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it was tound that some typea ot structural analogues ot 
various vitamins would oawae the appearance ot chnraoteriatlo 
signs ot v1tam1n detloienc7 <11seaaoe 1n animals, and that 
those signs could be cured or pl'evented by adequate doses of 
the vitamin involved. Woolley and White (5) reported that 

the feeding of minute amounts of pyrltb1amlne to m1oo oause4 
the appearance ot typical slsns ot th1am1n detiolenoy ln 
these animals. Pyr1th1am1ne ls the analogue of thiamine ln 
whloh the thlazola r1ng s.s replaced bJ the pyridine ring, or 
more epeo1f1cally, the aulfur atom ts replaced by •CH=OH•• 
It wns then ehown that glucoaocorblo acid, a structural 
analogue or ascorblo acid, produced a acurvy11ko diaease ot 
rats, m1oe, and guinea p!gs, and that, ln guinea pigs, the 

disease was prevented by adequate a.mounts ot ascorbic ac14o 
FUrthermoro, stsns ot r1boflav1n def1o1enoy wna produced ln 
rate by feeding 1sorlbotlav1n. and 1n mice by teedlng 2,4• 
d1n1tro-7,8-d1methyl•l0-r1b1tyl•5,lo-dlhydrophenaz1ne, the 
pbenaz1ne analogue ot r1botJ.av1n. MOreover, manttestat1ona 
ot n1cot1nlo aold deticienor were brought about 1n mlce by' 
reeding 3•acetylpyr141ne. and. prevented with nlcot1n1c acld 
(6). 

It is necessa.17 to bear 1n mind that the analogues ot 
the v1tam1na knom to be essential to anlmale 1nolud1ng man, 
also show def1o1enoy aigns 1n animals as well as in bacteria. 
Thu.a, 1t ls apparent that the ane.loguoa of the v1tom1na 
essential to man could not be employed as ohemotherapeut!o 
agents, if they harm the host more than the pathogenlo 
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a. Inte~eat in Fluorlne-conta1n1ng orsanlc compounds. 
The increaas.ns interest in fluorine chemlstJ'J' Which baa 

been evoked bf the large scale use ot tluorine and fluorine 
compounds on t~e M&.nh.attan Project and by the lmportant rol• 
or hydrofluoric ao141n the production or high octane tuel•• 
both or which ~evelopmenta have made fluorine a read117 
available oomm0d1ty, bo.ve 11kewt,e tocuse4 attention on the 
&romat1o fluor1ne•oonta1n1ng compounds. The field ot the 
eynthetio _prepaz-atlon ot orsan1o med1c!nala conta1n1ng tluo• 
za!ne• particul.Mrl,-, appears to be virtually untouched, with 
few co.mpounda ot this t1,1)8 havhlg been reported and ettll 
fewer adequately ~este~• 

several avenu,es ~t approaob to the problem bold great 
lntereat. The tlrat poaalbllit:, ta the exchange ot fluorine 
tor atoms or other members of tho halogen tamily·tn. important 
molecular 1truotul'e1. 'l'bla approach. appears less attraot1ve, 
largel7 because there le considerable d1tra~enoa between the 
a1ze ot the fluorine atom and the other halogen atoms.- in 

general. lt appears that mo1ecula~ slze relntionsblpe are ot 
importance 1n determtnlng pbys1olog1co.l and ohemotherapeut1a 
properties ot organlo compounds. 

A second approach which ia 1nd1cate4 la tbe aubet1tut1on 
ot fluorine to~ amino and hydroxyl group,, 1n the moleoules of 
oompounda of 1mp0:rtanoe 1n mad1o1ne. It may be pointed out 

that the fluorine atom ts not only 1soster~o wlth tho amino 
and hydrox71 groups. but la also ot approximately the anme 
weight. Tborofore, the fluorine atom m!ght be expected to 



TABLE OF CONTENTS 

Introduction . . . . . . . . . . . . . . . ' . . 
Development of Chemotherapy-. 
The Concept of Isosterism •• • • • • • • 

o. Interest in Fluorine-Containing Organic 
Compounds • " • • • • • • • • • • • • • 

D. Soope of the Present Work ••• • ••• • 
E. Standard Methods for Introduction of 

Fluorine into Aromatic Rings •• • •• 

Experimental ••• • • • • • • • • • • • • • • • • 
Fluorobenzene. • • • • • • • • • • • • • • • 

Page 

1-14 

1- 5 
5- 7 

7-10 
10-12 

12-14 

14-59 
14 

,P.-Fluorobenzenesulfonyl chloride • • • • • • 14 
l?,-Fluorobenzenesulfonamide- • • • • • • • • • 15 

2-(R,-fluorobenzeneaultonamido)-pyrimidine. . 16 

2•(.£.-fluorobenzeneaulfonamido)-pyridine • • • 17 

2-(a-tluorobenzenesulfonamido)-thiazole. • • 17 
,;e.-7luorotoluene ••••••• • • • • • • 18 

.e,-Fluorobenzoic aoid • • • • • • • • • • • • 18 

,R.-Fluorobenzoyl Chloride • • • • • • • • • • 19 
.,£-Fluorobenzamide. • • • • • • • • • • • • • 20 
2-(2,-fluorobenzamido)-pyrimidine • • • • • • 20 

2-(,P.-fluorobenzamido)-pyridine ••••• 21 

2-(,P.-fluorobenzamido)-thiazole • • • • • • • 22 

R_-Ui trofluorobenzene • • • • • • • • • • • • 2) 

..a-Fluoroaniline. • . • . • • • • • . • • • • 2) 

6-Fluoroquinoline. • • • • • • • • • • • • • 24 



- 21 • 

rot'lux on a steam bath for three hours. The eolld remalnl.ns 

after romoval of the ether and o.dditlon of 60 ml. ot water 

was filtered and air dr1ed to give 5.6 S• (91%) of crude 
material. Thie wua dleeolved 1n benzene, extrnoted with 
5% hydrochlor1o acid and the benzene solut1on drled over 
o.nhydrous sodium sulfate. Addition of Skellyeolve c to the 
benzene solution save 4.8 g. (80.0%) ot 2•(_R-fluorobenzam1do)• 
pyrimidine meltlng at 224.4-220,00. 

Annl. -

4.4 6• 
(O.028 mole) 

2.7 8• 
(0.028 mole) 

c, ao.a, 
11, ~.'7. 

Found: 
Founds 

ao.e. 
3.6. 

+ KCl 

6.6 S• 
(O.025 mole) 

2•(iz-Fluorobenzam1do)•pyr1d1ne.-• A 75 ml., con1oally 
shaped flask, equipped with a mochan1cnl stirrer. s condenser 
and a dropping runnol was chnrsed with 1.4 S• (O.O16 mole) 
of 2-nm1nopyr1d1ne dlaoolved 1n 10 ml. or dry pyridine, and 

2.4 6• (O.O16 mole) ot R-9fluorobenzoyl chloride added drop,-
w1ee with et1rr1ns. Tho mixture wao heated on the steam 

bath for ono hour, ·aud o.6 S• (O.O15 mole) or oodium hydrox-
ide dissolved 1n 5 ml. or water was then added slowly with 
continued heatlns. The ~1dino wss removed by d1st1llat1on 
under reduced pressure. water boing added from time to time 
to maintain the volume approximately constant. The resulting 
precipitate was filtered and washed repeatedly with water 
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hence doea not rotnr4 the si:rending of the disease. 
When testing the ant1•malor1al aotivl.ty ot syntbotlo 

drugs, it soon became apparent that an exact quinine etruc• 
tu.re woe not essential. In fact, recent :i-eaearob baa 
revealet\ that a great variety or o:rganlc moloculea ahow 

antS.-malarS.al nct1vlty. ot these only a tow ore outstanding. 
Amons them are (1) the acr1Cllne t7pe, (2) the e-alkox1-S-
am1no eubet1tute4 qu1no11nes, and (a) the 2-alkJl•amlnomethyl-
4-amino substituted phenols. 

The earl1 development ln ohomotherapy dealt malnl:r wlth 
the production of 4ru6s that would cure d1aenoes causod by 

sp1rocbetes and protozoa, but almost no progrosa had been 
made against bno1lll or cocol until the d1scover1 and appl1• 
cation of .trontoall (4•eulfonam1do•2• 14•-c.U.aminoazobenzene) 

hr Mletzaoh; Klarer, and Domagk (5). 

,ho discovery ot th& action ot Frontosil, oultan1lo..m1do, 

and 1•elnted compounds h1Ghllgbtod tbe develop:1ente 1n ohemo-

therapy a decade ago. Tho offect1veneso of the sulfa drugs 
1n soneral was demonstl'atod against hemolytic atreptoooocl, 
pneumoco1, meningooocol, sonococc1, staphylocoool and otbo~s. 

Although moro thtln a thousand_ sulfa compounds have been 
Bynthonlzed, only o few ehow outstanding pttomloe 1n chemo-
therapy. All ot tbeae contain subatituent sroups on the 

om!do nltrosen. 01' >• Thuo fur, 1t hna boon de:nonstrnted, 
that the activity 1a entirely lost. 1f tho amino nitrogen 
(!f4) 1a aubet1tuted with a group that cannot be removed 1n 

the b0d7. All nuclear oubstitutlon producta of oultan1lam1de 

tested to date GU"e complotoly lnactivo, po1nt1ng to a remarkable 



spoo1fio1ty (2). 

DUl"inS the last ten 7onro, naturally ooourJ'lng compound01 

unt1•m1orob1n1 1n nct1on, and found in moldo, 7cHu1te nnd 

bnotol'io., have boen toolated. They a.re bnoter1ootatlo, 
although tboy may 0100 .And to a loeaor extent, show bacter1• 
oidal properties. Tlleee aubatancos eho\v a cettto.1n speoltic1ty 
:1n their aot:lon. somo set on g'ram-,POa1t1ve bnoteria and ohovi 

little notion upon grnm-nognt1ve ones. Othoro show selcctlvo 
action on some of ench group. The two outstanding antibiotic 
subatnncos used 1n cbemothero.py today are J?en1o1ll1n nnd st~E>P-
tomyo1n. 

within the loot decade, n now approach to tho saaroh of 

chemothorapeutio asonta he.a taken form. In 19~0., woodo aml 

Fields (4) nnnounoed that; _R-amlnobenzolo acid was o.otlvo ae 
an nnt1-oulfonnm1do osont. ill1s DUG6eoted tho pooo1b111t,"1 

that structural mod1t1cat1ons ot compounds known to runot1on 
so e~sentlal cetabol1tee, might roault 1n tho tor:nation ot 
compounds having epec1tS.c a.ntagon1at1o action toward the 
corresponding motabolitea. This has indeed been shown to 

be the case. A few examples will sutf1oe. It was found 

that 3-pyr1d1neoultonic acid and 1ta amide would inb1b1t the 
grovrth ot certain bacteria 1n a manner aubjeot to :revoronl 
bJ n1oot1nic acid. t1kew1ee, pantoyltaurS.ne (lt• , -dlbJ'• 
drox7-d1mathylbutn7l)•taur1no acted oompet1t1vely with 
pantotbenlo acid to produce baotex-1ostaa1a, and several 

-am1nosulton1c aolds competed with •amlnoosrboxyllo 
acids. 



m1c:.,001'gnniot1. In ca eam whore their st:ruotux•es have been 
eluc1dtl tod. ho\1ever, {5r0l7tll tnotoro 11.ot otuumt1al to h"'U:.Ul.1 

but osoential to certain puthogc.ns,. would eeem to ofi'or a 
fecs1ble plsn ot attuck. 

B. •1be concept of xsoutor1-am. 

'lhe &ppl1ontion or tbe concept ot 1sostor1t:im to tho atuclJ 
of syntbot1o Cl1omot11orapG"~tlc ngo11t1 as well as to synthetic 
medicinals 1n general 1s to bo found 1n 1norea.s1ng nuobor ln 
the 01.W1')ent literature. '?he nieantng or t11e term lsootore 
bas undergone oons1d.orabla mod1f1cat1on and oxtons1on» o1nce 

1ts first 1ntroduot1on by tungmu11.1 (7) 1n 1919. tangrnu!t-

propoood th&t moloculea or srour..s r.rh1uh bo.vo tho etuno numbeF 

of uto:.!18 F~1d tho eamo total nU!ilber or olectvona urrull6od in 
tho aume marmo~ ba eieucribed e.o n 1aootor1o0 • ne oo.lled 

attention to the tuot tlwt uhon iaoato11 on '11."0 tllao isoeleotric, 
1.e., whon thoy blva the same total cb.rlrgo, then they· p,scess -
striki11SlY o1n1lar phyoical proportieo • Claos1o 07Ampleo ot 
pairs of 1sosteres showing oxtrnordinary oloso agroemont in 
pb.ye1oal oonstnnts nro carbon monoxide and nit1"ogon o.ncl 

carbon dioxide and nitrous ox.ide (8) • 

In b1a ratho~ unoucceBstUl attempt to oxpln1n 1oomorphlsm, 
G1'1mm (9) broadened tho concopt to 1.~cludo molecUloo or group9 

poaoaso1D.5 tho aW!lo number or valonco olootrona ~hotllo~ or 
not the samo number or atoms wore 1nvolvod. Aocord1ns to 
GricL~•s dofin1t1on, groupa or tho £ollov,1nc; ty-pos ore classed 
as 1soster1c: fluoride, hydroxyl, amino, and motbyl. 



Shortly after or1mmts work appeared, El'lemneyer began 
an extensive serlee ot 1nveatlgat1ons dealing with tbe appl1• 
cation or Grlnmta 1nterpratatlon ot isoater1sm to organ!c 
ohem!etry. ~lenm07er•a major .contr1but.1on in extend.ins the 
concept of looeter1smuas his proposal that the aromatic 
•OH=CH• gx-oup and the rtns sulfur atom are 1soster1o (8). 
Erlenmeyer arrived. at this ·conclusion byargu1,ng that onl7 
the bounder7 oleotrona, 1.e., tbe outer electrons or tho ......... 
group, should be oountod 1n determining 1sosterlom. 'l'hus • 
1n the case or the -CHaOH• sroup, tor ezamplo, the two elec-

tron pa1re aha.red by tho carbon atoms nre not to be counted• 
ao tbe7 are considered to bo within the sroup or O paeudoatom" • 
In th1o connection ho called attention to tho tact that ben• 
zone and tb1ophene poseeae very similar plys1cal properties, 
such as bolling point, molecular retztactS.on, pnrachor, 
oe~ta1n crystallographio oonstanta, and slze and shape ot 
the molecules 1n the liquid etnte. (8). 

In a etrildns lnvestlgat1on, Erlenmeyer and co-w~kere 
(10) found that even in tho oxcood1ng17 specific antigen• 

antibody renct!ona, certain corresponding derlvatlvoe ot 
benzone and. th1ophene proved to bo 1nd1st1ngu1shable. 

xr we accept or1mm•s and Erlenmeyer•s broadened concept 
ot 1soster1sm, we find a reversal 1n act1v1tJ 1n oertaln cases. 
Thus when the P,r1d1ne r1ng 1s substituted for the tblazole 
ribg 1n th1a.m1n, the resulting compound has e.nt1•thlamln 
act1v1ty (11). 



behnve qu1te s1m11al"ly to tho amino Blld liydrox,-1 sroupo when 

occuirJing oorroapond1ng p0sitions !nan organic molecule. 
Tho thera.peut1o action ot n compound !.n Whioh those groups 
have been su.batltuted tor each otbor would probably ba o1m1• 
lo.r 1n nature nnd woUld effect a slm1lnr final result, but, 
at the same time, the var-1ot1on 1n the olectronegat1v1t:, of 
the subot1tut1ng groups would be oxpectod to produce t\ det1n1te 
Ohllll8e 1n the ,aot1v1t7 na woll as in tho tox10S.·t1 or tllo com-
pound. Tho dlractlon and extent ot suoh. chnnsea· are unp:rocl1c• 
tnble in the light ot our present knowledge. 

In a few 1natancea the replacement ot a hydro,ql or an 
amino group by a tluorSno atom tn therapeutic agents bao been 
reported. sch1emann and W1nkelm.uller (12) prepared 3•fluoro• 
4•hydroxyphenylothylam:1ne and 3•fluoro•;i1enyleth7lomine, 
compounds closely related to c.dronnltne. Phyoiological teats 
,,ere not reported on these compounds. 

Fosdick and campa1sne (13) prepared a nu.-nber or alkamlne 

eaters of J:•fluo~obenzo1o acid wb1oh were 1eostero of R-hydroxy• 

benaoto acid ootera previously reported (14) ne good local 
nnosthetlca but quite toxic. ~her found thut the fluoro-
compounde wore eff1c1ent anestbetioa, equal to or better than 
procaine and also leas toxic than tho latter c.ompound. Tlloy 

d1d, howover. possess 1rr1tnt1ns qual1t1es whlcb rendered 
them unsuited tor ol1n1oal use. Hansen (15) prepared 3•fluor.o-

4-hydrox1• methylamlnoacetoliJ,cnone, the 3•tluoro-der1vo.t1ve 
of odrcnolone. Thie au'boto.noe wns found to posaoss weak vaso• 
preasor properties. 



E.tcept tor the cusee cited above, littlo !a knovn con• 
oern1ns tho otrect1vonoss or fluorine-substituted. ormlosueo 
or moo!elnals or proved value. 

A t-JJird line of atto..ck on tbo e;enerul problell is 'basod 

on tho cot1parat!vely small atomic radius of the fluorine atom 
which is actually ct tho order of that or the hydrogen atom 

itself. Like hj-ilrogen, fluorine roqutres only a single eleo• 
tron to complete its valence shell. ~heae facts suagest the 
desirability of a atUdy of tho erreot produced 1n various 
phyololog1011lly active compoundo by the replacement or hyC,.ro• 

son v-.tth a fluorine atom. The ,.,ork of Uiemann (lG,17) 
1nd1oatoa that such a roviston of structul"e 1n certain compounds 
producos a marked difference 1n pbyslologloul act1v1tr. 'lbua, 
3-fluoro-4-hydro.~yphenylal.an!ne, 1n which a fluorine-atom 
roplaoes a e1nglo byo.rogon atom or tj'roaine (1n tho 3•poeit1on), 
exh1b1to pronounced 1neoct1c1dal aot1v1t7., whorcuo tyroa1ne 
itself playa the rolo of a metabolite. It 1e e1gn1f1cent, 
that of all tho non•motall1o elements 1n the periodic table 
which regularly form s1ns1e covalent bonds, tho fluorine atom 
most closely approximates tho hydrogen a.tom in its atom1o 

radius. It is possible that the small atomic radius ot fluo-
rine may nllow tho fluoro•subot1tuted compound to usurp tho 
place ot the t,roslne 1n tho organism without, however, per• 
forming lte metabolic tm1ct1ons. In other words, in tho case 
c1ted, the fluoro-compound assumes the role or an nnt1•am1no 
acid. The study or co:npounds 1n which a fluorine atom replaces 
a bydrogen atom 1n the moloculoa of substances posseosine; 
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1mportunt pl17siologicul action ehould o~Gn broad fields tor 
!'r' .. d.ttul and !J1~1t1cnnt inveutigt.tion. 

Do scope ot the wosent work. 
Tho scope ot tho research reported 1n this thesis ·1noludea 

tho oyntbosis of 1soatorea 01" aultn drugs and antl•malar1ala. 
in wbich an amino or a hydroxyl group bus been replaoed by 
the 1soster1c fluorine atom. In add1·t1on, a mothoxy sroup 

baa been replaced by a tluor1no atan 1n anti•mlar!als ot the 
a-methox1-a-am1no aubst1tutod quinoline type. The ayntlles1e 
ot two annlogueo ot mennd1one (2-metbyl•l,4•nap.1thaquinono)• 

a ooznpound ot high v1tnm1n R activity in Wl11oh the fluorine 

atom l:'oplacos a ring hyd.1•ogen or th(, hydro0ena o:t. the methyl 
group has boon undertaken. Finally• the syntheels ot a 

plant bormone, in wb1oh two c!llol'ine atoms were replacod by 
fluorine atoms was accompl1ohecl. 

'?he sulfa drug& selected tor the N4 amino group replo.ce-
ment-wlth the 1ooator1o fluorine atom were tbo follow1ngs 
sul.fanllam1de, aulf'apyr1d1.ne, sultatb1azol6; and eulfad1az1ne. 
'J:hus, the eyntheais or the following oompou."'lds was undertaken, 
p•fluorobenzenesulf'onam1d.e (!aostere or sulfan1lom1de) 
2•(J?--fluorooenzenesulfonam1do)-pyr1d1no (isoatere or aultapy-

1d1ne ), 

2-(p,-fluorob6nzenosulfonam1do)-th1uzola (1soetore sulfathta• 
zole) 

2-(p-fluorobon~eneaulfonamldo)•pyrimldino (1scstore of sulta• 
d1e.z1ne) 
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The ta:ct tbat.J?•atn1nobonzo1c ao1d has been found to be 
active as an anti-sulfonamide agent (4) prompted us to 
o.ttompt synthesio or the corresponding _2•fluo-ro'benzam1do ana-
logues ot the fluorine-containing aulfa drug 1soateres, 
namel7: .I?•fluorobenzandde, 8- (.I?•f luorobenzam1do) -pyridine, 

2-(,R-fluorobanzamido)-thiamole, and 2•(R-9fluorobenznm!do)• 
pyrimidine. 

The anti•malarlals chosen tor tho attempted replacement 
ot a hydroxyl or a methoxy groups w1tb fluorine were aa 
followss plaamo~h1n (6-methoxy•8-(1-methyl•4•d1ethylem1no• 
but,.~ )-am1noqu1nol1ne) (I), 6-methox:,--8•(_e-mn1nobenzenesu1• 

fonam.1do).qu1nol1ne (II), e-mothoxy-8-(7-ohloro-4-qu1nolyl)• 
o.m1noqu1nol1ne and 4•('1•chlo~o-4-qu1nolylam1no)- •diothyl-
nmino-o-cresol) (IV). soncot the synthesis of the followinG -
compounds was attempted: e-rluoro-8•(1-methyl•4wdiethyl~ 
aminobutyl)-am1noqu1nol1ne (analo5ue of plaamoquine where 
the .6-methoxy group is replaood by fluorine), 6-tluoro-e-
(J?•fluorobenzeneoulfonam1.do )-quinoline (analoguo ot II), 6• 

fluoro-S-(7-cbloro-f. .. qu1nolyl)-8.!!linoqu1nol1ne (analogue at 
III), and 2-d1ethylam1nomethyl•4-V•Chloro-4-qu1nolyl)-am1no• 
tluoroben.zene {1aostere of oamoquin). 

The analogues of menadione selaoted to~ synthesis were 
as tollowas 2•tritluoromethyl-l,4•naphthaqu1none (annlogue 
ot menad1one, wharo the 2-methyl group la replaced with a 
2-tritluoromethyl group), and s-metb71•3•fluoro-l,4-nap...~tha• 
quinono (analogue or mennd1one, where the hydrogen atom 1n 

3 position ia replaced w1 tll fluorine). It lo of intorost, 

thnt 2-nietbyl-3-tluoro-l,4•naphtbaqu1none 1s also an 1sostere 
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of phth1oool (2-metbyl-3•hydrOXJ•l,4•nnphtbaqu1none). 

E. standnrd atethoda for tntrocluct1on ot Fluor1no into Aromatic 
R1ngs. 

The introduction or a tluor1ne atom 1nto an aromo.tlo 
nucleus bas been aocomplished in several ways. Direct tluo-

rlnat1on with elomentat-7 tluor1ne 1a not feasible, since 
the result of praov1oua experiments (18) have ahown that only 

polymeric materials are thus produced. This 1s p;-er.n:unabl7 

the rooult ot the tendency or elementary tluorine to ad.cl to 
tho nromat1c double bond rathor tban to aubstltute tor a 
nuclear hydrogen atom (19). 

D1azot1znt1on ot aromatic amines 1n aqueous aolutione 
ot hydrofluoric ao1d bas led 1n a number ot ccsoo to the corres-
ponding aromat1o fluox-1des, 'rut with poor yields (20). 

Dla2onm!no compounds have been treated wlth aqueous 
hydrofluoric ao1d to yield tU'omatlc fluorides (21). However, 
the d1azam1no compound must t1rst be eopiratoly J)l"epared, 
and twice the theoretical amount of 1n1t1al amino-compound 
S.s required. 

Aromatic d1nzop1per1d!doa may bo deco~posod by heating 
with concentrated aqueous hydrofluoric acid to yield aromatic 
tluor1dea (28)• DUe to the vigorous nature of the reaotlon• 
1t cannot be satel7 carrlod out. w1th larsor tbo.n 10 6• 

quantities. 
The thermal decompos1t1on ot dry d1ozotluobor1des 

(Soh1emann roact1on),. wh1oh are preparod by preolp1tatlng a 
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d1azot1zod nromet1o ar.l!.ne trom aqueous colut1on by the 
addition ot either fluobor1c nc1d or sodium fluoborate, gives 
tho corresponding aromat1o fluorides (23). J:n spite of the 
fnot that the yields 1n most cases are snt!staotory, the pro• 
cess ls rathol' inconvenient. because ot the t1mo required 
to prepare and dry tho solid d1azotluobor1do enlt, and 
bocauoe ot the care neceaeQl'y to insure successful thermal 
d8CO!'ttpOS1t1on. 

D!azotlzat1on or tho aromatic umlno 1n anhydrous hydro• 
sen fluoride with solid sodium nitrite at oo.50• followed by 
decomposition of tho d1azon1wn salt at an elevated tempera• 
turo, bas been found to g1vo very satisfactory yields with 
a sroat number of aromatlo amino compounds (24). 
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EXPERIMENTAL 

I. Synthesis ot Isosteres or Sulfa Drugs. 

The synthesis of R-tluorobenzenesultonamide (isostere 
or sultanilamide), 

2- (R-tluorobenzenesultonamido )-pyridine ( isostere ot aulta-
pyridine), 

2-(R-fluorobenzenesultonamido)-thiazole (isostere ot sulta-
thiazole), and 

2-(R-fluorobenzenesultonamido)-pyrimidine, was accomplished 
aooording to the following tlow sheet: 

__ N_oB_F ___ 4 ~> [O~N2 I] + 8 F4 --~-

I NoN02 55% l 
HCI t 

6 6 I onh. HF, NaN02 t 
80% 

F 

0 
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11luorobenzeno.•• (a) Application ot tho Scb1omLU."Ul method (25) 

gave 65,( ot tluorobenzene boiling o.t 84.1-85020 at 740 mn. 
(b) Dio.zot1zat1on .ot am.lino 1n anhydl~oun ··hydrogen tluor1do 

to yield flttorobenzeno wns carried out as ~ollows: 
ti.bout 800 S• (40 moles) ot hydrogen fluoride was slowly 

run into 1aa.2 g. (2 moles) or freshly distilled. aniline, 
boilinG point 181.5-181.70 at 736 mn .• , conta.ined 1n n 2-1. 

copper flask cooled 1n an ice bath. Thia mutUl'o was kopt 

at .50 fol" two hours while lGlhO 8• (2.4 moles) or granular 

sodium n1tr1te was slowly added with constant meo..~o.n1oal 
stir-ring. The reaction mixture was allowed to oome to room. 

temperature and then conneotod to an 1oe-coolcd retlux 0011 
to stand ovornlgbt at 350. 

Dilution with ice water followed by steam d1st1llat1on 
gave an insoluble oil Whlob was dried over culolum ohlor1da 
and distilled to yiel4154 g. (8~) ot tluorobenzene, boiling 
at 84•860 at 735 mm. 

.00.2 g. 
(2 zr.olee) 

800g. 165.G S• 154 8• 
(40 moles) (2.4 moles) (1.6 moles) 

_E-Fluorobonzenaultonyl Chloride.-- The procedure ot Brad• 

low and Vanderwerf (26) was round to bo sat1mfactorJ• A 

typical run was ae follows: 
To a 600 ml. beaker conta1ntns 250 ml. ot chloroform 

waa added 50.0 S• (0.52 mole) ot fluorobenzeno and the mix• 
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ture cooled to .5o o. To this mixture was added dropartae, 
with at1rr1ng, 250 S• (2.1 moles) or Ol1loroaulfonto ac1d. 

Tho tem}Wl"O. turo was ma1ntn:1.nod at .50 to o0 c.lit1'1ng tbc 

addition. ffllen all the ohlorosulton1o acid lmd 'beo11 added• 

tho muture was st1r%'ed tor one hour 1n an S.oo bat11 and then 
allowed to come to room to1111eraturo overnight. 

1'he ud .... ""tturo was then poured. on ice, st1rr~ v1ao1"ouo11, 

and tho two layero aopara.too. Tllo aqueous la7ev was 

extracted tw1co w1th chloroform. Tho organ1o extracta were 
combined, washed w1th a small portion of cold wato1", thon 

with saturated sodium chlorido solution, and then d1'1od ove:r 

anhydrous sodium sulfate. Tbo chloro.torm was re1tA0ved tlnd 

tho renidue purified by d1ot1llat1cn at 1050.1100 at 5 mm. 

to glve a yield of ,a.7 S• (83.2~) of P-fluorobenzonesul• 
foeyl Chloride. 

F• + 110-SOs•Cl •••-~ F • S02•Cl + IJgO 0 CHCl3 0 
83.2% 

.e-Fluorobenzeneaul.fonam1de.•• A mixture of 19.4 6• 
(O,l mole) of R9fluorobenzenesulton7l chloride ar.d 50 ml. 
of concentrated Anmonium hydroxide contained 1n a 500 ml. 
Erlenmeyer tlo.ok waa aho.ken v1soroualy. Wllen the ensuing 
reaction hD.d subsided, tbe mixture wns heated on o. steam bath 

for thirty minutes, ooolod and filtered. A crude yield ot 
17.4 S• was obtained. After reorystall1zatlon from sJ.acial 
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acetic acid, 1a.2 6• (92.,5$) ot 2-tluorobanzenesUlfonamido 
molt1ns at 125.1•124.00 was obtained (S'7)f@ 

19.4 S• 
(O.l mole) 

50 ml. 

-----92.5~ 

2•(J?-Pluo~obonzonesultonamldo)•pyr1m1d1ne.-• TO a 125 mi. 
oonica.lly shaped. tlo.sk, equ1ppad w!th u mochan!cal ot1rror• 
n oondeneer,: and a dropp1126 tunnel, and oonta1n1ns 9.5 G• 
(O.l molfJ) ot 2-am1nopyr1m1d1ne 1n 30 ml. ot dry pyr1dS.no, 
19.4 S• (0.,1 mole) of _R•fluorobonzoneaulfonyl chlorldo wns 
addod. Tho mtxttn"o wao heated o.t 1200 tor two hours and a 

solution ot 4.4. S• (0.11 mole) ot eod1um hydroxide 1n 25 o1. 
ot v,ntor wno then added slowly w1tb oohtlnuo4 beating. Tho 

pyr1d1no ,me ~omoved by d1etillat1onunda~ reduced presstlt'o, 
we. tor being added from time to maintain tho volwne o.pproxl• 

matol7 oonetant. 'I'be 2•(_R-tluorobenzonesulfonam1do)•pyrlm1• 
dine which separated was filtered, washed well with water0 

and air dl'1e4. The yield wna 14.6 S• (57.17%) ot product 
melt1ns at 184.6-185.00. 

!!.!!:!• Cale. foit C1ofla02NsFSs N, 16.6., Pound, lG.5 

19.4 8• 
(O.l·mole) 

9.5 g. 
(O.l mole) 

14.6 6• 
(0.058 rnolo) 
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2•(_a-Fluorobenzenesulfonnmido)•pyr141neo•• Th1s product 
was prepared by the method used to~ 2•(J?-fluorobenzenesul• 
fonnm.1do)-pyr1in1d1ne, except that 9.4 8• (O.l mole) ot 
2-amlnopyr!dlne was used in place ot 2•am1nowr1m1d1ne. The crude 

2-(.e•tluorobenzenesuU'onamido )•pyridine (25 S•) wno receya-
talllsed repeateclly from slac!al aootlo acid to slve 5.3 g. 
(21.0,0 ot pire material melting at 151.2-151.'I°. 

Anal. Cale. tor C11H902N2SF: N, 11.1. Found: 11.0. 

n-0 ---- P•Q-so2-i-O + HOl 
B2 21,g 

19.4 S• 
(O.l mole) 

2•(_E-Fluorobenzonesu.lfonam1do)•th1ezole.-• ~10 compoun4 
was preparod by the method used fo~ 2•(.e-fluorobenzeneaul• 
tonam1do)•pyr1m1d1ne oxcopt thnt 10.0 8• (Ool mole) or 
2-aminothiaaole waa substituted tor the 2•nm1nopyr1m1d1ne. 
The crude 2•(_e-tluorobenzenesulfonam1do)-tb1azole wns roceya• 
tall1zec1 from slaclal acotic aoid to yield 15.5 6• (6806%) 
of product melting at 171.2•1?2.00. 

A!!!!• Cale. for C;H,,02N2SP1 N, 10.9. Founds 10.7 

B 

F•Q-soa•Ol • BaR•lJ •··-F-Q-soa-;iJ + HCl 
60.1% 

10.0 S• 
(O.l mole) 

16.5 S• 
(0.069 mole) 
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II. Synthesis of .2.-Fluorobenzamido Analogues of Sulfa-Drugs. 

The synthesis of l?,-fluorobenzamide, 2-(~-fluorobenzam-

ido)-pyridine, 2-Ce,-fluorobenzamido)-thiazole, and 2-(1?,-flu-

orobenzamido)-pyrimidine was accomplished in the following 

manner: 

0 
NH 2 

COOH 

0 
F 

anh. HF 0 NaN02 KMnQ4 
71% 70% 

F 

COCI 

SOCI 2 

51.2 %· Q 
F 

0 
82

"
50f F-oa-NH2 

0 H-0 
62.5 °~ -0' II I f O ,r F C- N N.& 

F-08-c1 ------
70.5°/~ F -ot l_-:J 

0 H :) 
80.0°{o -0-\\. II I "'--.. , F V " C-N~ 

- N 
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Ja•Fluorotoluena.-• About 800 S• (40 moles) or anhydrous 
by'drogen fluoride wae slowly n<lded to 214.O 6• (2 moles) ot 
,.e-tolu1d1ne, contained in a 3•1., one-necked t.!onel metal 
flask which was cooled 1n an 1oe bath. 'J:b1e mixture wae kept 

at r/J tor la houra While 166.6 S• (2.4 moles) ot t1ne17 pow .. 

dered sodium nitrite was slowl,-, added with conste.n.t otlrrtng. 
The reaction flask was then fitted with an 1oe-cooled reflux 
coil and allowed to stand overnight at room temperature. 
The decompoeit1on was completed by warming at 550 tott three 
hours. ,~tter dilution with lee water, the mixture wt.us 
steam d1at1lled to give an oll Which wno dried ovor 0t\lc1um 
chloride and d1st11led to g1vo 15?.O S• (Vl%) ot J?-fluoro• 
toluene, boiling at 114•U5° at '728 mm. Holleman and Boekmo.n 

have reported the bo111ng point of .29tluorotoluene o.t 114° 

(28). 

CJ!3 0 + BP + NBN02 

IiHs 

214.0 S• 800g. 
(2.0 moles) (40 moles) 

71% 

CH3 0 + !!OF + N2 + H20 

F 

157 g. 
(l.4 moles) 

,2-Fluorobenzolo Ac14.•• A 5-1., three-necked tleek, 
fitted with n stirrer, and a retlux condenser, wnu charged 
with 221 6• (1.4 moles) 0£ potassium permanganate, 2600 ml. 
ot water, and 64.5 g. (0.59 mole) or _e-fluorotoluene. The 

mixture was refluxed tor three hours, and tho unoxidized 
J?.•fluorotolueno was d1st1lled off under continuous stirrlng. 
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'lne rocoverod J?-fluorotoluene amounted to 5.6 8• The man-

g&noae dioxide wns t1lterod off while the reaction mixture 
was still hot, and the f1ltr,nto dccoloritod ,11th few cr:,s• 

to.ls or cod1tL"11 hydrosult1te, and tllo solution rer11te11ed. 

The filtrate wae acidified with 100 ml. or concentrated 
hydrochloric acid. The resulting white crystalline prec1-
p1ta·te was filtered., \'lashed w1.th cold water, nrxl o.1r dried. 

The yield or _2•fluorobenzo1c no!d melting at 184.1•184.?0 
was 52.0 G• (70%) baaed on ,R-fluorotoluene that was ox1d1~od. 

Schiomann and Winkelmuller have reported the melting po!.nt 
or ,.e-fluorobenzo1c ac1d at 185-186° (29). 

Cfi3 coon 

O+ HCl 0 Kl4n04 
____ .. 

+ uno2 + l:Cl 
'lo,; 

(nq.) 
F p 

69.0 6• 2218• 52.0 S• 
(0.65 mole) (1.4 moles) (0.37 mole) 

J:-Fluorobonzoyl Chloride.-- A m!xture or 52.0 G• (0.3? 
mle) of n-f'luorobenzo1o ac1d nnd 190 ml .• or thlon~l chloride ... 
woe rofl~,ed for au hours. The exoose th1onyl ohlo~1de was 
than talten otr and tho reo1clue frnot1ono.lly distilled, the 
rrnct!on boiling between 98-lOOO nt 32 m.~. being collooted. 
The yield or _R-fluorobenzoyl chloride was ao.o 8• (51.2%)• 



sa.o g. 
(0.37 mole) 
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!O.o S• 
(0.19 mole) 

,R-Fluorobenzomide.-- A mixture or 8."I 6• (0.054 mole) 
ot J?•fluorobenzoyl cblor!de and 26 ml. of concentrated tL':i%?10n• 

1um h7aroxide was shaken vigorously until the reaction 
subsided. Tho mixture was then heated on a eteom bath tor 

tb1rt7 m!nutoa, cooled and £1lterod. A crude yield of 602 g. 
(82.5%)wao obtained. Recrystall1zat1on from glac1nl acotlo 
ac14 gavo pure _E-fluorobensam1de molting at 164.2•166.5°. 
Slothouwor has reported a melting point of 154.5° for 
.E-fluorobenzam1de (30). 

0 0 

P-o-~-01 + Nlf40H ----- P-o-~-HH2 + lffi40l + H20 
82.5~ 

a.2 S• 
(0.044 mole) 

2-(_e•?luorobenznm1do)-pyr1m1d1ne.-- To a mixture ot 2.7 S• 
(0.028 mole) ot 2-am1nopyrtm1d.1ne, 5.4 6• (0.028 mole) of 

powdered potassium carbonate, and 50 ml. ot dr7 ether con-
tained 1n a 200 ml. conically shaped 3•necked tlaok, titted 
with o. mechanical st1rrezt• a reflux condenser, and a droppins 
tunnel, 4.4 6• (0.028 mole) of .2-r1uorobenzoyl chloride was 
add.Gd dropw1se w1 th stirring. The mixture was boated under 



and then recrystallized from alcohol-water to give 2.0 6• 

(62.5%) or 2-(~-fluo1.~obenzs.mido)•pyridine melting at 123.2• 

124.0° • p~urthe:r recr7s talliza tion ga.".; e a. pure product 

m~lting at 123.G-124.2°. 

1.4 g. 
( o.016 mole) 

N, 12.9. Found u, 12.'7 

2.0 8• 
(0.0092 mole) 

+ HOl 

2-(_E•Flnorobenzomido )•th1azole.-- 'l1l'lis compound was 

prepared by the method described above, oxcept that 1.6 S• 
(0.015 mole) or 2-aminothiazole waa used 1n place or tho 

2-aminopyrld!ne. Tbc 2•(.R-fluorobenze.m.1do)-th1azolo was 
recrystallized from alcohol-wata~ to give a.5 S• (74.7%) 
or pure co~pow,d melti11g at 1se.2 .. 1a5.ao. 

l)nal. calod. for 01off?ON2FS: li, 12 .6. 11ound: n, l~.5. 

2.4 g. 
(0.015 mole) 

-----
OH 

0 u t rNJ 
P- -O•N~S 

2.5 g. 
(O.Oll mole) 

+ 1101 



III. Synthesis of b-Fluoro-8-amino Substituted Quinolines. 
(a). Synthesis of 6-Fluoro-8-aminoquinoline. 

The synthesis of 6-fluoro-8-aminoquinoline was accom-
plished in the following three different ways as shown on 
the following flow sheet: 

I. 

2. 

3. 

6 HN03 ¢ H2S04 Ni 2H2 Skraup 
64% 88% 90.5% 

N02 NH2 

F(X)~ 
I h 

N 

HNO Fw~ 
23%3) I N""' 

Fe-,HOAf Q01 
61.2% 

N 

6 
N02 

F 

2 

Skraup 

N02 46.2% 

N02 NH2 

F EtON02 F 

0 CH380o~ ()1 _H_C_I_ 
65.9% NO 83% 

or 2 
NHAc 80.2% NHAc 

ON0
2 

Nb:)2 NHto~ Skraup 1/"' I H2,PJ-Ci,- ?" I "' Schiemann 
56.0% 0 74.8% 0 28% 

NHAc N N 

F(X). Fw~ Fw~ 'I #--~ I h -~ I .& 

N N N 
N02 NH2 
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]•Nltttofluorobonzene.-- The procedure or Bradlow e.nd. 

vnnderworf (26) tor the preparation ot .2-nitrotluorobenzene 

we.a ft)llowed. A typ1co1 run wns no follows: 

Direct nitrnt1on of fluorobonzene by dropw1ee addition 

with vigo1"0us a.tirring of 140 g. (1.46 m.olee) to 300 ml. of a 

2:1 ·(by volume) mixture or concentrated sulfuric acid nnd J'81low 

tu.ming nitric acid (sp, gr. 1.5) e.t -.10°, tollowod by addition 

of 1ce, Gthar ex.traotion, n.r..d a careful rract1onut1on through 

a pe.cked column of tho residue aft~or ren1oval of t.11e ether, 

gave 130.6 6• (64%) or j?•n1tr•ofluorobenzene boiling at 103• 

104° e.t 28 mm. pl'eeoure. 

140 8 • 
(1.46 moles) 

12,•Flu.oroan111na ... -

p 

130.6 8• 
(0.92 molo) 

Tho proeoduro or Bradlow and Vandor-

wart (26) was f ollowod in preparing R49tluoroa11iline. A 

typical run is desor1beds 

A solution of 239 8• (l.~ ~olea) of P•nitrofluoro-.. 
benzene 1n 600 mle of absolute ethanol was hydrogenated at 
lcw pressure- 1n tho pr~eence or Ranoy•N1okel oatalyat and 

a trace ot chloroplatinic aoid as a promoter. The hydro• 

genat1on proceeded rapid.17 with evolution of beat. when 

tho theoretical amount or h~ogen had been absorbed, the 

catalyst was filtered and the solvent removed b7 Oiatil-

lation. r.rhe residue was dissolved in aqueous hj'dl•ochlorio 

acid• extracted with ether to remove the non-basic material, 
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n@utral1zed with sodium by4ro:1do and oxtracted w1th ether. 
The other extract \fns dried over anhydrous sodium sulfate, 
f'iltei"od, and tho ethor removed b:, d1st1llat1on. The rf1st-

d.uo \Vas frnct1onally d1st1lled, and the cut ut 95-960 at 
28 fltll. was collected. The yield ot .2•tluoroan111no \vao 

165.5 g. (88%). 

M02 

0 
F 

239 g. 
(l.'7 molos) 

3H2 
Rnney•JJ1okel 

-------------88,Z 

1m2 

0 + 

F 

105.5 6• 
(l.,5 moles) 

21120 

S-Fluoroquinolineo•• Tho mod1f1cd procedure tor the 
Skraup reaction dcocr1bed by Cohn (31) was used tor this 
preparation. A typical run was as tollcwsa 

Inn 2•11ter,flaok t1ero placed, 1n order, 31.5 S• ot 
ferrous sulfate, 100 S• (0.9 mole) ot ,J?-fluoroan111ne. 
66.4 S• (0.54 mole) ot nltrobonzene, and a cold solution 
ot 56.6 6• (0.9 mole) ot boric acid 1n 332 S• of glycerol. 
(The bor1o acid was dissolved 1n the glycerol by gentle 
heating.) Then 155 ml. or 95% sulfur1o acid was added 1n 

portions with cooling. The contents of the flnak were 
mixed, connected with a reflux condoneer, heated OVOI' a 

troe tlnme until the bo111ng po1nt was reached and refluxed. 
for twenty hours. 

~ho miltture was cooled, diluted with water, neutral• 
lzed w1th 565 cc. or 60;L sodium hydroxide solution, and 
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otoam ulatlllcd. 
~n11011 rill tho Ol"£0l110 nw,to11!al l1uc1 boon d1ot!llod; 1 t 

itas o.;:·:a1actod ri"orn tho w:1tc.n' ln:,o~ with o·t1'101• mld dr1ccl. 

Tho othcl" waa l""OMOV(Xl aucl. tho 1--os!dlte V/Rll diut!llod tiU'OU,Zh 

tl.."'l orr101e11t t:rno tlonnt:tns co:t..umn, /\.fte!' a orr.!nll i'ororun 

ho.cl boon romoved, 120 6• (90.6%) o.f 6-..S:l\toroqu1nol1no, tl!B• 

t1111118 ooiwta.ntl7 at 1a5o undor 30 nun. pt'oouul'•o, was 

obtainod. 

m12 

0 QH20H 
+ QHOU 

CffaOH 
F 

100 S• 332 6• 
(0.9 mole) 

120 G• 
(O.a mole) 

6•Fluoro•8-n1troqu1nol1ne.-- This compotuld hod prev1• 
ousl,. been syntlloa1zed by n,.-,adlow (32). Genornl conditions 

ro~ n5.tri,.t1ons or th1s typo :ire descr1bt..'d. by :Joyc;en (33) 

nnd D1l:ohoorn (34). the proootluro adopted waa aa i'ollowo: 
A m1xtui.--o or Zl5. ol~ of fu.-n1ns nit~ic nc1d (op. C::-• 

1.5) nnd '11.6 S• (0.48 molo) ot o-r1uoroqt11no11no wao ro-

f'ltt."ted 1n a 2•11ter cne-neclted round-bottom flnnl! tor 

n1noty hours. Tho mi;tture wns thon poured onto 1co nnd 

rondo Juct noutral to littn.u1 w1th a!If.1on1urn hydroxide. Tho 

flooculont 7ollow precipitate which wo.e produced. was f!tl-
tored to give u crude y1old ot 01 g. t,rbo orude produot 

was roz,es.tedly ceyatallized from 9~.{ alcohol and treated 

with NoritG. Thero wna f1null,- obtained 17.5 8• (23%) or 
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-------r'Q) 23~ N , 
N02 

17.5 S• 
(0.092 molo) 

6•Fluoro-S•am1nOQ.u1nollne.-- To a throe-nooked, 
round bottom tlaek containing 10.0 S• (0.052 mole) or 6• 
fluoro•8•n1troqu1no11no dissolved in 200 ml. of 60% 
aqueous acetic aold, 1a.o S• or finely powdered iron was 
added over a period or ninety minutes. Dtu-1ng tho addition 
tbe mixture wao warmed on a otonm bath. When tbe addition 

wao co~ploted, the mixture was cooled and neutralized with 
solid sodium hydroxide and extracted with ether. The ether 
extract was dried over anhydrous sodium sulfate, filtered, 
nnd tho ether removed by d1etlllet1on. Tho oily residue 
wee rrnetionnlly d1etilled. The mntal'ial d1atill1ns nt 
115-118° at o.7 nm. pressure wns collected. Tho yield. of 
6•fluoro-S-am1noqu1nol1no obtained wns 5.B 6• (61.2~). 
subl1mot1on or the aol1dlf1od d1st1llate savo pure 6•tluoro• 
8-ru:dJ1oquinollne melt1%lg at ro.o-oo.5°. 

Anal. Calcd. for C9U7t12F1 N, 17.s. F-ound: N, 1'7.2 
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-~co 
?!02 

10.0 S• 
( O .OEi2 mole ) 

Fe• UOAC 
fw 

MfIB 
6.2 8• 

(0.002 mole) 

£-"Fluoroacetan1l.1c:te ... - A solution of' 307 Z• (2.2 ir.~leo) 

of .£-Ditrof'luorobcnzene !.n 50-t) r..!l.11 ot aaotio anhydride was 
h"Ydrogenated. at low pressure 1n tho preoe11ce of pla.t,~m 

o.."tlde catalyst·. \-Jhen the thooretionl amount of h:,drogen 

had been absorbotl, the catal,-st. 1ms filtered. and the excess 

aoet1c enhydl'ide removed by <liot1llnt1on. The rclll1'l1ni%l8 

solid was dissolved 1n cilluto bydroohlorio acid, otbo1• 

extracted and neutralized with ood:1.um hydroxido. 1'hG groy• 

wh1to precipitate yielded B26 g. (OB%) of .E-fluoroacotnni~ 
l1cle melting at 149.5-150.&0 • 

0 ----------
F F 

025 6• 
(l.i17 ·moles) 

E-N1tro-4-fluor0&cetan,11c10.-- Th~a compound wus pre-

l)!!rotl 'by two d1frerent w..ctl1ca.s, (n) by tho n1 tra t1p11 or 
,2-r1u.orco.cotan1l!de, v:1th ncetyl ni trnte (~•5) e.s Ute 

n1tro.t1ns nsont, e.ntl (b) tr; tho n1trnt1on or R-fluoro-
ncetnn1lido, nith ethyl nitrato ns the nttratine asent (38). 
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(n). Acet7l nitrate ~athod.•• A solution or 30 B• 
(0.2 mole) or c-f'luoroacetu.n111de, 60 B• or glue1o.l occt1c .. 
tioid, and 30 B• or acetic anhydride W!AS added. to o. three• 

necked tle.sk, fitted with a tllori!!omete~, mechanical at1r1"ett, 

ar..d a droppins funnel. Tho mixture wns cooled to o0 and a 

oc·lut1ott of BS G• (0.25 mole) or ncetyl nitrate 1n 26 ml. 

of acetic o.~"1ydr1de wus added £\t such a rate au to main• 

ta!n the temperature ot the reaction mixture betwoe:., 0-2°. 
After the addition was co~pleted, tho mixture was at1rro4 
tor twanty hours. It was then poured onto 1co, and tho 
cx11do 2-n1tro•4•fluoroacetanil1de separated es a reddish 
011 wh1oll graduaU7 cryatall1zed on standing. The 01-aude 

material (29 8•, 89;&) melted at 67-680. Recrystalllaat1on 

from aloohol-water 7ielded 26 S• (80.2$) or 2•nitro•4• 
fluoronoetan111de melting at 69.3•69.9°. The re90rted. 
melting point £or thio compound 1a 71° (36). 

so.o &• 
(0.2 mole) 

0 
" CJ!s C•0•?J02 OmrAC N01. 

....... + OH3COl'lI 
eo.2;t 

F 

(b). Ethyl nitrate MothO<l..•• A 600 llll., three~neckcd 
fla6k• fitted w1th a mechanical stirrer and a dl~opp1ng 
tunnol was oharbed \,1th a. uolution 01· 5S.O 6• (O.S5 molo) 

or _£•flucroacetan111de 1n 160 mi. or conoentr-ated sulfur1c 
acid. The &olution waa coolod to o0 • nnd 29 g. of ethyl 

nitrate wa.s added over a period of one hour. st1;:ar1ng was 
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continued. tor t1ttaen 1ninutoa lonser ut 00 • !J.'he ren.ot1on 
miztua~o wns then ,poured on.to :tee and the crude rnatar1nl f'il• 

tcve,l. Tho yield or crude 2-ni tro-4-ncctar.J.lide meltins 
nt 65•06° wso ao.o 6• nec~ystall1znt1on rrom nlcohol-wat0r 
gave 46 s, (66,Sp) or fJ\Oduct melt1nt:; at 69.5•VO.5°. 

F 

6S.O 6• 
(O.3~ mole) 

F 

46.O S• 
(0.23 mole) 

2•liitro•4•i'luoroo.n1l1ne.-- 'l'O a 600 m1., one-necked 

flask, fitted. to a reflUJt condense~ was added 75.O 6• (O.38 
mole) ot 2•n1tro•4•tluwoacetr.n111de and 190 mi. or Sll 

hydrochlorS.c ac!.4 e .. nd the mixture rofluxccl for two houro. 

Tho aolut1on wne made basic with scd.1-u-ii hydroxide and 

ether utra.cted. The ether solution wae dried over twhy• 

droua sodium h:,"t'~o,:ido, filtered, and the ether removed by 

c11at111at1on. There v,ae obts1ne<l 48.2 S• (83.0ft) or 2-

n!tro-4-rluorOQniline molting nt 93.5-94.0°. 

'75.0 S• 
(0.38 mole) 

HCl 

~8.2 G• 
(0.31 mole) 

O•Fluoro•8-n1troqu1nol1no.-- Tho procedtn~e or ~1lkin• 
Don nnd. Finnr (36} wna used. A typioal run lo dm1e%'!.bod1 



To a 60') ~l., thl1ee-nooked. tlnek equipped with a 
stirro1'• thermometer, and reflux oondanoor, wno uddod 44.0 S• 

(0.28 mole) of 8•Jiitt10•4•flu01•oan111n.o. 100 S• ot anhydrous 

glycorol, G.nd. 48.4 6• of araen1c pontoxide. Tho rd."t.turo woo 

then treated w1tb 58.6 S• of oono~nt~ated su.lfur!c acid at 
such u r,ito tbnt tho tompor.nturo did not excoed l300t) !text 

the material wno boated nt 1.30-155° tor four homis, then 

at 160° fo111 thirty minuteo. Tho cooled aolutton vtno treated 
w1th water and neu.trS4ll~od with aqueous em:ionln to pr•oo1p1• 

tate the product which wee collocted nnd orlcd. continuous 

extraction n1th benzene gave 25.B 6• (46.8%) or ~o a-tluoro-
8-nitroqu1nol1ne melting at 11s.2-120.0°. 

F 
cn20H As205,n2so~ 

+ OBOH •••--•••--••• 
CH20R 46,2,: 

25o2 6• 
(0.13 mole) 

6-NltroquS.noline.-- The method ot naekelbers (37) was 

used to obtain Ei-i,..1troqu1nol1ne. A run te deso:r1bed below, 
A 6-l!ter fleek equipped with a stirrer~ thermometer. 

end reflux condenser wP.e eb~~r.ed ~1th 332 6• (l.8 moles) ot 
,R-nitroaoetonilt.do, 663 8• or e;lycerol, end 310 e• or 
niasento pentox!de I end 720 8• ot conce-ntl"Bted nu1ruttf.o aold 

woe added at sueb a Ntte thr.t the t~mpo:ratu!'e did not exceed 
1300. The mbtnro ,ms heated gently ror tour hournt cooled 

to ~oom tmnperaturfl, ard poured into water. The proo.ttct was 



S.Bed ui t-h equeoua Ott"'.lOUiO.. /1fto1~ OOV(,:rnl ?t0~1~:.rt{trllire.t;S.011B 

fron ulochol-wo.tet', the yield. or (}--r.itx-oqu1110U.r1e nelt1rg nt 
l4th-1500 wua 176 C• (vGs;). 

0 
1101, 

332 6• 
(l.0 reoles) 

CH20H 
• CHOH 

CH20U 

1'75 6• 
(l.O mt'l8) 

6-.l\m1noqu1no11no.... t. 0011.:ticn of 110 g. (0.63 mole) 

of 6•n1troquiuol1no !.n 260 ml. ot c.boolute ethanol was 
bydrosoneted at low pressure in the presence of 2~ palln• 

d1ura-cnrbon catalyst. i1hen tho solution had absorbed the 
required amount or hydrogen,, the oo.tnlyot vuu3 t11tored, 

and the e.leohol ct1c1til:t.ed off. Tho :v!o!d or e-nminoq.u1n'>-

l1no obto.1ned wna G8.0 6• (74u8% ~elt!ng e.t 116-116° • 

UO.O G• 
(0.63 mole) 

68.0 Eh 
(0 .. 47 mole) 

6-Fluoroquir.oltne .-~ The prooet.'\ure or Roa nnd 11c.t,klna 

(SO) tmo used. A typical run is dosor1bod: 

'I'i, n 800 ml.. beaker wns vctded n solttt1on of' 38.O 6• 

(O.26 mole) or 6-nm.tnoqu1nol1ne 1n 225 ml. or 40% r1uobor10 
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noid, nm 120 ml. ot wo.tex-. I>iazot1zat1on was etreoted by 

addins 19.0 G• or sodium n1tr,1te to tho eolut1on, keop1ns 

the temper-ab.ire bolow 10°. The solution v,~s thou cooled to 

-oo und filtcrodci The f!l.te1" we.a washed with oold 50-50 

aleolloluather mixture, then tmleo t!noa w1 th cold etl1or. 

1tie1"0 wno obtii!ned oo.o G• (9B.s;;) or tl1.o dit1zo11hua rJ .. uo-

'bo1,ato enlt. 

uo1,,wi1ro2 ,m?.F 4. -------·--------s2.a,; 

38.0 S• 
( 0.26 i10le) 

The d.10.zonium tluobornto aalt wo.s added to a 2•11tor• 
round-bottom flask and the salt heated unt11 d.ecompooit!on 

:was complete. A dark red 11qu1d romainect uhlch oolid!fie4 

on cooling. The ros1clue was d1osolvcd 1n wator1 and sodium 

hydroxide solution was added tmt11 tho miXture was slightly 

alkaline to lS.tmua.. the reection mixture wne steam cl1ot1lle4 

nn-d tho crude G-rluoroqu1nol1no sops.rated and trnct1onall7 
distilled. Tho fi•act1on bo1lillg e.t 124-1250 nt ~o mm. was 

collected to g1ve 10.0 g. (28.3%) of pure 6-am1110Q.u1nol1ne. 

f N1CQl +e,1;,,--------. • l r-1 20.5% 

ea.o 6• 
(0.24 mole) 

lOeO 6• 
(0.068 molo) 



III. Synthesis or 6-Flu.ro-8-amino Substituted Quinolines. 

(b) Attempted Synthesis of Fluorine Analogue of Plas-

moquine and Other 6-Methoxy-8-aminosubstituted Quinoline 

Derivatives. 

Fw + Fo S02-CI 

NH2 

Cl 

+ Cl~ N) 

69%~m + HCI 

NH 
I 

6 
F 

67% 
F.w~ I A 

N 
N-H 

c1~i 
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G-Fl uoro-8-(R:-f l UOl"0bona en.esulr onnrdd.o )•Qui.'lo line.-" 

'J:o n 25 1111. l~lonm.eyor flaa!t was ndued o.ai G• (o.oos !'!Ole) 
or 6•1'J.uoro-B-ai-ninoqu1nol1na, o.97 C• (0,006 mole) or 
fluoroben:'6nsulton1l chlor1do and 5 ml. ot dry pyr1dino. The 

niLit'Wre wns hee.ted on tho steam bn.tb for t...iurty minutes and 

poured onto ice. 'l'he wh1te, 01"7stall1no 6•f'luoro•8•(ztluoro• 

benzenosulfonru:n1do).qu1nolf.ne that separate~ wao f!ltc~ed, 
washed repentcclly with watev end c.ir dried. The yield was 

1.1 g. (68%) of product meltin& nt 12a.2-125.7o. 

Anal. Ca.led. tor C15B1002?l2Fas: M, a.7. F(';)Ufld: u. 8.5 

o.e1 S• 
,0.005 mole) 

mt 

Jo2Q•P 
1.18• 

(0.0004 mole) 

6-Pluoro•8•(7•ohloFo-4-qu1nol1lnm1no)-qu1noltne .... A 
100 ml. one .. nooked tlaek, t1tte4 to a reflux condenser, vm.s 
char-ged with 1.2 g. (0.006 mole) of G•fluoro•S•o.minoqu,.no-

11nemonolrydroohlor1de ln 26 ml. ot watel9 mld 1.2 Co (0.006 

mole) of 4,"l•dicbloroczu!.noline. The mixture wna hented on 
the o~.AU'."l bnth tor twenty-four hours. A e~.nll amount of 

WAte~ 1nsolublo meter1nl was t1ltet'f)d, erxt the filtrate waa 
made alkaline b,- e.ddf.ng equcous armzon!a. 'l'hO grey-,.wh1 te 
p!'ec1p1tate which resulted v::ie filtered e.nd n1r dried to 
71eld 1.3 g. (67%) ot crude 6-fluoro•8-(7-chlo~o~4-qu1noly1• 
am1no)-qu!nollne melt!ng et 1es-1se0 • Recr:,stal11ze.t!.on 



from nlcohol•water snvo a pure product moltSng at 187.4• 
1ea.0°. 

final. Cnlc.:l.., tol' C1eR11ri3ClP: ·u, 13.0. Fotu1d: H, 13.2. 

1.2 S• ( o.ooe r.1010) 

Attempted Pl"Et~rntlon or 6•1-'luoro-8-( 1-metbyl•4-dlothyl• 

em1nobutyl)-am1noqu1noltne.-• Tbe method of Eldort!eld and 
h1s co-workers (38) tor the prepar,.1 tion. or 6-cbloro-8-( 5-

d1othylam1nopenty1 )-e.m1noqulnolino fX"om 6-ohloro-8-nmino• 
quinol1ne and 41ethyle.m1nopentane was usod. Tbuo far, none 

of the desired 6-tluoro-B•(l•methyl•4•diethyl.G.m1nobuty1)• 
nmlnoqu1nol1ne bas been obtained 1n large enough quantity to 
bo 1dent1fiod. A typical run is deecr1beci belows 

A mixture or 3.2 S• (0.02 mole) of 6•fluoro•8•amino• 
qu1nol1ne, 4.6 8• (0.02 mole) ot 2-bromo-5-dicthylaminopen• 
ts.no. and 1.6 g. (0,02 mole) ot sodium acotato disaolvod ln 
10 mi. of 50% aloohol was refluxed for seventy-two hPura. 
lt was then d.ilutoo. witl:l mltor, mado strongly alkaline with 

aodiU.m hytlrox1de nncl extracted ;r.ith other. t,rne other solution 
was dried over anh1droua sodium sulfate. filtered o.nd the 
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ether removed by d1at11lat1on. The oil,- ree1due waa dtst1llod 
under n1trosen. The forerun of the unreacted 6•tluoro-e-
am.1noqu1no11ne d1st1111ns at 11s0 nt B mm. was oolleoted to 
give a.5 8• the amount ot the remn1n.11>g residue wo.s too 
small to be dlatUlable. 

The chief d1tt1culty onoountarod 1n obtaining enotJGh ot 
tho desired 6-tluoro•8•(l•metby1•4-ci1ethylam1nobutyl)•amino• 
qu1nol1no for proper 1dent1t1cat1on lies 1n the inherent low 
411eld obtained 1n ooup11ng reactions or this typo. In his 

preparation ot 6•ohloro-S•(5-d1ethylnm1nopentyl)•am1noq,u1no• 
line, Elderf1eld reported a 11eld ot only lo,& for the 
coupllns reaotlcn. ~he small quant1t1es of 8•fluoro•B• 
nm1noqu1nol1ne available thus tar havo not boen autt1o1ent 
to make possible isolation of tha dooired product. 



IV. Synthesis ot Fluorine Isostere ot Camoquin. 

The synthesis or 4-(7-chloro-4-quinolyl )-a.mino-2-di-

ethylaminomethyltluorobenzane was accomplished in the tallow-

ing manner: 

ONH2CH3 anh. HF 

I NaN02 
60% 

F 

(YOOH Li Al H4 I 
81 % 

F 

6CH 2 8r HN03 
(fuming) 

81% 

ale. H Br 
4, 7- di chloro-

q uinoline 
60% 

F 

' 
KMn04 
75% 

F 

HBr 6 CH20H 
\ 75% 

CH 3 I 
F CH2 

CH2~-CH2CH3 y HBr 

NH2 
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s,•Pluorotoluene,•- About 1200 S• (60 moles) ot anhydrous 
hydrogen fluoride was alowl7 adde4 to 321.0 8• (a moles) ot 
o-tolu.1d.1ne, contained in a 3•11ter, one•neokec.\ uonel motel ... 
flask which was cooled 1n an ice bat,h. This mtxture was 

kept at 00 tor Sa houra while 248.4 S• (5.6 moles) of f1nel7 

powdered sod1wn nitrite was slowl7 added td.tb oonetant 

st1rr1ng. The reaction flask was thon t1tted with an ice-
cooled reflux 0011 and allowed to stand overnlsht o.t room 
temperature,. The decomposition was completed by warming at 
55-60° tor aix hours. After dJ.lutS.on w1tb lee water, the 

m1xturo was steam distilled to glve an 011 whlob wao dried 
over calo1um ohlor1do and d1ot11lod to g1vo 198.0 S• (60%) 
of O•fluorotoluene, boillns at 112-11s0 at '136 mm. pressure. -

p 

0 
321.0 S• 1aoo S• 248.4 S• 198.0 S• 

(3.0 molca)(GO moloo)(3oG mcloe) (l.6 moles) 

O•Fluorobenzo1o Acid.•• A 5-liter, three-necked flnsk, -
equipped w1th a et1rror and a reflux condenser, was charged 

with 221 g. (1.4 moles) or potassium permanganate, 2600 ml. 
ot water• and 64.5 6• (0.59 mole) of o-tluorotoluene. The -
mature waa refluxed tor threo hours, and the reflux con• 
denser tnvel'ted so tbat·any unoxldlzcd starting mater1o.1 
would be d1st1lled. Ho o•tluorotoluene was recovered 1n this -
way. The manganese dioxide was t1ltered while the rcnctlon 



mixture was still hot, and the filtrate decolorized with row 
crystals of sodium hydrosulfite, and the solution rofiltered. 

The filtrate was acidified with 100 ml. or concentrated 

hydrochloric acid. Tha ,~asult1ng white crystalline prec1p1-

tata was filtered, washed with cold we.tor, and air dried. 

The yield of 2_-fluorobanzoic acid melting at 123.8•124.5° 

was 62.0 g. ('15.1%)• Cohen has reported the molting point 

of o-fluorobenzoic acid at 1240 (39). -

64.5 6• 
(0.69 mole) 

KMn04 ------· HCl 

F 
OOOOH 

62.0 g. 
(0.44 mole) 

£-Fluorobenzyl Alcohol.-- The general procedure or NY• 

strom and Brown (40) was used 1n reducing o-fluorobenzo1o -
acid to o-fluorobenzyl nloohol by means ot lithium aluminum -
hydride. The reduction was carried out as follows: 

A 2-liter, three-necked flask, titted with a retlux 

condenser, dropping tunnel, and mechanical stirrer, was 

charged with 500 ml, of dry ether and 19.0 g. (0.5 mole) 

of 11 thium. aluminum. hydride. Th& mixture was vigorousl7 

stirred. When all the lithium aluminum hydride was well 

broken up and had formed a uniform suspension 1n the ethei-. 

28.0 g. (0.2 mole) of o-fluorobenzoic acid dissolved in -
350 ml. of dr7 ether wa~ added at suoh a. rate as to produce 

gentie reflux. When the addition of the ether solution ot 
o-fluorobenzoic acid was complete, the reaction mixture wae -
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roflu,:od tor i\U'tecn raore minute:1. followed by otlut1ous 

addition or ,vater to do0O.mi1oae tho oxoose 11th1U!1t nlum!num 

hre;1riuo. 'Ibis was· rolla'1cd with the- udd1t1on ot 10;1 vul• 

t'ut•1o t'lOid solution U.'-ltil tho aqueous pbusa was cloar. '.I'hO 

aqueous layor \'Jan Wt-ShE)d with ethor and the coob1r1ed etlle:t' 

solution d111ed ovor nnhjc!rous sodiu:i sultate. .t~ftet• filter• 

·inG, tl'10 other w:1s tuken .off._ The crudo yield ot o•fluoro• -
benzyl sloohol wae 25.0 G• Tho c11ud.e o.1torial ,:ns traot!ono.117 

distilled and tho frnct1on d1st1lllng nt 66-67-° at 12 !?r.'!1• 

prosirura mu, colleoted. Tho :r1eld of pure 0 .. r1uorobonz7l .. 
alcohol was 20.5 g, (Ol~). 

p 

OOOOH ~~--

28.0 g. 
(0.20 molo) 

F 
OCifaOB 

ao.o g. 
(o.1e mole) 

o•Fluorobenzyl Bromide.-- Into a eolut!on ot 25 o.1. of ... 
ben~en'l a.rd 3.0 S• (0.02, mole) or _e•tluorobem;yl alcohol 
was paased a steaay stream of h~ogen bromide gas tor thl'ee 
bouzts • Tho aqueoue lo.yo%' that aerera.t,Jd wns drawn otf and 

the bonzene solution dl'led over anhydrous llod1um aulfnte. 

After filtration, tbe benzene was rem~ved by d!etilletion. 
The liquid roa1clue vrus troot1onal17 dietllled and tlu, 

traction boiling at 84-85° at 15 nm. preoBUl'& wee collected 
to give a.a S• (75%) o~ pure o-tluorobeneyl bromide. -
(CAUTION, o-fluo~ubenzyl bromide is an extromoly powerful -
laobr1sa tor). The boiling point or _2-tluoi-obonsyl bron11de 
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was reported by sohoeemlth and slater (41) to be 84•85° at 

16 mmo preasUI'e. 
p 

O OHsOH + 
BDr ·----

3.8 6• 
(0.20 mole) 

2•Fluoro-6-n1trobonsyl Bromidt.•• A 600 ml. beakor wae 
charged w1th 200 ml. ot tu.~1ns nitric ao1d (ep. gr. 1.6). 
The nitr1o acid was mechnn1cally stirred and coolod to o0 • 

To the acid was added c1ropw1so 25.0 B• (0.13 mole) or o--
fluorobencyl bromide at a tomperntu.Z'e of oo. When tho 

addition ot the o•fluorobenzyl bromide was complete, the -
renot1on mixture was allowed to come to room toinperature 

with continued et1rrJ.ns. The mixture was poured onto ice and 
the yellow crystall1no prec1p1to.te filtered and washed with 
cold water. The crude 2•1'luoro•5-n1 trobenzyl bromide ( 29 s.) 

melted at 74•'15°. necrystall1znt1on trom ethanol save 
25.0 g. (81%) ot pure product molt1ng at ?6.6-'1'1.0°. 

25.0 8• 
(0.13 mole) 

F 

0 CffaBl' 

No,._ 

25.0 6• 
(0.11 mole) 

+ ~o 

2•D1ethylam1nott18thyl-4•n1trotluorobenzeno h7d.robrom1de••• 
The general procedure of nurckbalto:r and coworkers (42) tor 
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tho preparation ot -alkylam1no•4•n1tro•o•orooolo trom • -
ohloro-4-nltro•O•crosol and dlnllql amines wan omployod. --
A typical run, a-tarting \dth B•fluoro-S-nitrobon~Jl bromido 
and diethyl amine was aa tollowaa 

A 600 ml.; one-neoked flask, equipped with a reflmt con• 
d~naot\, was charged with 22.0 S• (0.094 mole) of 2•fluoro•6• 

n1trobenzyl bromJ.de, 14e6 S• (Oe2 mole) ot diethyl nm1ne and 
150 ml. of aboolute othanol and the nwtture refluxed for three 
hours. 'rbc volatile mater1ala v1el'e removed by d1st1.11o.t1on 
under reduced p~esaure• and tbe ros!due wus washed with wato~ 
tor the removal ot recovered diethyl amine hyd.robromide• Th& 
waohed rea1du~ was dissolved in acetone and thesolut1on 
dried over anhydrous aod1um sulfate. After f11trnt1on, an 
equa.l volume of' ether was added.. .,,ddltion of exceoa nlcobolic 

hTJ.rogen bromide precipitated tJlo yellow o~yotalline 2-dlothyl• 
aminouwtbyl-4-nitrofluorobenzcne hydrobrol!l1de. '.the -y1old. 
was 19.0 S• (66~) ot pure px-oduat meltins at 162° (doa.). 

Anal. calcd. tor C11H15Na"2F•HBr: c, 43.0. Found1 o, 42.9. 
H, 0.2. a, s.a. 

p 

OCffaBr + 
(OHaOHe)slffl ••••• 

no2 
22.0 S• 14,6 S• 

(0.094 mole) (0.2 mole) 

N, 0.1. N, 9.3. 
F ~t 

0 0~1!•_ E f!. 
HBr 

1T02 
19.0 6• 

(0.062 ~-ole) 

2•D1ethylnm1nomethyl•4-em1norluorobenzene d1h1"drobro-
m1de.-• A suspena1on of 1a.o S• (0.06 mole) ot 2-t!!.1ethyl• 
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am1nomctllyl-4•nltrotluorobanzone b:,i:trobrom!de 1n absolute 
otl'.a.nol w~ls reduced cntal7t!ct1lly us1ng plat1num ox1do no.ta• 
l7at. ~hen the aolutlon had absorbed the thaoret1ool amount 

ot hydrogen 1t was filtered to remove tho catalyst and the 
filtrate treated wltb a sl1sht excess or alcohol1o h,a?'osen 

b1!'o!tlide solution. The dih7clrobrom!d.e salt ot 2•dicthylnm1no• 

metbyl•4-a.o1nofluorobonzene wh1eh wo.u formed remn1n<>d 1n 
oolut1on. ?lo attempt woe mad<l to 1solnte it in crystalline 

form. Rather, the o.looholic .aolut1on or 2•d1<)thylnm1no• 

methyl-4 .. am!notluorobenzene d1hydrobx-o:n1de wae u3ed d:t.rootly 
tor the reaction with 4,7•d1chloroqu1nol1ne rov tho preparation 
of 2-d1ethylam.1nomethyl~4-(7-chloro-4-qu1nol7l)•nrninor1uoro• 
benzene d1hydrob:ro1n1de as sha~n below. 

F rfi: F ~4f: 

O
OJia•B-~t- Pt02, Hg OCBs•l!-~i 

aar -----... --- r.mr ale. HBr 
uo2 L112•nar 

2-D1ctbylam1nomcthyl•4•(7•chloro-4-qu1nolyl)•am1nofluoro• 
benzene dlbydrobromide.-- TO the alcoholio solution or 2• 
d1othylam1nomothyl•4•om1nofluorobenzene d1hydrobrom1de above 
waa addedll.9 8• (0.06 mole) ot 4,7-d1ohloroquinol1ne. The 

resulting mixture was hented on the steam bath for two houre. 
Aftor coollns, and addition ot other, the d1hydrobrom1do ot 
2•d1ethylam1nomothyl•4•(7•ohloro-4-qu1nolyl)-om1nofluorobon-
zeno prec1p1tated as -yellow crystnle. The J'1eld of the crude 

product melting at 201° (dee.) baeocl on 2-d.1etbylo.:i1nomethyl• 

4•n1trofluorobenzene was 19.0 S• (60%). Recr7stall1znt1on 
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4-quinol-:,l )•a:ttiinof luorobonzene dihyd1"obrorJ1de rn.oltiug n 
203.ao (dao.). 

/ir .. al • . calod. tor C2oH21t~ClF•2UBJ-: lit 0.1 Found; ?l, 7.9 c. 46.2 c. 40.1 

F E~ 

OCBa~t•E."'t 
HBt, 

lJII2wHBr 

H, 4.4 H, 4.7 

ltl.O 8• 
(o.0~10 molo) 



v. Synthesis of Fluorine Analogue of 2, 4-dichlorophenoxy-

acetic acid. 

The synthesis of 2 1 4-difluorophenoxyacetic acid was 

carried out in the following manner: 

CH3 
I 
0 

0 CH3C~-O-N02 
82% 

F 

CH3 
I 
0 

HCl,NoN02 
Na8F4 

. 66% 

F 

AICl 3 > 
66% 

a) No,CI-CH2 COOEt 
b) NoOH 
c) HCI > 

74 % 

CH3 
I 
0 

I 
F 

CH3 
I 
0 

ON2 

I 
F 

OH 

hF y 
F 

Pt02 H2 
70% 

+ BF4-

54% 



• 43 • 

2-r11tro•4•fluoroo.niaole.-- A GOO ml. boaJtor won charged 
l 

,,1th ~5.0 g. (0,19 mole) ot R-fluoroan!aole dissolved in 

95 ml. or conoentrc 1;-ed sulfuric no1d. 'l•ho solution was m.ooh• 

anict1lly stirred and cooled to 00 • To the :,olution, at 0-2°, 

17.2 8• (0.19 mole) or ethyl nitrate was adc1cd d%1opw1se. 

Aftor the addition of nll the ethyl. n1tri,to the rerict1on rdx• 

t"Ure wuo ot1rrcd to~ fifteen minutes more and poured onto 
ice. The rosuJ.t1na yellov, precipitate waa filtered and 

waoh&d well w1 th oold ,,u tor. There wno obtn1ne<l 28.0 S• 

{82%) of crude 2-n1tro-4-fluoroan1sole molting o.t oo-eo0 • 

Tho crude product was dissolved in ether and the ether eol• 
ut1on waahed with 10% sodium hydroxide solution in order to 

remove nny phenolic co~pononta formed during the reaction. 
After thorough washing with water the other oolut1on wne 
dried over anhydrous sad1um sulfate, filtered and tho pure 
2-n1tro•4-fluoronn1sole was precipitated by the addition or 
Sltollysolvo o. The yield of the puro product \VOS 25.l 6• 

(75%) melting at 59.2-600. swart& (35) bne reported e. 
melting point of 61.6° tor 2•nitro•4•fluoroan1oole. 

25.0 g. 
(0.19 mole) 

2s.1 G• 
(0.14 mole) 

(l) O'btainod throu,eh the kindness of' A. F. EGl!o, University 
or Kansas. 



2•lim1110--i-r1uoroan1so1e.-• .'1 solttt1on ot 15.o S• (0.088 

t!olo) or 2 .. n1t1•0-.4•fluoroan!sole in 100 ol. of t1bso1u·te 
tJ,thcu1.ol ·wns reduced catnlyt1enlly ua1r15 pl.o.t1num o:d.do onta• 

lyot. When tlle solution had nboorbed tho onloulntod amount 

or h;idrogen• it was fil tc,red to re~ove tha ca tt1l:yst and tbe 

a.lcohol rG1:im1td by d1nt1llt:.tt!on. Tho o1ly reo16uo w~o r.rac-
tionully d1ut1llod and the frnct1on ho1lina at 93•06° nt 
3 m:i. p1 .. oeoure was colloot@d to e;1ve e.o G• ('"lo;;) or r.uro, 

2-nm1no•4-fluoronn1sole. 

Pt03, H2 

---------

2-uethoxy-5-tluorod1azon1um fluobornte.•• TO a 800 ml. 

beaker, 1m.norsed 1n nn ice-salt bath, and oquippod. with a 
stirrer ar.d a thormomete~, wn3 added a solution or S6.4 g. 
(0.4 mole) or 2•a.'!11no•4•tluo~oanisolo and 80 rnl. of ooncon-
trated hydrocblor1o nc1d 1n 140 ml. or mator. The solution 

wns cooled to 00. This reoultod 1n the proe1p1tut1on ot 
aomo ot the amino hydrochlox-1do. To th3 oolut1on, cooled to 
cO, B7.e S• (0.4 molo) ot solid nod!tim r.J.tr1to was added. 
TThon all tho sod1~~ n1 trite hnd boen added tho rcnct101t mix• 

turo w~o at1rrod at d' tor torty•fivo n1nutes. Then a 
oolution of 87,3 S• (0.8 molo) of sod1u..~ fluobor~to 1n 85 ml. 
or wntor wna nddDd slowly with cont1nuod. at1rr1ng. Tho 
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rosult1ng heavy precipitate was stirred tor thirty minutes, 
filtered and washed with 50 ml. of 10% aodlum r1uobornte 
solution, tollowod by washing with 50•60 alcohol-ether mix• 
ture and finally with ether. Tho yield obtained wns 63,l S• 

(66~). 

2,4•D1tluoronnlsole•-• A 600 ml., round bottom, ono• 
necked flask was titted with a knee Joint leading to a stra1sht 

condenser the end or which was fitted to a trap. The flask 
was chnrged with 63.1 6• (OoB6 mole) of 2•methoxy•5-fluoro• 
dlazon1um tluobo~ate and the ool1d tbermo.lly decomposed, 
The oily residue ,ms dissolved in ether and the ether sol• 
ut1on ,,ashed with sodium hydroxldo aolut1on and thon wlth 

water. The etbor solution was c1r1od over anhydrous sodium 

hydroxide, filtered and the ether evaporated oft. Tho resi-

due was d1st1lled and the troot1on boiling at 165-156° at 

734 mm. was collooted to give 23.0 S• (54%) ot pure 2,4-41• 
fluoroan1aole. 

Anal. Oalcd. for c,,HeOF21 c, oo.,. Pound: c. 58.'l 
- H, 4.2 H, 4.4 
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-------

2,4•D1fluorophonol.•• A 200 ml., round bottom flank, 

equipped with a rotlux oondonoer titted \-:1th n cnlo1u.'?l chlo• 

ride drying tuba, was chnrged w1th 10.0 S• (0.058 mole) of 
2,4•difluoronn1oolo, 26 ml. ot dry benzene and 24 S• of an-
hydrouo aluminum chloride. Tho roflction ·nd.xture waa rotluxed 

tor thl'ee hours, cooled e.nd oxtraoted with 100 ml. of 20% 
solution or ood1um hydro2tiae. The nqueou.a &olut1on was nou• 

tral1zed with dilute hydrochloric ao!d and ether extracted. 
The etbei, solution woo dried over anhydrous sodium sUlfato, 

filtered and the ether removed by evaporation. The liquid 

residue wae distilled and the distillate boiling at 150• 

152° at ,ao m • .Pl"essure was collocted to give a.o S• (66~) 
of pure 2,4-d.ifluorolhenol. 

<;113 
0 

OF 

F 

A1013 ---------
F 

2,4•Difluoropbcnoxyacet1c Acid.-• The genernl procedure 
ot Haskolborg (4~) 1ru.a employed 1n coupllne sodium 2,4•cl1tluo-



• 47 • 

rophenolnte anl ethyl cbloroaeatate. Tho proceduro \7&1l1 ns 

follow~: 
In a conicall'1 stu1pt-.'d 100 ml., three-necked flnek, f1ttod 

with a reflwt condonsor, was placed a solution or 2.4 g. 
(0.02 mole) ot 2,4•d1tluoropbenol in 15 ml. of 11-butyl alcohol. 
To tho solution v,os added o.a 5.,.. of finely cut sodium and 

1 
5.l g. (0.04 mole) or ethyl ohloroacotnte. Tho roaulting 
grey selat1nous mixti.tro wtul be&1ted at 100° tor one and one• 

b:llf hours, coolet\ and <11lute4 with water, The 011 that 

separated was d1suolved 1n other, tho ether solution dried 
over anhydrous ood1u~ sulfate, tilt~red o.nd tho ether boiled 
ort • An oily reslduo ro~!noc1. No o.ttempt ns m.ade to 100• 

late the ethyl 2;4-ditluoroibono~yacetate in puro form. The 
crude ootei- was subjected to bydrolys~,a ln tho follow1ng 

mumera 
To the o1ly residue wse addod o.s S• or aod1um bya~ox1de 

dissolved 1n 10 ml. ot uater. Tho mixture was heated on the 
steam bath overnight. The aqueous solution waa extracted wlth 

etbo:- a.nd thon ao1d1t1ed with dilute bydrochlor1c octd.. The 

resUlt1ns sroy crystalline precipitate was filtered nnd air 
dried to g1ve 1.5 B• (44~) or 2,4-d1fluorophenoxyacot1o acid 
melt1n5 at 121.5-122.5°. Roorystall1znt1on from benzene gavo 
pnre product moltlng at 124.0-124.6°. 

O, 61.l• Pound: o, 51.6. a, 3.2. n. a.a. 

(1) Kindly tur111ehed us by a. L. Brndlow• Un1vore1ty ot xo.neas. 



6~ 
2.4;. S• 

(0.02 mole) 

1) Nn, ClCHgCOOE• 
2) ueon, BCl 

fo o-cl-l,_- coo H 

1.5 S• 
(0.008 mole) 
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VI. Attempted Synthesis of Fluorine Analogues of Menadione 

(2-Methyl-1.4-naphthaquinone). 

a) Proposed Synthesis of 2-Trifluoromethyl-1.4-naphtha-

quinone according to the following scheme: 

HN03 
(fuming) 

71 % 

85% 

__ .2_~ 
No2Cr2 1 

40% 

N H2 • H2S04 

H H 0 

(l)CF_3 _~_-_C 

H H O 

0 

0 
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m-'!T1fluorooetbyln1trobonzano,~ ~e procodtU'e of sws.rtz -
(4'!) wss uaed to pre~ra this compound sturt1ng w!tll bonzo• 

tt'1fluor1de and nitrating it with.fuming n1tr1c acid. A 

typical run im dosoribeda 
TO o 400 ml. boakor conto.ining ss.o 6• (0.24 mole) ot 

bt\tlliott'1f.luor1de v,ao added 60 m..\. of a l.Sal t11Xture of cono 
oont1--u.ted .stllf\u1 io aold and rum:tng nitric acid. The oolutlon 

VItlG l~cpt in &n 100 bath du.r:tns tho ndd1.t1on 0£ the acid mix• 

f;;lro • Th:> r~ot1on m:btture \Vas then allowed to como to room 

tomperaturo and was hold at that ten1pe:raturo for two hours. 

The mhture vms then poured on 1ce and extrv.oted with 

ethor. Tbo ether la:7e,r ~Do ~ashed sevorr\l times wltb water 

ond dried over anhydrous sod1u,n sulrate. After removal ot 
tho sodium sulfate, tho ether was tt\kon off and tho ros1duo 

traot1onally diet1llod. The traction boiling o.t 198•199° at 

?38 m:i. was oollectod to s1ve a yield of 31.5 S• (70.8%) or 
m-tr1tluoromotbyln1trobonsene. 

IIN03 (fuming) 
u2so, 

---------------
31.5 S• 

(0.17 mole) 

.5-Tr1£luoromothylon!11ne.-- A aolutton ot 31.5 6• 
(O.lV mole) ot m-tr1fluor<r.nethyln1trooonnone 1n 160 ml. ot -
nbooluto ethanol was hydrogenated in the presence of Roney 
n1cltel, using a trace of plat1n1c chloride as o. promoter. 
When the theorottoal amount or hydrogen had bean absorbed, 
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tho catnlTJt woe filtered end the &looholic filtrnto solution 
diat1lled. The traction bolling at 70-71° nt "I tl'tlo prosoure 
was collected to give 16.8 6• (60.6%) or m-tr1fluorometbyl• 

--
anil1no. 

31.6 S• 
(0.1'7 mole) 

no.ney-111, H2 ------------.---
CP3 

0 NU,_ 

ltl.8 S• 
(O.ll mole) 

m-Tr1tluoromsthylaootu.n1l1de.-- ~o a solution or 42.0 S• -
(0.20 mole) ot m-trif'luoromatbylan111ne d1soolved 1n 60 mlo -
of benzene woe added 26 .6 S• or uoot1o auhycir1do ar1(l a to,, 
drops 01~ concentrated oulf\u."10 acid. The muturo rms boated 

on a steam bath tor two hours and tbe benzene d1st1lled ort. 
The remaining crude m•tr1tluoromethylacetnn111de was recrys• -
tall1zed from a1cobo1-wato~ to give 45.0 S• (85%) or pure 
product molting at 104.5-105°. Swartz (44) has reported the 
malting point of m-trifluoromethylucotanilide to be 100°. -

42.0 B• 
(0.26 mole) 

CF3 

ONf,/A<-

45.0 6• 
(0.22 mole) 

3-Tr1tluo~omethyl-4•nitro&cetan1l1de.-- In a 2•ltter, 
three-necked flduk 7tns placed ?00 ml. of concontratod sul:ur1o 

ao1d. Thia was cooled to -s0 , 134.0 S• (O.G6 mole) or m--
tr1tluorornothylaootan1l1do was added, and the m1xturo v,ao 
stirred until a clear solution wao formed. From a dropping 
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funnel waa ndded a solution of 5t S• or .fuming n1tr1e ne!d 
L~ 67 ml. or concentrated sultur1o ao1d during forty-five 

minutes ~ftt11e tho tcmporc.tta~c wao mtl1ntained at -s to o0 • 

Tlle :lolut1on. ~as .allo\1e,1 to wut~m to room tera1,oratu1"e and 

otnr.,.d for throe hottr8; then wnrrned to 400 for one hot.U', and 

potU"Cd onto ico. fl•ha :,allow gummy procip1te.to s-~ndually 

01-ystnllized. It was collected and waahod. well \"11th water. 

The orJ.de s-tr1r1u01--or.1oth:,l-4-n1 titoaoot.8.n1l1,lo vw~o ud.ded to 
500 znl. or ucetio nnhydr1do and the :n1xtur-e refluxed tor tv,o 

hoUl'a in order to roacetyla to any p:roduo t the. t m1eht ht1ve 

been deacetylatoo. during the nitvnt:t.on. The ncot1c nnhyd.1•1de 

t1ru1 removed by d1ot11lnt1on and tho residue \1ashod well v,1th 

vmtor to g1vo 100.0 6• (65f) or putte 3•tr!fluorornothyl•4-

n1 t~oaeotnn111do melting nt 

OCF3 

Nl!AC 

134.0 8• 
( o.cs molo') 

H2S04 
lllt03 --------

106.0 6• 
(0.42 rr.:>lo) 

2,5•D1aootam1dobenzotr1fluoride.-- A solution of so.o S• 
(0.2 molo) or 3-tr11'luoroniethyl•4-nitroacetan1l1de in 175 ml. 
of aoatic anhydride was hydrogenated 1n the pt'Ooence or plat• 
1num oxido catalyst. When the theoret1onl nmount of hydrogen 

had been absorbed, the precipitated 2,5-a1aootnm1dobenzotr1• 
fluoride and the plnt!nu.1U. oxide cnto.lyet were f1lterod. The 

1aixed solid woa added to 200 :nlo or hot etht.lnol which alosolved 



the ergenio material• and the catal-stst was t1ltered. on 
cooling, 51.0 G• (Go,t) or pllt"o 2•5•d!acot,am1dobanzot?-1fluo-
r!do moltir.g at 188.4-189.1° ecpaN,tod from tl10 tJ.lcohol1c 

.filtrate. 

l.ll&l. Calcd• tor C11H1103B2P3 a B, ll.3o Founds N, 11•1• 

so.o g. 
(0.20 molo J 

Pt02, 1!.z, Ao20 

---------------

HlIAC 0 OFo 

ln:lAC 

31.0 S• 
(O.l.2 mole) 

2,5•Dlom1nobenzotr1tluor1de dihJclrooUlfate.-• A 1•11ter 
Erlenmeyar tlo.ek equipped vv1th n mochanionl stirrer was charsed 
with 13.0 G• (0.052 mole) of 21 5-c.\1acetam1dobenzotr1tluor1de 
eJld 34:0 ml. ot 25% sul.rur,.c aold. Dolut1on. The mixture was 

hented with stirring until h~olysls was complete. no attempt 

was made to 1eolatc the 41amlne oalt. Rather. tho aqueous 
aolut1on wne subjected t,o diohrorA.to oxidation as 1nd1catod 
below. 

fi1Il\C rm2 •H2so4 

0 CF~ 0 OF3 
li&\C 

2-Tr1£luor~cth7l•l,4•bonzoquinone.-- Tho aqueous solution 

conta1n1ng the dihyrooultato salt ot 215-d1am1nobenzotr1fluoride 
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d1zea •.11th aot11ttm d1ohror~ te in tho follm·t1ng m'lnrHff't 

Tho ~qnoous snH; solution contained in n 1-llter Erlen-

1.neyor f'lruik equipped w1 t..~ @> .. mechnnical stirrer wao cooled 1n 

un ice bath to a t(10per~turo bolo~ 10° and 200 ml. or bonzene 
arldod, The hoteroganaoWJ mixture \1as stirred vigorously 

while ia.o g. or sodiwn d1chro;rAt.a c;l.1sno1ve,, 1n so ml. of 

w~ tett w~s a&\ed at sucl1 a. z,a ta thn t tho tora1131~:. ture die'\ not 
r1se abovo 100. After tho ncld1t1on or tho sodium d1chromate 
solution wsa co;nplote the rertc1;1on mum1~a \-ms s-tirred f'o11 

three hours at 100. Tho be11z.e11e .layer was s6p!Ari1tec:1 and 

fu"iod o,·or l\rur;arous eodimn sulfate. Aft~:c- £11 tl"tl t1011 the 

benzene solution wna stored in the dr:,- ico chect ovorn1sht. 
The solution was concentrated down to 40 ml. voluna by 

d1at1llin,S otr t.~c bonzcno. The udcl1t1on or skoll:;t1olve c 
and subsequent 0001108 or thE'.> solution 1n dry-lea chloro• 
form pl"Oo1p1tated 7ellow-or&ngG crystals of 2•tr1fluoro-
m~tbyl•l,4-bcnzoqu1none. U_pon filtrat1on ar.d air dry!ng 

there wa:s obtained s.5 G• (40%) of pUro 2•tr1fluorc::nothyl• 
1,4-bonzcquinone meltins at 51.2•52.00. 

mI2•1!2S04 
OOP3 ~!~~~!.. 

NB2•J12S04 

11ound: c, 47 .e. 
n, 2.0. 



VI. Attempted Synthesis or Fluorine Analogues of Menadione 

(2-Methyl-1.4-naphthaquinone). 

b) Proposed Synthesis of 2-Methyl-J-fluoro-1.4-naphtha-

quinone. 

Method I: 

A 
VNH2 

~F 
0 

Meth~CH
3 w 

0 

O CH3 

Br 
0 

onh. HF 
NoN02 

37% 

anh. HF 

6 F 
95% 

Pd - C > 
F 

0 

0 

(X)O CH
3 

O __ H_B_r_~> 
50% 

H 
0 

0 
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m•Flu.oro1iteno1 ..... Jibout G40 e• (SB moles) of hj'tlrol)en ..... 
fluor1do was nlowl7 rw1 i11to 1es.o £• (1.7 :noleo) or m-no:lno---
phenol oonta1ned 111 a 2-liter copper tlnalt coolod 1n nn 1oe 
both. !rh1o miltmre wno kopt at ,.5o 1'01" tno bour8 wh.1lo 140.8 S• 

(2.0 oolou) of granulnr sodi\ua nitrite was slowly addod with 

conuu\nt mecban1cnl ot1r1~1us. ~lle 1'Jc.mct1on m.1.~tv.re woe 

nllotred to cor:A> to room tcmpornturo rutd then connected to an 

ioe-coolod reflux coil orA. bented nt 4S-5o0 for tbroo hours. 
Dilution w1th 10e water folloued by utenm d1st1llotSon 

gave an insoluble 011 w~.1oh wuu dried ovor oalciu.,~ ohlo~1de 
nnd distilled to yield 70.5 S• (37~) of m-fluorophonol bo11!.ng -
at 78-aoo o.t 1? mm. proosurt>. 

OH 

0 Ullg 

1aa.o B• 
(l.7 mole,s) 

6nb. HP, uauo2 
----·····-------

2•Fluord•4•hydroxya&obenzene.-- ~ho proccauro of HOdgson 
(45) start1ug with 3•tluorophcmol anu d1s.~ot1ied aniline wa.o 

uued to obtain th1e co:upound. i\ typical 1,....m wua cu1 i'ollowsa 

A 600 ml. beaker equipped with a ::iechrurlcal stirror was 

charged w!th a uolution of 20.0 B• (O.22 mole) or an111ne in 
200 ml. or 2s.ei of h)-u.rochloric acid solution. Tho solution 
wns cooled to o0 encl d1o$otized by uddi."-16 20.0 g. (O.29 mole) 
of sodiur.3 n1tr1to dioeolvod in 20-0 rul. of w11ter. E.xcoas 

n1 t1'0Wl ncid \fia.s dos t,royed by tho a.dd.1 tion o:r n &mrAll amount 
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of uroa. To a 2•1iter boo.lter• t1ttoc.'. v:1th o aochanioal etirr&l" 

wtu1 addod 24.0 £h ( 0.21 n1ole) ot 3•f luorophenol d1oaolved in 

500 :ml. of {1~ oou:tum by<lt•oxicle oolut1on. A!'oott cooling tho 

uolut1011 to tP the Aqueous d1nzon1um chlor•S.de ?lna addo<1 ,11th 

v1go1•ou.s stir1'1nG• Tho r~ut1lt1116 2-fluo:•¢•4-hyt!rox:;azobe.n• 

zen.a l.iOs f 11 to1"ed, !Jii vbod well w! th cold \'It:. tor and a!r· dried 

to sivo i!3.0 G• (96t) of r;roduct melting at 130° (dco.)o 
noosoon h!\a rolwrted a r.:Je-lt1ng point of 139° (c:..oo.) tor 2• 

!'lu.or•o-4-•hy(l!'O!-t;TnZObOllZ()n~ ( 40 )o 

Oil a~ on 

of 

wnon 
of + 

+ ------- !10.Cl 

ff"U 0 
24.0 8• 

(0.21 molo) 
~s.o B• 

(0.19 mole) 

2-xeth11•2,3-opoxy-l1 4,•n.4phtbu~u1none.-- The general 
procedure Qf P!osor (46) tor the preparotion or epoxidoo ot 
1,4-r..aphthaquinor"oe was uaflSd tor- tha ~re!.flrnt1on or a-~othyl• 

2.,3-epoxy•l.,4-nartitbe.qt\!ni'>ne. l\. typical l'tm was n:.1 follows a 
n 1-lttor Erlonmeye~ fl~ak ~as che.~ged ~!th 60.0 G• 

(0.29 mole) of 2-mot?r/l•l/J4-nnphthnqu1none and 500 ml. or 
absolute ethanol nnd 1;he mtxtlu'e heRtod m1ttl nll or tho 2-

r.10thyl-l,4-nap11tha'!uinono \t;AO in solution. The nlooholio 

colut1on wna nllt>Wetl to cool ,1h11~ 10.0 g. of snhydt'otUJ 

:30clhun cnrbonntG was d1sso1.voo tn 250 ml. of wnt~,r. !roxt, 

60 rnl. or 30,t hydrogen p1n•ox1do solut!cn t:ne adclcd. 'J.'~J) 

qu1none aoJ..ut1.on was 000100 1.mdo:r the tnp until or,-otalll&ation 

bogan. The pett0:!t1de solution wne then add'!d r-~ll nt oneo wS.tb 
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the subsequent discharge ot the yollaN color or the quinone 
oolution. The reaot1on mu.tu.re wao poured onto !ce water and 
the colorloss white ·oeystalo fil·tored and ttir driod. There 

was obtained 51.2 6• (93.1%) ot 2•methyl•2,3•opoxy-l,4-nnpb• 
tba.quinone molting at 94ol•95.o0 • Flooo1• (46) reports the 

moltlllg point ot pure 2-metbyl•2•3•epoxy-l,4•naphtbaqu1none 
to be 95.6-96.50. 

0 

C(f"3 

" 0 

50.O S• 
(0.29 mole) 

-----------

2•Methyl-3•bromo•l,4-naphthnqu1none.-• Tho method of' 
Carrara and Bona.eel (47) wo.s employed ln the propiration ot 
th!o compound. A typical run was no follows: 

'?O 150 r:11. or lOt hydrogen bro;nido in glo.c1s.l acot1o 
acid conta1nod in a GOO ml, beokor was added nitll stirring 

16.0 6• (0.08 mole) of 2•methyl-213•ep0:t7•1,4-naphtbaqu1none. 
The quinono d1soolved with a an:nll evolution of heut. The 
stirring waa continued for fifteen minutes and the mixturo 
poured onto ice water. 'lhe resulting -yellow prec1p1tate was 
filtered and nir dried. Tbe crude product which uaa n m1x• 

ture of 2-methyl-3•bromo•l,4-naphthnqu1none and B•metbyl-3• 
hydrox,-•l,+-nnphthaqu1nona was dissolved in ether and extracted 
w1tb 10% aod1u..~ hydroxide solution and then w1th wuter. Tho 
ether oolut1on wao dried over anhydrous sodium oultate, t11• 

tored, and tho ether distilled oft. 'l'he remainS.ns :,ollO\f 
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cr7atalllne product yielded 10.0 6• (50%) ot 2-methyl•3• 
bromo•l,4•naphthaquinone melting at 149.3•l50.e0 • 

Upon ac1d1f1cat1on of the sodium hydroxide extract of 
the ether solution, there woe obtained 5.0 8• or 2-methyl-
3-hydroxy•l,4•naphthaqu1none meltins at 172.0-173.0°. 

0 

CO':) 
,, ,., 
0 

15.0 S• 
(O.oa mole) 

HBr 

--------- " 0 

10.0 g. 
(0.04 mole) 

2•Methyl-3•tluoro-l,4•naphthaqu1none.-- TO 60.0 8• 

(2.5 moles) ot anhydrous hydrogen fluoride contained 1n a 

stainless steel tlaok s.o S• (0.02 mole) of 2-mothyl•3• 
bromo•l,4-naphthaquinone was added with stirring. stirring 

was continued at 00 tor three hours and the reaction mix• 

ture allowed to come to room temperature. '!be remaining 

hJdrogen fluoride was bolled off. The residue was dissolved 
1n ether and dried over anhydrous sodium su.lfate. After 

evaporation or the ether, the remaining yellow precipitate 
was tested tor fluorine. The z1rconyl nitrate alizarin s 
test was positive. The product melted at 141-143° (softened 
at 1360). Mixed melting point ot product w1th 2-methyl-3• 
fluoro-1,4-naphtbaquinone gave a value or 146-146°. 

Further evidence for a pnrt1al replacement or the bro• 
mine with fluorine 1n the reaction or hydrogen fluoride on 
2-metbyl-3•bromo-l,4-naphthaqu1none was that hydrogen bromide 
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wns {S1'11~eu orr dut•ing the renotion. This wnr, domonnt1.,ntod b,-

puusinz the GUSeous .f.ur:100 givon off during tho 1'1eaotion !11to 

an nquoou.s solution or oilver nitruto. Tho resulting white 
_pro0i111tio.to was ailver bromide a1noe silver fluoride is 

very solt1blo 1n wotar. 

I·t seems likely therefor~ that tho produot obtained from 

tlle rettction wo.s n r.11xtura or 2 .. 1:1othyl-3-£luorP•l14-nnphthn• 

quinone und 2-methyl-3-b1 .. o:no-l.·1-naphtbAqu1nono. no \lay has 

as yot been found to soparata tho two. Fur·ther work is 

ttndox• wo.y 1n atuc171ng tho conditions v,heroby n 0O~1plcte i~e-

plaoemcnt or the bromine by the fluorine atom will be 

offeoted. 

0 
II 

COeH;s 

f3JL 
II 
0 

anh. DP --.. ------
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DISCUSSION OF EXPLRIHEETAL RESULTS 

Iaooteres of sulfa Drugs. (Seo. 1, EXperimental, P• 14•18). 
The compar1aon of the synthesis of fluorobenzone by the 

sch1emann to that ot the anhydrous h~rogen fluoride method 

is ot 1ntereat. The obvious advantage or the anhydrous hydro• 

sen fluoride method is that it g1vea a better yield ot fluoro-
benzene. Another advantage of thic method that is less 
apparent to one not familiar w1th the process is that 1t 1s 
less time ooneuming than the sohiemo.nn. Tho moat serious 

disadvantage of the method is the neceos1ty of having to uoe 
special equipment for the handling of anh:droue hjdrogen 
fluoride, The handling or hydrogen fluoride as a ohemionl 
does not introduce any serious problems it a wcll-vontilated 
hood 1o available tor the exporlmentor. 

In the synthesis of 2•(.J?-fluorobenzene sulfonam1do)-
pyr1d1ne (P• 17) the low yield obtained waa due to the repeated 

recryatall1zat1on necessary to isolate the product 1n pure 
torm. our investigations have since revealed thnt alcohol• 
water is a better solvent than glacial acetic acid tor tho 
pur1t1cat1on ot the crude 2•(~fluorobenzam1do)•pyr1d1ne. 

p-Fluorobenzam1do Analogues or Sulfa Drugs. (Sec. II, Exper-
imental, P• 18•23). 

All attempts to prepare 2-(_E-fluorobengam1do)-pyr1m1d1ne 

by the same method as that used for the preparation of 2• 

(j?-fluorobenzamid.o)-thiasole and 2-(J?-fluorobenzam1d0) .. pyr1d1ne 
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were unsuccessful. 

When a mixture or dry pyridine and triethyl amine was 

used as solvent in place of dry pyridine alone in ·the reaction 

of j?•fluorobenzoyl chloride on 2-aminopyr1m1dine, a product· 

melting at 160.8-161.40 that analyzed correctly for the 2-di• 

(p-fluorobanzamido)-pyrimidine was obtained. -

-----

c. 63.7. 
B, 3.3. 
N, 12.5. 

Found: c, 63,8. 
H, 3.8. 
N, 12.5. 

The procedure of Schonberg and Mustafa (48) tor the prep• 

arat1on or l•acetam1donaphthalene from l-(d1acetyl)•am1nonaph-

thalene by the action of diazomethane was attempted on this 

compound in the hope of obtaining the desired 2•(_R-fluoro-

benzam!do)-pyr1midine. This was unsuccessful, and the starting 

material waa recovered. 

Previous attempts to synthos1zo 2•(_E-fluorobenzamidO)• 

pyridine, 2-(_R-fluorobenzamido)-thiazole and 2-(_I?•fluoroben~ 

zam1do)-pyrim1dine by the use of the gonaral, conditions or 

the Schotten-Bauman reaction,~, reacting a mixture of the 

heterocyclic amine and the _E-fluorobenzoyl chloride in the 

presence of an aqueous sodiu:n hydroxide solution, were unsuc-

cessful. Difficultly separable mixtures or the corresponding 

amides and the starting mator1als were obtained. 

6-Fluoro-8-aminoquinoline (Seo. III a, Experimental, P• 23-33). 

The experimental investigation ot the three different 
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methods for obtaining 6•fluoro-8-am1noquinol1ne with regard 

to their general applicability and overall yield indicates 

that method I (see flow shoat P• 2SA) was most· satisfactory. 

This method waa formulated and partially completed by Brad• 

low (32)• The author carried it to a successful completion 

and obtained 6-fluoro•8-am1noqu1noline on JUly 2, 1947 (see 

p. 26). The publication of method II by Wilkinson and F1nar 

(36) in March, 1948 included the preparation of 6-tluoro-s-
aminoquinolina reported 1n the literature for the first time. 

The reported yields of the various steps or their synthesis 

could not be duplicated by the author. A notable extension 

of their method 1s the inclusion or an additional prepara-

tive route to 2-nitro-4-fluoroacetanilide (see flow sheet 

P• 23A). Nitration ot 4-rluoroacetan111de when acetyl 

nitrate was used gave better yield than when ethyl nitrate 

was employed. However, the preparation or acetyl nitrate (49) 

from nitrogen pentoxide and acetic anhydride is difficult 

because or the great instability of nitrogen pentoxide. 

This makes the ethyl nitrate more desirable to use for this 

nitration in spite of the tact that the yield or the resulting 

.2•nitro-4-fluoroacetan111de is sonmhat lower. 

In method III (flow sheet P• 23A) we have carried the 

procedure or Haskelberg (43) beyond the preparation of 6-

am1noqu.1nol1ne to that of 6-fluoroquinoline following Roe 

and Hawkins• (50) mod1f1oat1on of the Schiemann reaction. 

This sequence was found to give the least satisfactory 

results of all three methods. 
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6-Pluoro-8-a.mino substituted Qu1no11nes (Seo., IIIb, Experi• 

mental, P• 33-36). 

The inherent low yield in coupling reactions oi' the t:,pe 
attempted between 6-tluoro-8•aminoqu1nol1ne nnd 2-bromo-5-
diethylaminopentane, E\long with the smnll quantities of 6-

fluo1•0-8-a.m111oquinol1ne thus far availablo, have made it 

impossible to isola ta nnd identify any of the desired 6-f'luoro-

8-(1-mothy.l-4-dietbylaminobutyl )-am1noqu1noline. The cr1 tfce.l 

intermediate, 6-tluoro-8-am1noqu1nol1ne, has now been syn-

thesized 1n large enough quantities ao that the coupling 

roaction may be 11tudied further. 

Tho synthesis of 6-fluoro-8-(,R-fluorobenzanesultonamido)-

quinol1ne and 6-fluoro-8-(7-chloro-4-quinolyl)-aminoquinolino 

as interesting hybrid atructures wuc accomplished (sec flow 

oheet 33A) in a conventional manner~ Both of these c_ompowida 

are reported for the first time. 

Fluorine rsostere ot Camoquin (Seo. IV, EXperimental, 

P• 36-43) 

various unsuccessful attempts to synthesize 2-diethyl-

aminomethyl•4-(7•ohloro-4-quinolyl)-aminofluorobenzene 

(fluorine isostere or camoquin} were encountered before the 

one shown on flow sheet 36A was worked out. 

one ot the·first attempts to prepare the camoquin 1so-

stere was by the following pr-oposed scheme: 
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F p 

0 ------------------ 0 Br_~!-~=~~:-
NOg N02 

HBr 

---·---------- ------ -------------

F 0 CH2N(CH2Cffs)2 --------
U02 

2-d1ethylaminomethyl-4-(7-chloro-4-quinolyl)-amlnofluorobonzene. 

After preparation of" 2-bromo-4-nitrofluorobenzene by the 

brondna.tion of _E-nitrofluorobenzene, we were unable to run a 

Grignard reaction on this compound for the purpose of obtain• 

ing 2-fluoro-5-nitrobenzyl alcohol. Several 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 unsuccess• 

ful. Thus, this scheme was abandoned in favor of the following 



synthetic approach: 

F O COOR _:::~=~L 
NH2 

Cl 

( CH3Clis )2 1-lH 

-------------

Cl 
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F o coon -~~~~::!:!.~:. 
N02 

4,7-diohloro-
----------------qu1nol:lne 

F 
OCffsU(CJ12C~ )2 

NH 
I 

-W 
This scheme too had to be abandoned. It was round that 

2-fluoro-5-aminobenzoic acid could not be reduced by lithium 

aluminum hydride to the corresponding 2-fluoro-5-o.minobenzyl 

alcohol. This was due to the extreme insolubility of 2-tluoro-

6-aminobenzoic acid in ether~ which is used as a solvent in 

the reduction. EVen by employing the modified 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 1n eight days 
with the use of lithium aluminum hydride. 

The successful synthesis of 2-d1ethylam1nomethyl-4-(7-

chlol'o•4-quinolyl)-am1nofluorobenzene ,,as carried out as 

shown by the schema on flow ehoet 36A. The reduction of 2..-

fluorobenzoic acid to 2-tluorobenzyl alcohol was accomplished 

in good yield only whon a 2 .• 5 to l oolar ratio of lithium 

aluminum hydrido to the acid was used. This is conaidorably 

in excess of what Nystrom and Brown (40) have used in reduc-

tion of substituted benzo1c acids to the corresi:onding 

benzyl alcohols. 

Prcxf ot structure of 2-fluoro-6•n1trobanzyl bromide 

obtained by the nitration or 2•fluorobenzyl bromide was 

carried out as follows: 

OX1dat1on with potassium permanganate of the nitration 

product melting at 76.6-77.0° resulted in the tormntion or 
crystalline product melting at 137.5-138.4°. Mixed melting 

point with an authentic sample ot 2-fluoro-5-nitrobanzoic 

acid, prepared by the nitration or 2-fluorobenzoic noid 

according to the directions of Slothouwer (30), gave no de• 

pression. Thus, 1t was concluded that the nitration of 2-

fluorobenzyl bromide resulted in the formation or 2-tluoro• 
6-nitrobenzyl bromide. 

Fluorine Analogue of' 214~d1chlorophenoryacet1c Acid ('Sec. v, 
EXperimental, P• 43-49) 

The nitration of _E-fluoroanisole by tJ1e use of ethyl 
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nitrate to g1ve 2-nitro-4-fluoroanisole wns accomplished 1n 

better yield than previously reported (51) when other nitrnt• 

ing agents were used. The reduction of 2-nitro-4-fluoro• 

11nisolo by the use of plati.num oxide as n cntalyst to y1ald 

2-aru1no-4-fluoroanisole gave somewhat lower yield than obtained 

by Helin ( 52). The d1azotlza.t1on or 2-umino-4-flttoronnisolo 

e.nd tho subseque11t f'orr.m. tion or the dlazonium fluoborn·te salt 

by the general Schiomnnn reaction was ncconplishod in only 

6G~ yield, This onn und.oubtedly be improved upon by further 

experimentation. In genornl, the yield or the fluobornte 

salt in the Schiemann reaction is over 90%. It is suggested 

that the clenvaga of 2 ,4-dif lu_oroanisole to 2, 4-difluo:ro-

phenol nuy be preferably carried out by tho use of aluminum 

bromide or hydrogen iodide, rather than aluminum chloride. 

This would probably lend to somewhat bettor results. 

proposed Synthesis of 2•Trifluoromethyl•l,4•nuphthaquinone. 

(Sec. VIn, Experimental, P• 49-54) 

The proposed synthesis of 2-tri.fluoromethyl-11 4-nnph-

thaquinone as outlined on flow sheet VIa (p. 49A) has been 

oarried as far as the preparat~on or 2-trifluoromothyl-1,4-

henzoquinone. The remainder of the proposed s·ynthesis con-

sists or· & Dials-Alder type condensation between l--u.tadiene-1, 

3 and 2-trifluoromethyl-l,4-benzoquinone with the subsequent 

dehydration to give 2-trifluoromethyl-1.,4-naphthaquinone. 

Before succeeding in preparing 2-trifluoromethyl-114• 

benzoquinone we had mot with numerous failures. The pr•ep-

ara tion of 2-trifluoromethyl-16 4-bcnzoquinono was first 
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attempted by the oxidntion or E;-trifluoromethylnnlline. 

Analogous oxidation of !-toluidine to civo 2-methyl-1,4-

benzoquinonG has beon reported (53 1 54.,55). Only resinous 

material was obtained when , ~-trifluorornethylaniline 

was subjected to oxidation under the so.me conditions. It 

seemed certain that a compoUlld containing runino 01" hydroxyl 

groups para to each other 1n the molecule would oxidize vv1tll 

considerable mo11e ease to give the desired benzoqu1none 

structure. Therefore, we set out to prepare 2•tl'•ifluoro-

methyl-4-am1noan111ne ns a likely ihtermod1ate that v:oulcl 

yield 2•trifluoro1nethyl-l,4-benzoqu1none upon oxido.tion. It 

was hoped tl1-at nitration of m-trifluoramethylncctnn1li.de -
would give the desired 3-trifluoromethyl-4-nitroacctanilide 

and subsequent deaoetylation and roduotion would yield 2-

trifluororaothyl-4•aminonn111na. VJhilo the identification and 

proof of at~uoture of the nitration product from ..!-trifluoro-

mothylncetnn1lide was under uay, there appeared a p~blic~tion 

by Jones (66) desoribing the preparation of 2-nitro-5-amino-

benzotrifluoride by the nitration of ~-trifluoromethylncetani• 

lide and subsequent deacetylation. After deacetylation, our 

nitration product gave an 1dont1cal melting point u1th that 

reported by Jones £or 2-nitro•5-am1nobenzotr1fluor1de. Thus, 

it was established that nitration of !!!•trifluoromethyl-

acetanilide gave 3•tr1fluoromethyl•4-n1troacetan111de. Jones 

had not reported the isolation or the pure 3-trifluoromethyl• 

4-nitroacetanilide. He had deactylated the crude nitration 

product--a mi.xture ot 3-tr1fluoromethyl-4-n1troacetan111de 



• 68 -

and 2-n1tro•5-aminobenzotr1fluoride to obtain 2-n1tro-5-

am1nobenzotr1fluoride. 

In our attempt to pre~re 2-trifluoromethyl-4-e.mino-

aniline by the reduction ot 2-nitro-5-aminobenzotrifluoride 

with Raney nickel as catalyst, it was found that tho resulting 

2-trifluoromethyl•4-aminoan111ne was very unstml.e. It was 

impossible to isolate the desired material from the reduction 

mixture in pure form. This prompted ua to change our syn• 

thetic scheme somewhat. Instead of attempting to obtain 2• 

tr1fluoromathyl•4-am1noan1line as the free base, it was 

decided to reduoe and acetylate simultaneously 3-tritluoro~ 

methyl•4-n1troacetan111de, by employing platinuc oxide in 

acetic anhydride, to give 2,5-d1ncetamidobenzotr1fluoride 

(see flow sheet VIa, P• 49A). Subsequent hydrolysis in 

dilute sulfurio acid would then give an aqueous solution of 

the d1hydrosulfate of 3-trifluoromethyl•4-am1noan111ne which 

then could be subjected to d1chromnte oxidation directly. 

Thie 1s the successful preparative route to 2-trifluoro-

methyl-1,4-benzoquinone shown on flow sheet VIa (p. 49A). 

In the dichromate oxidation of the amine dihydrosul-

fate, it was found necessary to maintain a layer of benzene 
on top of the aqueous oxidation mixture in order to extract 

the 2-tr1fluoromethyl-11 4-benzoqu1none as it was formed. 

OtheM'lise, polymeric materials were formed. 

work on tba condensation of butadiene-1,3 with 2-tri-

fluoromethyl-1,4-benzoquinone and the subsequent dehydration 

to give 2-trifluoromethyl-1,4-naphthaquinone is now in progress. 
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An entirely different appronch to the synthesis of 2 ... 

trifluoromethyl-1 1 4-naphthnquinone wns attempted. This 

approach was based on the work of Pieoer und oxford (57) 

on tho aL~ylation of quinones by ti1e use or diacylperoxides. 

Using 1,4-naphthaquinone and diacetyl pcro:r..ide as examples 

the eeneral 1:~eaction can be illt'..strnted a.a follows: 

II 

0 

0 

" 
-----COG% 

u 
0 

In general, the reaction with di~cetyl peroxide is most satis-

factory with naphthaquinonea when either position 2 or 3 

ia already substituted. 

It was of great interest to us to find out whether the 

peroxide of trifluoroacet1c acid!!!:!.•, d1-(tr1fluoroacetyl) 

peroxide could be ma.do, and if so, whethor the following 

alkylation could be cnrriad out: 

0 
C 

OJ 
C 
6 

--------

If successful, this would give us the desired 2-trifluoro-

methyl-11 4-naphthaquinone in a single step. 

The attempt to make di-(trifluoroacetyl) peroxide from 
trifluoroacetyl chloride (58) or trifluoroacetic anhydride (59) 1 
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by the uae of the general procedure of µambarjan (60) for the 
l)!'eparat1on of diacotyl peroxide, has not met with success as 

yet. There was evidence of n ohcm1cal reaction to.king place 

when the sodium peroxide was added to the etheral solution 

of the tr1.fluoroacot1c anhydride, but itmls not possible to 

ioolata the desired material. 

FU.rther work is W1der way 1n studying this reaction • 

.Proposed Synthesis of 2-Methyl•3-fluoro-l,4-naphthaqu1none_ 

(Seo. VIb, Experimental, p. 54-59). 

The synthesis of 2-methyl~3-fluoro~l,4-naphthaquinone in 

pure form has not been completed. The evidenoe for the suc-

cessful replacement of bromine in 2-methyl-3-brorno-l,4-naph-

thaquinone with fluorine to givo 2-methyl-3-fluoro-1,4-naph-

thaquinone has been presented previously (see P• 57). At 

best we have only been able to effect partial replacement ot 
the bro!Iline uith fluorine under the conditions employed so 

far. we are hopeful that conditions !or co~plete replace• 

ment will soon be worked out. It ia sug6ested that the 

inclusion of morcurio fluoride in the reaction mixture may 
bring about completion of such a replacement. 

Synthosis by method I as outlined on flow sheet VIb 

(p. 54A) for the preparation of 2-mothyl-3-fluoro-l,4-naph• 

thaquinone has been carried as far as the preparation of 

2-fluoro-4-hydroxyazo~enzene. The unexpected dil'ficulties 

that have arisen in atte~.1pting to reduce this compound to the 

correa_ponding 3-fluoro-4-nminophenol by e:-:1ploying ao\. i1J,m 

hydrosulfite as the reducinB agent, can not be logically 
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explained at pre~ent. This reduction has been reported by 

Hodgson (45) to proceed 1n a satisfactory manner. we are 

testing the feasibility of using high pi~essure reduction 

technique on 2•fluoro-4-hydroxyazobenzane for its conversion 

to 3-fluoro-4-aminophenol. The dichroms.te oxidation of this 
compound to give 2-fluoro-l,4-benzoquinone has been reported 

by Hodgson (46). The renninder of tho synthetic scheme in• 

eludes the Diels•Alder type condensation or butad!ene-1,3 

with 2-fluoro-11 4-benzoquinone followed by dehydrogenation 

to give 2-fluoro-1,4-naphthaquinona. we have proposed the 

uoe of diacetyl parox1do as a means of obtaining ti1e desired 

2-methyl-3-fluoro-1,4-nuphthaquinone from 2-fluoro-1,4-naph-

thnquinono. 

various other unsuccessful attempts to obtain 2-methyl-

3-fluoro-1,4-naphthaqu.inone have been carried out. AnlOJ18 

these are the following: 

Addition of hydrogen fluoride across the 2;3 double 

bond in 2-mothyl-1,4-naphthaquinone to give 2-metbyl-3-fluoro-

1,4-naphthaquinone, was nttemptod. Annlogous 1,4-additiona 

or other halogen acids to the molecule havo been reported 

(61) to yield the corresponding s-substituted halogen deriv-

atives. All attempts to isolate the desired 2-mcthyl-3-fluoro-

1,4-naphthaquihone were 'Unsuccessful, and the starting material 

was recovered unchanged. 

Similarly, the attempted reaction of anhydrous hydrogen 

fluoride on 2-mathyl-2,3-epoxy-l,4-naphthaquinone in a way 

analogous to that of hydrogen bromide (47) to give 2•methyl-
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3-tluoro-l.,4-nnphthaqu1nono wns un.'3ueoossful, and the otnrt1ng 

rnaterinl was recovered. 

DISCUSSION OF TESTING, AND Ft11'URE CHEMOTHERAPEUTIC EVALUATION, 

OF THE REPORTED PLU0RINE•C0NTAININO ORGANIC COMPOUNDS 

Iaostores o~ Sulfn Dr~s. 
All of tho sttlre~ compounds thnt have benn round or oltem.0-

thcra.1,outic value thun rar contn ln tl!l N4 mn!no g1.,oup or a 

group readily rocluced to nn n::11no group (;ucl1 o.o nn u.zo group 

like in pl-iontosil). It \1ns or SPen t 1ntorent 1:o us to o.uoer• 

tain whethex- the replncomant or the N4 nniino group by 

fluorine would result 1n the rormntion or co:nr.,ounda thc'lt 

nould rotn1n their activity. 
we have previously pointed out, thet tho fluorine atom 

1s no·t only 1ooster1c with the amino group, but is also ot 
app~oximntely the aatie weight. Theretoro, the fluorine atom 
m1Ght be expectod to behave quite similarly to tho amino 
group when ocoupy1ng corresponding positions in an organto 
molecule. The therapeutic action of a compound 1n ,1h1ch 

the amino group hss been substituted with fluorine might 
posaibl,- be similar 1n nature, but at tho same time, the 

variation 1n the eleotronegativ1ty ot the substituting 
groups would be expected to produce a det1n1te change in the 
activity as well as 1n the toxicity or the compound. 

The following isosteres of the common type sulfa drugs 

have been submitted to oh&~otherapeutic evaluation; 
R:-fluorobonzeneeulfonamide (1sostere ot aultanilnt!llde) 
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2-(~fluoro'ben::enesulfonam.itlo)-p-,ridine (iaostere or 
sul£apyr1d1ne) 

2w(R•fluorobenzenesulfonuoido)~thiaEolo (1sostoro of 
uu.lfa thinzole ) 

2•(J:-fluorobenzonesulfona.mido)~pyr1m!d1n~ (inootere or 
eulfadiazine) 

1=>i1 olimi11a~J in vitro testing of those oom_pomids h& .. o been ----
completed, using Esoher1ollia coli t,a a toet 01.-.5nn1sra. The 

following 1e an 1naert :from a roport reoe1vod (68) on th1a 

toot1ns: 

"The oompo,mda we1ie tasted, ur.1ng E. 0011 .//330 a.a the 

test ore1.m1am. in ~oteod•s ayntbet1c m.od1a at pl! 7.7. All 

oomr..oundn were inaolublo at H/2O levels 1n distilled vmtoi'• 

solub111t7 wns effected very ean1ly by th9 addition or l R 
HBOH to t.11o suspension. When the drug was complotoly 1n 

aolut1on• the excess alkali was neut?'nl1zod by the add1t1on 
of l ff HCl. Tho solutiona we~e then q.a.•ed to volume. 

A simplo dilution type aaany was used and tho end points 
were talten to be the loweet conoontrnt1on or tho drug thnt 

oom.µletel7 1nh1b1 ted the growth or tha culture of E. coli!' 

For oompsr1son, the end points or sulfathinzole and 
eulfnsuxadine were also given. The following end po,.nt 

values were reported: 

Sulfa thiazole 

Sul.fasu.xadine 

,.2-Fluorobenzenesulfonara.ide 

2-(j!-fluorobenzenesultona.;nido)-~Tidine 

End P0\n,t -mo s 
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2-(.E-fluorobenzoneaulfona.mido)-thiazolo 
2-(,E-fluorobenzcnesulfonam1do)-pyr1m1d1ne 

'.rhe in vivo teeting of these compounds is now under way. --
Thia testing w1ll also include ru1ti•t!10.larS.al ovu.luat1on us 

well ae baoter1o1dal appraisal. 

Tho R-fluorobonzomido anulogueu of the common typo 
sulfa drugs could not be teated for their 1n vitro growth ---
inhibition on E.coli because or their 1neolub11ity 1n the 
testin,g media. These included ti1e following compounds: 

rtluorobenzamido 
2•(R•fluorobonzamido)•pyr1dine 
2•(2•fluorobenznm1do)•th1nzolo 
2•(j?•fluorobonzam1do)-pyr1m1d1ne 

~nt1-malar1al AnaloGues. 
The synthesis of the following fluor1no containing 

organic compowids or possible anti-malarial activity has 
been completed, 
2•D1ethylaminomothyl-4•(7-chloro-4•quinolyl)•am1nofluoro• 
benzene (1sostere of camoquin) 

6•Fluoro•8•(.£-iluorobenzeneaulfonaulido)•~ulnol1ne 
6-Fluoro•8•(7•ohloro•4•quinolyl)•am1noqu1nol1ne 

The synthesis of 2-d1ethylaminomethyl•4~('7-ohloro•4• 
qu1nolyl)-am1notluorobenzene bas been &cco~pllohed in large 
enough quantity requir_ed. for ant1 .. mal2.rial e.ppraiso.l. The 
testing of this compound. is now boing ar•rnngad. Tho cnmo-

quin isostero has already been shown to be a highly success-
ful ant1-malar1a1 (63). we await the outcome or the testing 
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or its £luor1no isoetoro with uroat interest. 
Tho synthesis of 6•fluoro•8-(7-chloro•4-qu1nolyl)~arn1no• 

quinol:tne waa undertaken with the idea or atudiins its possible 

anti-malarial activity. This 00:npound 1s an into1.,ostinG 

hybrid type between e·-r1uoro-8•n..,iin0quinoline and 7-chloro-

quinol1ne. Thie oocpound 1o now being tasted. 

Fin.~117, the synthesis of e-r1uoro-8•(J2•rluorobenzcne• 
sulfor..umido )-quinoline t1aa car•ricd out for the purpooo of 

toat~ its nnt1•m.o.lar1al activity as well as 1ts bt\Oteri• 

cidal properties. It bas been shown (64.), that 1ta unnlogue, 

6•1tVJthoxy~s~(j2•wninobonzeneaulfonamido)-4uinoline poasoaeed. 

slight ant1•malnr1al action. study or tho in vitro cro~th ---
1nh1'b1t1on against staphylocoocuo aureus ancl E.coli or the 
s-r1uoro•8•(J?•flu0robenzeneeu1ronomido)-qu1nol1ne has 

revealed moderate 1n..'11b1M.on activity (66). 

Fluorine AnaloiR!es of Menadiono (2•Methyl•l,4-naphthaqu1none) 

Tlle attempted eyntbes1s or 2-tr1i'luoromothyl•l,4•naph• 

thaqu1none and 2•methyl-3•fluoro-1,4-naphthaquinone wna 
undertaken with the idea or testing these compounds for 
their possible anti-vitamin K uct1on. 'l'his could be easily 

done by reeding these co~pQundo to rats or dogs and measure 
the change in the animals• protbrombin level. If o. vitamin 

E active compound euch as menadiono reversed such a change• 

it would be a strong indication £or an ant1~v1tam1n R mode 
or action. 

~horo nre numerous examples to be found 1n the recent 
literature or naphthaquinone s tructuree that show anti-· 
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v1tan11n K aot1v1t41. 'l'his 1s usually evidonood lrJ bm:1orrha.sio 

condi t1on:i • A few a.'"<llmploa will autr!ce: 

Smith., ~.,1 .. ad!dn and r;1okey (66) four...d thut L\ rute.l he~-

rrhac;ic s,r .. dromo accompanied by nnrkcd hyp0pt'othro:1binemin 

w:10 proditced in rats by t-td-:lin!etrat1on or 2-(3-oyoloho:cy-l• 

propyl)-3-hyc1ro.;:y-l,4-naphthaqu1none, 2-(2-mothylootyl)-3• 
llydroxy-l,. 4-Mphthuquinona and 2- ( 3-( dooo.hy,1.ro-2-naphthyl )-

propyl )-3-hydroxy-l .. 4-naphthB.qu1none. It 1a to oo noted that 
all or theso compounds aro cr..o.losues ot phth1oeol (2-methyJ.-

3•hydroxy-l,4-naphtb.a.qu1none), o. compound ,1h1oh, 1 tcolt • 

shov,s v1tmn1n K activity. In all cases, tho 2-mothyl group 

is replaced b:y a bulkier group. 
r,eunier (67) has reported to lltlvo observed nntagon1st1c 

relationship betweon 2•ohloro-l,~-nc.~thaquinono and 2-matbyl• 
l.,4-naphtha.qu1none. S1m1lwly1 Mentzer and l3UU Ho1 (68) have 

shown thnt 2•ohloro-l,4•nnphthaquinono and 2-chloro-3-hydroxy• 
l,4-nn.phthaqu1nono have ant1-v1tam1n K activity. 

Flttorine Analogue of a14-Dichlorophenox7acetic Acid (2-4-D). 

The use or the plant bor~one 2,4•dichlorophanoxyacetic 
acid (2.4-D) aa a commercial weed killer prompted us to syn-
thesize 1ts fluorine analogue, 2#4-difluorophenox:,acetio ac1d1 

for the purpose of aompiring its action with that of the di• 

cbloro compound.. The teating 0£ the fluoro analogue is now 
1n progress. 
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SUGGESTION FOR Ft'1Tt1RE ~ORK 

A. completion ot·Work Already started. 
Propooed sum::e3t1ons for tllo ~.:tension or the present 

work ara as follcnvs: 

I• Complat1o:i of the syntlle:i1e or s-r1uoro-8-(l-1nothyl• 

4-diet.~ylam1no'butyl)-am1noquinoline by oouplil'l.S or l•diothyl• 
am1no•4•bx'omopentane with 6-fluoro-8-am1noquinoline • ThG 

1nhoront low yield 1n coupling roaotlona of this type, and 
the small amount of 6-tluoro-8-am1noquinol1ne that baa been 
available in tho past, has provontod tha 1solat1on of the 
desired 6-fluoro-.8•(1 .. methyl-.4-diothylo.mlnobutyl)-nminoquino• 
lino. An ample eupply ot e-r11.101"0-8-am.lnoqu!nolino lma now 

boen secured to carry this pllasa or the p.1 asont \VOl'k to a 

nuccossful oo~plotion. 
II• complotion of the synthosls or 2-trifluoromothyl• 

1.-t1-ru.lp1thaquinone by the cor~.denaation of bu-tnu1ene-l,3 

with 2-trifluorottethyl•l,4-bonzoquinono., i'ollotved by dohjdl'o-

gonation. 
III. Further ex.perimentnt1on oo the oondit1ona naoeoeary 

for the. con1plete replacet!lont or bromlno with fluorine 1n 2• 

~eth71-3-bromo-l,4-naphtbnqu1nonG to u1ve 2-methyl-3-fluoro-
l,4-naphthaquinone. The nlte1~n&. te synthetio approach to 

2-ntothyl•3-fluoro--l,4-naph·thaqu1none as indicated on flow 

sheot VIb P• 64A should be continued. 

IV• Synthesis of 2•d1ethylnminomethyl•4-t2-r1uoroben~ 
zcnonulfonamido)~fluorobenzene f1~m _E-fluorobonzenesulfonyl 

chloride and 2-diethylnminomethyl-4-arninofluorobenzono and 
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its testing for ant1•:nnlarial activity. 

V • Interest -1n compounds rormod by condenaa·hion of 2• 

motnyl•;5•bromo-l,4.,naphthaqu1none ,,i tll the com.11on aulra. drugs, 

as structw•es or potential value 1n tuberculosis thera1,y (69), 
has led us to undertake the syntheois or £luoro1sooteros ot 
the typo2 of 2-ruothyl•S-(J?-fluorobonzonesulf'onunlido )-1.,4• 

naplltha.quinono. Syntl1esio or t.l11a complex fluo:ro-aulfo.nil• 

amide dcu--ivativo. and tho cor1~spond1ng fluox•o-sulfnpyl'idine,. 

suJ.ruthiazole, and sulradinzina ucr1vc,t1vos has boon st;artod. 

~he produot:s isolated thus far hu.va not been a.naly:ed., and 

for that reuson not reported 1n tho oxpar1mentnl ooction or 
this thesis. 

a. Worlt Contemplated But not sturtod. 

I• Roplacemont of tho two -hydroxy groups in pjT1-

doxino with fluorine. The resulting i'luorino inonto110 or 
lTJridoxL"'la ru.ght be oxpscted to show anti-vitamin Bo o.ctiv!.ty, 

It ia suggested that tho l"eplo.oemont or tho hytlroA7 eroup 

\vi.th bromino, usins 48% hydrogen brooido, followed by the re• 

placement of the br0t11ne with fluorine by the use of mercuric 

fluoride. would be a feasible s:,nthetic route. 

•fluoroacids 1soater1c with oome 
esoontial -atlino acicls. such a synthesis could be carried 

out by tho use of tbe Hgll•Volhnrt-Folinaky reaction with the 
subsequent replacement of the halogen by means or mercuric 
fluoride. 

III• It is suggested that patluorodL~ethyl aniline be 
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e1'tiea. This oor:1pound, Etn ieoste-1~0 or p-nm1nod1methylnn1l1ne, 

ttlr;ht 'be oxxloct,0d to ohow sio1l&11 r.l1ys1oloc:tonl nct1.vH;1oo~ 

I. The fl3"'11thotdf\ or tbo following now flu.or1no .... containin6 

organic compounds io reported, 
2-(;_>-fluorobonzenesulrone~~do)-pyridino 
B-(.e-tluorobenzenesultonrunJ.do)-th1nzola 
2-(R-tluorot,enzenoGiuror..0111!.do )-pyr1m1d1ne 

2-(rfluorobcnznmido )-pyi~,.dine 

2-(j?-'fluorobenzw:nido)-thiflzole 
2-(ia-fluorobenztunido)-~yr!r:'~dinc 
6-fluoro•8•am1noqu.1nol1no 
6-f luoro-e- (_E-f luor obenz. ones ulf onwaido )-qu1nol1no 

8-fluoro-8-(7•chlcro-,-quinolyl).attlnoqu1nol1ne 
2-fluoro•5-nitrobenzyl bro!Aido 
2-d1ethylw:ninomothyl•4-nitrofluorobenzeno b-:;drobror.ddo 
2-diethylaminomothyl-'l-um1nofluorobenzeno dih7drobromide 
2-d1ethylaminomethyl~4•(17-chloro-4-quinol:,l)•am!no-

flucrobenzene dibydrobrocl.dc 

2,4-difluoroan1aolc 
2~!--ditluorophenol 
2.4-difluorophenoxyacetic acid 
a-tr1fluoro~ethyl•4•nitroucetan111do 
2•5-diacetamidobenzotrliluoride 
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2-tr-1f'luoromethy-l-l,4--bonzoqu1none 
II• The scope or the reaeia.--ch re~rtcd in thio thesis in• 

oluo.es the synthesis of isostox•es of sulfa. clnJ6S and ru1.ti•mt\• 

lar1n.ls., ili. which l'tll nmino or n hydroJ;:':T groUl) hos been 

replaced by tho 1aoster1c fluorine atom. In addition, n 
methoxy grou.P hun been roplaood by n fluol'ine atom 1n anti• 

nnln1~ialo of the 6-mothox,1-a-o.mino aubatitute<l qu1noline 

type• ~he synthesis or two analocues ot 1nenadior1e ( 2-i.i.etbyl• 

1,4-no.phthaquinone), a oo~npound or high vibr"t1n K activity,. 

111 which tho fluorine ator:1 l"Oplucea o. 1•ing h;,'drogen or tho 

hydrogens on the methyl group was undertaken. 111nally, tho 

syntl1esis of a plant ho11mono, 1n which t·;10 chlorine atoms 

wero replncod b~ fluorine atoms was accompliched. 

A. The ~allowing sulfa drug iooste1"os were syntheoized: 

2•(r£luorobonzenosulfonnmido)-pyr!dine (1aostcro ot aulfn• 
pyridine) 

2-(n-fluorobenzonosulfonacddo)-thiazole (1aostcre or oulfa• ... 
thluzole) 

2-(iz-rluorobonzenesulfoD.P-mido)-pyrim.dinc (1sostcro of sul!'a• 
dinz1ne) 

n-fluorobonzenosultonnmicie ( 1ooa toro or sulfnn1ln:n1de) _., 

rrelit:11.nAry in vitro teotins or tho growth inhibition 

of theue oo:npounda nga1.nst Ee coli indica tos that tho~ growth 

inhibition activity is 1ntcrmoo1o.te botweon that of sul.fathla• 

zole and aulfasuxadine. 
The eynbheais of tho following sulfa· drug analogues was 

also accomplished: 
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2-(j?-fluorobenzumldo)-pyrid:L~e 

2-(j!-fluorobenznmido )•thianole 

·2-(£-f'luorobonzumido )-y;rim1d1no 

~-r1uo:robonzamicte 
These compou1lds oould not bo tooted booauoo or thoir 

insolub111ty :tn the microbial nut1'11onto. 

n. Synthesis or tho following potontinl u.nt1-mnlar!ols was 

OOJ!pleted: 

2-d:tc. thylamino:rnf:lthyl-•1• ( 7-chlo1"0-11-c-1uinolyl )-a~ainof l uoroben-

zene ( 1000 -tore of comoquln) 

G-r1u.oro-8•(7'•fluorobenzenesulfonan11do)•quinol1n~ 

6-fluoro-8-(7-.ohlo?to•4-quinolyl)-am111oqui11olina 

Tllo pharmaoologiao.l taotins or those oora:)ounds is now 

beina arrar1ged. 

C • Syi1t1icsia of the .f'luor1no nwJ.1061.w of the plnnt bo1~mono 

2,4-clichloropheno;-..--ys.cotic uoitl (2., 4-D) hus been complotcd. 

Evalun tion of ito possible woed-killir>..J,l uct1"1ity is under 

wn-;;. 

D. The atteapted aynthosia of 1'luol~1no analot.~as of· mona• 

cliono is reportod. Those anuloguos are i 

2-t1~1t1uoror..tf.'.)th:,l-l,4-na~1tliaqu.inone 

2-meth7l•S-f luoro .. l 6 "1-na.p_~thaqu1none 
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