquinone. V e |

Method II (F’low sheet III b, page ’78) .»«Tha time s trou~
ble, anﬁ 1@85 oi‘ material entailed in the repeated, recrys- |
tallization of 2~nitvo_75+agatamidq_henzotriflueridq : (.‘XLVI)}
féqgired for cat alytia redﬁmtiph ‘prompted the trisl of an=
ather schyema‘ usiné redur’;ti.qn v%ith slﬁaimxou‘séhlcrvide ana‘ |
hvcimehlﬁric actds .‘ o T

 The reduction with stannous chloride was readily ace
complished with aceompanying hydrolysis of the acatami&o o
group to yield 2,5~diaminbbenzotrif1u0rida hydrochlarida., )
Analysis shcmed the presence of onl;y onse hyﬁm chloride.
The analyt.’s.cal sgmple wag yrepared by passin{g anhydrous-;,
nydrochloric acid into an ether solutlon of the amine. It
is concelvable that under such circums tances, a salt is
formed more readily with one amino group than the other
and the ’campo‘undpis thereupon_preﬁipitafea out of solui;i on
befcaragthe other gro.up .’Lé affectéda Perhapg in aciueous
soluti on, 1 the ;iihydrochlorme is foméd anydf could be lso-
1a‘&ad~ by evéporation; A test made with g-aminobenzotri- .
fluoride shows 't:his csmpound to form a hydrechlcride rea&-
11y under the qame conditions, ’shus elzrﬁ.nating the possi-. :
bility that steric hindrance, hydrogen ‘bondinﬁ or inductive
. effect could ofi‘er- complete emlanatians of the. 1ack of
| formaticn of tha dihydrochlorides
By conversion of the hydrcchloride to the hydrosulfate s



i’ollowed by mdaticn with aadimn diohroma’ae s ’che dasired

.triﬂuommthylbenzoquinone 1s obtalnaa. | DR
' In the abaence of an emsier’ and fastar way ‘co purify

"2-—nitro»Suacetamidobenzotrifluaride, the px'ocedure of Eﬁethod .

".LI is recommarﬁed.

}zzethoa ITT (Flow sheet IIT b, page 78) «~=The relative

eage of praparg&:ion of.l thymoquinqne;,frqm,thymol} (55) sug=- .
gested that a simiiar‘me‘hhod of attack on mwt’srifluoromethyl-’-
phenol mlght pmdnce aqually good results. T I

o Acooraingly, m-trifluoromethylphenol . (LVI) wes pre~
1 par ed from mutrifluommethylaniline in 50% yield by diazoti-»
| zation md hyﬁmlysis. K@Wever, the proposed nitraaation

of the phenol (LVI) could not be forced to go. Most ,‘nitz*o-w
sations are performed either in the,cold_ or et room temper=
‘ature, but no reaction seamed "to oceur in this .ggse even .
when heated ‘to 60° for saveral nours. .. Hence, the .scheme

had to be abandoned.
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Pharmcological taatiug of the fcmr potenti ally aotive
compounds prepared is largely incomplete. 3 e

.’ : 1, 5~Fluoro-‘?~diethylaminome thyl~8-hydrcxyquinoline. 2
vThis compcund was ﬂ.ntendad for an antimalarial.‘ In vitro
't;ea;a".;.'sl:;L ‘s}:wwe‘d 1#?;0 have an act:ivity of less than 0‘ o5
times that oi"quininec As an amebicidal agent, 1t was found
" to be as effective in d11utions of 11150,000 as emetine in
‘dj.lutions of 111,000,000, | | )

o 2. sur'luam-7-5.cdm-s-hydrbxyqumolina» Th.ia'-‘ compéund;
an analog of Viaform, was prepared for testing ‘as an smebl-
'cidal agent. Mo rve,por.‘i.:s 0;;‘ its activity are available as
ye‘ba , S , . | o
| 3. 3,4~Dif1uorophenylarsonlc acld.s This compcrund, g
potential spivochehicide, has not been tested as yatn .

4. 2~Tr1f1uoromethy1«l 4=naphthoquinone, This ocom~
pound has ‘been submitted for testing as a potential antie-
- vitemin X mgi:arial., Pharmacologieal testing is 1ncomp3,ete :

as yots

1 cgrried out by Parke, Davis &‘"Con‘pany, |
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‘ suraaax

The synthesis of the follawing new quorinancontaining -
,ccmpounds is reported~‘-“ '
“3~nitro~4-flu0roacetanilide _
"s-amino~4-f1uoroacetanilide =
‘tjz-fluorousnaeetamidobenzene diezonlum fluohorata
3,4-difluoraniline |
3 4—difluoropheny1arsonio acld ,
. 2~£1uoro~5~n1trchenzena aiazoniunzflucborate
‘ 8-hydr0zyqu1nolyl~5 diazenium flucborate
5~f1u0ro~8~hydroxyquinoline (‘
5»f1uoro~7~diethylaminomathyl~8~hydroxyquinollne
A5-f1ucr0-7»1oda~8~hy&roxyquinoline '
f2-aminc~4~fluoroanisole
‘ ,sffluoro*8»methoxyquinoline
2,5=discotamidobenzotrifivoride ”
 2,5-dlaminobenzotriflvoride hydrochloride
'trifluoromethylnl 4~benzoquinone o
2,3,4,6-tetranitro-5»acetamidobanzctrifluoridé ,
v‘2—trif1uoromethy1~5,8,9,10~tetrahydro~1,4~naphthohy&ro~;
quinone o - |
2-trif1uoromethyl~1 4—naphthoquinone " |
Four of the above~listed eomppunds‘are_potentially ace
tive therapeutic agent . | : - R
5~F1uoro~7-diethylaminomethy1~8~hydroxyquinoline, an -
analog of aminoalkylphenola known to possess hiph antl-



malarial activity, was synthesized fcr testing as an antiv
,malarial agant‘- f e - Do f" o
 ' 5~F1uor0~?~ioﬁo~8-hydroxyquinoline, an analog of Vio~ 'f
form (5~chlorouV-icdoﬂ8~hyaruxyquinoline), a valuablﬁ
| amebicide ’ 13 a potential amebicidal agant- o
5 4~Difluofophﬁny1arsonio acid, an analog of Atoxyl,
‘an arsenieal cf known actmv&ty, was prsparad for testing |
as a spirocheticiﬁe.v, RO | "
2«Trifluor0meﬁhyl-l 4~n&phthoquinone, an analog of tha |
vitamin K substituta Menadione (2-meﬁhy1—l 4-naphthoquinona),
‘ 13 a potential vitamin K antagonist. . |
In vitre tests on SnfluOro-Vndiethylaminomethylae- |
hydroxyquinolins 1ndieata an antimalarial activity of less
than 0.075 times that of quinine, and an amabicidal activ-
_1ty of about 1/'7 that oi“ emetine. |
Phanmacological tests are 1nconmlete on the other three

compounda.‘xy ,
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