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It was found that some types of structural analogues of
various vitamins would cause the appearance of charaoteristio
signs of vitamin defilclency diseases in animaels, and that
these signs could be cured or prevented by adequate doses of
the vitamin involved. Woolley and White (5) reported that
the feeding of minute amounts of pyrithiamine to mice caused
the appsarance of typloal signs of thiamin defioiency in
these animale. ryrithiamine is the analogue of thimmine in
whioh the thiazole ring i1s replaced by the pyridine ring, or
more specifically, the sulfur atom 1s replaced Uy «CHSCH=e
It was then shown that glucoascorblo acid, a structural
analogue of ascorbic acid, produced a scurvylike disease of
rats, mice, and guinea pigs, and that, in guinea pipgs, the
disease was prevented by adequate amounts of ascorbic acide
Furthermore, signs of riboflavin deficlenocy waa produced in
rats by feeding isoriboflavin, and in mice by feeding 2,4«
Ainitro~7,8«-dimethyl=10=ribityl=5,10-d1ihydrophenazine, the
phenazine analogue of riboflavine. Horoover, manifestations
of nicotinic acid deficlency were brought about in mice by
foeding 3eacetylpyridine, and prevented with niocotinic acid
(€)s

It 1s necessary to bear in mind thet the analogues of
the vitamins known to be essential to animsle including man,
also show defilciencoy signs in animals as well as in bacteris.
Thus, 1t is apparent that the analogues of the vitamins
essentlal to man could not be employed as chemotherapsutic
agents, if they harm the host more than the pathogeniec
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C. Intereat in Fluorine«Containing Organic Compoundse.

The increasing interest in fluorine chemistry which has
boen evoked by the large scale use of Lluorine and fluorine
compounds on the Hanhattan projeot snd by the important role
of hydrofluoric acid in the production of high ootane fuels,
both of which developments have made fluorine a resdily
available commodity, have likewlse focused attontion on the
aromatic fluorinee-containing compounds. The £ield of the
synthetic preparation of organic medleinals containing £ivoe
rine, particul:rly, appeers to dbe virtuslly untouched, with
few compounds of this type having been reported and still
fower adequately tested.

Several avenues of approasch to the problem hold great
interest, The first possidbility i1s the exchange of fluorine
for atoms of other members of the halogen family in important
moleculer structures. This approach appears less attractive,
largely because there is considerable diffsrence between the
slze of the fluorine atom and the other halogen atoms, In
general, it appears that molecular slze relationships are of
importance in determining physiologiczl and chemotherapeutic
properties of organic compounds,

A second approoch which 1a 1indlcated 468 the subastitution
of fluorine for amino and hydroxyl groups in the moleocules of
compounds of importance in mediecine. It may be pointed out
that the fluorins atom 12 not only isosterie with the amino
and hydroxyl groups, but is also of approximately the same
welghts Thercfore, the fluorine atom might be expected to
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roflux on a steam bath for three houre. The solid remaining
after removal of the ether and addition of 60 ml. of water
was filtered and air dried to give 5.6 ge (91%) of crude
materiale This wus dissolved in benzene, extracted with

7 hydrochloric scid and the benzene solutlon dried over
anhydrous sodium sulfate. addition of Skellysolve C to the
benzene solution gave 4.8 gs (80.0%) of 2«(p-fluorobenzamido)=
pyrimidine melting at 224.4-226.0°,

Anals Caled. for Cy3HgONzFs C, 60.8, Found: 60.6,
Hy Se7. Found: SeBoa

Y
bt 2 ()50
Fe O «CeC) ¢ ﬂznn N n-o-o. e O *C-H- k +* Kcl

(01026 mol6) (0.658 So16) (0,028 So1e)

2e( p-Fluorobengamido )=pyridines-= A 76 ml., conically
shaped flask, equipped with a mechanical stirrer, a comdenser
end a dropping funnel was churged with 1.4 ge (0.016 mole)
of 2-aminopyridine dissolved in 10 ml. of dry pyridine, and
2ed4 8o (0,016 mole) of p-fluorcbenzoyl chloride added drop-
wise with stirring. Tho mixture was heated on the steam
bath for one hour, and 0.6 g (0.015 mole) of sodiun hydroxe
ide dissolved in § nl, of water was then added slowly with
continued heating. The pyridinc wes removed by distilletion
under reduced pressure, water boing added from time to time
to maintain the volume approximately constant. The resulting

precipitate was filltered and washed repeatedly with water
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hence does not retard the spreading of the disease,

Yhen testing the antiemalarial activity of synthetic
drugs, 1t soon became apparent that an exact quinine struce
ture was not essentlal. 1In fact, recent research has
revealed that a groat verlety of organic molecules show
anti-malarial activitys 0f these only a few are outstanding.
Among them are (1) the acridine type, (2) the 6-alkoxy-8e
emino substituted quinolines, and (3) tho Realkyle-aminomethyle
4-amino substituted phenols,

The early development in chemotherapy dealt mainly with
the production of drugs that would cure discuses causod by
spirochetes and protosoa, tut almost no progress had been
made against bacilli or cocci until the discovery and applie
cation of pProntosil (4-sulfonamidoe2! ,4t-dlaminoazoboenszens )

by nietzach, Klarer, and Domagk (3).

The discovery of the action of prontosil, sulfanilamide,

and related compounds highlighited the develorments in ochemoe
therapy a decade agoe. Tho effectivencss of the sulfa drugs
in goneral was demonstratod against hemolytic streptococct,
pneumocol, meningococci, gonococci, staphylococsol snd others.
Although more than & thousand sulfa compounds have beesn
synthesized, only a few show outstanding promise in chemo=
therapye All of these contain substituent groups on the
anido nitrogen, (N )s Thus fur, 4t has beon demonstrated,
that the sctivity is entirely lost, 41f the anino nitrogen
(%) 23 substituted with a group that csnnot be removed in
the body. All nuclear pubstitution products of sulfanilamide
tested to date are couplotely inactive, polnting %o a remarkable



aspocifiolity {2).

During the last ten years, naturally ocourring compounds,
anti-nlorobial in actlion, and found in moldn, yeasts and
bacterin, have baen imolated, Thoy are bactorlostatlo,
although they may alao and to & lossoyr oxtent, show bastorle
0idal properties. Those substances show a certein specificity
in thelr action. Someo act on grameposlitive bactorda and show
1ittle actlon upon gramenogative ones. Othors show solective
actlion on some of each groupe. The two outstandlng antiblotic
substancos used in chemotherapy today are rPenlcillin and Strap-
tomyoine

within the last docadey & new approach to tho searoh of
chomotheorapentio agents hes taken forme In 1940, Voods and
Fields (4) annocunced that p-aminobenzoic acid was aotive as
an antiepulfonamide agont. This suggested tho possibility,
that structural modifications of compounds known to function
an ecasential motabolites, micht result in the formation of
compounds having specific antngonistic action toward the
corresponding motabolites. This has indeed been shown to
be the case, 4 few examples will suffice, It was found
that 3-pyridinesulfonic acid and its amide would inhibit tho
growth of certain bacterim in a manner subject to reversal
by nicotinic acid, Likewise, pantoyltaurine (N« , «dihye~
droxy~dimeothylbutyryl J«taurine aoted competitively with
pantothenic acid to produce bacteriostasis, and ssveral

=aninosulfonic secids competed with eaminoocarboxylic

acids,
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microorgonisn. In cassvs whore tholr structures have been
elucidated, howover, growth factors not ossential to man,
but cssentisl to cortain pothogens, would scem to offcr a
foaslible plan of atiack,

Be The Concept of Isostorism.

The spplicetion of the coucept of isosterisu to tho study
of synthetio chemothorapeutic agents as well as to oynthetic
medicinels in general is t0 be found in 4noreasing nuabor in
the current literature. The meaning of the tern isostore
has undergone considerable modification end extonsion, since
its Lirst $ntroduction by fongmuir (7) in 1910, Iangmuip
woposed that moloeunles or groups which have the sumo munbey
of utoas end the samo total number of olectrons arranged in
the sawe mannor be described es "isostoric". jie called
attontion to the fuet that wihon isostoros wre alao isoslectria,
1.0., vhcn thoy have the pame total charge, then they possess
strikingly sinilapr phynical proporiics. Classlic oxzamples of
pairs of 1sosteres showing oxtraordinary closo agroczoat in
chysioal constants are carbon monoxide and nitrogon and
carbon Gloxide and nltrous oxide (8)e.

In his rather unsuccossful attenpt to ovxplain igomorphism,
Grim (9) broadened tihe concept to includo molecules or groups
poasessing tho same number of valonte olootronsa whethor or
not the same numbor of atoms wore lnvolved. Aiccording to
Grimats definition, groups of tho following types arc classed

as isosteric; fluoride, hydroxyl, anino, and mothyl.
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Shortly after (rimmts work appeared, Erlenmeyer began
an extensive series of inveatigations dealing with the applie
cation of Grimmts interpretation of isosterism to organie
chemistry. Erlenmeyerts major contribution in extending the
concept of isosterism was his proposal that the aromatic
~CH=CH« group and the ring sulfur atom ere isosterio (8).
Erlenmeyer arrived at this -conclusion by arguing that only
the boundary electrons, 1.6., the outer electrons of the
group, should be counted in determining isosteriome 7Thus,
in the cass of the «CHsCHe group, for example, the two olece
tron paire shared by tho carbon atoms are not to be counted,
a8 they are considered to be within the group or "pseudoatom®.
In this connection he called attention to the fact that bene
geno and thiophene possess very simllar physical properties,
such as boiling point, molocular refraction, parachor,
certain crystallographic constants, and size and shape of
the molecules in the liquid state. (8).

In a striking investigation, Erlenmeyer and co-workers
(10) found that oven in the excoedingly specific antigene
antibody reactions, certain corresponding derivativea of
benesone and thiophene proved to be indilstinguishadlo.

if we mcoept Grimmts and Erlemaeyerts broadened concept
of isosteriem, we £ind a roversal in activity in certain cases,
Thus when the pyridine ring 1s substituted for the thiazole
ring in thilamin, the resulting compound has anti-thiamin
activity (1l).
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behave quite simlilarly to thoe amino and hydroxyl groupa when
ocoupying corropponding positions in an organic moleculos

The therapeutic action of a compound §n whioh these groups

have been substituted for each othor would probably be simie
lar in natuwre and would effect a similar final result, but,

at the same time, the variation in tho electronegativity of

the substituting groups would be expocted to produce a definlte
ohange in the activity as voll as in the toxicity of tho come
pound. The direction and extent of such changes are unprodice
table in the light of our proesent knowledge.

In o few instences the replacement of a hydroxyl or an
amino group by a fluorine atom in therapeutic agents haus boen
roported, Schiomann and Winkelmuller (12) prepared 3«fluoros
d-hydroxyphenylothylamine and 3«~{luoro-phenylothylomine,
compounds closely related to adrenalines FPhyslological tests
were not roported on these compounds,

Fosdick end Campsigne (13) prepared a number of alkamine
estors of p-flucrobenzoic acid which were isosters of pehydroxye
bengoio acld osters previously roported (14) as good local
anosthetics but quite toxic. They found thut the fluoro-
compounds were efficient anesthetics, equal to or better than
proceine and also less toxic then the latter compounde. 7Thoy
did, however, possess irritating qualities which rendered
them unsulted for clinical use. Hancen (15) propared 3-Lfluoro-
4~hydroxy~ methylaminoacetophenone, the 3efluoro-derivative
of adrenalone. This substance was found to possess vwotk vesoe

preosor propertles.



pxoept for the ceses clied cbove, litile la known cone
corning the effectivenesss of flunorins-substituted ancloguos
of medicinuls of proved valuo.

A third line of attack on tho general problen is based
on the comparabively small atomic radius of the fluorine atom
whioch is actually of the ordor of that of the hydrogen atom
jtself. Like hydrogen, fluorine requires only & single olege
tron to complete its valence shell. These facts suggest the
desirability of a study of the effect produced in various
phyniologicelly active compounde by the replacement of hyéroe
gon with a fluorine atoms The work of Nilemann (16,17)
indicatea that such a revision of structure in cortain compounds
mroducos & marked difference in physliologicanl metivity. Thus,
3«flucro~-4-hydroxyphenylalanine, in which o fluorine-atom
ropluces a single hydrogon atom of tyrosine (in the 3-position),
ezhibits pronounced inscctliocidéal aotivity, whercuos tyrosine
1tself plays the role of & motabolite. It 1s zignificent,
that of all the nonemstallic olemeonts in the periodic table
which regularly form single covalent bonds, the fluorine atom
most closely apgroximates tho hydrogen atom 4n its atomio
radius., It 3is possible that the small atomic radius of fluo-
rine may allow the fluoro-substituted compound to usurp the
place of the tyrosine in the organlsm without, however, pere
forming its motabolic functions. In other words, in the case
cited, the fluoro-compound asaumes the role of an anti-amino
acid. The atudy of compounds in which a fluorine atoem replaces
a hydrogen atom in the molecules of substances possessing
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importent physiclogical action chould open broud ficlds for
frultfal ond signiflcant investigotion.

De Scope of the Present worke

The scope of the research reported in thie thesis includes
the synthesis of isostores of sulfa drugs and anti-malarials,
in which an amine or & hydroxyl group has been replaced by
the isosteric fluorine aton. In addiiion, a mothoxy group
haa been replaced by a fluorine ston in anti-mzlarials of the
dwnmethoxy-8~amino substlituted quinoline type. The synthesls
of two analogues of monadlone (2-mothylel,4d=-naplithaquinone),
a compound of high vitamin E activity in which the fluorine
atom replaces a ring hydrogcn or the hydrogens on the mathyl
group has beon undertaken, Finally, the synthoeis of a
plani hormone, in which two chlorine atoms were replaced by
fluorine atoms was accomplished.

The sulfa drugs solested for the ¥* amino group replace-
ment with the 1sosteric fluorine atom vwere tho followlng:
sulfonilanide, sulfapyridine, sulfathiazole, and sulfediazine,
Thus, the synthsais of the followling compounds was undertakens
p=fluorobenzenesulfontmide (iscstere of sulfsnilamide)

2«( p~fluorovenzenesulfonamido )=pyridine (isoatere of sulfapy-
idine),

2«(p=flucrobenzenssulfonanldo J=~thinzele (iscstere sulfathise
secle)

Z«=(p=-flucrobonzencsulionanido )«pyrimidine {1scstore of sulfae
dlazine)



The fact that peaminobenzole acid has been found to bhe
aetive as an anti-sulfonamide agent (4) prompted us to
attempt synthesis of the correspending peflucrcbonzamido anae-
logues of the fluorine-containing sulfa drug isosteros,
ramely: p-flucrobenzamlde, 2-(p=fluorobenzamido)-pyridine,
Z«(p-flucrobensamido )-thiazole, and R«{p~fluorobenzamido)=
pyrinidine.

The anti-malarials chosen for the attempted replacement
of a hydroxyl or a methoxy groups with Lluorine were as
followss plasmoshin (6emethoxy-8«(l-mothyled«dicthylanino-
butyl)-aminequineline)(I), 6-mothoxy-8~(p-aminobenzensanle
fonamido )wquinoline {I11), S-mothoxy~8«(7-chloro-4=-quinolyl)e=
aminoquinoline and 4«(7-thloro~4-quinolylamino)~ «~diothyle
anino~-g=-oresol) (IV). Honce, the synthesla of the following
compounds was attempbed: 6G«fluoro-8~{l-methyl-4-diothyl-
aninobutyl J~aminoquinoline (analogus of plaammoquine where
the 6-methoxy group is repluced by fluorine), S«-fluoro-8e
{p~fluorobenzenssulfonamido J-quinoline (analogue of II), 6=
finoro-8«(7-chloro~4~quinoliyl }=aminoquinoline {analogue of
II1), and f-dilethylaninomethyled=Y=«thloro-4=-quinolyl )~amino=
fluorobenzene {isosters of ocamoquin)e.

The analogues of menudione selacted for synthesis were
as follows: 2~trifluoromethyla-l,d«naphthaquinone (analogue
of menadions, whero the Z2-methyl group ims replaced with a
2=trifluoromethyl group), and Bemethyle3={luoro~l;4-naphthhe
quinone {znalogue of menndione, where the hydrogen atom in
5 position 18 replaced with fluorine)., It iz of intoross,
that 2-methyle3~fluoro~l,4-naphthaquinone is also an isostere
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of phthiocol (2-methyled«hydroxyel,4~naphthaguinone).

Lo Stardard gethods for Introduction of Fluorine into sromatie
Ringa.

The introduction of a fluorine atom into an aromntic
nucleus has beon aocomplished in several ways. Direct fluoe
rination with elementary fluorine is not fessible, since
tho result of previous experiments (18) have shown that only
polymoric materials are thus produceds This is presumably
the result of the tendency of olementary fluorine to add to
tho aromatlic double bond rather than to substitute for o
nuclear hydrogen etom (19).

Diazotization of aromstic amines in agueous solutions
of hydrofluoric acid has led in a number of casos to the correse
ponding aromatic fluorides, but with poor yields (20).

Diacoaminoe compounds have been treated with aqueous
hydrofluoric ancid to yleld aromatic fluorides (21). However,
the dlazemino compound must first be soparately prepared,
and twlce the thsoretical amount of initlel amino-compound
is required,

Aromatic dinzopiperidides may be docomposed by henting
with concentrated sguecus hydrofluoric acid to yleld aromatic
fluorides (22). Due to the vigorous nature of the resction,
1t cannot be safely carriled out with larger then 10 ge
quantities,

The thermal decomposition of dry diazofluoborides

Schlemann roaoction), which are preparod by precipitating a



o 13 -

dlazoblized asrometic mnine from aquecus eolution by the
addition of either fluoboric neld or sodium fluoborate, gives
the corresponding aromatic fluorides (23). In spite of the
fact that the ylelds in most casos are satisfaotory, the proe=
coss is rathor inconveniont, because of the time required

to prepare and dry tho solid dlaszofluoboride salt, and
bocause of tho care necessary to insure successful thermal
decomposition,

Diagotization of the aromatic smine in anhydrous hydro-
gen fluoride with eolid sodium nitrite at 0959, followed by
decoaposition of the dlazonium salt at an elevated temporas
turo, has been found to give very satisfactory ylelds with

a great number of aromatic amino compounds (24).
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EXPERIMENTAL

I. Synthesls of Isosteres of Sulfa Drugs.

The synthesis of p-fluorobenzenesulfonamide (isostere
of sulfanilamidse),

2-(p-fluorobenzenesulfonamido)-pyridine (isostere of sulfa-
pyridine),

2-(p-fluorobenzenesulfonamido)-thiazole (isostere of sulfa-
thiazole), and

2-(p-fluorobenzenesulfonamido)-pyrimidine, was accomplished
according to the following flow sheet:

N, + BF;~
NaoBF, - A
NaNO. 55% l
HCI

NH F

L anh. HF, NaNO. )3
80 %

F F
G-SOfi
83 %
SOz-Cl

92.5%

——>s=<;_\>soa—r\m2
21.0 % ﬁ_li;\T
'gFO—SOz—N N7

N~

60.1%
>F©SOZ— NJ'\S,l
57.7% H N/&ij
1% OSOZ_N_"\N/

F@ S0,-Cl

-
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Fluorobenzens.== (&) Application of the Schiemunn method (25)
gave B5% of fluorobenzene boiling at 84.1«85,2° at 740 mm.
{b) Diazotization of aniline in aphydrous hydrogen fluoride
to 7ield flucrobenzene was carried out as followa:

About 800 g« (40 moles) of hydrogen fluoride was alowly
run into 180.2 g« (£ moles) of freshly distilled anlline,
bolling point 181,5-181,7° at 736 mm., contained in o Rel,
copper flask cooled in an i1ce bath. This mixture was kept
at 59 for two hours while 1G5.0 g» (244 molos) of granular
godium nitrite was slowly added with constant mechanicald
stirring. The reaction mixture was allowed to come to room
temperature and then connestoed to an ice-coolod reflux coil
to stand overnight at 350

Pilution with ice water followed by steam distillation
gave an insoluble o0il which was dried over calcium chloride
and distilled to yield 154 g. (80%Z) of fluorobenzens, boliling
at 84~86° at 735 mm.

Haﬂ@ + HF + EFeR0g =we==) F*@ + NaF + K2 4 Hgo

0.2 ge 800zs 165.6 g 154 g
(2 moles) (40 molesa) (2.4 moles) (1.6 moles)

p-Fluorobenzensulfonyl Chloride.~= The procsdure of Brade
low and VanderWerf (26) wos found to bo satisfactorye A
typical run was as follows;

To & 600 ml, beaker containing 250 ml. of chloroform
was added E0.0 go (0.52 mole) of fluorobenzens and the mixe
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ture cooled to «5° 0. To this mixture was added dropwise,
with stirring, 280 ge (2.1 molos) of chlorosulfonic acid.
Tho tomporature was maintalnoed al 59 to 0° dwring tho
additlon. ¥hon all the chlorosulfonic aclid had boon added,
the mizture was stirred for ene hour in an fce bath and then
nllowed to como to room tenporature overnight.

The mixturo was then poured on 1lce, stirred vigorounly,
end the two layers separated. The aquoous layer wag
extracted twioco with chloroforme The organic extracts were
combined, washed with a amall portlon of cold water, thon
with saturated sodium chloride solution, and then dried over
anhydrous sodium sulfate. Tho chloroform was romoved and
tho residue purified by dlstillaticn at 105°.110° at 8 mme.
to give a yield of 76,7 ge (83.27) of p=fluorobenzonesul=
fonyl chlorids.

7 + , SRl 14
- HO=S0a=( Lt B 300=0 HeO
BT gs.eg 2 g

50.0 ge 250,0 g Y CIS -
(0,52 mole) (2.1 moles) {0.39 mole)
P-Fluorobensenesulfonamides~« A mixture of 19.4 g.
(0.1 mole) of p-fluorobenzenesulfonyl chlorlde and 0 ml.
of concentrated amxonium hydroxide contained in a 500 mil,
Erlenmeyoer flask was shaken vigorously. then the ensuing
reaction had subsided, the mixture was heated on o steam bath
for thirty minutes, cooled and filtered. A crude vield of
174 g« wos cbtained. sfter recrystallization from glaclal
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acetlo acld, 18.2 g. (92.8%) of p-flvorobonsencsulfonamide
molting at 123.1-124.00 was obiained (27).

F-Q «502«C) + FHAOH wsowe  FPa{ )=5i0g=NHg + 40k

92458

(O%g 'goﬁa) 50 mte (%t%gag:;mle)

2«{p=Fluorcbenzonesulfonamido Jepyrimidinc.~= 70 a 125 ml.
oon%cally shaped flask, equipped with a mechanical stlrror,
a gondenser, and a dropping funnel, and containing 9.5 3.
(0,1 mole) of 2~gminopyrimidine in 30 ml. of dry pyridino,
19.4 g+ (0.1 mole) of p-fluorobenzenesulfonyl chloride was
added, Tho mixzture was heated at 120° for two hours and a
solution of 4.4 ge (0.11 mole) of sodium hydroxide in 25 nl.
of wator waa then added slowly with continued heating. The
pyrldino was romoved by distillatlion under reduced presauro,
wator being added from time to maintain the volume approxie
matoly constant. The 2-(p-fluorobenzonesulfonamido)«pyrimie
dine which separated was filtsred, washed well with water,
and air dried. The yield was 14.6 g (57.7%) of product
melting at 184,.5-185.0°,

Anal. Cales for CjglHgOslzFS: N, 16.6. Pounds 16.5

F‘O -802-061 + ﬁzﬁ.k/j mwones Fe -S%QHQL’j + Hcl

67,75

12.4 Ee 0.5 Zo 14.6 Be
{O.1 mole) (0.2 mole) (0.088 mole)
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2«( p~Fluorobenzenesulfonamido )=pyridine .-~ This product
was prepared by the method used for £-(p-fluorobenzenesule
fonamido )=pyrimidine, except that D.4 g. (0.1 mole) of
2«anminopyridine was ussd in place of 2-aminopyrimidine. Theé crude
2«( p~fluorobenzenesulfonamide j=pyridine (23 g.) was recryse
tallized repeatedly from glacial acotic aoid to give 5.3 ge
(21.0£) of pure material melting at 151.2-151.7%

Anal. Calce for C)yHgOplpSF: N, 1l.ls PFound: 11.0.

H
v
?-O-f‘o -0l + K—O - FaO-so -N-O + HCl
S0z Uiy g=N-\n

Hp
19.4 2. Bed Bo 5.3 Bge
(C.1 mole) {Osd mole) {0,021 mole)

8«( p~Fluorobenzenesulfonamido }~thlazole.~- This compound
was propared by the method used for E«(p-flucrobenzenesul=
fonamido )=pyrimidine oxcept that 10.0 ge (0.1 mole) of
2-aminothiazole was substituted for the ZSe-aminopyrimidine.

The crude R«(p-fluorobenzenesulfonamido)-thiazole was recryse
telliced from glaclal acetic acid to yleld 15.5 g. (68.6%)
of product melting at 171.2-172.0°,

Anal, Calc. for CgHnpOoNoSF: N, 10,9 Found; 10,7

N H
F-O-So,g-cl + ﬁaﬁ-l\sj eonws F-O«SOav;i%’:sj + HC1

60.1%

1544 g 10.0 ge 15.6 ge
(0.1 mole) {O.1 mole) (0,089 mole)
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II. Synthesls of p-Fluorobenzamido Analogues of Sulfa-Drugs.
The synthesis of p-fluorobenzamide, 2-(p-fluorobenzam-

ido)-pyridine, 2-(p-fluorobenzamido)-thiazole, and 2-(p-flu-

orobenzamido)-pyrimidine was accomplished in the following

manner:

CH;
anh. HF
NaNO:2 > KMnO4
T % 703£
NH,
COOH COCi
SOCl
5|2%
F

0
l
C-

4}=Z
) 4

705% H
> N

82.5% P
b

=0

O
Z—I

)
80 0% I

~Z
O
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p-Fluorotoluens.== About 800 g. (40 moles) of anhydrous
hydrogen fluoride was slowly added to 214.0 g+ (2 moles) of
p-toluidins, contained in a 3-l1., onee~nocked jonel metal
flask which was c¢ooled in an ico bath. This mixture was kept
at 0° for 1% hours vwhile 165.8 g« (244 moles) of finely pow-
dered sodium nitrite was slowly added with constant stirring.
The reaction flask was then fitted with an ice~cooled reflux
coil and allowed to atand overnight at room temperature,
The decomposition was completed by warming at 65° for three
hourg, Aafter dilution with ice water, the mixture was
steam distilled to give an 0ll which waa dried over caleium
chloride and distilled to give 157.0 ge. (71%) of p-fluoro=
toluene, bolling at 114«1158° at 728 mme. Holleman and Boekman
have reported the boiling point of p-fluorotoluene at 114°
(28).

CHz CHg
, + HF 4 HNaHQZ wewew O + NaP < N + Ho0
O - .
RHg b
214.0 ge 8005, 157 e
(2.0 moles) (40 moles) {l.4 moles)

peFluorobenzolo scildeew A G-l., threo-nocked flack,
fitted with a stirrer, and a reflux condenser, was charged
with 221 go (1.4 moles) of potassium psrmanganate, 2600 ml.
of water, and €4.5 go (0.69 mole) of p-fluorotoluene, The
mixture was refluxed for three houra, and the unoxidized
p~fluorotoluene was distilled off under continuous stirring.
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The roecovered p-fluorotoluene amounted to 5.6 g The mane
genose dioxide was filtered off while the reaction mizture
wos st£ll hot, and the filtrate decolorised with few cryse
tals of eodium hydrosulfite, and the solution refiltered.
The filtrate was acidified with 100 ml. of concentrated
hydrochloric acid. fThe resulting white crystalline preci-
pitate was flltered, washed with ¢old water, and air dried.
The yield of p-fluorobenzolc noid melting at 184.1-184.7°
was 52.0 g. (70%) bused on p-fluorotoluene that wes oxidized.
Schiomann and ¥inkelmuller have reported the melting point
of p-fluorobenzoic acld at 185-186° (29).

Chy COOH
HCl
70%
0G e
P (8g.) P
&2,0 Ee 281 Be 52.0 Ee

{(0.563 mole) (1.4 moles) (057 mole)

D~Fluorobonzoyl Chloride.~- i mixture of 02.0 g. (0.37
riole) of p-fluorobenzoic acld and 190 ml. of thionyl chloride
was rofluxed for six hours. Tho excess thionyl chloride was
then talten off and tho residue {ractionally distllled, the
fraction bolling botween 98-100° at 32 mm. being collected,
The yield of p-fluorobensoyl chloride was 30,0 ge (51.2%)s
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0 o
n "
F"O olelel] ¢ 50012 - - F.OQG-—-CI + HCl + 3&2
51.2%
£2.0 g 30.0 g
(0.37 mole) (0.19 mole)

p-Fluorcbenzamide.~~ A mixture of 8.7 ge (0,054 mole)
of pe-fluorobenzoyl chloride and 26 ml. of concentrated amnone
ijum hydroxide was shaken vigorously until the reactlion
subsided. Tho nmixture was then heated on & steam bath for
thirty minutea, cooled and filterod. A orude yleld of 6.2 ge
(82.5%)was obtained., Reorystallization from glacinl acotio
acld gave pure p-fluorobenzamide melting at 154.2+154.6%
Slothouwer has reported o melting point of 164.5° for
p-fluorobenzamide (30).

0 0
°® L1}
F-O-G-Ol + 0 wewes F-O ~CeNHo 4 NH4C1l 4 HoO
NHg o257 2 Hq 2
8.7 e 8.2 go
(0,054 mole) {0.044 mole)

2«( p-Fluorobenzamido }=pyriniding.~« To a mixture of 2.7 g
(0,028 mole) of 2-aminopyrimidine, 5.4 g. (0.028 mole) of
powdered potasssium corbonate, and 50 ml., of dry ether cone-
tained in a 200 ml. conically shaped I=nocked flaslk, fitted
with a mechanical stirrer, a reflux condenser, and & dropping
funnel, 4.4 g« (0.028 mols) of p-fluorcbenzoyl chloride was
added dropwise with stirring. The mixture was heated under



molting at 123.6«124.89,
Anal, Caled. for CyoHgOHpF: N, 12.9, Found M, 12.7

0
1"

62.6%

244 g 1.4 ge 2.0 g.
{0.0L5 mols) (0,015 mols) (0.0092 mole)
8~(p-Fluorobenszsmido)~-thiazole.-= This compound vas
ropared by the method described above, oxcept that 1.6 ge
{G«01l5 mole) of Z2~aminothlazole was used in placs of the
R-aminopyridine. The 2-(p-fluorobenzamido)-thiazole was
recrystallized from alcohol-vatar Lo give 2.5 ge¢ (74.7%)
of pure coxpound melting at 196.2-1856.89,
4nales Caleds for GypHmON-FS: N, 12.6. Found:; H, 12.5.

0 OH

N
p-( Yeteat 4+ mgnls) e 2 (D0l 4w

2.4 ge 1.5 ge el ge
{9,015 mole) (0,015 mole) {(0.011 mole)
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III. Synthesis of o-Fluoro-8-amino Substituted Quinolines.
(a). Synthesis of 6-Fluoro-8-aminoquinolins.
The synthesis of 6-fluoro-8-aminoquinoline was accom-
plished in the following three different ways as shown on
the following flow sheet:

F F F
HNO; '
H,S0, > Ni,H» Skraup
64 % 88 % 90.5%
02 NH2
AN F AN
HNO Fe,HOAc
23 °/o Z 61.2% Z
N N
NO, NH,

EtONO;
__P1OsHa CH3COONO,, HCI
T 68% 65.9% NOo, 83%
or
NHAc  80.2%  NHAc

Skraup -~ F Fe, HOAc
NO, 46.2% N 6! 2%
NO,
Skraup Hz PJ -C Schlemonn
56 0% / 74. 8°/° 28%

NHAc

N F N
——————+ —_—
Z Z
N N
NH,

NO.
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p-Ritrofluorobenzenes~~ The procedure of Bradlow and
varderiferf (26) for the prepsration of p-nitrofluorcbenzens
was followed, A typicel run was ac follows:

Direct nityration of fluorobenzene by dropwise addition
with vigorous stirring of 140 g« (1.46 moles) to 300 ml, of &
2:1 {by volume) mixture of concentrated sulfuric acid and yellow
funing nitric acid (sp., gr. 1.8) et -109, followed by addition
of ice, ethor extraction, and a careful fractionation through
o pecked colurm of tho residue after removal of the ether,
guve 13046 gs (642) of p-nitrofluorobenzene boiling at 103«

104° at 28 rm, preossure.

F NOo
HeS0g4
$ m‘a,: o - s - !\120
®  gag
F
140 gz 13046 ge
(1,46 moles) (0,92 mole)

p-Fluoroaniline.~- The proceduro of Bradlow and Vander=
Worf (26) was followed in preparing p-fluoroaniline., a
typloal run is describedy

A solution of 239 g. (1.7 moles) of penitrofluoro-
benzene in 600 ml. of absolute ethanol was hydrogenatsd at
low pressure in the presence of Ranoy~Nickel ocatalyst and
a trace of chloroplatinic scid as a promoter. The hydro=
gonation proceeded rapidly with evolution of heat. when
the theorstical amcunt of hydrogen had been absorbed, the
catalyst was flltered and the solvert removed Ly distile
lation, The residue was dissolved in agqueous hydrochloric

acld, extracted with ether to romove the non-basic meterial,
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noutralized with sodium hydroxide and oxtracted with other,
The ether extract was dried over anhydrous sodium sulfate,
filltered, and tho ether romoved by distiliatione Tho rosie
duo was fractionally distilled, and the cut at 98-089 at
28 mn. was collected. The yleld of pefluorcaniline was
165.5 ge (88%)e

Raney~Hickel
- r 2 o8 > o 05wk s 00 0 -+ 2“20
8%
F r
239 ge 1055 ge
(1.7 molos) {105 moles)

t=Fluoroquinoline.«-- Tho modified procedure for the
Skraup reaction desoribed by Cohn (31) was used for this
proparation. A typloal run was as followag

In a 2-liter flask were placed, in ordor, 31.5 g« of
ferrous sulfate, 100 g« (0.9 mole) of p-fluoroaniline,
6644 go (0.54 mole) of nitrodbenzene, and a cold solution
of 55.6 g« (0.9 mole) of boric acid in 332 g. of glycoerol.
{The boric acid was dissolved in the glycerol by gontle
heating.) Then 165 ml. of 964 sulfuric scid was added in
rortions wlth cooling. The contents of the flapk were
mixed, connected with & roflux condenser, heated over a
free flame until the boiling point was remched and refluxed
for twenty hours.

The mixture was cooled, diluted with water, neutrale
1zed with 885 ce. of 60% sodium hydroxide solution, and
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stean distilled,

Thon all the organic matorlial hud bgen dlasilled; it
wag ontracted Lrom the wator layoer with othor and drled,
Tho adther was reomoved aud the vosiduo wan Aiotilled through
an offfinlent fractionnting columa, After a emall forerun
had beon removed, 120 ge (90.58) of 6e-Lluoroguinoline, dla~
$111ing constantly at 128° undor 30 mie prosouro, wWas
obtalned.

Hlig
O GHZOH  13504,H3B0x,CaHEH02 FO:j
+ GHOH - 6 62
H,0H 90.5¢ N
F
100 go» 332 ge 120 g
(0.9 mole) (0.8 mole)

B=Fluoro~d=-nitroquinoline.=~ This compound had provie
ously been aynthoalzed by tradlow (32)s. Geonoral conditions
for nitrations of this typo are described by Yoygen (33)
and Dikshoorn {34). Tho procedure adopted was as follows;

A mixture of 218 nl. of funing nitriec cold (ap. &7
1.8) and 71.5 g« (0.48 molo) of S-fluoroguinoline was ro-
fluxed 1n a 2-liter one-nccked round-bottom flank foy
ninety hours. The mistture was thon poured onto ico and
made Just neutral to liteus with amionium hydrozide. The
flooculent yollow procipltate which was produccd was file
tored to glve a crude ylold of 91 g. The oruds product
vias ropeatedly crystalllized from 957 alcohol and ¢trented
with Forite. There wes £innlly obtained 17.5 g« (23%) of
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G~finere-Benitroquinoline molting at 118.7-110.0%,

F: . F
[ 1] HliOg =mmeme + HpOd
N % Tosx N 2

NOg
71.6 8e 1756 Be
(0.48 mole) {06088 molo)

6=Fluorg=-8«aminoauinoline.=- ¢ & three-neocked,
round bottom flask containing 10.0 ge (0.052 mole) of b=
fluoro~8enitroguinoline dissolved 4in 200 mi. of BOS
aqueous acetlc aold, 16.0 g« of finely powdered iron was
added over a psriod of ninoty minutes. During the addition
the mixture wae warmed on a steam bath., Wwhen the eddition
was completed, the mixture was cooled and neutralized with
solid sodium hydroxide and extracted with ether. The other
extract was dried over anhydrous sodium sulfate, filterecd,
and the ether removed by dictillation. Tho 0lly residue
wag fractionally distilled. The material dlstilling at
115-118% at 0.7 um. pressure was collected. The yield of
6~fluoro=~g-aminoquinoline obtained wns 5.2 gs (61.8%).
Sublimation of the solidified cdistillate gave pure G-{luoroe
Benminoguinoline melting at 50.0-50.59,

Anale Caled, for CpliglloF: N, 17.3. Found: N, 17.2
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Fo, HOAe

R PR, F
m 6183 N
105 Nilp
10:0 ge b2 ge
(0.052 mole) (0032 mole)

prPluoroacetanilide.e-~ & eolution of 307 3. (2.2 moles)
of penftreflucrobonzene in E00 ml. of acotlo enhydride was
hydrogenated at low pressureg in the presencse of platimum
oxide catalyst. when ihe thooureticsal amournt of hydrogon
kad teen absorbed, the catelyut woes filltercd and the cxcess
agetic enhydride removed by distillatfion, The rennining
80114 was dissoived in dilute hydroohloric acid, othor
extracted and noeutralized with sodlum hydroxide. Tho groye
white preclpitate yielded 226 g. (68%) of p-fluoroacetanie
lide melting at 149.5-150.6%

NOg FHAQ
Q2 O
68%
F F
S0O7 e 2825 e
{22 moles) 1447 i0len)

L-fltro~t=fluorcacctanilido,-« This conpound wag [ree-
mrod by two aifferent metheds, (a) by tho nitretion of
b-fluorcacotanilice, with acetyl nitrate (335) as the
nitrating agent, end (b) by tho nitration of p-fluoro-
acetanilido, with othyl nitrate as the nitrating agont (36).
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(2)s Acotyl nitrato Zethod.-=» A solution of 39 g.
(0.2 mole) of peflucrcacetunllide, €0 go of gleclel scetle
a03d, arad 30 g« of acetlic anhydride wae added to & thrae=
neecked flesl, fitted with a2 therrometer, mechanical atirrer,
ard 8 dropping funnel. The mixture was cooled to O° and a
nclution of 25 ge {025 mole) of acelyl nitrate in 356 nl.
of acctic anhydride waas added ab such o rate as t¢ naine-
tain the temperature of the ronction mixture betwocn 0-29,
AZter the addédition wos completed, thoe mixzture was stirrod
for twonty hours. It was then poured onto ilce, and the
crude Z2-nlireo-4efluorcacetanilide separsied as a reddish
0il which graduslly orystallized on standing., The crude
naterinl (RS g., 89%) melted at 67«68, Recrystalliszation
fron alooholewater yielded 26 ge. (80.8%) of Z«nitro~d=
fluorcacetanilide melting at 60.3~680.89, fThe revorted
melting point for this compound 4s 719 (36).

BHAC o TEAC
n NO,
+ CReC=0-H0 et + CH=CO0Y
s 2 20,21 ©
e F
S0eQ &o 256.0 e
(0.2 m0le) {013 mole)

(L)e Ethyl nitrate Mothod.we 4 000 ml., three-~nooked
flesk, fitted with & mechanical stirrer and a dropping
fuannol was charged with a solubtion of &5.0 e (055 molo)
of peflucroacetanilide in 260 ml. of concentrated sulfuric
scid. 7The solution was coolsd te 0%, and 29 . of ethyl

nitrate wes added over a pericd of cne houre Stirring was
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eontinuad for fifteen minutes longer at 0%, The reuction
mixture was then poured onto lece and the crude material il
tezreds, The yleld of crude Zenitro-d-scetaniilde melbing
b 65-66° wag 60.0 g. nNeerystallization froem elechol-water

geve 25 ge (656.83) of roduct melting ol €2.5~70.,5%

Sk o wmise
[::] + CHgCHg=0-1i0g [:EJ'NO* + CH5ClinOH
| o ki -y 4 N YN O silies 1
sHe 65495 ore
F F
£540 e 4540 be
(G35 mele) {0.23 mole)

Relitro-4-fluoroanilinge=~ 70 & 500 ml., one-necked
flask, fitted to a reflux condenser was added 75,0 ge (0.38
mole) of 2enitro-d4-fluorcacetenilide end 150 ml. of W
hyarochloric acid and the mixture refluxed for two howrs,
The aolution was made basic with scdium hydroxide and
etheor extractsd., The ether solution was drled over anhye
drous scdium hyiroxido, filtercd, and the ether romaoved by
diatillation, There wae obtained 48.2 g. (83,07) of 2~
nitro-4-flvoronniling rolting at 03,5-04.0%,

HHAC Nig
-NO, HCL ND,
82,07
¥
7540 Ee 68 oo Ee
(0,58 molo) (0.31 mole)

G=Flucroe8«-nltroquinelince=~ Tho procedure of Uilkine
pon and Pinor {36) wrs used. A typical run is describad:
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To a 800 nl,., thros-nocked flask oequipped with a
stirror, thermomster, and reflux condensor, was sdded 44,0 ge
(0,26 mole) of Senitroedefiuoroaniline, 100 g. of anhydrous
glycorol, and 48.4 g« 0f arsenic pontoxide. fThe aixture was
then trented with §8.6 ge of concontrated sulfuric acid at
such g rate that the Lomporaturd did not excoed 1300, Hext
the material wos heated at 130-1356° for four hours, then
8t 160° for thirty minutes. The cooled solution wap treated
with water and neutrsliised with squeous ammonin to preciple
tate the product which was collected and dricd. Continuous
extraction with benzene gavo B5.B ge (46,85) of pure S-fluoroe
8-nitroquinolins melting at 119,2-120,0°,

P
CPo0H A8205,H2804 ¢
O + CHOH wwewe
NO,  CHgOH 46425 N
Rlig W02
4600 G - 2502 g
{0.28 mole) (0.135 ni0le)

SeNitroquinoline.=~ The mothod of Haskelberg (C7) wae
used to obtain S-nitroguinoline. A run is described below:

A B«liter flesk equipped with a stirrer, thermometer,
ard reflux condencer was chorged with 332 ge (1.8 moles) of
penitroacetanilide, 663 pg. of glycerocl, end 310 g. of
ersenic pentoxide, end 720 g. of concentrated snlfuric acid
wog added at such a rate thet the temperature did not exceed
1309, The mixture was heated gently for four hours, ccoled

to room temperature, and poured into water. The nroduct was
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then Gseolorized with Norite, filtered end slowly neutrale

ized with equecus ermonlo, Aftor soversl rocyyuatelliretions

ty

ron nicchol-wnber, the yicld of O-ritroqunineling meltirg at
40«1500 wue 175 g (B6S)e

{2

Hiihe
CFRg0H  ABg0gs Hot0g Mo
= CHOH o
CHgOH 567 v
NO,
332 ge 176 ge
1.0 rmoles) {10 nole)

Seaminoquinolino.w~e A solutlcn of 110 g (0.63 mole)
of Genitroquinolinec 4n 280 ml. of cboolute ethanol was
hydrogenated ot low preasure in the prosence of 27 pallae
dium~cnrbon catalyst, vhen the solution had absorbed the
required amount of hydrogen, the catalyst was filtered,
&nd the rleshol A%utilled of €. Theo vield of G-aminoguing-
14n0 obioined wes 68,0 go (74,89 melting at 118-1169,

N 74 .87 N

(o.s%oéglgi (oe.iéozzgie )
SeFluoroquinoline.-- The procedure of Hoe and Hoevwkins
{(30) was used. A typlcal run 18 described:
To & 800 nl, beaker was pdded o solution of 3840 ge
{0.28 mole) of E-nminoquinoline in 225 ml. of 407 Zluoborio
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acid, and 120 ml, of water. Diazotizatlon was offected by
adading 19.0 g« of sodium nitrite to tho solution, keoping
the teaperature belew 15% ©ho solution was thon coolod o
«00 and filtered. The filter wee vashed with cold 50-50
sleohol-ather nixture, then three tines with cold sthor.
There was obinined 58.0 g (D2.3%) of tho dAinzoniwa flune

borato salte

+ -
nm,m HC1 ,1iS1i0 sHEFg E,mJ B,
CHWnels VHCD AL S ¢t W Kb EN @0 ais b
N 0235 N

w?%&gg,,, (0.9% met0)

The dlazonium fluscboratoc salt was added to a 2-1liter,
round-bottom f£lssk and the salt heated until decomposition
was completo. A dark red liquld romained which solidified
on cooling. The residue was dissolved in wator, and sodiun
hydroxide solution was added until the mixture was slightly
alkaline to 1itms,. 7The reaction mixtwre wos steom distilled
and the crude G-{ilucroquinoline sopsrated and fractionally
distilled. The fraction boliling at 124«126° at 30 mm. was
collected to give 10.0 ge (£BaS%) of pure G-aminocuinoline.

O gy OO
v £8.58 N

£840 ge 10:0 ge
(024 mole) {0,068 mole)
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III. Synthesis of 6-Fluro-8-amino Substituted Quinolines.
(b) Attempted Synthesis of Fluorine Analogue of Plas-

moquine and Other 6-Methoxy-8-aminosubstituted Quinoline

Derivatives,
G
R X T E A
+ CHyCH:CH,"CH, CH,'N —> + HBr
Z | \ P
N Br CH, N ?Hs
NH, CH, I;IH 9H2
CH3-CH-CH2-CH2—CH2-t;l
G
CH3
F. A F. R
+ -Cl ——> + HCI
p” F SO, 69 % y
N N
NH. QH
SO:
Cl F
F AN AN F. A
+ —
N/ Cl N/ 67 % N/
NHz N‘H
X

F
cl N
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G=Fluoro«S={ p~Ilucrobenzenssulfonamnido Jequinoling yee
To a 25 ml, Zrlonmeyer flask was added 0,91 ge (040056 mole)
of G-flucro-Beaminoquinoline, 0.87 ge (0.000 mole) of p
fluercbenzeonsulfonyl chleride apd 6 ml. of dry pyrmime The
mizture was heated on the steam bath for thirty mimites and
poured onto ice. The white, crystellino Ge-fluorce=8e(p={iuoro
benzenosulfonaride yequinoline that separated was £iltcred,
washed repeatedly with weter and elr dried. Tho yield was
1.1 g. (68%) of product melting at 185,2~285,7%,

Anal. Caleds for CygHiolplipFgB: %, 8.7. Found: I, 8.5

F F
+ 9-@»503-01 ————
N N

Kty
i)
0.81 g ldd g
{0,005 mole) (0.003& mala)

G=FPluoro=8e«(7«chloro={=quinclylenine Jequinolinc == A
100 ml. one~nocked flask, fitted to a reflux condenser, was
chaprged with 1.2 go (0,008 mole) of G-fluoro-8~aminogquing-
linemonohydrochloride in 25 ml, of water ond 1.2 go. (0.006
mole) of 4,7-dichloronuinoline, Tho mizture was hented on
the atean bath for twenty-four hours. A small amount of
water insolublo material wasp filtored, end the filtrato was
made alkaline by edding equoouns armenie. The preysvhite
precipitate which resulted vas filtered ernd anir dried to
vield 1.3 g+ (67%) of crude G=flucro=8«(7=chloro-d-guinolyle
amino)-quinoline melting et 1851889, Recrystallizetion
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from aleohol-wator gave a pure profuct melting et 187.4«
168,0%,

LHnal, Caled, fop (318}{113‘;39113'3 Te 130 Pound: H, 13.2

00 .08 =G =

N, *BCL
oo
1.2 ge 1.3 ge
(0.006 m0l0) (0,004 molo)

Attompted rrevpsration of 6-iluorg=fe(lemothyled«diothyle
aminobutyl )=aminoquinoline .-« The method of rlderfield and
his cow-workers (38) for the proparntion of Gethloro«fe(Se
diethylaminopentyl J=aminoquinoline {rom S«chloro-S«aminge
quinoline and disthylaminopentane was uscde. Thus far, nono
of the desired G-flucrcs8«(lemethyled-diethylanincbutyl )e
eminoquinoline has been obtained in lorge onough quantity to
bo 1dentifiecds A typlosl run is deacribed dbolows

A mixture of 3.2 g (0.02 mole) of G-flucro=S-aninoe
quinoline, 4.4 ge¢ (0,02 mole) of R=brono-Sedicthylaminopen
tano, and 1.8 go (0.02 mole) of scdium acetato dissolved in
10 ml. of 650¥ aloohol was refluxed for ssventy=two Hours.
1t vwas then diluted with wator, made strongly alkaling with
sodium hydaroxide and extracted with other. The other sclution
was dried over anhydrous sodiunm sulfate, filtered and the
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other removed by distillation. The oily residue vwas distilled
under nitrogen. The forerun of the unroacted Gefluoro«8e
aminoquinoline distilling a¢ 115° at 2 mm. was collected to
glive 2.6 g. The amount of the remaining residus was too

small to be distlllable.

The chlef difficulty oncountered in obtaining enough of
the desired Ge-flucro=8e(lemsthyled-dicthylaminobutyl j=aminoe
gquinoline for proper identificatlion lies in tho inhorent low
vield obtained in coupling resctions of this typo. In his
preparation of S-ohloro«8«(b-dlcthylaminopontyl )eaminoquino
line, Elderfield reported a yield of only 10% for the
coupling reaction. The small quantities of Geflucroe-ge
aminogquinoline available thus far have not been sufficient
to make possible 1solation of the desired producte
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IV. Synthesis of Fluorine Isostere of Camoquin.
The synthesis of 4-(7-chloro-4-quinolyl )-amino-2-di-
ethylaminomethylfluorobenzene was accomplished in the follow-

ing manner:

anh. HF CH
NaNO, > KMnO,
> ————
60% 75%

L|A|H4

8l %

CH,Br HNO; CH,Br

(fuming) (CH 3CH,), NH
81% 66%

CH,OH HBr

5%

CHs NO. CH,
F 9H2 F (i:Hz
CH,N - HBr CH,N-CH,CH
PtO.,.H 2. 2773
@ CH, — > @ HBr
NO2 CH3 NH2
CHZCH3
CHa
alc. HB' CHZCH3
47 dichtoro-
qumollne
60 % H-HBr
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o=Pluorotoluene,=- About 1200 g. (60 moles) of anhydrous
hydrogon fluoride was slowly added to 381.0 ge {3 moles) of
o=toluidine, contained in a 3-litor, one-necked lonel metal
flask which was cooled in an ice bath. This mixture was
kept at 0° for 2§ hours while 248.4 g. (3.6 moles) of finely
powdeored sodium nitrite was slowly added with oonstant
stirring. The reaction flask was then fitted with an 1cow
cooled roflux ooll and allowed to stand overnight at room
tomporature. The decomposition was completed by warming at
65-60° for six hours. Aftor dllution with 1ce water, the
mixture was steam distilled to glve an oil which wap dried
over oaloium ohloride and distilled to give 198.0 g. (S0%)
of o~fluorotoluone, boiling at 112-113° at 735 mm. pressurec.

NHo ¥
O + EF 4+ NoKOg we-w~= O + NOF + Fp + Hpo
5210 go 1200 go 248.4 g» 198.0 ge

{30 molos )(60 moles)(Ie6 molez) (L6 nw0les)

o=Fluorobenzoic roldee= A Se-liter, three-nocked flask,
equipped with a stirrer and e reflux condenser, wus charged
with 221 g+ (1.4 moles) of potassium pormanganate, 2600 ml.
of water, and 64.5 ge (0.52 mole) of o~fluorotoluenc. The
mixture was refluxed for three hours, and the reflux cone
denser inverted so that any unoxidised sterting material
would be distilleds Ko 9o-flucrotoluene was recoversd in this

way. The nmanganese dloxlde was filtered while the reaction
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mixture was still hot, and the filtrate decolorized with few
crystals of sodlum hydrosulfite, and the solution refiltered.
The filtrate was acidified with 100 ml. of concentrated
hydrochloric acid. The resulting white crystalline precipi-
tate was filtered, washed with cold weter, and air dried.
The yield of o-fluorobenzolc acid melting at 123.8-124.5°
wes 62.0 g. (75.1%). Cohen has reported the melting point

of o-fluorobenzoic acid at 1240 (39).

F P
O CHgz RMnO, O COOH
HC1
64.5 Ee 62.0 e
(0.59 mole) (0.44 mole)

o-Fluorobenzyl Alcohol.~~ The general procedure of Ny=-
strom and Brown (40) was used in reducing o-fluorobenzoic
aclid to o-fluorobenzyl aloohol by means of lithium aluminum
hydride. The reduction was carried out as follows:

4 2-1iter, three-necked flask, fitted with a reflux
condenser, dropping funnel, and mechanical stirrer, was
charged with 500 ml, of dry ether and 19,0 g. (0.5 mole)
of lithium aluminum hydride. The mixture was vigorously
stirred. When all the lithium aluminum hydride was well
broken up and had formed a uniform suspension in the ether,
28.0 g. (0.2 mole) of o-fluorobenzoic acid dissolved in
350 ml. of dry ether was added at such a rate as to produce
gentle reflux. When the addition of the ether solution of

o~fluorobenzoic acld was complete, the reaction mixture was
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rofluned for {iftean more minutes, followed by cautious
addition of waber to docompuse the excess lithiwa aluminum
hydride. 7his was followed with the addition of 107 sule
furic acid solution until the acuocus phassc was clear, The
agucous layor was washed with ethor and the combined ether
solution dried over anhydrous sodiun sulfatd, aftor filtore
ing, the ether was taken off. The crude yiold of p-fluorow
benzyl slcohol was 85,0 g The crude material wes fractionally
distilled and the fraction distilling at 86-67° at 12 ma,
rrossure was collected, The yicld of pure o-flucrobenzyl
alochel was 20.5 ge (81%).

P F
O COOH LiAlH, O CH0H
2840 g 20.6 ge
(0.20 mole) {(0elf molo)

o~Fluorobenzyl Broulde.-= Into a solution of S5 ml. of
benzene and 3.0 ge (0,024 mole) of o={luorcbensyl slcohol
was passed a steady streem of hyirogen bromide gas for three
hours, fThe agqueous layer that seperatod was drawn off and
the bonszens solution dried over anhydrous modium sulfate.
After filtration, the bengeno was removed by distilletion.
The liquid residue wus fractionally distilled end the
fraction bolling at 84-86° at 16 mm, pressure wos collected
to give 3.8 g (75%) of pure o-fluorobensyl bromide,
(CaUTION, o-fluorobenzyl bromide is an extremely powerful

laohrimator). The bolling point of o-fluorobensyl bromide
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was reported by Schoesmith and Slater (41) to be 84.85° at

15 mm. pressura,

} P
CHzOH CHgBr
O + HBP eeeee O + THgo
340 go 3.8 Go
(0,024 mole) {Ce20 mole)

2«Flucro=f-nitroboneyl Bromido.-- A 600 ml. beakor was
charged with 200 ml, of fuming nitric acld (8p. gre 1.8)s
The nitric acid woes mechanically stirred end cooled to 0%,
To the acid was added dropwlse 25.0 ge (0,13 mole) of o~
fluvorobensyl bromide at a tomperature of 0% When the
addition of the o=fluorobenzyl bromide was complete, the
reaction mixture was sllowed to come to room temperature
with continued stirring. The mixture was pourod onto 1lce and
the yellow crystalline precipitate filtered and washed with
cold water. The orude 2efluoro«b-nitrobenzyl bromide (29 g.)
nelted at 74-76°. Recrystallization from ethanol gave
25,0 g« (B81%) of pure product molting at 76.8-77.0%

Apal. caled. for CpHgOoNFBr: N, 640, Found; N,

g by
ChsBr CH,BY
O fe + B0z woe=e O Be + H0
No,
2540 ge 2540 ge
(0,13 mole) (0.1 mole)

2-Diethylaminomethyl-4enitroflucrobenzene hydrobronlde e«
The goneral proccdure of Burckhalter and coworkers (42) for
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tho preparation of  ealkylamino-d-nitro-g-crcsols from
chloro=4-nitro-g«cresol and dinlkyl amines was employede
A typieal run, starting with S«flucro-Se-nitrobenzyl Lromido
and disthyl axnine was as followss

A 600 ml,, one=nscked flask, equipped with e reflux cone
deonsor, waa chargsd with 22.0 ge (04094 mole) of 2=£1luoro=H=
nitrobenzyl bromide, 14.6 ge¢ (0.2 mole) of diethyl amine and
180 ml. of absolute othanol and the mixture refluxed for three
hours. 7he voletlle materials wero removed by distillation
under reduced pressurg, andéd the rosidue was washoed with water
for the removal of recovered dicthyl amine hydrobromide, Tho
washed residus was dissolved in acetons and the solution
dried cver anhydrous aodium sulfato, After filtration, an
equal volume of ether was added. Addition of excess nlcoholis
hydrogen bromide precipltated the yellow oryatalline Z«dlethyle
suinomothyled=-nitrofluorcbenzene hydrobromide, The yliold
was 19.0 ge (E89) of pure product melting at 162° (dec.).

Anale Caleds for )y B, lpO0pF*HEr: C, 43.0. Found: C, 42.9.

Hy Doy Hy 5480
lip Bl Ho Daede
X F 'E*Eﬁ-
CHpBr CHpKe
Q +  (CHyCHp)plill e=em= o
Hog NOQ
22,0 g l4.& 2o 1940 g
{0,084 mole) {0.2 mole) (0,062 zole)

2=Dlothylaminomethyle4=cminofluorobenzone dihydrobroe
mido,== A suspension of 1840 ge (.06 mole) of 2-dlethyle
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aminonothyle4=nitrofluorcbenzone hiydrobromide in absolute
athanol was reduced cntalytically using platinum oxide cotae
lyste when the solutlion had absorbtcd the theoretlical amount
of hydrogen 1t was filtered to rozove tho catalyst and the
filtrate treated with a slight excoess of aloohello hydrogen
bromide solutlon, The dihydrobromide salt of 2edicthylaminoe
mothyl-d=aninofluorobenzene which was formed remained in
solution. WNo attompt wes made 30 isolaste it in orystalline
form., Rether, the aloohclic solution of Zedicthylaminow
methyle4d~aminoflucrobenzene dihydrobronlde was waed dirveotly
for the reactlion with 4,7-dlchlorcquinollne for the preparation
of Z2-diethylominomethyled={7=chloro=4=-guinolyl j=aminolluoro=

benzene dihydrobronide as shown below.

F Et+ 7 E+
CHpeN=Et=  PtOz, Hg CHp*N=E <+ o
.Y o0 GnI® Gs e 29 o -
Hr 8lc. HBP Hor e
N Bilg *HBY

2«Dicthylaminomethyleds(7=chloro~4-quinolyl )=aninofluoroe=
benzene dihydrobromide.==- To the alceoholio solution of 2«
dlethylaminomethyled-aminofiuvorobenzens dihydrobronide above
vas addedll.D go (0,06 mole) of 4,7-dichloroquinciine, The
resulting mixture was heanted on the steam bath for two hours.
After cooling, and addition of cther, the dihydrobromide of
2~diethyleninomothylede(7-shloro=4-quinolyl J=eninofluorobone
zono precipitated as yellow crystals. fThe yleld of the crude
product melting at 201¢ (dec.) based on Sediethylaminomothyle
4-nitrofluocrobenzene was 19.0 g (60%)s Recrystallization
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from msthanol gave pure Z«diothylauinonoihyleds(7-chloros
4wi1inolyl )=aninof luorobonzene dihydrobronide melting ab
203.89 (dess).

Annl. Caled. for CgoligylipClPe2HBr: ¥, 8.1 Found: 1, 7.9

G, 46.2 C) 4841
Hy 444 Hy 1.7

Gﬂal‘!‘vht O:j QCHQH-E\‘:

VHg-HBED KHoliBY

RS

19.0 ge
(9.045 mole)
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V. Synthesis of Fluorine Analogue of 2, 4-dichlorophenoxy-
acetic acid.
The synthesis of 2, 4-difluorophenoxyacetic acid was

carried out in the following manner:

CH CHs
0 0
CHsCH,~0-NO, NO>  pioH, _
82% 70%
F F
CHs - CHs 74 BrR-
0 0
NH, HCI,NaNO; N
® " NaBF, ? A R
66% 54%
F | F )
o
0 OH
F AICI, F
66%
F F

a) No,Cl-CH,COOEt
b) NaOH
c) HCI R

74 %

0—CH,—COOH

£
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S«1itro~4-fluorcanlsolo.~= 4 500 ml. beckexr wna charged
with 26.0 ge {0:19 mole) or‘gurluoroanisololdissolved in
85 ml. of concentrated sulfuric acide The sclution was meche
anically stirred and cosled to 09, To the solution, at 0-2°,
172 5o {019 mele) of cthyl nitrate was added dropwises
Lftopr tho addition of all the ethyl nitrate the renction nixe
ture was stirred for fifteen minutes more and poured onto
ices fThe resulting yellow precipitate was filtered and
wagshed well with ocold wator, There was obtalned 28.0 g
(82%) of erude Z2enitro-4-fluorcanisole melting at 58-60°,
The crudse product was disscolved in ethor and the ether 8o0le
ution washed with 10f sodium hydroxide solution in order to
remove any phenolic components formed during the reaction.
sfter thoroush washing with water the other solution was
dried over anhydrous sodium sulfate, filtered and the pure
2enitro-4=-flucroanisole was precipitated by the addition of
Skellysolve C. The yleld of the pure product wos 25.1 ge
(765) melting at 59,.2«60%9, Swarts (35) hos reported a
molting point of 61.6° for 2enitro-4«fluorcaninole.

ors Cra
0 0
Gz
+ CHzCHgO=N0g eew== + CHzCHpOH
F F
2540 g 17.2 & 251 go
{019 mole) (0.19 mole) {Oeld mole)

(1) Obtainod through the kindness of A, F, Helin, University
of Kansas,
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Zeininoedefluoreanisolo.~~ 4 solution of 15,0 ge (0.C88
nole) of Z2enitroe-de«flucrcaniscle in 100 ml, of zhaolute
ethanol was rcduced catalytleally using piatinum oxilde catae
lyote Vhen the golutlon had atsorbed tho cnloulatad snmcunt
of hydrogen, it was filtered to remove the catalyst and the
alcohol removed by dlstillotion. Tho olly reeiduc was frage
tionally 4istilled and the fraction bolling at 93-0E° ot
g m. prosoure wian collectsd to glve E.0 g. (70%) of pure

P=oning=4~Livoroanlisoclo.

Ciig CHg
0 ¢
Owol Ptos, Hp ONHB
P P
15.0 go 840 B
(34088 mole) {0,061 wole)

Z2ejtethony-Beflnorodiazonium fluchorate.~= To a 800 ml,
besker, lmmerased in an icoegalt bath, and equipred with a
s8tirrer and a thermometer, wna addod a aoludtion of EC.4 ge
{Q.4 wole) of 2-amino=~4«fluorcanisolc cnd 80 ml. of conconw
trated hydrochloric acid in 140 ml, of water. The solution
was aecoled $o 0% This reawltod 1n the preciniiation of
gome of the amine hydrochlorides To ths solutlon, cooled to
CP, 27.8 g+ (0.4 mole) of 3011d nedium nitrite wos added.
whon all the sodfun nitrite had boen added the reaction mixe
ture was atirred at 0° for fortys-five minutes. Then &
solution of 87.3 5. (0.8 mols) of scdiwa flucherate in 85 ml.
of watoer was added slowly with continued atirring. Tho



- 45 =

rosulting heavy precipitate was stirred for thirty mimtes,
filtered and washed with 50 ml. of 104 sodium fluoborate
solution, folloewed by washing with 50-50 sloohole~scther mixe
ture and finally with ether. The yleld obtained wos 63.1 go

(66%) .

CHy HCL QHy
0 Nakog 0° . _
[:::rﬂﬁz Nﬂﬂ?& ﬁ:::]ﬂfl BF4
P F
56e4 Be 631 Zeo
(0,40 mole) (0.26 mole)

2,4=Difluoroanisoclos== A 500 ml., round bottom, onoe
nocked flask was fitted with a knee joint leading to a straight
condonger the end of which wos fitted to & trap. The flask
was charged with €3.1 go (0,26 mole) of Z2~methoxy=b-fluoroe=
diazonium flucborate and the solid thermslly decomposed.
The olly residue was dissolved in other and the ethor sole
ution washed with sodium hydroxide solutlion and then with
water. 7The ether solution was dried over anhydrous sodium
hydroxide, filtored end the ether evaporated off. The resie
due was distilled and the fraction boiling at 1655-156° at
734 mm. was collooted to give 23.0 ge (54%) of pure 2,4«die
fluoroanisole.

Anal., Cealecd, for GquOth C, 68484 Pound: C, 58,7
' Hy, 4.8 Hy 4o
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Gy Cily

o 0

P P
63:1 e 2340 e
{0.26 mole) (0«14 mole)

2,4=T1fluorophenol =~ 4 200 ml,, rownd bottom flaslk,
equippsd with a reflux condenser fitted with a coloium chlow
ride drying tube, was charged with 10,0 g. (0.088 mole) of
2,4~-difluoroanisolo, 26 nl, of dry benzone and 24 g, of ane
hydrous aluminum chloride., The reaction mixture wap refluxed
for three hours, cooled and satracted with 100 ml, of 30%
sclution of sodium hydroride. The aquoocus solution was neue
tralized with dilute hydrochloric acid and ethor extracted.
The ether solution was dried over anhydrous sodium sulfato,
filtered and the ether removed by evaporation. The liquid
residue wos distilled and the distlillate boiling at 150«
1620 at 730 ma, pressure was collected to give 6.0 go (66%)
of pure 2,4«difluorogphenol,

Gily
0 ol
F P
10.0 g¢ 6.0 G
(0.088 mole) (0,046 mole)

2,4~pifluorophenoxyacetic Acid.-= The general procedure
of Haskelberg (43) wus employed in coupling sodium 2,4-diflude
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rophenolate and othyl chloroacotate, Tho procedure was &8s
followms;

In a conically shuped 100 ml., threee~neccked flosk, fitted
with a raflux condonsor, was placed 8 solution of 244 ge
{002 mole) of 2,4=difluorophenol in 15 ml, of n-butyl alcohol.
To the solutlon was added 0,5 gy of finely cut sodium and
5:1 g (0.04 mola) of othyl chloroaootate.l Tho rosulting
grey gelatinous mixturo was hested at 1002 for one and onee
holf hours, c¢ooled and diluted with waters The oll that
soparated was dissolved in othery the sther solution dried
over anhydrous sodium sulfate, filtered and the ether boiled
off, An olly residuo romcincd. RNo attempt was made to luoe
late tho ethyl 2,4-dlifluorophonoxyacetate in puro forms The
crude aster was subjected to hydrolysis im the following
manner g

To the o0ily residue was added 0.8 g. of sodium hydroxide
dissolved in 10 ml, of water, The mixture was heated on the
steam bath overnight. The agqueocus solubfion was extracted with
oethor and thon ecidiflied with dilute hydrochloric ancid. The
resulting grey crystalline precipitate was filtered and air
dried to give 1,5 g. (44%) of 2,4~diflucrophenoxyacetic acid
molting at 121,5-122,5° Recrystallication from benzene gave
rare product melting at 124,0-124.6%.

Anal, Caled, for CgHzOzPg: C, Ol.le Found: C, 51.B.
' Hp Sele ﬁ. 5heo

{1) Kindly furnished us oy H. L. Bradlow, Univorsity of xXonses.
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oH 1) Ia, C1CHRCOOE~
[:::[F 2) WeoH, HOL

F
2ebe Be

(0402 mole)

o oermecoon

F

1.6 Bo
(0,008 mole)
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VI. Attempted Synthesls of Fluorine Analogues of Menadione
(2-Methyl-l,4-naphthaquinons).
a) Proposed Synthesis of 2-Trifluoromethyl-l,4-naphtha-

quinone according to the following schems:

CF.
GFs HNOs 3
© (fuming) @ Runey—Ni,HJo_)_
T % NO, 61 %
CF3; CFs
HNO 5
Ac,0 o (fuming)
85% 65 %
NH, NHAc
CFs NHAc
°2N© PtOzH, ©F 25% Hy504
NHac ©60%
NHAc
NHz'HzSO4 O
CFs NgzCr.07 CFs // \\ <
40%
NHg' H2804 )
H_.H O

0o
e T
—_—
0
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a=-Trifluoronethylnitrobonzenes=« The procedure of Swarts
{24) wss used to prepsrs this compound sturting with bensoe
trifluoride and nitrating it with .funming nitric acide. A
Sypleal yrun 18 doscribed;

To a 400 ml, beakor contuining 355.0 g. (0.24 mole) of
benzotrifluoride was added 60 mle of a 1.5:1 alxture of cone
controted sulfuric aold and funing nitele acld, The solution
was kept in an ico bhath durdng tho nfddition of the acld ixe
ture. 7Th? resotion mixturse wes then allowed to come to room
tomporature and was held at that temperature for two hours,

The mixture was then poured on ice and extrocted with
ethere Tho ether laysr wog washed several times with wateor
o dried over snhydrous sodium sulfate, aAfter removal of
the sodium sulfats, the ether was takon off and the residue
fractionally distilled, The fraction boiling at 198-100° at
738 mm. was collected to glve a yield of 31.5 g« (70.8%) of

metriflusromethylnitrobonzene,

CFx  HNO3 (fuming) CFy
HoS804
O O,
3640 G 31.5 go
(V.24 mole) (0.17 mole)

me7rifivoronothylaniline.== A solution of 31.5 ge
(0.17 mole) of metrifluvoromethylnitrotenrone in 150 ml. of
absolute ethanol was hydrogenated in the presence of Raney
niclkel, using a trace of platinic chloride as o promoters

When the theorotical amount of hydrogen had beon absorbed,
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tho catalyst wus filtered end the slooholic filtrato solution
distilled. The fraction Loiling at 70.71° at ¥ mm. pressure
wos collected to give 16.8 . (60.62) of m=trifluorometliyle

anilinc,
CPs
Reney~li, Ho
Ow O,
31l.6 g 1648 g
(017 mole) {0411 mecle)

m=Triflvcromethylacetanilide.~= 10 a solutlion of 42.0 g.
(0.26 mole) of m=trifluoromethylaniline dissolved in 50 nle
of benzene wop addod 206.5 ge of voeotlc anhydride and a few
drops of concentrated sulfuric aclde Tho mixture was heated
on a steam bath for two hours and the benzene distilled off.
The remaining crude metrifluoromsthylacetanilide was recryse
tallized from alcoholewator to give 46.0 ge (85%) of pure
product melting at 104.5+105°, gSwartz (44) has roported the
melting point of metrifiuoromethylucetanilide to be 103°%,

cr CF
8 LCp0 Oa
O wiae
4240 Qe 4640 go
(Oe26 m01e) (0.22 mole)

S-Trifluoroncthyled=nitroascetanilido =« In a Z=liter,
three~necked {lask was placed 700 ml. of concontrated sulfurio
acld. This was cooled to =5%, 134.0 ge (0466 mole) of m=
trifluoronothylacotanilide was added, and the mixture wao

stirred until a clear solution was formed. From a dropping
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funnol was added a solution of 564 ge. of fuming nitric acld
in 67 mle of concentrated sulfurlc acld during forty-five
minutos vhile the temporciurc was malntsined at =5 to 09,
The solutlon was allowad to werm €0 room temperature and
stand for three houra, then warmed to 402 for one howr, and
poured onto icos Tho yollow gummy procipitato graduzlly
cryetallised. It was collected and washed woll with wateor.
The eprude J«trifluoronethyl-4-nitroscetanilide was added to
500 nl. of acetlo anhydride and the mixture refluxocd for two
hours in order to reacetylate any product thet might have
boen dAeacetylsted during the nitraticn. The acetic anhydride
was removed by dlotillation end the residue washod well with
vator to give 106.0 ge (657) of pure S«triflunoromothyled=
nitroacotanilide melting at

HoS04 Nog
KHAC NHAC
134.0 8e 106840 ge
(0,65 molo) (0.42 mol0)

2,5=Dincetanidobenzotrifiuorido.=~ A solution of 80.0 g
(0.2 mole) of J«trifluoronsthyle4-nitroacetanilide in 175 ml.
of acetic anhydride wuas hydrogenated in the presence of plate
inum oxide ecatalyat. Uhen the theoretical amount of hydrogen
had been absorbed, the precipitated 2,5-dfecetamidobenzotrie
fluoride and the platinum oxide catelyst were filtered. The
mixed solld wiaa sdded to 200 mle of hot etmanol which dlssolved
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the crganic materlel, and the catalyst was Liltered. On
ccoling, 81.0 ge (60%) of pure £,5-diacotamidobenzotrifluo-
rido molting at 188.4~150,1° separated from the alcoholic
FLitreto.

insle Calcds for Cy3Fy30pNoPgt N 1leZe Founds Ny 1lele

NOg HHAC
O Pz Ptﬂgp Has A0RO O OFg
Hilao HHAG
650.0 ge 510 Ho
{020 mols) {0.12 uole)

2,6=-Dilaninobenzotrifluoride dihydrosulfatee=e A l-liter
Erlenmeyer flask equipped with n mechanical stirrer was charged
with 13.0 ge (0,052 mole) of 2,5-dlacetamidobenzotrifluoride
end 340 ml, of 254 sulfuric sold solution. The mixture was
heated with stirring until) hyirolysis was completo. No attempt
was made to isolate the dilamine salt. Rather, the agueocus
solution was subjected to diohromate oxidation as indicated
balow,

KHAG g *Hz204
258 HpS04
O s O OFg
¥iAS THg *Hp504
13.6 g

{0052 mole)

2-Trifluoronethyle=1,4-bonzoquinone s~=» The aquesous golution
containing the dihyrosuliato salt of 2,6-diaminobenzotrifluoride
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as indlicaied In the precoding exporimeninl gootion wan oxie
dized with sodlum dichromate In the following mannaor

Tho agueoors salt selutlicon contalned in a lellter FSrlene
meyor flask caulpped with o mechanical atirrer was cooled in
an ice bath to & temperasture below 109 and 250 ml. of bonsens
added., The helerogensous mixture was stirred vigoroualy
vhile 18.0 g. of sodiun dichromste dissclved in 30 mle of
water wes added ot such & rate that the tanpersture did nod
riso above 100, After tho addition of the sodlum dichromate
solution was complate the rencllon miziure was stirred for
three hours at 10°, 7The kenzens layer was separated and
Gried over anhydrous sodium sulfate. pfter Liltratlon the
benzone solutlon was stored in the Ary lce chest overnights

The solutlion was concentrated down to 40 ml. volune by
Aistilling off the bonzone. The additlon of ghkollyaclve €
and subsequont cooling of the solublon in dry-ico chloro-
form procipitated yellowe-orange crystals of S-trifluoroe
mathylel,4-bonzoquinone, Upon filtrution and alr drying
there wos obteined 3.6 ge {40f) of puro 2«trifluorcaethyle
1,4~bonzoquinons melting at 51.2-52.0%,

anale Caleds for Coylz0sF3: g: 47.7. Found: C, 47.8.

o7 By 200
HHgeluE04 )
OGF;;, RagCra0y OCFa
NHg*HpSO4 0

SeD Beo
(0.020 mgla)



VI. Attempted Synthesis of Fluorine Analogues of Menadione

(2-Methyl-l,.4~-naphthaquinons).

b) Proposed Synthesis of 2-Methyl-3-fluoro-l.,4-naphtha-

quinons.

Method I:

-n

1"'
@o
I

2

S

P

o r
e (e
4

[CoHeN CIm

95%

Na2Cr07

Pi—G

Y

Ac>0,
F
0 0
Method II: g 0
CH3 CH,
H2 02 ©<>0 HBr
93 % 50%
0 0 :
0 0]
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meFluorophenole-« About G40 ge (S moles) of hydrogen
flueride wes slowly run into 18640 ge (1,7 moles) of meeninge
phenol contained in a 2-liter coppor flask cooled in an ice
bothe This ninture was kopt at «6°2 for two hours whilo 140.8 ge
(2,0 moles) of grenular sodiun nltrite wae slowly addod with
constant mechanical stirringe f4he reaction miztuvre woe
allowed 0 come 0 room tempepaturo and then connected to an
lce~cooled reflur coll and heated nt 45«50 for throe hours.

Dilution with 1ce water followed by steam distillation
gove sn insoluble o2l which wap dried ovor calcium chloride
and dlstilled to yleld 70,5 ge (37F) of m~fluorophonol boiling
abt 70-8G° at 17 mm. prossure,

OH on
anhe HFy 1331302 O
- D om0 W <D Y B T G0 A W0 00 00 00
O Lily P
188e0 e 705 Eo
{1,7 moles) (0«63 molo)

2«Fluord=dahydroxyaszcbenzeno.«~ The procedure of jpodgson
{45) starting with 3-~flucrophcnol and diszotized aniline was
usad to chtuin this coap e A typical run wus as followsg

A 600 ml, boaker cquipped with & mechanical stirrer was
charged with a soluticn of 20,0 5e {022 mole) of aniline in
260 1. of 25,85 of hydrochlorie acid soluticn. Tho solution
was codled to O° end diazotized by adding 20,0 ge (2429 mole)
of seodium nitrite dlssolved In 200 ml. of wuter, Excess
nltrous acid was destroyed Ly the additicn of o small amount
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of urot. 7o 8 2-liter boaker, fitted with a nmechanical atirrer
vas addod £4.0 ge (Q.21 0020) of 3J=flucrophencl disceolved in
500 mle of 6% ocodium hyéroxide solution, Aftor cooling the
solution to 0P the agueocus dlazoniun chloride was addeod with
vigorous stirping. The resulting C-Lluoreed-=hydroxyezobens
zond was £iltoered, weshod well wilth cold water ard cfir dyled
80 Sive 43,0 . {952) of product molting et 128° (dcos)e
Hodgoon hag reported a meliing point of 1300 (Cooe.) for 2w
Lluoro-4-hydrozyazobonzone (45)e

OH Ngtt ol

Haolt
& O nemee~e &+ I{ﬂc’l
F 13
e

£4e0 geo 2040 e
(0.21 molo) (0+18 mole)

2eNethyle2,3=0poxy~1y4,-naphthajuinono.-~- The genoral
orocedure of PAloser (4€) for the preparntion of epexides of
1,4~naphihaguinonos was unsd for the premration of 2-methyle
2,3«anoxy=1l,4-naphthaquinone. A typical run was 03 followss

A 1l=liter Frilonmeyer flask was onergad with 60,0 e
(0.29 mole) of 2-nothyliel 4=navhthaquinone and 8§00 mi, of
sbsolute othanol and the mizxtare heatod until all of tho 2=
mothrlal,d-naphthaacninons war in sclubtion, The nlecholio
solutinn was allowed e cnol vwhile 20,0 g, of anhydrous
sodiun ocsrbonate was dissolved 4in 250 ml. of water, MNoxt,
B0 ml, of 207 hydrcgen neroxido soluticn was asddsd., The
quinone solution was ccoled under the tap until orvotnilicasion

btogan. The poroxide solution was then added all at once with
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tho subsequent discharge of tho yollow color of the quinone
solutione. The reasction mixture was poured onto ice water and
the eolorless vhite ¢rystols filteored and aipr driod., Thore
was obtained 51l.2 ge (83.1%) of Remethyl=2,3~0poxy~1,4-nnphe
thaquinone melting at 94.1-85.09, PFilosor (48) reports the
molting point of pure 2-mathyle2,3eepoxyel,4-naphthaquinone
to bo 95.5«56.5%

0 0
] "
o o
" ] H
0 o
50.0 ge 51.2 g
(0.9 mols) (0427 molo)

2=yothyleJebromoe«l ,4-naphthaquinons .=« The mothod of
Carrara and Bonacci (47) was employed in the preparation of
this compounds A typlosl run was so follows:

To 150 mle of 10% hydrogen bromido in glacizl acotie
acid contained in a 600 ml. beaker was added with stirring
15.0 g« (0408 mole) of Z2emcthyl-2,3-=opoxyel,4~naphthaquinono.
The quinone dissolved with a small evolution of hont, The
stirring waz continued for fifteen minutes and the mixture
poured onto ice water. The resulting yellow precipitate was
filtered and alr drleds The crude product which vas o mixe
ture of Z-methyle3ebromo~l,4-nuphthaquinone and 2emethylede
hydroxy=1,4~ncphthaquinone wes dlssclved in ether and extracted
with 107 sodium hydroxide solutlon and then with water. Theo
ether solution was dried over anhyirous sodiun sulfate, file
tored, and the cther distllled off. The remaining yellow
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cryatalline product ylelded 10.0 g. (50%) of 2-methyle3e
bromo=1,4-naphthaguinone melting at 149.3-150.2°,

Upon acidification of the sodium hydroxide extract of
the ether solution, there was obtained 5.0 g of Z2emethyle
3ehydroxy=1,4-naphthaquinone melting at 172.0~175.0°,

0
0 i
N HEr ¢Hs
Rr
w H "
0 (2]
15.0 ge 10.0 g.
(0,08 mole) {0.04 mole)

2=pothyl=3=fluorc~l,4=naphthaquinone,== To 50.0 g
(2.5 moles) of anhydrous hydrogen fluoride contained in a
stainless steel flask 5,0 g. (0,02 mole) of Lemothyl«Se
bromo-l,4-naphthaquinone was added with stirring. Stirring
was contimued at 0° for tiree hours and the reaction mixe
ture allowed to come to room temperature. The remalning
hydrogen fluoride was bolled off, The residue was disasolved
in ether and dried over anhydrous sodium sulfate, After
evaporation of the ether, the remaining yellow precipitate
was tested for fluorine., The zirconyl nitrate alizarin 8
test was positive. The product melted at 141-143° (softened
at 136°), Mixed melting point of product with 2emethyl=3=
fluoro~l,4-naphthaquinone gave a value of 145-146°,

Further evidence for a partial replacement of the broe
mine with fluorine in the reaction of hydrogen fluorids on
2~methyl-3=bromo=1,4-naphthaquinone was that hydrogen bromide
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was given off Guring the reaction., This was domonstrated by
pessing the gescous funes givor off durlng the reanction into
an aquoous solubion of sliver nitrate. The resulting white
oreclplitate was silver bromids slnce sliver fluoride is
very soluble in woetar.

It sesms llkely therefore thut the product obtained from
the reuction was a nixzture of 2enethyl-3-fluoro-l,4-naphihne
quinone and Ze-mcthyl-3~bromc-l,i-naphthaquinone. o way has
as yot been found to soparate the two. Further wordk is
under way in studying the conditlons whercby a couplete ro-
placement of the brohine by the fluworine atom will be

offected.

@ ‘Hj ﬂn.h s HF @ ¢ H3
on e BB - ' ¢

|

(o]



- 5O w
DISCUSSIOR OF EXPERIMZENTAL RESULTS

Isosteres of Sulfa Drugs. (Sec. 1, Experimental, p. 14-18).

The comparison of the synthesis of fluorobenzene by the
Schiemann to that of the anhydrous hydrogen fluoride method
i1s of interest. The obvious advantage of the anhydrous hydro=
gen fluoride method 1s that 1t gives a better yield of fluoro-
benzene. Another advantage of this method that 1is less
apparent to one not femiliar with the process is that 1t s
less time oconsuming than the Schiemann. The most serious
disadvantage of the method is the necessity of having to use
apecial equipment for the handling of anhydrous hydrogen
fluoride. The handling of hydrogen fliunoride as a chemical
does not introduce any serious problems i1f a wells-vontilated

hood 1s available for the exporimentor.

In the synthesis of 2~(p-fluorobenzene sulfonamido )=
pyridine (ps 17) the low yleld obtalned was due to the repeated
recrystallization necesasry to isolate the product in pure
form. Our investigations have since revealed that alcohole=
vater is a better solvent than glacial acetic acid for the

purification of the crude 2«(p-fluorobenzamido)-pyridine,

p=Fluorobenzamido Analogues of Sulfa Druga. (Sec. II, Exper=
imental, p. 18-23).

All attempts to prepare 2-(p-fluorobenzamido)-pyrimidine
by the same method as that used for the preparation of 2-
(p-Tluorobenzamido)~thiazole and 2-(p-fluorobenzamido)-pyridine
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were unsuccessful,

When a mixture of dry pyridine and triethyl amine wes
used as solvent in place of dry pyridine alone in the reaction
of p-fluorobenzoyl chloride on 2-aminopyrimidine, a product
melting at 160.,8-161.,40 that eanalyzed correctly for the 2-di-
{ p-flucrobenzamido )=pyrimidine was obtained.

Anal, Caled. for C1gH1310oNzFg: C, 63.7., Found: C, 63.8.

H, 3.3. H, 3.8.
N, 12.5. N, 12.5.

s o ) e
2F~<:>-c-cl + HQNJ\N com—— (F’O“G)BNJ\N

The procedure of Schonberg and Mustafa (48) for the prep-
aration of l-acetamidonaphthalene from l~(dlacetyl)~aminonaphe
thalene by the action of dlazomethane was attempted on this
compound in the hope of obtaining the desired 2-(p-fluoro=
benzamido )-pyrimidine. This was unsuccessful, and the starting
material was recovered.

Previous attempts to synthesizo 2-(p~fluorobenzamido)~
pyridine, 2-(p-fluorobenzamido)-thiazole and 2~(p-fluoroben-
zamido )~pyrimidine by the use of the general conditions of
the Schotten-Bauman reaction, i.e., reacting a mixture of the
heterocyclic amine and the p-fluorobenzoyl chloride in the
presence of an agqueous sodiun hydroxide solution, were unsucw
cessful. Difficultly separable mixtures of the corresponding

amides and the starting materlials were obtained.

6~-Fluoro-8-aninoguinoline (Sec, III a, Experimental, pe. 23=33).

The experimental investigation of the three different
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methods for obtaining 8-fluoro-8-aminoquinoline with regard
to their general applicability and overall yield indicates
that method I (see flow shest p., 235A) was most satisfactory.
This method was formulated and partlally completed by Brade
low (32). The author carriled 1t to a successful completion
and obtained 6~fluoro-8-aminoquinoline on July 2, 1947 (see
p. 26). The publication of method II by Wilkinson and Finar
(36) in March, 1948 included the preparation of 6-fluoro~8-
aminoquinoline reported in the literature for the first time,
The reported yields of the various steps of their synthesls
could not be duplicated by the author. A notable extension
of their method is the inclusion of an additional prepara=-
tive route to 2-nitro-4-fluoroacetanilide (see flow sheet

p. 23A). Nitration of 4-fluoroacetanlilide when acetyl
nitrate was used gave better yield than when ethyl nitrate
was employed, However, the preparation of acetyl nitrate (49)
from nitrogen pentoxide and acetlc anhydride i1s difficult
because of the great instability of nltrogen pentoxide.

This makes the sthyl nltrate more desirable to use for this
nitration in spite of the fact that the yield of the resulting
2«nitro-4-fluoroacetanilide is somwhat lower,

In method III (flow sheet p. 23A) we have carried the
procedure of Haskelberg (43) beyond the preparation of 6=
aminoquinoline to that of 6-fluoroquinoline following Roe
and Hawkinst (50) modification of the Schiemann reaction,
This sequence was found to give the least satisfactory

results of all three methods.
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6-T"luoro-8-amino Substitubted Quinolines (Sec., IIIb, Experi=

mental, p., 33-36),

The inherent low yleld in coupling reactions of the type
attempted between 6-~fluoro-8~aminoquinoline and 2-bromo-5-
diethylaminopentane, along with the small quantitles of 6-
fluoro-8-aninoguinoline thus fer available, have made it
imposasible to 1solate and identify any of the desired 6-fluoro=-
8-(l-mathx;-4—diethy1am1nobutyl)-aminoquinolina. The criticsl
Intermediate, 6~fluoro~8-aminoquinoline, has now been syn-
thesized in large enough quantities so that the coupling
reaction may be studied further.

The synthesis of 6-fluoro-8-(p~fluorobenzenesulfonamido )=
quinoline and 6-fluoro~8«(7~chloro«~4-quinolyl)~aminoquinoline
as interesting hybrid structures wac accomplished (sec flow
sheet 33A) in & conventional manner. Both of these compounds

are reported for the first time.

Fluorine Tsostere of Camoquin (Sec. IV, Experimentel,

Ps 36=43 )

Various unsuccessful attempts to synthesize 2-diethyle
aminomethyle4-(7~chloro~4-quinolyl)~-aminofluorobenzene
(fluorine isostere of camoquin) were encountered before the
one shown on flow sheet 36A was worked out.

one of the first attempts to prepare the camoquin 1so=
stere was by the following proposed scheme:
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F F F
O Brg, -AlRrg O Br 1lg, ether O MgBr
FOg NO2 Nog
F F

L2 T Py TPy Y Y Y o o 68 @ W D WD e A G Gn WS A0 GD W 40 4B

CHo0, Hydrol, Ocrxgon HBr Ocﬂgar (CH3CHg )oRH

Nog 7]
¥ F
O CHgN(CH2CHz)2 PtO2,H2 CBoN(CHoCHz ) 4,7-dichloro=-
[::] quinoline
HOz NH2

F

[:::rcﬁzﬁicﬁzcﬂg)g
NH
cl ]

2~diethylaminomethyl-4~(7-chloro-4-quinolyl)-aminofluorobenzene.

After preparation of Z2-bromo-4-nitrofluorobenzene by the
bromination of Ernitrofluorobenzene, Wwe were unable to run a
Grignard reaction on this compound for the purposé of obtaine
ing 2-fluoro~5-nitrobenzyl alcohol. 3Several attempts were
made by the use of di-n-butyl ether as a solvent in place of
diethyl ether in the reaction, but these were also unsuccessw

ful. Thus, thls scheme was abandoned in favor of the following
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synthetic approach:

F F
Ocooz{. HNOg (fuming) Ocoou Raney~Ni, Hp
NOg
F F
Ocoon LiAlHg O CH20H 4,7-dlchloro-
| quinolline
NHg NHg
F
Hy0H  HBP HoBr
) NH
F
(CHgCHp )oNH Ocnzn(cnzcas )2
NH

cl '@

This scheme too had to be abandoned. It was found that
2-fluoro-5~aminobenzoic acid could not be reduced by lithium
aluminum hydride to the corresponding 2-fluoro-S-aminobenzyl
alcohol, This was due to the extreme insolubility of 2-fluore=-
S-aminobenzoic acid in ether, which is used as a solvent in
the reduction. Even by employing the modifled apparatus sug-
gested by Nystrom and Brown (40) for use on compounds sparingly
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soluble in ether, no reduction had taken place in eight days
with the use of 1ithium aluminum hydride,

The successful synthesis of Z2-diethylaminomethylede(7=
chloro-4-quinolyl)-aminofluorobenzene was carried out as
shown by the scheme on flow sheet 36A. The reduction of 2«
fluorobenzoic acid to 2-fluorobenzyl alcohol was accomplished
In good yield only when a 2.5 to 1 molar ratio of lithlum
aluminum hydride to the acid was used. This 1s considerably
in exceas of what Nystrom and Brown (40) have used in reduce
tion of substituted benzolec acids to the corres ponding
benzyl alcohols.

prof of structure of 2-fluoro-S-nitrobenzyl bromide
obtained by the nitration of 2-fluorobenzyl bromide was
carried out as follows:

Oxidation with potassium permanganate of the nitration
product melting at 76.6-77,0° resulted in the formation of
crystalline product melting at 137.5-138.4°, Mixed melting
point with an authentic sample of 2«fluoro-S-nitrobenzoic
acid, prepared by the nitration of 2-fluorobenzoic acid
according to the directions of Slothouwer (30), gave no de-
pression. Thus, it was concluded that the nitration of 2-
fluorobenzyl bromide resulted in the formation of 2-fluocro-

6~nitrobenzyl bromide.

Fluorine Analogue of 2,4-dichlorophenoxyacetic Acld (Sec. V,

Experimental, p. 43-49)
The nltration of p-fluoroaniscle by the use of ethyl



nitrate to glve Z2-nitro-4«fluorocanisole was accomplished 1in
better yleld than previously reported (51) when other nitrate
ing ngents were used. The reduction of 2-nitro-4-fluoroe
anlsols by the use of platinum oxide as a catalyst to yisld
2=amino~-4~fluoroanisole gave somewhat lowor yisld than obtained
by Helln (52). The dlazotizatlon of Z2-amino-4-flucroanisole
end the subsequent formation of the diazonium fluoborate salt
by the general Schiemann reactlon was accoriplished in only
6657 vleld, This can undoubtedly be improved upon by further
experimentation. In general, the yisld of the fluoborate
salt in the Schiemann reaction is over 90%. It is suggested
that the cleavage of 2,4~diflvoroanisole to 2,4-difluoro=
phencl may be preferably carrled out by the use of aluminum
breomide or hydrogen ilodide, rather than aluminum chloride.

This would probably lead to somewhat better results.

Proposed Synthesis of 2-Trifluoromethyl-l,4-naphthaquinone.

(Sec. Via, Experimental, p. 49-54)

The proposed synthesls of 2-trifluoromethyl-l,4-naph-
thaquinone as outlined on flow sheet VIa (ps 49A) has been
carried as far as the preparation of Z2-trifluoromcthyl~l,4-
henzoquinone. The rcmainder of the proposed synthesls cone
sists of & Diels-Alder type condensation between btutadiene-l,
3 and 2-trifluoromethyl-1,4-benzoquinone with the subsoquent
dehydration to give Z2~trifluoromethyl-l,4-naphthaguinone.

Before succeeding in preparing Z-trifluoromethyl-l, 4=
benzoquinone we had met with numerous failures. The prepe-

aration of Z2-trifluoromethyl-l,4-benzoguinone was first
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attempted by the oxidation of m-trifluoromethylaniline,
Analogous oxidation of m-toluidine to give 2-methyl-1,4-
benzoguinone has beon reported (53,54,55)., Only resinous
materinl was obtained when !  m-trifluoromethylaniline 5
wes subjected to oxfidation under the same conditions, It
seemed certain that a compound contalning amino or hydroxyl
groups para to each other in the molecule would oxidize with
consliderable more ease to glve the desired bensogquinone
structure. Therefore, we set out to prepare 2«trifluoroce=
methyl-4-aminocaniline as a likely ihtermedlate that would
vileld 2e%trifluoromethyl-l,4-benzoquinone upon oxidation., It
was hoped that nitration of m-triflucromethylacetanilide
would give the desired 3-trifluoromethyl-4-nitroacetanilide
and subsequent deacetylation and reduction would yield 2=
trifluoronothyl-4~aninoaniline. vhile the ldentification and
proof of structure of the nitration product from m-trifluoro-
mothylacetanilide was under way, there appesred a publication
by Jones (56) desoribing the preparation of 2-nitro-5-amino-
benzotrifluoride by the nitration of m~trifluoromethylacetani-
l1ide and subsequent deacetylation. After deacetylation, our
nitration product gave an identical melting point with that
reported by Jones for 2-nitro-S-aminobenzotrifluoride. Thus,
1t was established that nitration of m-trifluoromethyl-
acetanilide gave 3=trifluoromethyl-4-nitroacetanilide. Jones
had not reported the isolation of the pure 3J-trifluoromethyl-
4-nitroacetanilide. He had deactylated the crude nitration
product-~a mixture of 3~trifluoromethyl-4-nitroacetanilide
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and 2-nitro-5-aminobenzotrifluoride to obteain 2-nitro-5-
aninobenzotrlfluoride,

In our attempt to prepare 2-trifluoromethyl-4-amino-
anlline by the reduction of 2-nitro-S-aminobenzotrifluoride
with Raney nickel as catalyst, it was found that the resulting
2~trifluoromethyl«4-aminoaniline was very unstele. It was
impossible to isolate the desired material from the reduction
mixture in pure form. Thls prompted us to change our syn=
thetic scheme somewhat. 1Instead of attempting to obtain 2«
trifluoromethyl-4-aminoaniline as the free base, 1t was
decided to reduce and acetylate simultaneously 3-trifluoro-
methyl~4-nitroacetanilide, by employing platinum oxide in
acetlic anhydride, to give 2,5-dlacetamidobenzotrifluoride
(see flow sheet VIa, p. 49A). Subsequent hydrolysis 1in
dilute sulfuric acid would then give an agqueous solution of
the dihydrosulfate of 3-trifluoromethyle4-aminocaniline which
then could be subjected to dichromate oxidation directly,
This is the successful preparative route to Z2-trifluoroe
methyl-l,4-benzoquinone shown on flow sheet VIa (p. 494).

In the dichromate oxldatlion of the amine dihydrosule
fate, 1t was found necessary to malntain a layer of benzene
on top of the aqueous oxidatlion mixture in order to extract
the 2-trifluoromethyl-l,4-benzoquinone as it was formed.
otherwise, polymeric materials were formed.

Work on the condensation of butadiene-l,3 with 2-tri-
fluoromethyl~l,4-benzoquinone and the subsequent dehydration

to give 2-trifluoromethyl-l,4-naphthaquinone is now in progress,
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An entirely different approach to the synthesis of R«
trifluoromethyl-1,4-naphthaquinone was attempted. This
approach was based on the work of Fieser and 0xford (857)
on the alkylation of quinones by the use of diacylperoxides.
Using l 4-naphthaquinone and diacetyl peroxide as exemples

the general reaction can be illustrated as follows:

0 0

n ¢HJ 0 0 " ,CHS
+ 033-0'0'0"0033 - @

1] "

0

In general, the reaction with dlacetyl peroxide is most satis-
faoctory with naphthaquinones when elther position 2 or &

is alrsady substituted,
It was of great interest to us to find out whether the

peroxide of trifluoroacetic acid i.e., di-(trifluoroacetyl)
peroxide could be made, and if so, whether the following

alkylation could be carriled out:

. Q

’ ‘ CF
q j + CFSC"g"O"O"g'ECFS el DL L] q j S

c

6 ;

If successful, this would give us the desired 2-trifluoro-
nethyl~1l,4-naphthaquincne in a single step.

The attempt to make di-(trifluoroacetyl) peroxide from
trifluorocacetyl chlorlde (58) or trifluoroacetic anhydride (569),
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by the use of the goneral procedure of Gambarjan (60) for the
preparation of dlacetyl peroxlde, has not met with success as
yet. There was evidence of 2 chemlcal reaction taking place
when the sodium peroxlde was added to the etheral solution
of the trifluoroscetic anhydride, but 1t was not possible to
isolate the deslired material.

Further work is under way in studying this reaction.

Proposed Synthesls of 2-Methyle3-fluoro-l,4-naphthaquinone

{Sec., VIb, Experimental, p. 54-59).

The synthesis of 2~methyl-3-fluoro-l,4-naphthaguinone in
pare form has not been completed., The evidence for the suce
cessful replacement of bronmine in 2-methyl-3-bromo-l,4-naph=
thaquinone with fluorine to give 2emethyl-3-fluoro-l,4-naphe-
thaquinone has been presented previously (see p. 57). AL
best we have only been able to effect partlal replacement of
the bromine with fluorine under the conditions employed so
far., We are hopeful that conditions for couplete replaces-
ment will soon be worked out. It 18 suggested that the
inclusion of mercuric fluoride in the reaction mixture may
bring abtout completlon of such a replacement.

Synthesis by method I as outlined on flow sheet VID
(pe 54A) for the preparation of 2-mothyl-3-fluoro-l,4-naphe
thaquinone has been carried as far as the preparation of
2-fluoro~4-hydroxyazobenzens. The unexpected difficulties
that have arisen in atteupting to reduce this compound to the
corresponding 3-fluoro-4-aminophenol by employing so. ium

hydrosulfite as the reducing agent, can not be logically
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explained at present. This reduction has been reported by
Hodgson (45) to proceed in a satisfectory manner. We are
testing the feasibillty of using high pressure reduction
technique on 2-fluoro-4-hydroxyazobenzone for its conversion
to 3=fluorc-4~aminophenols The dichromate oxidation of this
compound to give Z2«fluoro-l,4-benzoquinone has been reported
by Hodgeon (45). The remainder of the synthetic scheme ine
cludes the Dlels~alder type condensation of butadliene-l,3
with 2-fluoroe-l1,4-benzoquinone followed by dehydrogenatlon
to give 2-fluoro-l,4-naphthaquinone. Wo have proposed the
use of diacetyl peroxide as a means of obtaining the desired
2-methyl-3~fluoro-l,4-naphthaquinone from 2-fluoro-1,4-naph=-
thaquinone.

Various other unsuccessful attempts to obtain 2-methyl=-
3~fluoro-1,4-naghthaquinone have been carried out. among
these are the following:

Addition of hydrogen fluoride across the 2,3 double
bond in 2-methyl-},4-nephthaquinone to give 2-methyl-3-fluoro=
1,4-naphthaquinone, was attempted. Analogous 1,4-additlons
of other halogen aclds to the molecule have been reported
(61) to yleld the corresponding 3-substituted halogen derive
atives, All attempts to isolate the desired 2-mecthyl-3-fluoro-
1,4-naphthagquihone were unsuccessful, and the starting material
was recovered unchanged.

Similarly, the attempted reaction of anhydrous hydrogen
fluoride on 2-methyl-2,3~epoxy-l,4~-naphthaquinone in a way
anelogous to that of hydrogen bromide (47) to glve 2-methyle
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S-fluoro=-l,4-naphthaquinone was unsuccessful, and the starting

material was recovered.

DISCUSSION OF TESTING, AND FUTURE CHEMOTHERAPEUTIC EVALUATION,
OF THE REPORTED FLUORINE«CONTAINING ORGANIC COMPOUNDS

Inostores of Sulfa Drugs.

Al of the sulfe compounde that have been found of chemoe=
thorapoutic value thua far contalin en 7% amino group or a
group readlly roduced to an amndno group fuch es an azo group
like in prontosil). It was of greal iInterest to us to apngere
tain whether the replacomant of the ¥4 anmino group by
fluorine would result in the formation of compounds that
would retain thelir activity.

we have previously pointed out, that the fluorine atom
is not only 1sosteric with the amino group, but is also of
approximately the same welght. Therefors, the fluorino antom
micht bs expocted to behave quite similarly to the amino
group when ocoupying corresponding positions in an orgsnio
molecule, The therapeutic action of & compound in which
the amino group has boen substituted with fluorine might
possibly be similar in nature, but at tho game time, the
variation in the sloectronegativity of the substituting
groups would be expected to produce a definite change in the
activity as well as in the toxlcity of the compound,

The following isosteres of the common typse sulfa drugs
have been submitted to chemothsrapeutic evaluation:

p=fluorobenzensesulfonanide (lisostere of sulfanilamide)
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Se{p-flucrcbenzenesulfonanido J=pyridine (isostere of
sulfapyridine)

8«{p-fluorobenzenesulforanido)-thingelo (isostere of
sulfathiszole)

8~(p-fluorobenvenesulfonanido )-pyrimidine (iscctere of

eulfadiasine)

rroliminary in yitro testing of these compounds hoa teen
completed, using Escherichia coll as a test organism. The
following i an inseri from a raport received (63) on this
testing:

"mhe compounds were %teated, using F. ocoll #350 as the
test orgenism, in ¥oleodts synthetic moedia at pit 7.7. 4ll
compounds were insoluble at 1i/20 levels in distilled wator.
Solubllity was offected very easily by the eddition of 1 K
RoOH to the suspension, When the drug was completely in
solution, the axcess allkall was neutralized by the addition
of 1 ¥ HCl. The solutions wers thon q.s.ted to volume,

A simple dilution type assay was used and the end points
were taken to be the lowest concontration of the drug that
completely inhibited the growth of the culiure of E. colilt

For compsorison, the end points of sulfathianzole and
sulfnsuxadine were also given. The following end point

values were rsporteds

End roint
Sulfathiazole v ¥
Sulfasuxadine 2x107% ¥
p-Fluorobsnzenesulfonanide 1x107% g

2-(p=fluorobenzenssuli'onamido J~pyridine 1x107° M
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2« ( p-flucrobenzenesul fonemido )-thiazolo 1x107% K
2-(p~fluorobenszenesulfonamido)-pyrimidine 1x10~2 §

The in vivo teeting of these compounds is now under way.
This testing will also include antiemelariel evaluation as
well ag bactericidel appraisal.

The p-fluorobensomldo analogues of the common type
sulfa drugs could not be tested for their in vitre growth
inhibition on E, co0ll because of thelr insolubility in the
testing media. These included the following compounds:

Jp~fluorobenzamide

2« (p~fluorobenzamido)-pyridine
8«(p-flucrobenzanido J«thinzole
2~(B~rluorobonzamido)-pwrimidine

Anti-malarial Annlogues.

The synthesis of the following fluorine containing
organic compounds of possible anti-malarial activity has
been completeds
2«Diethylaminomethyle4=(7-chloro~4-quinolyl )~aminofiuoro=
benzene (isostere of camoquin)
6~Fluoro~g«( p-fluorobsnzenesulfonanide ~quinoline
G~Fluoro«8e«(7«chloro«4=~quinolyl )~aminoquinoline

The synthesls of 2-dlethylaminomethyled«(T~chloroedw
quinolyl )~aminofluorobenzene has been accomplished in large
enough quantity required for anti-malarial appraissl. The
teating of this compound is now telng arranged. The camo=
quin isosters has already been shown to be a highly successw

ful antlemalarial (63). Ve awalt the outcome of the testing
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of its fluorlne isostore with grest interest.

The aynthesis of 6-f1uoro«8-(7-chloro~4«quinolyl )-aminoe
quinoline was undertaken with the idea of atudying its possible
anti-malarial activity., This compound 1s an intorosting
hybrid type between G-fluoro-3-cmincquinoline and 7-chloro=~
quinolines, This conpound is now being tested.

Finally, the synthesis of €-fluoro-8-(p-iluorctenzene=
sulfonamido)~quinoline wae carried out for the purpose of
tosting 1ts anti-maelarial activity as well as 4ts bacteri-
cidal properties. It has beon shown (64), that its unalogue,
6emethoxy-8~(pmaninobenzenesulfonanido )~quinoline possessed
slight anti-malarial actlon. Study of the in vitro growth
inhibition against staphylococcus aureus end L. coli of the
GeLluoro-8-{ p~-fiuorobenzenesulfonanido )=quinoline has
revoaled moderate inhibition aotivity (65).

Fluorine Analogues of Menadione (R2«Methyl-l,4-naphthaquinone)

The attemptsd synthesis of 2~triflucromothylel,4-naphe
thaquinone and Z2-methyle3«{luoro-) ,4~-naphthaquinone waa
undertaken with the idea of testing these compounds for
their possible anti-vitamin K action., 7This could be easily
done by fecdling these compounds to rats or dogs and measure
the change in the animals? prothrombin level., If & vitamin
E active compound such as menadiondé reversed such a change,
it would be a strong indication for an anti-vitamin K mode
of actlon,

There are numerous examples to be found in the recent

literature of naphthaquinons structures that show anti-
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vitamin X activity, This is usually evidenced by hemorrhagilc
gconditlions.s A fow examples will suffice:

Smith, Fradizin and Lackey (66) found that a fatel hermow-
rrhagic syndrome acconpanied by marked hypoprothrombinemic
wags produced in rats by edainistration of 2-(8-cyolohexyle
propyl)=3-hyiroxy-1,4-naphthaquinone, 2={(2-methyloctyl )ede=
hyiroxy-l,4-naghthaquinone and 2«(3-(dcocahydro-2-naphthyl)e
rropyl)=3=-hydroxy~1,4-naphthaquinone. It is to be noted that
all of theso compounds are ecraleogues of phthiocol (Remethyle
Sehydroxy-1,4-naphthaquinone), a compound whioh, 1tcolf,
shows vitamin ¥ activity. In all cases, the Z2-mothyl group
is replaced by a bulkior group.

Meunler (67) has reported to have observed antagonlstic
relationship betwecn 2echloro-l,4-naphthaquinone and 2-mothyle
1l,4-naphthaquinone. Similarly, dentzer and Bum Hoi (68) have
shown that Z2echloro-l,4-naphthaguinone and 2-chloro«3«hydroxye
l,4«-naphthaquinone have anti~vitamin K activity.

Fluorine Analogue of Z,4~Dichlorophenoxyacetic acid (2,4-D)e.

The use of the plant hormone 2,4«dichlorophencxyacetic
acid (2,4-D) as a commercial weed :iller prompted us to syne
thesize its fluorine analogue, 2,4-difluorophenoxyacetic acid,
for the purpose of comparing 1ts action wlth that of the die
chloro compounds. The testing of the fluoro analogue i3 now
in progresa.
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SUGGESTION FOR FUTURE VORE

A« Complotion of vork Alrsady Started.

Proposod sugrestions for the extension of the present
work are as follows:

I» Complatlon of the aynthesls of 5-{Ivuoro~8«(l-mothyle
4-dicthylaminobutyl j~aminoquinoline by coupling of lediothyle
amino=4~bromopontane with 6-fluoro-8-aminoguinoline. The
inheront low yield In coupling reactions of thils type, and
the small amount of 6-fluoro-S-aminoquinoline that has been
evallable in the past, has provonted the lsolatioan of the
desired 6~fluoro~ge=(le-nethyl-d=diothylaninobutyl)~-aninoquinoe
line. an ample supply of &-fluoro-8-aminoquinoline has now
been seccursed to carry this phase of the gpresent work to e
succossful complotion.

II. Complotion of the synthesis of 2«trifluoromethyle
1,4-naphthaquinone by the condensation of butadieneo~l,3
with 2-trifluoromethyle=l,4~bonzoquinona, followed by dohyiro-
genatione.

III. Further experimentation on the oonditions nocessary
for the couplebe replacement of bromine with fluorine in 2
nethyl=3=bromo~1,4-naphthoquinone to glve 2-mothyl-3-fluoro-
l,4-naphthaquinene. The alternste synthetioc approach to
Zenothyle3d«fluoro~l,4-naphthaquinone as indicated on flow
sheet VIb ps 54A should be continued.

IV. Synthesis of 2-diethylaminomethyled-(p-flucroben=
sencsulfonanido )~fluworobenzene from p-fluorobenzenesulfonyl

chloride and 2-~disthylaminomethyl-4-aninoflucrobenzene and
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ts testing for antiemalerial activity,

Ve Interest in compounds formed by condensation of 2«
mothyl=-s=bromo~l,4~nsphthaqulnone with the comuon sulfa drugs,
as structures of poteatial value in tuberculosis therapy (69),
has led us to undertake the synthesls of fluoroisostercs of
the types of Z~mothyled-(p-fluorobonzenesulfonanido)-1,4«
naphthagquinone, Synthesis of this complax fluoro-sulfanile
amide derivative, and the corpresponding fluoro~sulfapyridine,
sulfathiazole, and sulfadiazine doerlvatives has been started.
The products isclated thus far have not been analysed, and
for that reuson not reported in the oxperimental scction of
this thesls,

B. Worlk Contemplated put Hot Started.

I. Roplacemont of the two ~hydroxy groups in pyrie-
doxine with fluorine. The resulting fluorine isostorc of
pyridoxine might be oexpscted to show antl-vitamin Bz nctivity.
It i8 suggesated that tho repluceament of the hydroxy group
with bromine, using 487 hydrogen bromide, followed by tho ree
placement of the bromine with fluorine by the vse of mercuric
fluoride, would be a feasible synthetic route.

II. Synthosis of -fluoroacids isosteric with some
essontial eanino acids, Such a syntheais could be carried
out by the use of the Hesll~Volhart-Felinasky reaction with the
subsequont replacement of the halogen by means of mercuric
fluoride,

IIIs It 1s suggested that pefluorodimethyl aniline de
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synthesized for the purpese of testing ites ocsrcinogenic mope-
ertles. This compound, an isostere of p-aminodimethylaniline,

might Le oxpostod 4o show siniler physiologleal mctividties.

I. The synthosls of the following now fluorlno-containing
crganic compounds is reporteds

2=(p~fluorobenzencsulionenido )-pyridine

B-{p-fluorohenzenesulfonanido)~thlazole

2~(p~-fluorchenzencsvlionamido )=pyrimidine

2«(p=fluorobencamido )~pyridine

8~( p-fluorobenzaride )-thivzole

2«(p-fluorcbenzamide J=pyrimicine

G={1luore~8=aninoguinoline

G=-f1lucro-g«( p-Lluorobenzonesul{onanico )=guinoline

Gwf 10 0=8={T»chlcro=2=quinolyl )-aminoquinoline

2~fluoro=Senitrobenzyl trouido

2«diethylaminomothyled~-nitrofluorobenzene hyircbronide

B«dicthylaminomethyl=-4-cminoiluorcebenzene dihydrobromide

2~dicthylaninocnethyl=dw(Techloro=4=-quinolyl j«anino-
f£lucrobenzene dihydrobromide

2,4~-difluoroanisole

2,4=41{'luorophenol

2,4-difluoropghenoxyacotic acid

3~trifiucronsthyl~4-nitroacetanilide

2,b=-diacetamidobenzotrifluoride
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2~trifluoromethyl-l,4~-benzoguinone
IZ. The scope of tho resesrch reported in this thesis ine
cluces the synthesis of iscsteres of sulfa drugs and sntlemae
larlals, in which an amino or a hydroxy group has been
roeplaced by tho lsosteric fluorine atoms In addition, a
methoxy group has Loen roplaced by a fluorine etom in antie
malarials of the O-moethoxy-B8-~amino substibtuted quinoline
typae The synthesis of two analogues of menadione (S-mothyle
1,4-naphthaquinone), a conpound of high vitanin ¥ activity,
Ian which the fluorine atom replaces a ring hydrogen or the
hyirogens on the methyl group was undertaken. PFinally, the
aynthesis of a plant horrone, In which two chlorine atoms
were roplacod by fluorine atoms was eccomplished,
Ae The following sulfa drug isostercs were synthesized:
2« (p-fluorobenzencsulfonanido )=pyridine (lsosterc of sulfae
pyridine)
2-( p=fluorobenzenesulfonanido )-thiazole (isostere of sulfae
thiazole)
2-(E-fluorobenzonesulfonnmido)-pyrimidine (isostere of sulfae
dinzine)
p-fluorobenzenesulfonanide (isocstere of sulfanilamlde)
rrelininary in vitro testing of tho growth inhibition
of these compounds ageinst E. coll indicates that their growth
inhibition activity is 4ntormedinte botween that of sulfathlae
zole and sulfssuxadine,
- The synihesis of tho foliowing suifa drug anaioguea.was

also accomplished:
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2«(p-fluorobenzanido )=pyridine
2=( p-fluorobenzanido}=-thiazole
2= p~f'lugrobenzamlidoe)~pyrimidine
p~fluorobonzamide
These compounds oould not be tosted because of thoir

insolubllity in the mlerobial nutrilents,

Be Synthesis of tho following potontial unti-nzlarials was
conpleieds
2-dicthylaminomeihylede(7-chloro=t-quinolyl )-aninef lucroben=
aene (isosters of cumoquin)
~-£1uoro-g-(p-fluorovenzenesulfonauido Jsquinoline
G=fluoro=8«(T7-chloro~4~quinolyl )-aminoquinoline
Tho puarmacological testing of thoese conpounds is now

being arranged.

Ce Synthesis of the fluorine annlogue of the plant hormene
2,4=-Gichlorophenoxyacetic ncid (2,4-D) has been comploted,
Tvaluation of 1ts possible weed-killing activity is under

WOT e

D. The attonpted synthosils of {luorine analogues of monae
dione 18 reportod., Those analogues ares
2-trifluoromsthyl~1,4-naphithaguinons

Sennethyled-L Luoro-1,4~-naphthaquinone
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