
THE SYNTHESIS OF ORGANIC MEDICINALS ,, 

by 

. Arthut¥ F. Helin 
13.S., Niagara Un1v'ers1ty, 1936 

M,S •, .11assaohusetts Institute of Technology, 1947 

Nov.,- 1949-· 

Submitted to the Department of 
Chemistry e.nd the Facult1 of the 
Graduate School of th& Univer-
sity of .Kansas in partial tul.-
fillment of the · requirements 
for the degree of Doctor ot 
Philosophy. 

Advisor Committee: 
Redacted Signature 

Redacted Signature 
~===============·--==::----~-=· '==~ 

Redacted Signature 

[1450]· 



.llCKNOWLEDGEMENTS -

· The author wishes '. to · express( his . gratitude to· Dr. 

· 0, .A. Vanderwerf fov his ' gu':tciance and'. assista~ce . during 

the . COUI'S8 of this 1nvest1gatt,on and.to .the Office or Naval 
. ,-

. Re~earch for tine.ncial auppor.tr .of, the 'project• 
. . . ' .. : , 

Credit fol' 

initial work 'on the synthesis or sevez-a1 ot the intermed• 
, . 

:iate compounds reported goes to Dr. Augt1st Sve1nbjornsson. 



. TABLE OF CONTENTS 

PAGE 
nn.'nonuoi?101t •••••• -~- •••••• h •••••••• ·• ••.•• ·• -~- •••• , ...... .. l 

· I. Deveiopmeri ti' of· Ohemtitherapy. / ••••.••• •••• -. -~..... . ·1 
. II. Drug Ant e.gonism "arid ·:tsoster1sni. •, • • • • ·• • • • • • • • • o • ·a 

'i ' _ : _- ___ , _ '. _: . , '; : , , ''. l ; t 

. II!• Scope Qf the Present· Project•.-.••'.•.•••••••••~•• 10 

EXPERDViENTAL. • • • • • • • • • • • • • • • • •·• • • •., • • •·• • • ·• • • • • • • • • • • • •, 12 - 1 , •.• · • .' ·; ·. ' . ,. ' .• · ..••. ,' · ... ,, , .·- '. '. ·• ' ,.,.•, .• ·. '. ' ·.:.·.· -· '. 

Ia. Attempted syn,the~is. of 3,-4•d1flu.orophenyl-
. arsoriic acid• Method I•••• u • ..•.. -. • • • • • 12 

·Jl•1'1luoronitrobenzene. • .··• • •••••• ,. n • .••..... · 13 

.n•Fluoroaniline ~. ·~ • •••••• • ••• , • .•• • •• •••• • • • • • • · 14 

3-Ni tro-4-fltioroan111ne. • •. • ••••• • • •. •• •• •;• •• 14 

. 3-Ni tro~4~.fluoroacetanil1dG •••••••••••••••.• • 16 
•., 

-3•Amino•'4~fluoroacetan111de-. • • • • • • •. • •• • •. •. • • 16 

2-Fluoro-.5~aceta.in1dobenzene ·diazoni um 
flu.oborate •.• • •. ••• •••• u ......... "'·•-. ••• 17 

Atten:pted preparation. of 31 4-dif'luoroac-et-
e.nilida •••••••• • • , • •••• •·• .•• ., • • • • •. o •• •. 18 

Ib. Synthesis of 314-difluorophenylarsonio acid. 
Method II. An attempted alternate route 
to 3 1 4-d.ifluoro aniline.•.•• o • ••• •. •• ••• •. 21 

2•Am1no•4-n1trofluorobenzene • • • •••••• • ••••••• -· 22 

2-,Fluoro.-6•nitrobenzene diazonium fluoborate. 24 
Attempted preparation of 3,4-difluoronitro-. 

benzene by -decomposi.., ~ion of 2•fluoro• 
5-n:ttrobenzone d1azon1um .fluoborate..... 24 

Ic. Succes·sfui synthesis of 3,4~d1fl.uorophenyl• 
arsonio aoid. Method III••••••••••••••••• 26 

2-Methylce.rboxybenzene diazonium fluoborate •• 27 

2-Fluoromethyl benzoate.,.••••••••••••••••••• 28 



2•Fluoroaniline • • • : ••••••• • • •• • • • •••• •• • • , 29 · 
-', •' ~· ·C 1, '., < '• " '' , · -~ ;· . , . -' : ,• ,; ·, L> -· ,, ' < ' t· l . _ ~• . '.• ,. 4 i •- , •• " ·/ ., , i. . ; ~· \. l:i , . •! . >< r, 

. · 2-l?luorobenzene diazonium fluoborata •; ·• •. • • 30. 
·o ..- 'r 1- r • 1 I· \; ·l I ,, · • ;, . " ., . ·;, ,,· ,- . -~ · ;, 

o•D1fl u.orobenzane. • • • • • ••.•• , • • • •· • • • • • , • · •• • 31 ...... - · . . · . · · · ' ·. • ' · - ' f • ,, . . ' !' •I ll- ), . , ' ;- · ., ,1 a " , <o 

3,4-..Difluoronitrobenzene f.~o,~· !?.•.qi,£:.l,u,o·r,~-. .. .. . . . . 
benzene•••••••~.• •••• • •• •· •• • • •• • • ... •. •,. 32 

3,4-Difluorophenyla.rson:Lc acid•••••.•• ••• ••., 34 

:rd. Synthesis of,5,4•d1fluorophenylarson1o·e.c:t.d~ 
Ifa thod IV. _ An . alt e:rnat e route to o• 
fluoroe.n111ne., •• ~. •" -~ •· • -~ .- ~-.-;.; .\· ~. • .. sa· 

' ' ' ' ' ,· ' ' ' 

2•Fluoroe.n1l:tne _ from 2•:f'l uororii tr oberizene ~; ' 38 
' ' ) ' ' , 

Ila• Synthesis ot 5•fluoro•'7-diethy'lam1riome thyl.;.;g.; ,· , 
hydroxyqu:tnoline and 5..-tluoro•7--1odo.-8-.. 
hydroxyqu1nol;.~~e., . M.E!~~qd,. .. ~•- •· ., ~. •. •. •,•, •., 4! _ 40 

5•Nitroso•8-hydroxyquinoli!!,e •-•. •. •• •·• ••• ••... 41 

5-Amino-8-hydroxyquinol:bie • -~ -~-~ •· ~-•; ; •. ; ~; ; ; ., 42 

8•Hydroxyqu1~olyl•5· diazonium fluoborat.e 
hydrofluoborate •••• • .. ,., , ~, n '! ! ! .. ! ~,, • .. 43 

5~Fluoro--7-d1ethylam1nomethyl•8-hydroxy- . 
qu inoline ••• , .. • ••• • .••••• • •••••••••••••• · 45 

s .. Fluoro ... 7•1odo--8.-hydroxyquinol1ne .• • • ••• • •• • • 46 

IIb. Synthesis of 5-fluoro•7-diethylam1nomethyl• ' · · 
a~hydroxyquinoline. Method II. An altar• 
nate· route· to 5•fluoro•8•·~yd~l\1q~inC?lin,.~ _ 48 

4•Methoxybenzene diazonium fluoborate •• • .... • 49 · 



5-Flu.oro~8--hydroxyqu1noline. t:roni, 5,..fluoro~ .. 
8.-metho~yqu1nol1ne, • • •~ • •• • • •• ••.·~· • • • • J • • • • 59 

I Io. .Synthes is or 5•fl.uo.l,:J ~7~d.i,thylam:tnom~thy-1 .. a• .. 
hydrox1qu1no11ne. Method III. Attempted 

. alternate .. r.oute tQ.5~fliioro~8-metnoxy• . Gl. 
qu.1nol1ne-. • •· • •••• •• • • • • • •, • • • , •• •. • • •• • * , • 

8•Methoxyqu1noline-. • • • •• • • • ~·• •• • • • •• ••• • • · 62 

s-:N;ttro•B•~e thoxyqu.inoline ! ! •• • •~··. ~-.. • • .. •... 63 
'> ,, 

Attempted preps.ration of 5•mnino•8-me thoxy• 
quinoline.,. •• •:•; •• • • •• •• ; • •··•., _.,.i .. •.••·• .. •·•. 64 

IIIa. S'/filthesis o.r · 2•tr>i.i'l.·uoro111ethyl.··· ~.l.14•.: na:y.htho•: •- ... . · qu.inone • an analog of :Mena.cu.one , 2-me thyl• 
.. . 1,4-naphthoquinonel. · Method I.•••••••..... 6.8 

3•N1trobenzotr1fluor1de. •• ••. • ••••• •• • ., •• •·• 67 I 
' . ,, ' . . ' 

3•Antinobenzotr1fl u~r3.d.e~, • ••••• ~• .•. • •• ,. • •.• • •·•·. 67 

3•.Acetami do benzot:rif luoride •. • • •• , • • • •• • .• •. , .. , 69 

2•N1tro-5-acetam1dobenzotr1tl11o~lde~ •.•• • • .•.•• , 69 · 

B,5•D1acetam1dobenzotr1fluoride ••• u • .,. ... • •. 72 

2,5-D1attd.nobenzotr1fluor1de· bydr~sultt!te • • 73 

Tr1fluoromethylbenzoqu1none ••• • ••• -. ..... • .. • 74 
,·-, ' ' 

2•Tr1fluoromethyi"5.,e, fJ,.l9~t~trahydro~l, 4~" ,~·, 
ns.phthoquinone • • , • • • , • • .... , •• • • •••.•• • • • 7 5 

S•Trifluo.romethyl-5 ,a ,9 ,lO•tetrahydro-1, 4.;.' •' · 
naphthohydroquinone-. , • • • • • •. , •• • ••. • • • • 76 

8•T:rifluonnne thyl .. l, 4-naphtho qui non&• • • • • n • 77 

IIIb. Synthesis of 2-trifluoromethyl-11 4-ns.phtho•. 
quinone. Method II. An alternate route 
to tr.ifl uoromethylb~nzoquinone ... , .• • .. ,. • ,. , •.. ~, '7.8 



.. Method III• An. tt1i.aiURt,e.~ ,,1~0:ttt.e _to, .-tr.I~ . 
fluorometb:yl benzoqu.inone • •• • • ••. , ••• ., • • • • 78 

2, 6~D1aniinopanzotri:fl'uor'1'c:ie· hyd;r:ocbl·ot-1de .• •. 79 

! ' '•·., ,, 

2,5•D~am:t'nobenzot·r1flu9ti¢t~ .. bydrosulfate •. ,~ • 80 

t.r:rifiu.ovorae th.ylben~ oquino11e .• .,, : •• • - • • ·•·• • • •·• -. • 81 

3-Hydroxybenzotrifiuor'lde iHH• •, •· ~; • ·• ····•· •.•• • , • 82 
"t ·- .( 

Attempted preparation· ot, 2•nitr6so•5-hydro:q-• 
benzotrifluo+-14~, •• ~,•••• .. •• .. ••••t••••! 83 

DISCUSSION OF EXPERIMENTAL RESULTS••~,•"••••• n, •.to•, 84 

Method II.•••• .. ••• •• , ..... ••• .. •••••••~••••• 85 

' . •· ,, "- 'i.' \> 

lVtetho d IV•• • •. • • , • •. • • • • .. , • • .• • • • •• ., •• • • • • • 

II• SYNTHESIS. OF 5-FLUOR0•7•DIE'rHYLAMINOMETmlt-8• 
lttDROXYQUIMO:LIIiE· AND 5•FlN.ORP . .-.7.•IOD0•8• 
llYDROXYQUINOLINE. • • • • • • ,·(l·• • ... ,,. •. •·•., • • • • • • • 

J.ietnod I.•••••••••••••••,·•••••••••••••••• 

86 

87 

88 

88 

· · .Method I I• • • u • • • • • u • • • • • .., • • • u . • • • • • • , 89 

Method III.,••••••.•••••••• .. ••••••••••• i• •·• · 91 
III. SYNTHESIS OF 2•TRIFLUOR01'1ETHYL~i~4:NAPHTHO• , 

QUIMOMEt • • • .. • • • • • • ! ·• • ~·• •. • -• • • • • •• • • • • • • • 92 
' ' ., .. ' t ·' " 1- ,I, ' '. ·,, Iii ~' ''.', ; 

:Method I• • • , • • • • ; ; , ·• • • • • • • • • • • , • • n . • 92 

l-!ethod II•••••••.~•• .. t • • « • 1 ••, • • • • • •, •• • • • 95 

Method . III•••,.•••.•••••••••••.•••••••••••·• g5· 
: -

PHARMACOLOGICAL TESTING.•••••••••••••••,,·,.••••·••••••·•,• 97 

SUl!IM:ARY • • • , • • • u • • • .. • u • u • • ., • • •· •. • • • •. • • • • •. • • • • ., •· • • •· •· . 98 . . 

BIBLIOGRAPHY u , u • • • • • • .. • , • • • • • • • • • o • • • • • • • .. • • • ·• -. • 100 



:CNTRODUOTION 

I. DEVELOPMENT OF CHEMOTHERAPY. 

Chemotherapy is defined as the treatment of: dis.eases by 
,, . . 

e.dm1n1ster1ng chemica1s ·whioh affect the causat1~e organism 
unfavorably but do·not lnjure the patient• The science of 

chemothert.tp7 is rela.t:tvelr. new and, although 1t is now an 

exceedingly widespread and valuable method of combating sys-
tend.c im'ec_tions, nevertheless, it is only since the turn of 

the ce,ntury that appreeiab1e p:r-ogress has : ~ee~ made in this 

· field. 

'I'ha e·arliest of the ohemotherapa~tic agents were, as 
•'' 

might 'be expected, · natu:rally-..oecurring produ.cts • . The use of 

Cinchona bark ··t9r the treatment of malaria we.s introduced 

into Eu.rope 1n 1638 and quinine, 1ts pY.lnc1pal alkaloid, was 

isolll.ted by Pelletier 1n 1820. Ipecac ··was introduced. into 

Europe in 1658 from Braz11 · where the natives used a decoc--

t1on ot the root · 1n the treatment of diarrheas • Eme~ine, 

the most active of the ipecac alkaloids,, was first described 

by Pelletier -in 181?. The niore · recent use of ipecac ·dates 

from the 1840's <when it was employed. in India as an eff1• 

cient symptomatic· treatment for certain types of dysentery. 

Rogers (1), in 1912, demonstx-ated that ,emetine was a valu• 

able drug 1n .the therapy of e.mebiasis. 

Paul Ehrlich, often referred to as the "father of chemo-

therapy," made spectacular advances in this field and devoted 

the major portion of his scientific career to the principle 



that a molecule can be constructed -which will act as a spe__. 

c1f1e agent against a ·parasite without undue inju.X"/ toward 

the host. His early leads with Methylene Blue and '.I'rypan 

Red were followed. by. investigations ot comparable substances 
containing arsenic which resulted in tbe s'ynthesis of.the 
sp1rochetio1de arsphene.mine :1.n 1912 (2), •'Although .this drug 

is not entirely- specific for the pathogenic orga11ism, Ehrl• 

ieh1s discovery represented a tremendous triumph in :the field 

or chemotherapy., :-particule.rly. so since it was the result· o:r 

planned research.-

The successes atttndant upon the brilliant achievements 

ot Ehrlich were:foll.owed by. a period of widespread invest~--
ga.tion or the arsen:toals ana··otheX' heavy n1ats.1s, Hundreds 

of new· compounds were prepared and tested 'many of which have 

proved of great value in the treatment of previously incur.;,: 

able infectious dis ea.sea.- Treponemiasfs, ameb1asis and 
. . . 

trypanosornia.sis yie~ded. to organic arsen1oala ,: , leisbma.riiasis 

to compounds·or· antimony. 
Until 1920, synthetic chemotherapy 1 was: chieflt interest-

ed in organo-metallic trypariocidal' or sp1roohet1o1dal dX'llgs. 

The introduction, in that yea.r, of Germanin, a. st·rtctly or-
, . . . 

ganic compound, marked an important departure from this 
field.. This drug has proved to be· an extl'ae>rdin'arily useful 

. . 

trypanocidal agent having · a very high· therapeutic index 

(300 1n mice) and 1 a prolonged period of action. A ·single 

dose may confer immunity to sleeping sickness for s·eve·rs.l 

months· ( 3) • 



·The select.ive action or dyes on various. tissues, an 

early phase· of Ehrlich's work, formed the basis tor an ex-· 
tensive· :t.nvest1gation of similar compounds in an• effort .to 

produce drugs' which would atts!ok the common pathogen1C, m1oro-

organ1sms such as· ·s:taphloccal, streptoooocs.1. and pneumococcal 

bacteria.· In 19541 Domagk: (4) announced. the remarka.bleef-. 
fectivenes·s· of ;]?rontosil. 1.n curing streptococcal and _staph~. 

lococce.1 infeetions·in test animals. Soon after this·epoch• 

making dis cove:ry,,· 1nves t1gators· f oulld . that · Pron:tos 11 • breaks. 

down 1n the . t1s·aues. to n-antinobenzenesulfonamide (now oom• · 

monly called sulfanilarnide), s. oompound as etfeotfve .. as 

Pronto·s111n· cw1ng.in.feotions, Within a ·few years,· more 

than one thousand sulte. compounds had been synthesized,, a;-
tliough only a few have shown ou.tstending:promise :tn chemo-
therapy. Thus, to the·11st· of pathogenic miero•orge.nisms 

winerable to chemical agents• were added,, the a treptocoocus, 

meningoooocus, pneumoooccus, gonococcus, gas 1;>acillue.,. and, . 

others. 
Other successful investigations originating from the 

work of Ehrlich were in .the e.-ntimalarial· f.ield.: . The synthe~ 

sis of a large number of compoµnds related ~o Methyle~a 

Blue · was Ulldertak&n by German· chem!s t·s who, in 1924,, pro-

duced· .Plasmoqu1ne (5), and., 1n 19351 Ateb~ine (6).· Plas-

moqUine was found to.·possess curative properties. age.inst 

both ben:1'gn and malignant tertiary malSJ?ia ·although it ·has 

proved ·too toxic for general clinical use. Atebrine, e. 
drug of. ·low toxicity, is a very effective prophylaotio 



-against benign ·and·me.Iignant tertiary ··malarias, and ·a : cure 

for the -mal1·gnarit 'tertiary -form • 

. . . : Further progress · in tha ·t1·ght against the malaria para• 
. ' . . . 

site -was achieved by- the · :mo.nu.mental effort put · rorth in .the;•: 

reeent wartime program of the Office of: Scientific Researcli 

and Development · du.ring the ·co:urse of 'which some 14.oo'o cfom• 
. . 

pounds wei~e tested. · 0£ :these; ·the ··moa·t ·ootstwid:l.ng ar:e'· 
structurally rele.tad to either Atebrine · or 'Plas·moquine· · and , 

have been flSsigned· the following names (7)t ··011l.oraquine·, · · 

Oxychloraquine, Santooh:tn, · Oamoquine ~d. ·pe·ntaquina • 'All -

of these compounds have· shown activity -sui•passlng: t~at · ot 
. . 

Atebrine · as. suppressive drugs· vlhile Pente.quine has . a.loo -- been 

shown to have curative action exceeding 'that of Plastnoqu1.ne. 

Paludrine ·ca),.- a biguanide ·compound, the result of a 
search by British· investigators for' ·e.nt1inalarial -_ drug8 

an:ong pyrimidine ·derivatives, has ' proven .to be :a.·potent 

and · non.-toxie ,ant1me.la.r:tal drug, · :It ls ,active against all 
three < .torns of malaria end pos aesses the property, absent. 

. . . 

from other anti·malarialaj·. of-'preventing :tne· development ·or -· 
pare.sites 1n 'the pre•erythrocYtic stage. · . ' 

Latel7-. the , development of a ·new type· ot chemothera• 
. . 

peutio ·e.gen·t,· the '. "Antibiotics ,'tt ·has :become increasingly' , 
, . . , 

important, ·These are soluble· an.t1ba,cterial subst·ances··pro•-
. \ 

duoed by mioro-.organ1sms during growth· on su1tab1<3 media. 

Inhibition of: growtn of _on~ bacterial species by the 
presence of another had been obs,erved since tlif beginn:th.g 

of -bacter1ology. Emmerich and Low (9),· in 1899, preps.red 



· an extract of a ·certain species ~hich was found_ to .. have .a. 

destructive effect against patbogentc -ooee1 but 1t was .too 

toxi~ ·tor clinical. use.; , . 
In 1929, :'.,Fleming (10) ·discovered that the broth on 

which a mold known aa Pen1cill1um was growing bad bacte:r1• 

cldel properties. The name Penicillin was given to active 
.filtrates ot the , broth and the active compound itself' was 

isolated in 1940 (11) • · Th1s antibiotic has remarkable anti• 

bacterial act1y1ty-. l:t 1s bacter1o~tatic e-ge1nst almost · 

all Gram-positive organisms, but completely non-toxi'c. The 

oonsti tution or the drug · has been elucidated and. its syn.1,;he• 

sis accomplished (12) butr yields are too iow for commercial 

production. Todar, 1t has attained widespread use against 

a variety or infections • . . 

Since the ,wonderful success of Penic1ll1n, a drug which 

approximates the ideal chemotherapeutic agent, several other 

ant1b1ot1os have been discovered and clinically tested. 
. . 

Streptomycin, discovered by Waksman (13) 1n 1943, . is active 

against Gram~negative organisms.. The structure of strepto• 
. . 

myc~n has not _ been elucidated as yet• Ohloromycetin,. an 

ant1b1ot1o effective age.inst Rocky Mounte.in spotted fever, 

x-1oketts1a,: typhus and -typhoid fever, was discovered 'by 

Burkholder· (14)- 1n 1947. Its structure and synthesis are 

kn~ (15) and the drug_ is comnercially available-.. Yet an• 

other antibiotic of considerable importance is Aureomycin . 

. (16) •· This compound has been found effective against 



tymphogranuloma .. V$nereum, ·R1cketts1a and certain; viruses. 
Jiowetrer, .so . far -,· very little 1ntormat1on<1s available con• 
ceming its chemical structure. 

From this · ,brief discus·s1on or the I s·ub'je·ct. ·ff 1·s readily ' . . . . 
app(Went ths.t tb.e science · of ·chemotherapy· has had ·e. ·reJ.a·t~ve• 

.· ly ·short but · rexne.rkably .·truittul past and 1t 1s ·sare ·to pre• 
diet an. even· more .. •br1111ant and ·produotive future during 
which the goal of . Ebl-lich, · the· synthesis ot a specific · 

molecule to combat every 1nfeot1ous disease·, will be largely 

realized~ .-

II. DRUG ANTAGONISM Ai1D ISOSTERISM-, . 

. ·tn the present work, the most important theoretical . 
' 1 • • ' • . ., .' • ' : • 

guides fox-" the selection of a method or attack on : the pro-

b1:em ot synthesizing d~gs or a h1gb deg~ee of therapeutic 
activity have been the principles of drug antagonism -and 

. : . . . ' ' ' , ; . ',·: . 

1soster1sm. 

The theory of dru.g antag~nisrn (l?l ~s been a rece.nt 
avenue of advance for the science o,t chemotherapy _ e.nd de.• 

' 
serves some comment. It is frequently observed t _h_at the 

. ' ' ., :, 

addition of a second drug to a. system already containing an 
. ' ; . ' ' ' ·. . ; . : . 'j 

act1 ve drug oaus es . rev_ettsal ot the ~ct1on of the first drug. · 

This is kno~ e.s drug ~nta.gonism~ It may be d1rec_~•;· 1n that 
the ante.gonis~ co.mbines·· chemically_ w1 th the_ drug to fol."m, a 

. ' 
physiologically inactive complex, or indirect• :1n that no 

' ' . •· •.· . . , , ,; ' : ·, '. 

chemical interaction between ·drug and antagonist is possible, 
but · es.ch is capable of displacing the other from its biolog-



.. . '(»'1~. 

ical; point of t1otion, 
· All essential: .. metabolites ·whether · they . :ru.nction , as, -.co-

. enzYJll8s, ·prostheticl groups, activators or building blocks,· 
' . . - . '·_ , . ·.' . ' . .. ' 

are usable b1 cells by reason , of tbo tact · that ,some· prot~in · 
' ·. ; . . . . ' . . · , . , 

structure in the cell 1s .speo1tieally designed to _.:tit"- their 

particular_ .eleetro.nic oonflgttx-a.tion. · _ Any .. -substance· made 

av•aile.ble.·to·· the ,liv1ng ·ce11 1 which penetrates the '.·eel1:: wa11 

·and 1s ·c1osely·s1m11ar ·1n :,electronio configuration to ·an -es• 

sential metabolite, will · bal:table :to be , Catlght· up in · the . 

metabolic . wheel. at the point apeeif1oally designed to accom.-

modate the related metabolite, If the analog ''fits" : bUt · 

,cannot undergo conversion to. a functional form; then it· may 
act as a growth inhibitor. 

,This is the present , theo:ry of the action of the sulfa 

drugs • . The e~sential meta.bol1te ' which they displace is ll· 
" . 

. . ·.,. ' •. . . ,, ' 

aminobenzoic ·acid~ The discovery of ·this mechanism ,of e.c~ 
. 

tion _of the sulfa. drugs is chiefly responsible for the pre--

sent theory of drug e.nta.gon1sm. 

· : ·. '..This the~ry has led to ·a flurry or activity on the part --

of . pharmaceutical chemists 'to construct molecules of similar 
' . . 

configuration to that of lmown essential meta.bolit~s 1n or-

der to .t$s~ thefr ·properties as -antagonists., · Soma ·of the 
• • • ' - , _ • 1 

antagonists or : "anti-vitamins" · which have been developed 

includEkpJridine-3-sulfonic -~c1d as an antagonist of 

n:tcotinic a,cid (18) ·, . phenylpantothenone - t_tS an.:_ antagon.ist 

of pantothenic ,e.cid (19) and .pyrithiam1n- as an antagonist 

· of thiamin (20). : :. 
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, The. -c()n.cep~t -io:t; ,_1sost~r$,sni was · originally defined. : ,t,y_ 

Lan~1r {2l) i? ;919~ _-· lie _propqsea that ;moleoulas: _orgrQUps 

which have the same numbers .ot ·atoms • and · the ·smne . total :num-; ,' .:•· · • ' '. • ' ••,. ; I,·. ', , '· i· · . , ,' , ·', . . . · , . . , ._ ' , • 

_p~r of ,electro~ui; .~rrange<l, Jn- t~e. saiie. manner _·are "iaoster!c,_n 
_and, _ .furth~f, _he tis.lled: attenti,on to . the· fact · that when . 
1sosteres are . also-'1soelectr.1c ;(poEtsess :.the ·same -total ·· ' ' . , ; . ; . . ' . ,_. . . · . . . 

. charge), th. en they,J1ave strikinglJ. s 1m11ar properties• 
Olass.1c .. . ~~mnples- of. pair.s of .isosteres are carbon ,xnonoxide• , 

nitrogen and.carbon. .d1ox1da•n1trous oxide. 
, : ' • . • . ·_ l ; ' ' . . . . 

. _G:rin.un (22) .broadened the-. concept to include •molecu:les --
or g:rouJ;S , possessing the same ,. numbe:r- .of: valence . electrons, 
whether or .not the-. same number· of -atoms · ware involved.: Ac• 

cord111:S: to .this _def1n1t101_1., groups ot the following types 
are isosteric1 fluoride, hydroxyl, amino, ·and methyl; 
oxide~- methylen<J, 8-n<i imide; acetylide and cyan1dEh 

Erlemne.yer. 1 in1testigating :_applications 'Of Grimm's in• . . •. . . ' ' ... : . . ' 

terpretation, pointed ~.ut ·'. (23) , that ca:rtain· dyes •differing 

in structure only by the substitution of a .· methylene group, 

for its iaostere, · an: oxide group,. exhibited ·e.1most: identical 
' . . . . 

· absorption. spectra~ He also extended the . concept ot 
i~osterism by proposing (24) that · the aromatic •OH=OH•-
group and .the ring sulfur atom ,are :isosterio., since only 
the _outer: electrons_ ot the ~oup can be considered s1gn1t1-

carit in determining 1soster1sm. As evidence he · p ·o1nted out 
tha~ _benzene . and th19phene ._ posseas very .similar physical 

. . . 

properties. and, 1n· a st~Ud.n~ investigation (24)1 he showed · · 

that, . even in th~ exceedingly specific antigen-antibody 



reactions• certs.in Qorreapond1ng derivatives _of. ;t,enze~• , and 

thiophen.e .pro1re4 to b<l ind:tstingu!sb.e.ble • 

. '. ., .· $4,3.?-ce,in the .final analysiti, ·the practical use of tp.e 

·ooncept ,;o"r: ·1sosterism':requi:res ·. e. .~1m1:tsr1ty"; of,, chemical ~nd . . 

phJsical properties between· corresponding co.mpounds contain• 

· 1·ng ·:isosterie -grou.ps; the ·st1ggest1on of: ~rlemneyel" :that only 

0\1,ter: electrollt3 ·shwld be: ·con$1d.e:red ts· too sweeping .'. t.o a.a• 

cep t · ·w1 thout :. ~aklng account of : other .-factors t Benzene, th1~ 

· ophene ·and, :fur&'Pl.e should be, lsostar1c accordin_g to. the un• 

- restricted deffn1tion; tut · .fu.ran ,. exhibits ·properties quit$ 

·d1ss1'm1lar :to the other ~o. The same considerat1ons_::e.ppl,'Y' 
. . ' . 

to th1a;zole · and oxazo1a :ln their re le.ti on to pyridine~ · 

Bence, ror prae.otice.1 applications of the concept in 

predicting the propEJrt:tes of 1sosteres i . 1~ is clear t}:lat 
. . 

one must be mindfu.'i . of such:inf.luenoes ·e.s. resonanc~ · and op• 

portunities for • hydrogen bonding. It is- also noteworthy 

that only in-· cases where the grotipa involved differ but -

slightly in weight are s irniia.r· properties· obse"ed .(25) • 
. ·: ' . . . ' 

As · QPPlied to· certain apec1t1-c groups .'. whose -similar;. 

·effects have been well established:, however., the concept of 

isoster:tsrn ·1s .playing an . important role -in suggesting the _ 
' . pos s1b111t1e·s of new physioiogioelly: e.ct1 ve _,agents . tvhich .· 

·differ from compounds · of tested valu~ only in _the ·subst1tu-

_t1on of one such 1sosteric· group fol! another. 

A classic 111'.'tstration -o:f' -this .approach is that .o:f'_ sul• 
. ' . ' ' . ., - ; 

fapy~id1ne ., aulfadiazine, .end sulfa.thiazole , (26)~-- The re-

_placer.nent _of - the benzene by the thiophene ring 1n ·oooaine 



produced a compound closely resembling cocaine in its phys1~ 

. olog1cal e.tfect {~7) • Anothe:r interesting exaq,la is that 
ot the alkylamine esters of J?•fluorobenzo1o acid which have 

anesthetic properties similar to those of the corresponding 
der1 vati. ve of ·.it•hydroxybenzo1c acid (28) • 

. III. SCOPE OF THE PRESENT PROJECT 

As pointed out in the discussion ot the concept of 

is oster1sm, tluo:t'ide 1s 1soster1o with hydroxyl, mn1no., and 
methyl,. Bence, as a rationale for tbe present undertaking, 
it was postulated that replacement ot an amino or hydroxyl 
group on a drug of p~ven activity should result 1n a oont• 
pound whose pbys1olog1oal properties should be · similar to 

the parent compound but, 1 t was hoped, 1ntens 1:f'ie d or en• 
hanoed without excess~vely increasing the toxicity. ~rther-
more, since the size of the fluorine atom is compare.bl~ to 

: that of the hydrogen atom, it is conceivable that replace_. 
ment of one or more c,f the hydrogen atoms of a compound 

known to be an essential metabolite, vitamin~ or vitamin 

substitute ·by a fluorine atom, wou.ld produce a reversal ot 
the activity cha:racte:ristic of the parent compound, or, in 

· other words, an antagonist of the parent compound.. 

With these two-principles _1n mind, the sy,nthesis of the 
following compounds · was undertaken: 

a, 3,4-Difluorophenylarsonic ac1d~•.-Th1s compound is an 
analog of atoxyl (4•aminophenylarsonio ac1d) 1 an arsen1cal 

or recognized spirocheticidal activi tr • . 



· · ·, • b. · 5--Fluoro•7•diethr1~nomethyl.-8•hydroxyqu1nol.1ne ..... · 

The high antimalarial activity of · a _·typ$ or '. compoulld developed · 

· by- Burokhalter,, !.! !!!• ;: (29)(30L, · (2•diethy1e.m1nomethyl-.4•.- . 
, · - . . 

aminophenol· and . dexaivatives) ·suggested ··the : synthesis --of a 
similax• cornpoun.d· substituting : a· quinoline nucl&11s for the 

benzene ring and a fluorine atom for . the amino group. 

• c.. 5•Fl~oro:.7-iodo•8-hJ~roxyq~1nol~ne • ••The s 1milar1ty 

of t1'1l!)tux>e or the · co!IIPound synthes,iaed unde; (1H) to the ·. 

a~ebicidal · agent V!of'orm (5-chloro-7-1odo-8-hyd~ox7qu1~ol.ine) 
' ., ' . ' . . . 

sugges~ed the synthesis and testing of this compound as an 
, ' , ,· ._ , - ' ,' ' , I ' ' , . . . - ' . '. -· ' • • ' . _· . '· ., - ·, : ·' 

ameb1c1de. A -further reason tor ._ choosi~ this compound lies . , . 

1n the re.ct · th.at _ its activity can_ b _~ compared w!~h -~~at , ot 
fl series ~f halogenated B~hydrox:yquinol~n~s reo~ntly- pre• 

_ pared by. ~gerton (31)~ 

d.· 2-Tr~fluoromethyl•l 1 4-napl,lthoquino~e • ••The sul.:Js t1 tu-· 

t1on · of fluorine atoms for hydrogen in the methyl gro~p of 
' , , • ,··. 

Menad1one (2-metb.yl•l,4~naphthoquinon~), a vitamin K substi-

. tute, could conceivably _ result in a vitamin K antagonist. 
,·' . . ,, 
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· EXPERDJIENTAL 

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

Method I. 

F HN03 F 

0 H2S04 0 H2, Ra. Ni • 61 '7o 82% 

I 
N02 
II 

F 
HN03 , 

F 

0 ON02 H2S04 Ac20 

60 °lo 90% 
NH 2 NH2 
ill N 

.F F NaN02, HCI ON02 H2 ONH2 Ra. Ni Na8F4 

84 '% 71 % 

NHCOCH3 NHCOCH3 
V 

F F ONNB~ heat OF HCI 

0% 

NHCOCH3 NHCOCH3 

1Zil YIII 

F NaN02 F 

OF H2S04 OF AsCl 3 

NH2 H2As03 

IX. X 



.. J..1luo:ronitrobenzone;, (II)'~---This ·' compound was : prepared 

, b;(: th~- method. : oi · B~ad.low : and, ·: Vanderwerf · (32) : as . follo",sJ 

A . 3_: 1·• ;: beaker: equipped.: with : a stirre_i,, ', thermometer,; ·and 

dropping .ftinnel ·-we.a . set: -in an·:1ce.-salt-":11ilth;·Qnd oharged .jv1th 

. 1350 ·m1.,··ot a 2:1 ··m1xfur:e . (1.,'y ·volume)' :o~ ': 9oncentre.ted ·'-au1•·: 

. ·rur.i 6 acid.· and · ni tr1C acid . (de·ns'ity 1~5) f \. ': Add.iti'ona:L cool•;._ 

.·.ing .. -was· -providfid by ·1nterm1tte·n.t . ad.diti·on.- ot-: ·pow·dered iDry .' ---. 
I~e~:· A'. '5oo ·g.· po~'tion _(5.22 lll<>les) \of . fluorobenz'ene :w~s ' 

. added dropwis_e over the course of_ ft~·e houz;s while the tem•·· .. 

para.ture ~as . kept at tibout ! ~io0 ./: ' The reaction mixture was · 
. , ' ' ·. ' ' !"' . . ' 

· poured .over. 4600 ·,t .. .. of _ :to~,, 
. . . 

The p~oduct·.was extract~d. witb..'.ether· .. and .the ~ther ex•1 

'tract washe·{l twice' with water,,.- once. 'With sodiutrt' o~rbQnate 
' ,, ·. , · ' ' ' 

' ' ' -, 

. sol~tion .. and · igain ·w.ith· water, , .d~j,.ed over sodi~m sulfate.: 

The ether ':was' :re111oved · and the ··residue : WEU~ :.distilled ,' .. · · 
' ' -~ . ' , 

under reduced · pressure.- A total ot 450 _g. ·ot :Jl•fluo:ronS:t~·o-· 
'j •. ' ' ' . ' ' ' 

. benzene boiling at ·1 78°1 und~r 3' nun~- pressure . was · obtain.eel ., 

corresponding tc(a. s1% yiei<1.·· · __ · .: ;_· . 
. . . ;_ . . ' . _-._ ... · .. . ·• '. 

: ' i ~. : : 

·; The : l"esidue waB: · furtha~ ·distilled to yield ~2:4 s~·; (33%) 

~f 2,'4•dinitro~:f'lu<>robenze:rs . boiling at 136° under; 3 mm.1
,; 

pressure.'. 

OF ___ :-_-_ . . 

. 

. 
'•, I · • , 

... soo ·_ g. ·-: 
(s.2 · mole~--)~ ·· 

HM03 
H2so4 .-

450 g.- ., i, 324 g. ', 
(3.2 moles) (1.7 moles) ·. ·_ . 

1 All boiling points uncorre·oted, all melting poin't~ 
corrected. 



11-Fluoroanilfne (III) ••-•The: m~thod._ of. Bra.dlow ·and-Vandel'-. 

werf (32) .. we.a ·used. -in p1•epar1ng .this compound •. 

·A· ·50 .g. (0-.36· mo1eJpor.t16n Of: 11-fluo~o~trobenzen~ d.1• 

luted.·with 50- ml. of-redistilled. absolute: alcohol was. placed 

:tn a hyclrogenator and 0.5 S•: of RaneJr ri.ioltel, .. to gather with a 

drop of .platinum chloride solu.t1on wa~ aQ.ded._ The mixture ... · 

was shaken v1:t.th hydrogen -under a.. presS1.1re of 2•5 atmospheres 

wh:tle heat \Vas applled by. means of e.n 1ntra.•red. le.mp.. Ab• 

sorpt1on of· hydrogen· started shortly and tlla theoretic.al 

. amount was absorbed· in tour .. ho~s. 

· The solution was fi:tt,red tbrou@'l a sintered glass f\tn--

nel. to remove the catalyst. $ntl the solven~ distille~,- the 

last traces being ·removed und~Jf the reduced p:ressu:re pro~id• 

ed ·1;,y, a water ·pump.. D1stills:~1on- ot .the residue under re• 

duced pressure gave 32.5 8•: (82%) of .Jl•f'luoroan111ne boiling 

at 69° -under· 6 mrn •. pressure. 

(J 
lJ02: 

Hg, Ra. Ni 

82% 

50 g. 
(o._35 mole) 

1'!Ha 

32.5 g. , 
(0.29 mole) 

3•N1t~o-4-fluoroe.n1line (IV) •••The procedure of' Bradlow 

and VanderWeJtf' (32) for nitrating n•f'luoroan111ne was employed. 

A 600 nil •. beaker eqµ.1pped with a ···stirrer, thermornete:r.-, 
and addition funnel was charged· wlth 118 ml. of concentra:ted 
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, .. .. 

_ mole) --portion>, of Ja-fluoroan:tline .was .added cautiottsly in 

· -smell : portions~ : ,;_ A mixture·. ot 9.4 ml. _ (0.21 mole) of-nitric . · 

:acid (density i.5} . and 50 ml. of concentrated su.lfu.ric acid 

was added slo•ly while _ the temperatur& was maintained at 
abou_t -5° by the add.itJon of, fll'y :tee. powde:r, Addition re-

-quired .forty- minutes and .stirring w·as contin:u.ed for another · 

1½ hours. 
The rea.ot1on mixtttl'e we.s poured over l kg• ot · 1oe and. 

neutralized w1 th di.lute ammQn1wn hyd.roxidt while the temper-
ature -was held below 30° by further _ addition of ice.:. ·The 

dark orange_ prec1p1 tate whiQh fol'med ·wa's · filtered off• 

washed with water, end -taken up in ether• The filtrate was 

- _ extracted. -·with. ethet-1 the ·$thex- _solut1ons ·were combined and 

dr1ed ave·r anhydrous sodium sulfate • . 
. - . . . : . . ' ' 

'.Che ether was removed by dis till&.tion and the residue 
was distilled under reduced _ pressure. The ox-ude product . 

-bolled at 160° under 2 _ nnn. ;pressure and appeared in the re~ . . ·' . ' . . ' . 

ceiver as an orange solid~. After one receysta111zation 
. . ' 

from a ltl _ ethanol•watex- solution;· 21 g• (6()1&) of 3•n1tro-
4•tluoroaniline melting ~t 94,_9 .. 95.~o w~s obtained~ _ 

;· F. F 

QJ __ : ___ :_:!-~---_ -::...- ()NOg 
, N~a 

. 25 'g• :·: :' -. . 
·(0.22· mole) 

-NH . · . 2 . . 

21 g~ :·'' - . 
( 0.13 ·mole) 



' . 

, the procedutte described.: by $'1eser ( 33) tor· the prepa:r-ation 

. of aceta.nilide .·,was used. · 

Exactly 21.-,g. (0~13 xnole) • of. · 3•nit~o•4-fluor6an1l1ne 

was added t(r 50 ml. · of benzene in a 850 rnl• ·Erlenmeyer:· flask 

. and to ·tld.s waa addad ' in 1 ,m1. ·portions 16 -g-. (0.15 ·mole) of 

. acetic anhydride. · · The mix tu.re· became: qu. ite wa1--m 'and · a lemon• 

yellow solid e.pp~ared as a thick paste; 'repiac1ng the. orange 

starting material a. 'The sol.vent· was · removed .by,heating on ·a 

steam · bath) and . the. yellow .solid residue ·was · reerystalli~ed •.·. 
' . 

fl'om ·}lOO mi. of 3:1 ethanol-water so1u·t1on, After.: ·a: single 
' ' . ' 

washing-· w:t th water ·and ·an overnight • drying· ·1n a. vacuum des:tc-

ctitor, 24· rs• (90%) ot>erystalline 3-.n.1tx-~4•fluoroacet;an111de 

.melting· at · 139•0•139.8° was :obtained~ -· 

: F '· F 

· cro2_: __ A:-:-:-· __ .., ' (r 02 
. . NH2 ·. 

· : · 21 g • . · · 
· (O .13 mole) 

•"·• . · NH0O0~3- : 

. 24 ·g. · ·. , 
(0.!12 mole)_ 

' ' · . 
3•Am1no.;.4•fluoroacete.rtilide · (V!) •••A hydro gena.t 1on 

·bottle was ch~ged with 24 g. (0,12 inolel of 3•n1tro-~--· 
, ' ,. ' -

fluoroacetanilide, 125 m1·, .. of absolute alcohol, ·<>.2 g. of . 

· Raney nickel, and a. drop ot platinum chloride solution, The 

mixture was. shaken wi-th hydrogen under _a pressure of about 

· 3 atmospheres~ Absorption of hydrogen started shortly and 
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continued smoothly until .-th,e _, theoretical ·amount --had be~ri 

takm;i up. 

__ , T.~e solµt1on:\-vtas ~11t~red h~t: ;,to, remov~ the·,cate.lys·t •_,,_ 

· ... and the, rl,ltr~t~ ~as ~oOled,j o~sing a ·quant1ty ,of whlte,C, 

~rystals t,o<• s,Qpa:ra.:fa'.h ·After concontra:bion. .. of -the mother 

,l,iquor to_ --:abou~ 1/4 _its .volum~ and coo11.ng, a '!JeQond1 crop . 

- .of .crys_tals was .obtained, _, These -w.ere .dried under .v·acuum to -< 
. .-- : ~' . . : : -: . . _· -· . ·- . \ . . . . . . . ' - . ' . _' -; ,._ ' ' , . . _' . . ' 

g1VEJ 17 . g,-. (~4,&l of pure _.5•amin0•4-fltt9roacetanil1de, nt• P• 

154~9-157:~1~:•-

:F 

•. (°')NH"' ·· . ·.• ·• •·· •. · . V .. n2~ ::; Ni 

NH090ll3 

. 24 g. / ·to,12· mo1eJ ,, - . 

.-.. -' . F•::. -

()NH2 
~HOOOH3 

. < i7 S• , -__ 
·• (0.10 mole) 

' ' . . :·, 

8•Fluoro•5-aoE,te.midobenzene diaeoni_um fluoborate (YII )·••• 

The · sch1emann reaction (34) for the prep_arat:t.on of diazonium 

fluoborates was used·. 

A 250 ~ -. beake~ equipped .with 1:1. st1rrel' e.nd :thermom~ter 

was set in an: ice-salt bath and charged with 17 g. (O.lO}mole) 

. o:r' 3•amino--4-,t1uoroaceta,trl.l1de· and 2i- ''mi~ (0.24 mole) of 

. concentrated ,hydro0t1hloric ·acid diluted ,dth 30 Yd·• of wate:r. 

The mixture 'was cooled to ''0° ~nd diazotized by ·'the·; ' gradual 

addition aver a pe;r-iod ot .forty-five minutes. ot 7.0 S• ,.(0.10 

mole) of_- eo urn ni tr~ te in the fo rm of_ moist balls·.- At the 

conclus!on 'd:r -,the' diazotizati 'o~, a cold soiution ~f ;22 g. 



. (6.20 :mole). of ' sodium :fluoborate in 20 ·ni1~ or wat·er wa.tf · 
added . all at. once causing an orange precipitate . to form. , 

After s·tirring: for ariothe·~ thirty rninutes. ·; the prec:i.pftat,t '. ' 

. was ·· filte~ed . off, _. wiishad' ,tdth · 30>':ml.< of · cold 'wat·er:,. then· 

with 5·0 mi. 1 of cold ELlcohol. i and finally with 5b ·ml.:,: or 

cold. ether.:: . 
. ' 

· · :. · . : , Dried ; :fu ·air, ;· the ·2-.fluoro--5•acetami'dobenzene· d:tazon•/ · 

ium .fluoborate weighed 19 g.: .(76% ot the· -thaoi~etfcali) . :,: 

F . .. · . 

0 ... · ·_NB2 Na:::;tl 
. : · ·' . 71?,& .. , · 

_NRC~CfI3 . 

17 g. . 
(0.10 mole) 

F 

ONNBF4 
· .NHOpC.H3 . 

19 ·g • . · 
(0.072 n1ole) 

' ' ' 

' ' . ; . : . . 

Attempted preparation of .3~4•d1fluoroacEltan111de (VIII).•• 
Two methods were used in attempts to obtain this compound.·, 

a.· 'The Schie~ann method . (34) inyolving · heating ·of: the 

dry diazoniuni _f'ltioborate salt was carried out as· follows: 

A ·19 g.·· (o.·07 mole) , portion of 2~i'luo:ro~5-aoetarnid.o•• 
' . ' ' :. · . 

benzene diazonium fluoborate was 'plaoe·d ·in a 1-aso mi, flask ' , 

equipp~d with a retl~ ·condenser. The flask,,vas ·cauttous1y 
. heated· a·t 'a . spot ·next tc(· th·e ·edge· of tb9 . pile .of materi•al > · ,; 

w1 thin. Deoomposi t ion 'started quickly and continued · •ithout 

further app11oe.t1on or heat. A rapid evolution of thick 

white· smoke aocornpanied the deCODi)OS1tion. After· the initial 
. . . . 

reaction . bad subsided, the flask was heated with a flame ... · 



until no mdre ·tumas were evolved~· 
, The reflux: oondensex, we.s replaced wtth_: a d1st1lling 

. head : and the reaction· £ias·k ·was . heated 'stronglt ,w1 th ,:a · :_-
. ' ' . . . 

flame. : 1 Alx>ut ·oxi'e · m1., of a ' i1quid boiling:at 134-137°: was 

obtained. , 

The residue, consfsti:ng: of a black tar, was treated. 

with fither, ~in Vtrbich· 1t · was · pa.rtisll'y soluble:- forming an ;.: 
orange solution· which was decanted., dried : over -sod1un1.sul-.. 
fate and evapov.atea to dryness leaving , a brown tar • . The 

resid:lle after tbs , ether treatment was extracted with benzene 

and the benzene solution was evaporated to dryness leaving 

a· :reddish-brown tar. 

The residue after · the benzene treatment was ·rerl,1.xed 

with SM eydrochlor!c acid . for two hours, neut re.11zed w1 th 

sodium hyd~x1de and stemn distilled. Only one phase ap• 

.·pee.red in the receiver. 

No 3,4•difluoroacetan111d~ could be isolated from any 

of' the materials obtained.. 
. ' 

b, The modification desc~ibed by Hartung (35) involving 

heating tl,le diazonium fluoborate salt in_ an inert solvent 

v,as attenpted as follows: 

· · To. a 400 ml .• · belllker containing 100 ml_. of kerosene 

heated to 170°. by. means of . a hot _plate was added in small 

portions from a spatula 16 g• of 2-fluoro-5.-acetamidobenzene 
' < i ', J ; . ' ' ' ; , . ! • ' 

d1_azon1um fluoborate. Decomposition oe~x,red as the mater-

ial was added, · a puff of white smoke accompanying the addi .. 
I • . ·-• , 
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• tion ot each portion of the dry powder. A 1ump or dark · red 

tar accumulated in the bottom .of the beaker • . 

After the cooled solution had stood overnight ., a :f'ew 

scattered crystals separated from the kerosene • . These .were 
) . . . - . . .- . . ' - - -. - . . - . . 

removed and, after being dried 1n a vacuum desiocator; 

malted at 122.0-124.ao. There was not enough of this mater-

ial to attempt an 1dentificat1Qn• 

-:_ The tarry rea1d.ue ··was transferred to a 500 mi, flask, 

200 ml. of water was added and the mixture waa steam die• 

tilled to remove the kerosene traces. 

The residue was cooled, 100 ml. of concentrated hydro• 

chloric ao1d was· added and the mixture was . refluxed for · 

three hours• It was cooled, neutralized w1 th 50% sodium 

hydroxide solution end steam dis tilled. The distillate was 

extracted. with ether; the ether extract dried over sodium 

sulfate and evaporated._ Only a smear of oily material re.-. 

ma1ned from the evaporation,, 

No further products ~ere obtained. 

F 

ONNBF4 . h:;t 
NHOOOH3 ·. · 

19 . g,. . 
(0.072 ·mole) 
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I. b. Synthesis of 3,4-difluorophenylarsonic acid. 

Method JI. An attempted alternate route to 3, 4-diffuoroani line: 

F 

6% 

ON02 
F NH2 ON02 SnCl2 ,HCI N 

N02 
F NaN02, HCI XI ONH2 Na8F4 

24% 38% 

N02 
XII 

- F F ONNBF4 heat OF H2, Ra. Ni . 
0% 

,.. 
N02 N02 

XIII XTil 
F 

OF 
NH 2 

IX 



g-Am1no•4.-ni ~rofl.uorobenzene .·. (XII l ••~Thi~; preJ>~r.e.t~ <>.n ... 
:. : ,.t 

was carried. ou.t. b~ .two met hot:ls : . 
• • '. < • •· i 

' .. ' a •.. By ·catalytic hydrog~nat.~o~i. 
' (' , .. -.·' . . • i. ':. ; . J. ; . ; -: ' '. . ,. •,.. . . ' ..• . . .\ • \ 

F~ot1y .22 S•. (O.l~ m,le) o~ _2 1 4.-d:i~i.t~_otluo~ober.te~ne,., 

[Obtained .a~ a ~; .. pX'Odu~ t . t'i'9~ ;i-$par;tt~n of ,ll•·t'J.u~ro~ 
? ' ''\, i ;• ·, ': ,:'_, '·_-_ t \ .\ .'., ;.' ';, ·, •( ·-·:: ,:l , . :-• \ . ;_ , . _'• __ -, .· .. , , ,•-: -., 

nitrobenzene (II)] W$S dissolved 1n 20 ml. of absolute .alco.-. 
l 1'' , ·. ' ,- . • ,_, , ' ' : i ' ; ; '; ; .·. < ' '.•:·• I '. :, \ l ( ; 

hol and placed in a h1drogena:tion _vest3el •.. .A:bou.t 0.2 -.t1;• J'>f 
< ' . , ' , . I • ' , ' • . ' 

Raney nick~l and 1 d.1-op of platin~ chlo;,:'1de. a_plutloll ware 
'. ' ' ' '. .., . .'.• ',,, ·,,, i ' :· .·;. ..,·, . : . ' 

added and. the mixture was. sh9:ken with hy_droge,n un,d~l'., a._ , ~ra.s-
sure of 2.-4 atmospheres while. heat was applied by m~~na .of 

',·: . .:. ' ' •. · '· ' '.··.•. . · ... i .... •·. ·,,_.,_·- --

> .. 

an infra-red lamp. A.bsorpt19n of hydPogen ~tarted 9:hortl~r 

and at the end. of s 1x hours, th~. ,calculated ~moµnt re()~Ss.arr 
to reduce one nitro g~oup had.been taken up. 

The contents of the vessel were t:r:-ans.ferred to a. 250 

ml. flask and steam di.stilled.. A small, quantity or orang~ 

red needles appeared 1n the distillate Which, dried in air, 

weighed 0.02 8•, m,p. 101.2"';101.4°. (Recorded m.p. of 2 .. 

amino-.4-nitroflu.orobenzene: 102°) (36) • The distillate was 

ac1d1f~ed with hydrochloric acid and evaporated to dryness 

to yield. o.a g. or brovmish ... orange crystals, a. yield of. 4.3% 

calculated as 2--amino-4-nitrofluorobenzene hydrochloride. 

b. This ~ompound has been prepa;red b:y Blanksma et !-,-, •. 
(38) e.nd their procedure was employed as follows: 

A 4 1. ~ee.ker was cmrsed with 100 g. (0,54 mole) of 

2,4-dinitrofluorobenzene,. 500 ml~ of ethanol, l 1., of waten . , 

and 100 ml •. of conc.entrated h~rochlor1_o e.~id-. The solution 

was heated to 65° and a mixture or 280 g. (1.48 moles) pf 



ste.n~ous:· chlor1a.e:, , 360 ml. , of concentrated hydroehl·t>rfe· ae:td 

·and :300 ml •. of ethanol wi,uf addl;ld slowly over· a ·fort,--.five 

minute -"perfod.i,._ ., : :·:· 

• - The,· cooled solut10·£.. ,was made basic · with :sodium bi;earbon• 

ate· and st·eam ·distilled. . Orange-red er,stals of 2 .. am1no--4•. 

i11trofluorobenzene· separatedf'rom .the distillate whioh,~ after 
. . . . ' ' 

filtratfon '. and -air•drying,i. _melted at 100~-,~.-.101.:1°.,-, :··wef S11t · 
. . . 

ot :tbis·<materlal was s~3: g.: Evaporation ·of: the foI'erun_,.··. 

which consisted mostly of alcoho1, yielded ··an adaftion,a.1' '2.5 
. . . 

g. Acidification o:f\the remaind.fr iot :the. dis tilla.t$ w.i.th .· 
, . • C • 

hydrochloric acid.; tolloweci. ·· b ·y , evapo:rstion •yielded ·ll 'g,,·'.'.oi' , : 

the hydrochlor1dth' '!'he. tot el yield we.a 24% · of the : theoret-

ioa.1., · 

The residue · fronl the steam distillation was extracted 

w1 th 'ether, the · ether extract -was .d:rfed .over · anhydrous·· sod• 

iwn sulfate and evaporated to dryness~ The residue was :re• 

ccystall:Lzed from on ·alcohol solution .yielding 5.0 (if• (6%) 

·of ·· 2-.n1tro~4-aminof luorobenzene, ,m. p ~· .. 72-79°. 

(r oa S_n_C_l_2· •-,-· _H_O_l_" ·-1 

NOg 
· . 100 ·g· 
(0.54 mole) 

F . 

•·% .QN02 
.NH2 _ 
6,0 g. 

(0 .032 mole) -

MH · .2 

. m2 ,.-· 
, : 20~2 : g. (c-alc.) 
- ·· (0.13 _mole) -

'. _ ... 
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_B~Fluoro-5.-nitrobenzene dia.zonitun fluoborate . (XI!!l,~t:, · 
~o · a 250.· tnl, . flask a.et ····in an ·_ioe~sal~ bath • and equipped:_ wi~h 

. . . 

a sti_rrer and . . thermometer wEis .added ·17 ml. (0.80 mole) ot . . ' . ' ' . ' . ~- . ' . _· . ' ' ' ' . . . ' . ; : ·.. ' . • . . _. ', ' 

corioentrated hydro()hlori c acid ctiluted with .30 :ml~. ofo:: wat~r 
and 12.~5 g~: (o:,oa: mole) .. of 2•am1no~4--nitro:f.'luorobenzene~ . :, A · 

i 

creamy mi:ttura: .:res~:lte.d whioh was. d1azotiz_ed P:V\, add1t19n of,· 
5.5 g, : {0~08 mole ) ... of sodium nitrite in the form ~f moist· 
'balls v1hi.le. the. temperia.tur~ ,,as .leapt · below . s<t. 

I .-t ,ias stirred for a.bout thirty :minutes and a cold so+u-
t~.on qf 20 . g·, . (0.J.8 : -mole) of. soditim· f'luoborate · in 20 ml.:..· of 
water . waa aclded at: _C>nce, . The mixtul'e was ,stirl"ed for 

' - · ' .. •!'. ... 

hour in .. the eold .f:lnd filtered., . The .br.ight y-ellow: filter . 
cake ,was washed wlth 50 ml .. . of ice ,water,, then ,nth·:. SO·ml, • . 
of cold. alcohol. am ,finally; -vuth 50 ml. or cold ether_-.• . · . 

. ,. ,· ' . ' . ', ' '\ 

Dried in a~r, tho . 2--fluoro-5 .. n1trobenzene dis:zoniuxn fluobor- · 

ate weighed 8,.5 S• : .(42%: of the .theorei?i.calJ • . 

NOg · 

12.s g • . 
(0.08 mole) 

8.5 g • .. · 
(0.03 ,mole) 

. •- ··, ' 

Attemi?tedprepara.tion. of 314-difluoronitrobenzene (XIV) 
by: decompos1 ti on of 2.-fl uoro-5-nitrobenzene · diazonium ·_ fluo• 
borate ·(XII.I) .--This preparation was attempted by .two methods·: 

a. By heating : the dry powder: . 



A·m1xture of·l g •. of· 2•fluciro•5~n1trobenzene diazoniuin 
:t'luobore.te and 5 g •.. of sand WEUl 'placed in a 125 mi. flask 

connected to a refl.ux condenser'_., A small' flame was applied. 

to the flask and. aimost at one e a v:to~ent explosiOn 'ensued,· 

shatterfng ·t1~,·. flask· 1nto small p:1eoea.. Mo :further work was 
. ' ' 

done on this method. 

b., ·By heat1ng•in an.inert· liquidt 

~o loo ml., or· kerosene heated to 3.350· was added in small 

portions 7 S•· (O,f013 mole) .of 2~fluoro-5-n:1.trobenzena . die.~on~· 

ium fluoborate. The. material deeoinposed as it was· added 

forming gr:a:11 sooty smoke and leaving a black, ·cokef·r·esidue. 

The mixture was steam distilled,· the distfilat,-r'was ex-

tracted witli ether, and the' ether extract was'dried over an-
hydrou's sodium sulfate.· The ethe±' was 11 enoved and the resi-

due was· run through·:a cbn:nnatographic adsorption colUllln using 
' ' 

1 alumina. as the adsorbing medium. A dark ·orange color ap• 

peared 1:ri 'the ·upper _part of ,the 00·1umn.; It .. was elutr1ated 

with ·aoetonej' tb.ei acetone was removed by'· evaporation and the 

residue was distilled under reduced. pressure. No product 

was obtained having a boiling point comparable to the desired 

product, 314td1tluor(?n1trobenzene. 

F , Q NNBF 4--~-;-t-.·. -->...-. 

-·wo ,2 

7.0 g. 
(0.025 mole) 

N02 

, o.o g. 
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l. c. Successful synthesis of 3, 4- difluorophenylarsonic acid. 

Method m. 

NH2 

OGOOCH NaN-- 02, HCI 3 Na8F4 

91 % 

¥:Y 

O
F NaN02-,HCI 

NH2 Na8F4 

89% 

XIX 

F 
HN03 OF H2S04 

93 °lo 

XXI 

F NaN02 OF H2S04 
AsCl3 • 

31 % 
NH2 

IX 

NNBF4 

Oco oc_~_3_h_e_a_t -----

70 % 

Xfil 

F 

OCONH2 NaOCI 
66% 

)[_VJll 

heat · 

73% 

H2, Ra. Ni 

93 % 
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. . 

2~Methylce.rbox:rbenzane · diazonium ·. f l:uobors. te ··· jXVI li•• 
A 2 1. sta.1nless steel/ beaker fitted with e. thermometer and 

stirrer was se,t 1n an ice-s'alt , bath ,and · eharged w1 t~ 275 ml.. 
(3.3 moles) of · concentrated hydttochloric acid ·diluted with 

300 ml. of water• A 35 g • . portion of methyl anthranilate was 

added, the mixture was cooled _to o0 and diazotization was 

started_ by addition or sodium nitrite in the form ·or moist 

. balls. As die.zot1za.t1on progressed~ nore methyl a.nthranilate 

was added until a total of 200 g. (l-.3 moles) of methyl 

anthranilate and 90 g. (l.3 rnoles) of ·sod1Uil1 nitrite had been 

e.dded. 

The solution we.a st1rx-ed for 15 minutes and e. cold solu-

tion of 288 s• (2.G moles) of sodium fluoborate. in 400 ml. 

of water was added all at once. The mixture was stirred for 

one hour and filtered·, The filter cake was washed with 150 

ml. of ice ·,water, then with 200 ml. of oold alcohol and, 

finally, with 200 ml. of. cold ether. Dried .in air, the 2• 
. . 

methylcarboxybenzene d1azon1um fluobor·ate weighed . 300 g. 

(91% of the theoretical).· 

200 g. •· .· 
(1.3 moles) 

300. g, . . 
(1,2 moles) 
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2•Fltiorometh;y:l benzoe.te {XVI!),~--A· ·1 1. , flask aonneoted 
to a com.ens er end reoeivei, wa.s charged with·300 g, _._(1.20;. 

moiesl of 2•l?l:lth'1lcarb6xybenzene 'd1azon1umtluobore.te -and 
heated W1 th a.- small flame,· The dry salt : gradual~y melted 
and decomposed smoothly1! ~The ·:vesidu~ was heated fit~ongly 

vii.th a flame until .an· of .the produ·ct .had ·.distilled. over, 
· The distillate was washa d. with : wate1-.,, the wate:r was >e.x-

tra.cted w.tth ether'.I and the -organic ;por-t1ons v,e~e • ,combined~ · 
Another 150 mi~ · of . ether was addad attd dry .ammonita gas -was 

bubbled : throu{jl the solution to remove . any -dissolved BF3,• 

A white, ceystalline precipitate formed \1h_1ch was f.iltered 

oft and· discarded. The : filtrate was dr1ed·---over _·anhydrous · 

sodium sulfata, the ether was re®ved and the· residue was 

distilled under reduced pressurth . A total ·or 129 g • . (70%) 

or 2-fluoromethyl ·benzoate boiling at 890 under 15 nun. pres• 
sure wa~ · obtained. 

- . _ NNBF4 _· .. (J OOOCHa_· ·- .,___ h_:; __ -~-:-.-~ 

300 g. 
(1.20 moles) 

F (JC®OH3 ·. 
129 g. 

(0.83 mole) 

. 2-Fluorobenzamide (XVIII) .•-This · compound was pre~ared · 

by the method of· Bergmann u !!• (3'!) as .follows: 
A 100 g. portion of 2-fluoromethylbenzoat~ was . added to 

1 l , o t 28% annnoni um hy-drox1 de . end s, ha ken for s1 x hour,, • The 



white. 9rys~all:tne· pr~c1pitate which -,formed. was f11tereci off 

and · ari.othez» :too g. of . 2•.fluoromethyl benzoate . was ·;adde_d, : to 

the filtrate. vb.ich -wasth.an shaken overnight.-. The -- p:r»oduct 

which tormed was .1 filtered. ·,off e.nd ,.by J1ooling tl:'~ filtrate:. · 

in lee,, a second. crop was obtained.. ,Tbe :whole-proceas w11s 

· repeated vdth another. batch s.o the.t ·a. total of. ·564 g •. _(3-.66 

moles) · of . 2~fluoromethyl benzoe.te :wae .:us eel:• : ThEL total / W:81.gb.,t 

of the a1 r•drie d ,: 2~tluorobenzam1de :O.bta:tned : was . 462 .. g-·. (Ql%l, 

· m.p. 117.,2-117.8°. {,Recorded:· 118) . (37) i · Saturatlon :ot :'the 

filtrate with anmonia gas yielded .no, addi.tione.1 produ~t. 
' . .: , ,·· .' . . ' ... 

F 

·_ .. (') ___ ··· ._ .. ·_•-:-.QOOOH3 ~H40H · · . V . ·· 91% · 
. . 

· '564 g. ·. 
(3.66 moles}· 

·1r 

·_('l_. •• .· •·· ···-oOmi_ $l v· 
l . 

462 g, 
(3.32·molesl 

2•Fluoroan111ne, (XIX) . ... •Tbs method of Rinkes and Boiswald 

(38) was ·us ed. to. prep~:re this compound. · .. . 

A 400 ml, · beaker set in ·.an lee bath was charged with 186 
' . . . 

ml. of a solution of .sodium. hypochlorite nade t,y .• passihg the 
' ' 

chlorine generated from. the reaction of 50 :g~ of potassium 

permanganate with 500 m'.'.l.. of concentrated hydrochloric acid 

into 1 l; of. 10% sodium _hfd,rox¥Ie• The solution, was cooled 

to 3° and 20: ·g. (0,14 mole) ·.of 2•fluoroben.zamide :was added. 

The solution .was allowed t() warm up to . rooxn .temperature . and 

stand for 20 hours, after wl:dch -it 'Vla·s steam distilled., , -The. 



.d1s.t1lle.te .was· extract~d -with ethe:,, and the .. etbe·r extraot.,-

.was dried over .sodium -sulfate. The et~r .w:as .removed-and 
• • • • , .· : ... _, .. f ' . j ,' ' :.··· -.· ,·_· ._ · .•. , , • ·. ' • ·• :: ' ':··_ •· · ..•. ' • ' '. ,' '· •,. ··. ·•· .. . . ' •, ' · ··. ) 

:the _res:idue . was·· ,,di~ :tilled. 11n<l<rr :reduced-pr~smire. ·A , to~al . · 
. . . 

o.~: Jl_.2. S•: (66%) : :Of'_, :2 ... fluoroan1l~11e 'bc;,iling . et ,62•63° under 

ia :mm •. pressure was -obtained., 

. : F .. ·p . . 

• • • ! , ·. . · crONn2_: _N_=-~~-/-' · (Jmr2.: 
·20 ._g. ll ·s• 

. (0.14 mole) (O ~lo · mol,e) 

2-Fiuorobenzene .dis.zo:n1um ,fluobore.te. ,_(xx)·•••TC>:i$. .50_0 mi. 

stainless steal>beaker fitted with a stirrer and .thermometer 
and set . in an ice-salt bath. was added 103 mli. (lo23 moles) 

of concentra~~ci ·hydrochloric acid al'ld "100 ml• c:,f water. About 

10 g.; of 2.-fluorqan111ne vies added; the mixture was cooled to 

oo., and. diazotization wa~ · started by the -gradual a~d1t1on of 

sodium nitrite· in ,the form of moist balls • . - As dia.zot1zat1on 

progressed,- mpre of• the starting· material was · added until a 

total ot 57•5 g• (0.49 mole) Of 2•fluoroan111ne and 35 .g. 

(o.so molel of,_ sodium nitrite bad· been · added• 

The. solution was transferred to. a · 1 · 11. glass beaker : and 

a cold solution of .109 g • . (l•O mole) .of sodium fluoborate ,1n 

150. ml. of water _ was added all at once~ A heavy paste formed 
' . 

which was stirred by- hand until a · homogeneou.s xn1xture · was 1 

·' 

obtained. · The precipitate -was filtered :off., washed with 50:· 



ml~1 -of _ice: watez, :· foll·owed -by 50 · ml. of. s._lcohol. , · ·It .. was 

slurri~d with 100 ml1• .. of ether, filtered,· and -washed: with an- · 
. . : . ' ·. : . . . _,· . -_ . . : . . ; 

othel.1 ':60 .ml,> or ethe.r. Dried in air,, 2~fluorobenzene ·ate.zon-

1um ~~oborate w~ighed ·91 .g. (89% o~. the theoretical). 

F · 
, () Ima Ne.NO,z' HOl 

· NaBF4 ---------==--' · 89(!'/_ . /Q '' 

.. . 57 • 5 g. ,< . 

__ (0.49. mol~) 

F · (J$P~ 
· ... _ 91 g._. 

(O_i• .44· mole) 
I ., . ·; . - ' 

o•Difluorobenzene (XXI) •••A 334 ·g•· (1. 60 molesl·•· quantity 

or 2-fluorobenzene diazoniunt ·fluoboratE>' was decomoosed· in 
•, • - ' -·•. •,- ; ' •• •..• • • ,-_ •' • ·_ • •• • '·· :· " • • . • ' • • - · • I • • • • • - • • - ·- I 

two batches as ·· :rollowst 
.. 

:.~ : 167 eH portion ,ras · p .le.eed· in• a. l · 1. flask ,conneotad 

to a condenser a·nd ·a.-: re·ceiver··sat in fin ic& ··bath wlth:f1 re-

flux: condenser serv.t.rig . ,as an 'OU.t'let. : T~ ·: dry ,solid was· de- .. · 

comp·o·sed by heating the flask wlth ,,a small . flame.· Whenthe 

deo6mposit1on · reaction was nearly complete, the flask watf 
. ' 

heated strongly ·with. the fl 'ania , U?til the temperature ' of the 

vap·o·rs rose .to · 150°~ The· ,p!'oauot ···l~ the receiver was taken 
I 

up !, in ether,· we.shed. twice ·with ,wat·er l dl'1ed over anhydrous 

sodimn ·sulfate and distilled. · · · 

FrC?m ·the ,two batches, a · total of 134 '-S.i{ (73%l ·of·.2.•· ., 

d1fluorobertzene boiling · •'at 91~92° (740 ·mm,;.,) ~as · obtained. : 
·, ., '· 

. • f. ! · • ;t . : ' .. 



F 

() NNBF 4 h;:; 
334··,g. 

(l.60 moles)' 

F 

(r 
134 g. 

(1.18 moles) 

9.14--Difluoronftrobenzene (XIV). from .2..•difluorobenzene 

(XXI) •••This !30nlP?u.ttd was prepared by McNally and Byers (39) 

and their' p:rocedure· was followed in the present work, 

To· 60 ml. of a 2:1 (by volume) mixttlre of concentrated 

sulfuric acid and fuming nitric acid (density 1.5) at -10° 

was added dropw1ae with stiwing 34 g. (0.30 mole) of 2• 
d:tfluorobenzene. cooling was provided by an ice-salt bath 

aided: by internal add1t1 on of Dey Io&., The solution was 

poured over 120 g. of 1ce and extracted with ether. The 

ether extract was washed twlee w1 th water, onoe with dilute 

a odium b1oarbona te solution and again with water. It was 

dried over anhydrous sodium sulfate., the ether was removed 

and the residue was dis tilled under reduced pressu:re. A 

total of 44 g, (93%) of 3,4-d1fluoron1trobenzene boiling at 

85° under 15 mm. pressure was obtained. 

·34 g~ 
(0.30 mole) 

1rno3 
HgS04 

F 

(r 
NOg 

.44 g. 
(Oo·28 ®le) 



,_: 

~,4•Dif'luoroan111ne (IX) ..... .A solution of 142 g, (0.89 

me>le) of ~,4-difluoronitrobenzene in ~60 m1. ot absolute 

ethanol was. placed in a hydrogenation V'>ssel. and 2 g. ·. of . 

Raney nickel and two dropg ot ,ple.tinwn chloride solution 

were added. Hydrogen was admttted under a pressure of 2•3 

atmospheres, the vessel . was agitated· and an infra-red heat 

lainp \J?&,s .· directed on ~be . vessel~ Reduct~on- proceeded s1ow~y 

~,~d 1t, .was ne oessary, to add more catalyst -twice during the ,,. . 

couz,s.e of ·the : reaction .when ·it ,appeared. that- absorpt1.on had 

stopped.. · The ._en~ire :Proc:ess rtqu1r.ed about forty•~.ight -· · 

hou~ s-.. · ,,he . c.ate.lys t we.s tilter.ed oft ,-: the s c,lve.nt· was .J'e~' 

moved .and the -residue was· ,&stllled ·at. ~dt1oed .pressure :.to 

~1E,ld 107 -g~ ., (93%) of 31 ¥-d1:fluoroan111ne boiling :at 770, 

under 7 _mm. pressure, 112f5n, l.5110. 

Anal• Ce.led. ,,tor , C5~5NF2t· a, ··55~.,a:, H, 3~9:', N,, 10.9. 

Foundt ·O, , 55~7; H1 -3.9J M, · 11.0.1 

3.-4--Difluoroani.11.ne hydrochloride was prepared by pass• 

: 1ng, dry .hydrogen chloride gas into ,an· ether solution ·of , the 

free base.- .. ·The white ·crystalline produ~t: sublimed rapidly 

above 2200. ' '·; .1 . 

Anal• · Calcd. ·for· 05H5MF20l; · ·O, 43.SJ H, 3~6J N, 8.5. 

Found: C, 43.9, 43.8J H, ·-3.G, 3.6J N, 8.6. , 

.l All analyses carried out -by' Clark Microanalytics.1 · 
·Laboratory, Urbane., , Illinois. 



F 

·o· .. 
····. \ .•.•. 

F 

NOa 

Hg, Ra. N1 
93% 

:142. g •. i ••• '· ;· 

(0,,89 role) 

NH2 

l.07g· • · ·•··. 
(0~.83 rnoler . 

??.:.a4~D1f'luoroRhen:y:larson1c acid (X).:,~•This· .-compound ·was·· 

prepar~d by. the. Bart :ceaction (40). 

:·.To a 2 l:. -beaker set 1n an. 1oe•s~t be.th· e.nd equ.1pped 

with a stirrer and tberlllomater ,uis added 1 1. or absolute 

ethanol., 52 g,. . (0·.,40 mole) of, 3t4-dif+uoroani11ne, 40 ·g~ :of 

concentrated. sulfuric :acid and 112 S• J0.62 mole) of arsenous 

•Ohloride.· Tl:'t..e mixture. we.s cooled to· o0 and d.1.azotized·_'by- the 

addition of 28 g., (0,40 molel·ot.s.od.ltun nitrite in A satur(lt .. 

ed e.qu"ous solut1on 1 at such·· a ra~e .that tl+e ten1pe~atu.r,e .. d1d 

.not rise above 5° •.. When diazotise.tion was complete, 4.0 g. 
or cuprous bromide was added, the solution was stirred thor• 

oughly in the cold, and then '.heated on a. steam bath un~:11 

evolution.of nitrogen ceased, The mixture was ·steam• dis.-

. tilled, th~ dis tilla te b ei:ng dis carded. The residue· was 

evaporated to abqut 200 ml •. a..nd :all owed .~to st,anq. · ove~n1ght-. ·· 

A quant.ity of ... wh,1 ta ;crystal~ ap~ared ,wh~cq. was· filtered oft. 

By evaporation or the filtrate .to about .100 ml~ with subse-

quent cooling;, a second crop was obtained. The crystals were 

washed with. el cohol and ether and air-dried t~ yield 30 g. 

(~%) of 3,:4.-d1fluorophenyle.rson1o acid w~oh did not melt 

below 300°~ 



Ananalytloal sample was ·purified by two reccysta111za-,. 

tions :r:rom water. 
Anel •.. Oa.lod.1 fol'. C5B503'gAs I C, 30.3)' H,;'2•1•, Fot1nd: 

C, 30.4J H,., 2.3., 

NaM02, HCl 
AsOlg· ·. 

.F 
(')F 
V. 
HgAs03 
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I. d. Synthesis of 3, 4-dif luorophenylarsonic acid. 

Method Til. An alternate route to o-fluorooniline·. 

02

NH
2 

NaN02, HCI N02 

Na8F4 ONNBF4 heat 

83 °lo 12 o/o 

XXII x:xrrr 

H2, Ra. Ni CJ 36 o/o 

XIX 
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-. _, , . . , 

2•'.tiTitrobenzene diazoni'u.m .f'luoborate (XXIIIt~·••Tbis ma-- ~ 

tari~ was . . preparedby the Sehiemann reaotion (34)-.:as follows: 
. ' . : . . . . . . . 

A 1500 ·mi.,. Qesker c~ge.d,,w1th 170 ml•· ·cs.,o ;molesl of : 

concentrated. hydrochloric• aoid diluted w.ttli· 200 ml., of water 
, - ,1 ' --~ . I : ; . .', - . - ' . • ' , - _. ; 

· was set in ,m , ice--salt b~th .and 138 ·g~- fl.o mol~) of 9-• · 

nitroaniline was added,i _: The _ mixture was cooled to o0 and 

d:tazotized.by the .a.cldition·ove~. a period -ot 1-hour of .. 69 , g• •. 

(1.0· mole) . of sodium .. nitrite -in the .t'orm ot· moist balls;,. at 

o.5o., It was _. st:1.rxa:ed for another th1~ty ·minutes and a cold 

· solution of fa:38: g~ .. _ (2.2 moles) ot sOdi'Unl -f::i.uobore.ta •-in ,250 · 
• · . : : ; ... ' .. _. ·-._ . • ·.. ' , . . \ •• :-, • . ? ' • 

. ml. 'ot ·water was . added ·all a·h once.: The thlek slttrry which 

formed was :\1tirred · for thirty .minutes and -'r11tered., . 'l'he f11-. · 

ter. calte · was .washed ,with · 100 rn1. of' ice· water, then w:tth '100 

mlf ·or co-ld alcohol. It was alur:ried with .aoo m1.- of: ether, 

filtered and _washed ,with- 50 ml. of ether •. · .Dried in: air the 

weight · of the · 2~nitrobenzene .d'-.azonitun fluoborate: was 195 S• 

·(e3% of t'he theor.etical). 

; '. , 

, 138 g • . 
.-(l.O· mole') 

. 195 g. · .. -
(0 .. 83 n1ole )' 

' · 
• ' ! ' 

· 2-Fluoronitrobenzene (XXIV) ... The method of Schiamann · 

and PillarskY ( 41) · was used in the preparation of,• this com-

pound. 
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A 10 g •. sample ·or 2•n1trobenzenediazon1u.11Lf,luoborate. 

was m.txed wl th 20 , S• . of s an.ct and ·placed· 1n. a 1:25 ·1111:.· flask 

connected to a. .. condens.er arid< reoeiv ing fla .. sk .. ;, '. The• ·-tluoborate 
decomposed. rapidly wb9n·hee.ted with a ama.11 ~lama,.. When·the 

· initial ·react:t.on had ·subsided.-, ,the fla.slt :was heated strongly · 

until no more decomposition appeared. .•to take place·.· The .tar• 

ry residue was steam .distilled. The ·eontents. of•.the raceiv• 

ing flaslt \Vere· also steam .distilled and the di'a tills.tee, were 

combined. 

Several· batches ,ware decomposed 1n. this manner ·1n. quan• 
\ ... · < 

· t1t1es of 10•30 g .. until a tota.1-o.f 198 g • .. had:been·.treated'• 

The steam clia tillates we:N.1· eombin&d ·end· extracted .w.f.th ethe·r. 
• . J 

The ether.· extract ·was ,dried. over sodium sulfate, • the ·ethe'r 
·was removed and the residue· was dis tilled under ':reduced :pres-

sure,. , A:total.:of 16 'S•- (12~). or 2•fluoronitrobenzene boiling 

at 87° under 8 xnm;; pressure• was obtained.· 

. N02 

('). __ : } __ .. · .N· NBF4 heat V 1B% 

. ·. 1~8 g. 
(0.95mole) 

16 g • 
(0.11 mole) 

· 2-Fluoroaniline (XIX) from 2-fluoroni trobenzene · (XXIV) ••• 

A solution of. 16 g. (0.11 mole) of 2•i'luoron1tro'benzene in 

,15 ml. of-.absolute alcohol waa placed in ·a hydrogenation ves• 

sel and o~.2 g. of Raney nickel and a drop of platinum chloride 

solution were added. Hydrogen was adm1tted at a pressuxae of 



2 ... 3 e.tmosph~res while the·. vessel. ,t1as, agitated,. An intrll-•red 

heat lamp· was directed on ,the vessel·•,· Absorption ot .... hyd:rpgen. 

started after thirty: minutes and was completEL1n .another: :two· . 

houi;,s.•· 

The cooled solution was· filtered into a distilling tltu3.k., 

the solvent was removeq. and the residue :was ,distil.led. under .. 

reduced pressure'.,· · ·When :cfiatillation was about halt complete, 

. a white· paste .for1wd· 1nsid e the fl.a.alt and began· to: spatter( •. 

· The distillate was combined .with the> residue and purified by 

washing sn ·etbe·r solution of ·the produc.t with sod.1.um bicarbon•• 

atG solution,. · The· ether solution was then .. treated ,nth -di.• . 

lute hydroclilor.1.e-·acid and the layers. sepal'ated, .. · the· ·ethereal 

portionbeirig discarded, The ·aqueous ·port:ton ·was ma.de ·bas:J.c· 

with sodium hydroxide solution,,- e~traoted with ethe:r- and the,, 

ether sol11tlo11_ was dried over sodium ·sulfate,' the ether. re• 

moved. and the reai·due distilled. under reduced pressure., A 

total of · 4. ?'. g,. (36%) of s_--fluoroan111ne boiling at 67° under 
15 nun. pressure was obtained, 

16 g. 
(0.11. mole)· 
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IL a. Synthesis of 5-fluoro-7-diethylominomethyl 8-hydroxyquinoline 

a potential anti-malarial, and 5-fluoro-7-iodo-8-hydroxyquinoline, 

a potential omebicidol agent. 

Method I. 

co 78 °lo 
OH 
XX::r 

5 5 o/o 

xxvrr 

F 

co OH N 

XXIX ~OH 
I 5 2 

F 

J)) 
OH 
xxxr 

NO 

g) 
xxvl 

NN8F4 

g) 
xxv111 

a) H2, Pt02 
99% 

b) SnCl2 , HCI 

41 °lo 

he at 

2 6 o/o 



:5-Mitroso'~e .... hydroxxguinoi'lne: (XXVI).-~'rhis matJr:tai · was 

pzaep~ed bJ '. the method of ·:: K~:staiiecld; (42f ·as -:teller-vs: ·. 
. , . . . ' . .-- . . 

: ' 1.' , ·': To 'a ·:41~· ;b&s.kEtl' : eet ·tn. '.' an fce~sal.t bath .and 'equ.i~pedi: 
. . . . 

w:ttJ.i'ti . stirrer and:· thermozne'te:tt \Vas ad.ded. 'a .-s.olut:toh ·ot '166 . . : 
ml• (2•0 ·moles) ·of concerit·~ated liydrochl.t>rio .'acid lri 2 l. ·~t .. 
water ·abi;.·· t4s ts• (1~:1 mole) of a~hydroxyquinofine· (Et1stmen 
Kodat{'co. r~ ·. The·· soiution.·vias 'ooo1ed' to-' o0 ' and 'nitrosated \~, ... . 
the gv~duai' 'addition••~f ·e9 g_: ' (l\() 'mole) of dry sodiu'.m ni~/ 

·tx-ite. The. slurry \vhlcn.' fonna:d. w~s s't:t.rred for an ,hour 'in · 
the cold': arid r1itere~-· <'.'J;he . filter . cake~ cdns1s 't1ng. 'o'r' the 

•. ' • . . ···._ ~ i ·, _: ___ -'_ ,_; '. ;-. ·:··: . • ; ' . .-·· r•.-_~; .f. :'. _\ : __ -•.- ~:' ·<· , '. ·)·>. •· ·. ,---:-·_ ·. ···_, _ • ·: · .+·," ' _ ·--~ -< :·}:_- - ;· -:: . ,· ,_ ·' . . ) __ ' : 
hydroch1or1'de salt· 0£ 5•nitroso•8~hydroxyquino11nei was 

wa:sh~d 'vr.t.th' vi~teri ',: For i{ln a reduc:ti~n w.t.th ' a1tJiln~'s 
Oblt>r'!de 811d hydroob.lorici: acid,· this material could b·~ us eli: 
d1r-:eo·t·ly; without : dryillg ~: . Tlle free ~·as~· :wa~. precip,1tated . by; . 
aclai tihi/ bt' g:l ~ci9,J. ii~$ ti C 9, eid ' to' a II O illt 10n' ot the b;1iiro:: 
. dhJ.C>ride in. :dilu t~ SOdiUlTl: b.ydroxia'e·. ' The: s:tirt g~i '\Vhich 
formed: was broken: :up .. into· <a thin paste by; beating and stir-· 
~ing ruid then r;ltered • . Dried 1n air, the 5-nitroso•S~hydroxy • . 
qu.1noJ.:trie weighed 135 g.i (78% of · the theoretical}, 

145 g. 
- (l.O molal 

. '• . . 

Na.N02, HOl 
78'1, 

135 g, 
_ (0.78 nYJle) . . 



5..-.Andno .. 8~h:ydroxzgu1noliria {Y..XVIIJ·•~~This. prepar.at!.ort 

a. Reduo~ion \Vith ·.s tannouer chlQride and hydroe"Jhlor1o ,: .. ' ·. 

acid as used. by Koetaneck:t (42l,· .: 

Tha. entil'a · a:mount ,.·of. 5~nitroso~8~hyd:roxyq).t1rioline hydro~• 

chlori·de. obtain~d- f;J?om the nitro~ation of l45l g.:<J1.0. mole) ·. 

of 8•bf~O~Jquinol:ine : as deael."ib~d. :ab9ve ·We.a ' addad .s ,lowl1 · 

while a till moist to a s9lut~·on.9f $00 g., bf ste.ririous c,hl~r• 
ids lp.· 600 ml. of .co;neentra~ed 1tydr6chlo~io ae:td,wh!le the · 

. . ' 

temper a.tu:r~ we.a ·pelow 2o'=t b7 means . of an io e be.th. · · 
Whan· addit:1.qn ·w,as ,eQmplete, .:tlle ~mixt~e ,vas :heated tO. ~oo . 

, • .. ' • • • .. • • . i ,··_;, •' 

t~1en ·cooled ru.~d f~_ltered • . . The fil~er. .,cake was wasbed .w$th 
concentrated hyd~c,hlori,o a .c1d._ and dis solved. i,n ~·3 ll 'of : b.c>t 
wa.tar~ ·· nya.:rogen sulfid~ gas was passed in.tc, 't,11~ , solu.t}on: 
·for< about l2 hc,urs·• .the pre.cip1tate. wh;tch formed 'being .r~~.-
tered · off . froni' itiiue .to . ,time• The ;f;l.trate was · .placed 1:n a 
5 l~ .flaslc and .evapor•atedunder va.cuum., When . the. tlas~wa.~ · ,· .. 
almost . dry, the re~:tdu~ was ,transferred to a vacuum desic• 

. ' 

oato:r to complete the dryinS procress •. Tbe weight of the 5• ,, '· . .' ii , . ' . . ,· ' ·: · . :._ . · • 

amino•B-bydroxyquinoline hyd.roofiloride ·obtained was 95 g. 
(41% of the theoretical yiald based on the e..,hydroxyqu1no11ne). 

b. Reduction pr cat~lyt1o hydrcigenatlont 
A mixture of 20 g. (0.10 mole) of 5•n1troso-S-hydroxy.; 

. . 

quinol1ne and 150 · ml', of absolute alcohol was· placed in a 
hydrogenation vessel and 0.1 ~h of platinum oxide was · added. ·. 
Hydrogen was adm1 tted at aoou.t 3 atmospheres pressure and · 



· ·agitatio.n '1~S ~:t:arted Absorption-()£ hydrogen: V18.S conipiete 
in five hours. The• shald.ng appa~e.tus we.s dis connected. nncf· 
dry hydrogenehlol'l1de gas was passed into ·the solution in 

the reaction vessel until itv,as saturatea.·. · After addition. 

of l.00 mi. of ether, the 111ixture was ,oooled in an ice bath 

and; filtered. The filter cake was: washed with· ether .. and· 

dried. tn ·air. Total weight: of the 5•and.no•8•hydroxyqu1nol1ne 

hydrochloride ,vas 23 g. (99%) • 

2H01 

8-lizdro?S,Iguinol:yl• 5 diazonitttn f luoborate h;rdrofluohor·ate 

(XXVnI l.••This compound waa prepared by the general method 

of ·Roe :.snd Hawkins ( 43): for fluorine.ting heterocyciic 
nuclei. , 

To ·a. solution of 67 ml, (0.4''1- mole) ·of 45% tluobor!e 

aa1d diluted with _ 20 ml. of water was added 20 g., (0.086 

mole) of s .. am1.no~8-hydroxyquinoline hydrochloride. The solu-

tion was cooled to 5° by means of an :lo e--salt .... bath and d1-

azotized by- the add.1ti'on of 6 .o S• (o.oae mole) of sod.1 um · 
nitrite dissolved in .20 ml• of water. After standing for 
about ll hours, the precip1tat·e was filtered oft, washed 

with 30 ml, of a •cold 1:1 mixture of alcohol- s.nd ether and 
i 



three times with 30. ml. of col·d .ether~ Dried 1n-·a1r, the 

S..hydroxyqui:Qol71•5 diazonium·. fluoborate hydrofluoborata 

weighed..16 g. (55% of the ·theoretical,)• 

20,g. 
(0.086 mole) 

•etJ· 
OH. 

16 S• 
(0.047 mole) 

61111Fluoro-8•hydroxygg.1noline ·(xXIX) ... -A l0.5 g. (0.030 
mole) portion of· 8.-hydroxyquinolyl•5 diazonium .fluoborate 

was decomposed by sprinkling into e. beaker, sat on a hot plate 

and heated to. 130°.· ,The tarr1 res~d.ue which remained after 

the decomposition was dissolved in bot water, filtered hot• 

and the filtrate ·was neutralized with; so(lium acetate. The ·· 

resulting precipitate-was filtered off, dried iri air and 

sublimed in a vacuum subliir.ator at los0 under s· mm. pressure. 
A t9te.l of 1.,3 g. (26?0 of white1 or1stalline 5-i'luoro•S. 

hydroxyqu.1nol1ne melting at ,110.0-110.3° was obtained. - · 

. Anal. Ce.led. for 05R90NFt C·t 66.,3J R, 3-.7J ·N, a.a. 
Found: 0 1 , 66.5; lf,, 3e8J li; 8•5• . 

WNNBF4 . . beat 

. 
HB.·. F4 ___ -,-.-;.. 

,;, 26% 
OH 

·10.s g. · 
·(0~030 mole) 

, ··F 

00 
OH 

1,3 g. 
(0.008 mole) 



· 5~Fluoro_;..7•dieth:y:le.minometh:yi•·8•hydrbx1gu.iriolirie ()..1CX) ••• 
This compound wits· ··prt)pared ·:by th&. A~anriioh: ·reaotion;•·c, 44); fas 
fbllows: 

To a solution ot 1,2 g. (0.013 molef of paraformald"ehyde 

and 3.1 g. (0.042 mole) or dleth,-lain1:rie "in 25 ml. of ethanol 

was e.dded dropwlse s solution of 5~5 g. (0.034 mole) ·or 5 .. 

• ~luoro-8-hydro:x.yqu1nol1:ne .in 100 ml~ oi l :l ether-ethanol. 

The ·mixture was '1llowed : to s ts.nd. tor · thirty minutes and the 

solvent was d1st111ed off under vacuum provided by the water 

pump. A dark ember oil reme.1n'ed which .tfol1dified' on cooling. 

After· two. :reorystal1:i.zat1ons from··ethe1.1··end one recryet'talliza-

tfon from ligroln followed by a···va·cuuni sublimation· to remove 

e. ·trac·e 'of a white impw:-ity • ·oright yellow: cry's fails of' (XXX) 

melting at ,a·o.o .. ao.·50 was· obtains d • 
. 'rhe. ori g1:nal .mother llquid was evaporated to dryness, . 

the, .resulting•oil• wa·s ·dtssolved ·tn. dilute·hyo.roohlorio ·acid .. 

:and extra~ted 'with . etha r. The 'aqueous portion: ·was ... · neutral;.. 

1zed with·sooiunrac·etate, A white· pr·ecip1ta.te resulted •.• 

which·was filtered ·or"t, driad., and aubl1med. A:•total·o:r··o.5 

g. of, 6-tiuoro~8-hydroxyqu1nol1ne,.tnel.t1ng at 109° was•··recov-

e·red by th1e process~ 

Addition of sodium hydroxide· .to the· filtrate resulted 

in a ·yellow precipitate which was taken up in ether. The 

ether was evaporated and the product __ was subjected to sub- . 

limation. The -residue w·as redissolved iri ether, filtered 

with charcoal and evaporated, yielding an oil which solid• 



1fied on cooling into bright yellow crystalline (nx,) melt.•"·.···· 

i.ng at 77 .• 0-79,.0°. 

:A .total .ot. 3 ... 5 g .• (42%) of purified 5•fluora•7~d1etbyl--

Qlll1nomethyl•8•hJd~oxyquino11.ne W.&S obteil.ted:~· 

~l;#, O,al.,od .• for:. 014H170N2F.t· o, 67 .• 7,J ·H, e,.,8J N, 11:.3;~ 

~.F .•. 
~N) 

, 3.5 g. 
(0.014 mole) 

· · 5~Fluoro.-7•1od.o•B-hydro:g;guinol:tne (XXXI},., ... A 32 ·. G• 

(0-.13 mole) portion ot iodine was dissolved in a solution 

or 10 g-, of ·sodium hydroxide 1n 200 ml•• o.t .•water and• ·to this 

,,as added 17 g.. (0.092 mole) of the sodium ··salt of .. 5-f'luoro• 

8•h7droxyquinoline. · ·The •.mixture was diluted to· .600 ml. and 

heated ·on tbe s·toarn bath for :r:tve, hou.r1h. ·After standing 

overnight·, tbe mixture· was filtered,, · A srnal.l amount of prf• 

oipitate v,a.s collected and discardect. The filt1~ate ,vas• 

acid1f.1ed. with dilute hydrochloric acid and extracted with 

ethe:r.. The • .et hara eal portion was · ws.sbe d with four 100 ml• 
quantities of 6 Li hydrochloric: acid ,vh1ch were combined and 

added. to• the aqueous portion·. 'lhis acid solution was exact-
ly neutralized. vdth, anu.non!um hydroxide. A l1ght-oolored., 

fluffy prec1p·1tate formed whi,.ch was filtered: oft and dried 



. . 

under :·vacuum.· 'Thl) '·· iveightr 'or· tbi s ·•_· : er'~e ··5~fluox-o-7•iodd~8~'; 
hydroxyqu.inol~ne 'melting· a.t 144.·0•145.'i O . w~a 13 g• . (50%)'. ,_ 

. . . 

A.ft er p\ir1ri cat1t,tf b;(·tr~Clltun ·~ub:U.n-~ t:ton and , recryita1f1ze.~'.. 
tion ·· rr;an·· 11gro:Lni .m~·p.···was -1'47i7~:L48~·5°.~• :.'. 

Anni·. Oalcdt fo:r 'C9R5lTOFli : c, 37.i4i" H~· 1.-7f N, 4.·a, 
I", 43;~9.:' ;. Found: .. Ci 37 . .=4J H,: l..9J N ,' 4 • 9f. I, 43.7. 

·cso 
OMa, -. 

NaOlit .. _ :.le . . :-. 
50% 

•; .. .. 117 S• · 
( O ,09_2 molo) . 

13 g. · 
·(o._045 mole) 
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I[.' b. Synthesis of 5- f luoro-7-diethylaminomethyl -8-hydroxyquinoline. 

Method II. An alternate route -to 5-fluoro-8.-hydroxyquinol-ine: 

02 
NaN02 , HCI 6BF4 NaBF4 heat 

9d% 
.. 

69°lo 

OCH3 OCH3· 

x XXII xxx 111 

F HN03 
F a) SnCl2 , HCI 

0 a) Ac20 
56% ... 

29 % 0 bl H2,Ra.Ni \ N02 b) C,2H50N02 86 °lo 
OCH 3 H2S04 OCH 3 c) H2 , Pt02 56 % xxx1v 88% xxxv 

FeS04 
F C6H5N02 F 

ONH2 
H3 803 CD HI H2 S04 ... glycerol 700/o .. 

37 % 
OCH 3 OCH3 

xxxv1 :xxxv11 
F 

co 
OH 

xx1x 



4-Metho:x::ybenaene diazonium fluoborate (XXXIIIJ _~--This 

compound was.: p:rep·ared ·by the Schiemannprocess (34) ·· as .fol-. 

lows: 
To a 3 i 1. beaker ·set in an ice~salt :bath · and equipped 

with s. thermometer and mechanical stirrer were added 210 g. 

(1 .• '.7L moles l of n-an1sidit1e (Mons ant~ Chemical Co~) and 340 

ml~; {4 .• '1 moles) or ~oncentrated ,hydro chlorfc acid diluted . 

\:with .58p mi.~ or water. . The solution was · cooled to .o0 v1hich 

caused s·ome o~ystals to separate and the mixture was diazot~ 
. ' 

. ized by :the' addition of 118 g,/ .(l.'71 -moles) of sodiunt nitrite 

_ in the. :form of moist .balls:· ·· -Small lumps or Dry Ice wer~ 

·added .:from:• time to· ·time to· aid the cooling p~oces~ •· The 

diazotized solution was stirred for 15 minutes and . a ·cold 

soluti'on; of 373 g. (3.43 moles) of sod1unf flu~borate dis-

, solved .in 300 g. of -water was added all at; once. · ·The re-

sulting slurx-y, was stirred tor about an, hour in the cold and 

· filtered. '!'be , :precipitate was washed with· 200 g. of 10% 

sodium fluobor~~e solution, then with cold lll , alcohoi-etp.er 

solution, a~d, finally, ~th cold ~ther~.. Dried in a vacuum 
• 'J • .. -;,, .. J ; 

des,1icator , , the weight of th~ 4-methoxy'benzene diazonium 

fluoborate :obtttined·;,as 340 -~. (90% of the ' theore.tlcai). 

{]' ,NaNO~::r 
' OOH .· : ... 3 

; :•_:_ •: ; ,,210 g • . ' ' 
· (l."71 moles) 

:·04 
'oOH3 

340 ·g, ·•. 
(1.54 moles) 

' i •• --~ 
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D--Flu.oroanisole-: (XXXIV) •·••A · 340 g.; · {1.54 molest. portion -· ,'• .,·, '' ... '., ',, ' .. •· . ,. ·, ' . ... '. ' ... ,,, 

of 4-xnethoxybenzene d.iasoni-um ,tluoborate was p°laced 'in a l· · 1. 

round-bottomed flask connected to a condenser and receiver •. 

The flask was\heated carefully with-a: stnall··.:t'larna and·tha,.ma~ 

ter1al decomposed-smoothly~.: At· intervals tl» condenser be~. 

came plu:gged with.-vfuite:·crystels.: These were flushed into 

the ~ece1v1.ng·flask.·.by.means: of .a.atream ,of,:water. Towards 

the md: .or·, tha decomposition, ·the· flask .. was ·heated strongly 

to distill,ovex-:•.the·lasttraces of the product. 

, The. dis.tillate.-.was taken ,.up, 1n· ether,· washed with 15%" ;' 

sodium hydroxide solution-and dried· over sodium sulfate. The 

ether was removed and .. the residue was distilled ~t ., atmospher~ 

lo., pressure. A total: of :l34d3• («?9~) Of]t•fluoroanisole 

boiling at . ·156~ (738 mrn.) was 9btained~· 

(jW 4 __ h_:-::-.· ----
, ,,POH3 : 

340 g. 
(1.54 moles). 

{) 
OOH3 

', ·, . . 134: g. 
(l.06.moles) 

2•N1tro-4-fluoroanisole (XXXV) •li!'J•This compound was .,.pre.-

pared by two. different methods as follow~: 

a. The proced.ur.e of Swarts (45). lnvol'Ving nitration with 

nitric acid in acetic anh~ride was us ed •. 

To a 2 1. three-necked, rrund•bottomed flask equ.1pped 

with an addition funnel, mechanical stirrer a_nd thermometer,· 



. was added 338 ~-·. (~.66 moiea) · of _u-tluoroanisole .and .400· · g,. 

of e.oet1c anhydride.- . Tbe : flask was· placed ln an ice-salt 
. . ' , 

bath ~d ' cooled to -10° by 'idditlon. of: small pieces :of Dl'J '' 
Ic~. ,· A 2lClml. '. (3.'15:nioies) ·portion of concentrated nitr10 · 

~e1d: (d~ll~ity :f.42) Wl1S <: ~dded dropwi~e · it a tempe;atufe· ~r · 
-s~o0 • Additit>h was complete 111/a"bout . i½ hours and sti.rri'rig 
was conti'~ued :for : artother 'hour .·in the ' cold.·, The. solution 
was allowed:. to warrr{up to : room; temper~tu~tf~fth. constant -. '. . 
stirring ove:r ' a ·two h<'.1llr p·erioa. : It vtas . then p0ur$d into 

3 · f., or· ice'. .water, An .. oil: separated and shoi,tly · formed · a 
: . • . -~ "!- ··• 

The :mixture · was neutralised with sodium' ·carbonate ~nder 

a.' '·1a1~r '·of ether. A s1nall amount of a · red ·solid'···:roriried 'whieh 

was. filtere,{·ort ·and subse'quently' identified as the· sodium 

salt of· ·2,G-dinitro..:4--flu~rophenol• . The 1dent1f1ce.tion ·was . 

accomplished bf tree.ting· the 'dry solid with hydrochloric 

acid, extracting with ether., distilling the ethereal so1u-
. . . . ' 

tion under reduced pressure and recrystalliz:tng the ell.still~ 
· ate_, :whioh solidified. on standi~, fran . alc~hol-, · A hright 

yellow material melting e.t 49.0•49~5° was obtained. ' Recorded 

melting point ot . 2,6•dinitro•4·•fluorophertol' 'is· 50.2°.· (46) 

The :eiltrate tvas ·extracted with ether, the ethereal 

' layer separate'ci and dried ove~ sodi'~ su.lfate-t, . Af'te~ . remov~l 

of the ether. on the steam ·bath, the · residue was distilled 

u.nier reduced:' pressure • . At" 7 mm. pressure, 160 g. of a . 

· li'q.i1d b~iling at, 48° was '~btain~d which was identified as 



. the starting material. The. r«a's1du_e irihich· solidified. on 

cooling ·weighed 172 ,g. corresponding to a se,r yield:· be.sad 

on a total starting ·mat ·erial or ~17' based. on 'llll:t-ecovered 

starting m.ateria.1 •. , 

The product via.a -reery stallized ft'Olll . ethy-1 alcohol to . . 

. 11eia. .. 132 g. (29%) of. white·· crystalline. 2•nitro-~fluoro-

anisole · melting at .60.0•61·.5°.. · . 

. · b. Nitration. w1 th ethyl nitrate. · 
··A 400 ml. bEHl.kerequ:t.pped.with a mechanical stirrer, 

ther.mometer and a.dd1t1on tunnel was charged with 60: ml. of 

concentrated sul.fi.lrlc acid am as g. (0.20 mole)' of J?.• 
tluoroanisole was poured in carefully. A mode:rate evolu-
ti'on of heat was -.observed. The solution w·as cooled to -°10°·. 

_by means of an ice.;..salt bath aided by internal cooling .with 

Dry Ioe, ;Dropw1se· addition of 18 ·g. (0.20 molal ·ot •· ethyl 

nitrate was carried out at rate such ·that, the temperature 

· dfd l).Ot r1s e above ·o0 • Vfuen addi t:ton was about· half com•· 

plate, the· mixture became quite sti·ft and viscous so an 
additional 25 ,ml. or concentrated sulf1.:ttt:to- ·acid ~was added,· 

Attar the reaction.was completei tba · ndxture>we.s poured:: , 

. over 250 g. · ot ice,: A da.rlt yellQW. precipitate forned which 

was filtered off and dissolved in ·ether. The ethereal: solu-

tion was washed with..10% sodium hydroxide so.lut1.on., filtered 
. ' ' ' ( 

through charcoal., dried over so.dium sulfate and evaporated. 
- . . . 

The . residue was s.. :i:ed q11 which s.ol1d1f1ed ,on cooling·., The 

weight o£ ·this crude product was 32 g. -cowesponding ·to· a 



~p1& yie+dr i: Re~rys tal:t.izatioil, from .alcohol: :p~ducad ::19 · g~ , 

J5P%t.,of :_w.nite~ •· cl'~t~llin.e ~'l'nitro-~fluoroan1ao1Elmelti.ng 
' . • • t 

.' ' ' : ; f :' • 

. ,.,'. 

.·=.{ 

; • ,I , ' 

2-Amino.~4-fluoroanisol~ (XXXVIl ,i!;•Th1s · preparation was 
' . . ' 

_carried _ou.t/ by three niethods, as follows: .: 

\ ,·a.f ;~eduction with . stannous , chlo.ride, . and ' hydroch~oric 

acid. 

A -12 , g (0~0,7 ·mole) p_ortion of 2-nitro-,4~fluoroaniaole 

was :adde_d to· 60 . ml,.: (0,.72, -mole) of conc:entrated .hydrochloric 

acid e.nd, 5p g • .. (0.27 mole) . of stannous. chloride~ ·,The ;mix• 

· ture .was :be at ed . on .a steam bath and, during the course of: 

about 2Q minutes, it_ b_ecame homogeneous· while.undergoing •, an 

. · exoth~,rmal , re.action~ · . , It was ,cooled -in ioe and· a·· gray :pre--

oip1tate :forned wp.ich .was if1ltered of£, dissolved ,1n wate~ 

and · neutralized with .sod-ium carbonate· solution under e. layer 

of, ether. Aftar thorot1gh shaking• .the ,ether ;layer was ·sep-

arated, dried over s<Xl1ttm· ·~ulfat·e and evaporated. · The res1• · 

· due .was :distilled under -reduced pxa~ssure~ : k'tot·al ·of 5.5 g. : 

(56%). ·or 2•amino~_:4-fluoroa1:11sole boiling :at 105•106° Ullder., 

8 mm, pressure was obtainedat · 

·b• Reduction qr catalytic hyl'lrogenation using • Raney · 
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nickelt-' • ; ; , · · · 

:, A 58 ,g. · (0.•34 :mole). po:rt1'ori of 2•nltro-4-fluoroari1s·oie 

·was ·dissolv·ed-1n 350 g. -or -r ·ed1s'.t11led absolute al_oohol and 

placed 1n ~- low· pressure hydrogen$.to:r • . -About Oe5 g. ·or Raney 

nickel and 2 drops of platinum chloride solution . were· added. 

The mixture was agitated for fo,;ir hours dul'.'ing which no hy--

d~g~n -was - absorb·ad. · Afte:r :addition or moPe catalyst; · the· 

x-eaction s .tar.ted and was oom1Jlete 1n -another 14 hours. Tha 

catalyst. we.s. 1':tlt~~ed .oft•' .the. solv·ent· evaporated and the .. : 

residue dis tilled· under reduced ,Pl"assur:e •· , A -tot al of 41 g • 

(86%) · ,of -B~mn!no-4.;fluoroanisola .bo111n·g • at 104° unc1,~1f ''7: mm. · 

pre·s•sUt~e- was ob.ta.1ned •. 

e.; Reduction by catalytic b~rogeriat1on -tisi.ngAdans 

catalyst t '. , , , , : , .. : 

·. A· ~o -g •. ,(0,23 .mole) portion of 2•nitro-4-fluoroe.nisole· 

was dissolved. in' 150 mi • . of :hot redistilled absolute ,alcohol 

and placed 1n , a .. low pressure hydrogenator. Adams ·os.talys t 

·was e.~ded and ·hydro;gen was admitted under 50 lb.-· pressure. 
After shaking :waa ·started, · r ·educt:t.on· began · s.t once • and ,vas 

complete :·in : about 5 hours. · ·The catalyst was· f11 tared oft, 
the solvent evaporated an:1 ' the residu<Ldist·illed u1mer x•e ... . 

duced· .pressure. , A totaL of 89 · S• · (8B%f of.- 2•artd.no-4-fluoro-

an1sola boiling at 104° under 7 ntlH' . . pressure was ·obtained. ,~-,• 

Anal.- Calcd. ·for C7H90llF: 0, 59•5J .:H1 5o7-J U1_ 9.-9. 

- Found: 0 i 59.SJ .-H,\ 5 .. 7; · N,. 10-.76, l0.51, , 

·.The · hydroohlorfde was ·. 1prepared by . passing dcy· hydrogen .' • 

chloride gas into an ether solution of the free base and · 



submitted''t:or analysis~, 

Anal~; Calcd., 'ro\t• c'7H90NOlF.t .o,:, 47.$;' fi•, 5.-lJ N,. 7.;g,~ 

Found: 0 ,, '47 •. 5f H', 5 • 2 J lf,. 7 ,,,7 i 

H2, :Ra.ta;· > 
86% ·. 

Pt02 ..... 
88;& 

·5•Fluoro-.8~methoxyroiinoiine ·. {xriVII) •~•Three vs.ristions, 

of -tht:i Sk:raup. reaotioh as ·modit:ted· by Cohrt (47) were tried 
: 1 _ l i ' -t f 

in. the_. preparation of this compound •. 
, 

a. Using nitrobenzene as· t·he · oxidiz:tng· agent: 
. ' 

A" $anple or 2'-amino~4-fluo:roan1sole was purified.-by 

diasolv.tng in diiute hydrochlorlc ·ao1d, extracting the acid 

mixture· with' ·ether, the·· ethereal port1.o·n being diaoarded., · 
' •: ' 

neutralizing with sodium hydroxide arid ext,ra.ct!ng again• 

\Vi th ether after wb1 ch the .• ethereal. solution · VISS· dried OV81' 

sod1 um sulfate., the ether ·removed,· and the residue distilled 

under reduced pressu.re. A clear, ·colorless product·.was ol:>.• 

tamed. 

An 82 g. · (0.58 :mole) portion of this material, 20 :g •. 

of ferrous su.lfate, ~nd 43 g~ ,(0 .. ·35 mole) of. nitrobenzene .. 

were :placed in a ·1· l• round-bottomed tlask end to this mix• 
ture was added a c6ld·solut1on;of"36 gi (0.59 mole) of bo~io 

acid in 196 g. (1.75 moles) o'f glycerine which had ·been made 



·: up ·not.. A· 100 . ml.· portion '~f co~centr~~af sulfi1rlc: ·ac:id 

was adci.e-~ ·s:t owly w1 th . co olin.g. · A. reftu:i . conde'ri~e ; . \Va.ii' ~#~' . 
'' . 

tached and· the:. mixture· was refluxed for 24/ h0U:rs at an ' 'oil 
be.th

1 

ttm1perature ·ot 100° • . 

The mixture was cooled and neu.tra'iized. by. the addition ' 

. o:r' 460 g. of 50% sodium, byclx-oxid.e solution 'added sl~w11· with 

ooolingf The b~sie mixture was extracted with. ether, :tbs 

ethereal portion was separated., filtered. through charcoal 

and dried over sodium ·sulfate.. After removal of the . eth~,r, 
tha . r _esl dua was dis tilled under reduce·d . -pressure ". ·: :' ' 

The di~t:l,llate· was treated with 30;_ ,Jni._: c,f 201{ ~6d!um . 
·hyd:rcxide solution and 20 g. or bensoy-1 chloride. Th& mix• 

ture became quite hot. lt was . cooled., ; shaken' thoroughl~, 

acidified with hydrochlori'ci aeid 'and ' ext\t-e.ctecl with. ether, , 

the ethereal portion being dis.card~d~ ~·. •rne': aqueous portion 

was made 'basic' and extracted' with ether, the ethereal pdr• 

tic>n;· separated and drlad· over sodium su'ifate. After remov-
. alof 'the ether, .the residue vnas distflled und$r re:ducea '·· 

'·pre~~ure to y1.e:td 38 g. (37%) :of 5·.f1u·oro~a-ni:>thoxyqu:iriol.ine 

boiling at· 14,4.-147° under 9 nm. pressur.e ·~ 

_ b. Using 2-nitro~4-fluoroanisole as the oxidizing agent: 

A. 500. ml. , three-necked flask ·equipped. wi:th ~-~t:irrer, 

thermometer and reflux condens e:ri w:as oha!'ged -w1th 25 g:. • 

(0,18 mole) of 2-am:tno .• 4~flti.oroe.nisole, 'J.9 S• (ti.11' moJ.e). 
of 2~ni'b:ro....-4-.flubroe.nisole, '6 g~ of ferrous ·sulfate and 

,' , . . 

solut1on•o'f 95 g. •' O:f anhydrous .glycerol' and11 g. of boric; · 



acid• The :mlxtur_e was heated to '75° and ~.30 ml. ot concen• 
trated sulfuric acid was added dropw1se. It was then re•· 

fluxed for 34 hours at an oil bath temperatu:re or 145°. 

'I'he cooled reaction mixtur·e was poured. over 500 S• ot 
ice, nearlr neutral.1z ed _b.r add1 tion or. 38 g. of sodium hy• 

droxide in 50~ solution _and made be.sic by add:ttion of sodium 

bicarbonate~ The resulting dark, o1ly mixture was placed 

1n a continuous extractor and extracted with benzene for 36 

hours. 
The benzene layer was separated ·and the benzene was 

d1stille<l ·otf leaving a dark, oily residue. Upon treatment 

with 26 · ml.. of concentrated hydrochloric acid diluted to '75 

ml. with water, a olee.r yellow solution was obtained which 

separated into two layers. The organic layer ,vas separated, 

washed with water, and dis carded, tls ,vashings being added 

to the aqueous layer• 

'The aqueous layer was made be.sic with sodium bicarbonate 

and extracted with ether. The ether extract was dried over-

night over sodium su1fate, the ether was distilled off and 

the residue was distilled under reduced pressure~ A total 

of 2.8 g. (9.0%) of 5•fluoro-8.-methoxyquinol1ne boiling at 

128-132° under 4 mm. pressure was obtained. 
The reaction mixture was extracted further with ether 

for 24 hours and the ether extract was ~orked up in a sim• 

ilar manner but no more product was obtained~ 

c. Using n1 troethane as the o xi.di zing age1:1t t 

' 



1·A 250 ml. : fl.ask was charged vdth : 25 g. (C>.18 :mole) of 

2~8nlino•4~fl~oroanisole., a.a g. (0.11 mole) 'of'· n1_troathe.ne 

and 6; ·s• of ferrous sulfate~ ·: To this was added it s olut1on 

of' 11 g, of ·boric acid in 94 ' S• oft anhydrous ·glycerol, ,and 

30' 'ml. of -cone entrat ed· sulfur! c acid ,,as added oaretuliy-: ·, 
· w.tth· intermittent cooling under, the ·tap, The ·n11xture was 

. . . 

reflux~d· tor 40. hours · at an oil batn ·; temper~ture:•· of · 150°. 

The:. eooied r&act1on ·m1xture_· was poured over· 250 S• ; of i 

1c·e,: nearly neutralized by addition of 38 g. of sod~um-hy• 

<:lroxid."e in 50% solution and then made be.sicl' ·:w1th sod1um ·b1• 
I 

carbonate. Th& mixture was placed in: a continuous :.extractor 

equipped with Er ··stirrer and extracted with ·benzene ·-.fo~:·40 

hours·.. The ' benzene extract was evaporated: to 50 ml• -·and 

the· residue was extracted, with .dilute· hydrochloric acid• :· · · 

The organic ·layer, was d1scai,dad+ , The acid layer. was made . 

· basfe with sc,diu.m ·bical'bone.te and extracted with ether. A 

black tar· which was pl'esent in the acid ·solution ·did not 

_.dissolve :1n the· ether but was taken ·up when· extracted with 

· benzene, 

· The benz·ene and ether extracts were combined, dri.ed 

over-sodium sulfate and the ·solvent was removed.· · The resi-

dua was distilled at reduced pressure Yielding 9.0 g. (29Jt} 

of 5•fluoro.-8-methoxyquinol1ne boiling at 120 .. 122° at · 3 mm. 

· · After standing for twelv·e days at room tempEfrature·., 

the · product solidified. Melting point ·was ,34.0.35.50. 

·Anal. Cal.ca. · for CloHaONFt ,.· O, __ 67~8J . H, .. 4•6l, N, _ 7._9. 
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Found, 

5-Fluoro-B-hydrox:yguinollne (XXIX) from , 5--fluoro-s. 

methox1guinoline ··• (XXXVIIJ •••A 10.8 portion (0.058 rnol.e) of'. 

5•fluor6•8•methoxyqu1noline was refluxed with 150 :g• ·(0.58· , ... 

mole) ot 50% hydriodio , acid fo:r 24 hours.; The cooled s o1u-

t1on· :,,as diluted with 150 ·ml• of · we:t er ahd rieUtral ized· with 

sodiilirt bicarbonate. 'The precipitate ,vhich -toPmed was ·fil• 

te1:ed oft, washed· with water and dried in a va·euum desic ... 

cat·or. · 

· The dry product was· sUblimed at 105° under 6 mm. pres-

sure~ A total of :7.7 g:. i (7716) of, 5•fluo_ro•8-b.ydroxyqu1nol1ne 

was obtained. as the · sublime. te;. 

Thi·s product was further purified as follows: It was 

dissolved· in· dt;ute, hydrochloric ·acid, the· solution was ex• 

tracted· with ether· and th& ethereal portion discarded. The 

aqueous portion was made be.sic with aodiun,t hydroxide ,and ex.-
traoted with,. ether,· the ethereal portion :again being dis• , 

carded. ·The.· solution was s.ciclified again- -wfth hydrochloric 

acid and 'finally neut:raliz.ed with sodiunl' bicarbonate •. 

The precipitate which formed was ::filtered ,off, .dried 



·· · 10.a s•. ·. ·•·· ... -. 
(0.058 mole) 

. . , . i'. :: _ . 

__ 1 _.:·11_1_· . .....,_,.. m.· · · .. .. .... ·· 
70'/o .QN). 

·OH 
. ' • l 
I•"! 

_- . :: ( .· ' i ... :_·:_ ;•, :_::, _._·: 

. . 6.9 gi . ·. 
:· (0.042 .mole.) . 
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IC. c. Synthesis· .of 5-fluoro-7-diethylaminomethyl-8-hydroxyquinoline. 

Method llI.. Attempted alternate route to 5 - f I u oro-8- methoxyquinoline: 

co 12 °lo 56% 
OH 

rn xxxvlll 

Cb a) Fe, HCI Cb NaN027 HCI 
0 % NaBF4 

b) H2, Ra. Ni 
OCH 3 0% OCH3 

xxx1x xx 

NNBF4 F 

CX) heat CD ..., 

OCH3 OCH 3 

XII xxxv11 



' . ' 

8--Methox:vauinoline CXXXVIII} ·••This comp0\1.nd has· been 

p~epared by· ·Kaufman · and. : Roth11h (48) : and .their procedure 

. was used. as follows J 
A ·solution : of· 55 g. (l~-38 moles) of : sodium hydroxide 

:tn ooo ml. ·or water was added :to a mixture of. 100 g~;· (0,.69 

· mole) of 8-hydr~yquino11~e J~astmm Kodak Coi) in 500 ml •. 

of we.tar· which was heated to ·about vo0 ~ .To the hot solution 
. ' ' 

was add.ed44gf_ .(0i35 .mole) . of d:1.methyl -suitate~.· -. The ·solu• , · 

tion was kept· llot· tor one hour, cooled,, extracted w1tq ban• 

tene and ·the benzene extract•. dried ovarn:tght over sod_ium 

· s ul.f'at;e• , , · •. ·_, ._, ., . 

•. The benzene. was distilled oft and . the . residue ;was dis ... 

. tilled unde:r reduced. pressure yieldmg 14g. :{12%) i Of ·a-
·methoxy~:1.noline: · boiling : at : 134--137° . at 5 · mmt -pras-sure, , 

·: ....... · · ;:, 

.' ·.The 'aqti.eou.a portion of ··the- reaction· mixture ·was acid• 

ified ·with, glacial. acetic ~Cid,- 1 the resulting precipitate ' 
' ' 

was ·.filtered oft,· d.ri ed under ·vaeuUlJl and sub limed-·at , 85° . · 
. . . . 

unde~ ' ·a ;pressure 'of\ :12 'mnt :' ,A tot~l of _'70 gf(' · or purified 

st~rting na terial · (8-hydroxyquinolitie) ·:,was'· re;c'ove~ed~ 
I < • .. • , , ' . • 

((} 
OH 

100 g. 
· (0.69 mole) 

NaoH· ··w 
. : ·. 09H3 

·• .·. 14 g • . ·. 
(o.oa ®le) 



5•1'!1tro ... a-metho29191tinol:tne· (XXXV!I:t).•~---Whe <method ot ,-
Baiaban· '.( 49) was used for ,p·:repa.~1~$ · ,this compound., ; _ 

:Jl ·250 -ltll•: beaker equ.:1..pped. with a thermometer and ttt1rrer 

was set _·in axi: -:to~s:al.t bath:. and ,che.rg_ed; w.t:th 55 ml,.,/:(1~~4 
, . 

mo1e·s) ot, fuming nit.rio · acid (density· 11.so)., A 22 g_._ por-

tion :(0 .. 12 •.•molel :'ot: a·.methox.yqn_i.noline was added gre.duall,-, 

over ·a ·period ot :11 hrurs at a temperatu:re of .. 5.0°. .. . 

:fhe•-~xture · ,wafL·stirred . for -·another hour:r ,•p_ou.red over. :. 

75 ,g. 'Of ;ce and diluted\ to 25Q ml,, witµ 1ce ,we.ter. A yel, 

low· precipitate ·appeared .which _:was filtered ·off, washed 
1 

With ·water and. dried 1n a vaeull.111-desiccator. The weight 

of the-. 5•n1 tro.-8-metho,cyquin.oline · nitrate •· hydrate thus·'. Ob• .. 

ta:tn'ed· was- 20 St '. (561l of· the ( -theoretical). . , '. 

' · , The ~itrate hydrate was decomposed., by tr,eatment wtth 

dilute sodium hydroxide- solution • .. , ; The : 5--nitro•S..hydrOJCY'~ , .. 

qu!noline, •which. appeared.: as, e .,yellow-:, precipitate, waa . fil-

tered orr·: and was.bed with_ water, : JDrie.d ; in air,_ the product 

inalted:::f:lt 148.8..-149·,2~ • . · (Recorded: is1°); (~9) .. 

w , 

· ... 

-22 g. 
(0.12 mol~ 

. \ ' . 
- · 1io2 . · - . · 

__ lm_o_·-.-· 3_. ______ , !)i,311- (Y"1 ·, RN03. H20 
.· sa% l.J-w) 

QOH3 

·: .. 20· g.· . . ·' , 
( 0. 071-_ · :mole ) 



.·{lttempted ·pre;ea.ration ;ot· 5-.an1in'o•8~m<fthox':4gJ;d.nbline': 

(Y.L) ... •Th1a: preparat1on·waa, attempted by :t\10 :methods: 

·ii.· · By oat aJyt:t c hydro gen.a tion: : 
,An· a. 4 S• 1 :(0 .,04:tJ mole) ·s anple' ·of 5~nftro•8•ntethoxy..; · 

quin~l1ne (m,·p• 14llt8~148.5")· waef' ·placed: in'.a hydrogenatibn 

· bottle and 30 ml• or ·redist:illect' absolute· a;cohol, ;0,5 g. · 
or· Rane-:,.• nickel and· a ·drop, of. platinum·. ·chloride, solution 

were added.. The mixture ·we.tr ·shaken ·'w-lth hydrogen under 'a 
pressure · of : 2 .. 3 atmospher·es vtd.le · heat .was·· appl:ted··,'tiy mean·s· 

• 1·, 

. of an i:ofra•red heat lamp.· After· an induction· period of 

f'orty.:r, .. ve minutes, 'absorption of 'hyd]:togen started •. ·= 'It we.a 

complet$. after two hours at which time the theoretical 

,amount of hydrogen·. •bad ,been e.bsorbe~. · 

·. The. catalyst ,vas: renoved. by f:t.l'tre.tion' thl,.ougb. a sin• 

torad. glass funnel. and the. solvent wa.s dis tilled' off leaving 

a reddiah-.blaok ta.:r. This residue was :dis:aolved in dilu.te 
' .. ., ' ' 

hydrochloric e.oid and the solution was Etxtraoted with ether, 

the ethereal portion being discarded.· 'The aqueous portion . 
was neutralized with .sodium hydroxt.de and extracted f.irst 

,d.th ether., then with benzene~ The ether and benzene ex-

traets wore dried over sodium sulfate.· 

Nothing but tarry residues could beobtained trom these 

solutions. 

b. By the procedure of Be.le.ban (49), involving reduction 

with iron and hydrochlor1o acidt 

To a 500 ml. three-..necked flask equipped with a reflux 
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oondenser,. ·. merou:ey~sealed s.ttrr:ar and a.,. ·:r.lexible, t11:b~ for 
, . • . . · , .I, : , ,', · ... .'·' ... . . • , ,_·· · ,· ' ·. \,·.• .. ,••, ,, _,,: . . ·. . •, I 

~dd1~1on .~f ,so,11ds. was added ~ , g.,. (Q.Q75 .mol~l o,r .5-nit.ro~ . 
. . . ... ·_ ·_ .. ·. ·.. ' . ·. . . . ' ' ·. ·, . . . . ;-. ; ·. . . . . . . ·- . . -. . ' . . ' . . 

· · a~m8tn.,oxyqu.inx~i1n.e ,nit:ratei hydr11te _, .,150--ml. , or et~yl · alcohol 

: ·ari~r 2.·.o .' ;m;l.•· '. o t' .. c ori<l_entr-ate~ ,hydro cblo~c :. $0,._d./, The ., tltttture 
was>heiated ·t9_:pefl~.-.temp,~ratu.re.;by,, minn1S : of an .oil .l>ath ·· 

. . ' . ' ' . . 

.and_ 20 .. g.:, of\ : powd.ered . iron was :added. il:1 • small p~rtions over 
, · .. ' •: , . ' . ' , ,. ' ·. . . ' ' ' ' • ' ' ·.' ' ' ' ', ' ' ' ' ' j ' ' ' ' ,., ' ., ·. 

the -cpur '1.e o,f , tb!rty 14l?1utes, _ .. : :Ile.fluxing : \Vas: oont1-nued ·,tor. 
. . , .· ., • . ' • . ' . . '1 

thr, ee .bou. r~ • ,-

, T.he ,solvent fWflS distilled tJ+t leaving a. dark ts.tt )wbJ.~h 

:was .dried . :under- vacuum ·and extracted with benzene. ; ,From 
-... · ' . . . " ... ' ' • .. C C ,- . , : , " , , C - . . . I : , -· . · , _ - •• • • , • ", , , 

this ·. benzene · extr~c:t···n9thi,ng l.>u~ a tar :,oc,uld. ,.be <lb,:taiined., \:, 

.Th.~ .-residue . . rrom t .. he . t>enz:ene e·xtract1on .was ,t~eated 

·: w~~h, ··di;Lute 1 hydroqlitoI'i~ ac+d , and .. ri:lt,ered. The r 1ltrate 
. ,, ' . ,, 

: .. w~B:·, made ,pa~1e, ,w1th. ::,so.d1ttm ,hydroxid.e ,px-~ucing , a bluish• .. ,_, 

-,~laelt :'. P:~ecip~ta~e • . ·· .. 111he ._be.,s~~.,mixture · was,· '.t~eated_ with . .- hY'· 
drogen_;sulfid~ : gas . ,~a.using Ji :ble.ck .precipitate •. to ., form. ,.. 

Th~.s . wa~ fi,l,tered .off,_ _ dried .and,'.bo1led in. be~zene~ ,· TJpon · 

· ;qool1,ng 1 ,,a : trac.e of .. :rellow .cir.yst~J~s -,appea?',ed along with ~. 
; • , ' • ., . • - . . ," . ._ . • ' ; ' ' . . • • ' ' • • . ·• • : I . • • . --.. • _ . ' . ~- .._ ' ; 

' ' 

· ·. reddi_sh-,bro·wp lumpy solid, l'esidu.e •" . No , 5~am:tno-8~methoxy~ 
, '._ ·. - . · .' ·;' , ; · ,_ - -; . . . ·, . • •• .. -· - .. ,i ' • .. ' . . _. __ :. , 

q~_inol:l~e /Ras 1s ol.ated from . ~his reaction •. 

· : ,'';·' ;: 

.H2, Ra.Ni 
0% · ,' 

Fe,' HCl ' · 
- > 

0% 

- . : ; , · I I ; 
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m. a. Synthesis of 2-trifluoromethyl-1,4-naphthoquinone, on analog 

of Menodione { 2-m et hyl-1,4-naphthoquinone). 

Method I: 

94 % 

0#'. 
CF3 Ac 20 ---~• .. 

87 % 
NH2 

XL1Y 
N02 H2 Ro. Ni 

O~CF3 Ac20 
/2' 68% 

N HCOCH 3 
XLlIT 

0 C F3 _R_a 9-~-~ N_~a----•---

N O 2 

XIIII 

OCF3 
NHCOCH3 
XDl a~~~H3 

_H_2_S_0_4--•-

NHCOCH3 
XCYII 



3-Nitrobe,nzotrifluoricle ·. (XLII) ,••Th.1e .. ·· .·.·material ... w. as pre-
" 1 ti - .. - -

·pa.red ba'. tbl procedure of Swarts (50) .as followst 
.· A<l500 ·m1, beaker set ln an !ce~sa1t bath and eqnipped 

' . . :_·_ ' . . : ·. . _- ·- . ' .' . ' 

w.tth ·a meche.nic,;il stirrer .ana· thermometer was charged with · 

354 g. ·(2.42 moles) ofbenzotl'1fluor1de (Rooker Ohem1cals), 

cooled. to -10°, and 600 ml, . of. a 3:2 mixture (by volu~e) or 
. ,. . 

·~Oncentrate~ sulfuric acid · a:nd ftmt1ng n1tr1 c acid (densi t:r 
;.sJ was :added dropwise ov8'1J' a two hour· pel'iod • . The tem-

perature was kept near -5° by the per1od1c s.dd1t1on of 

s1Ml1 lumps. of Dry Ice, _The solution was stirred in the 

cold for :tihree hours, then ·poured over i200 g. of ice and 
extracted w1th three 250 ml. portions of ether. The ether 

·extract was washed with three 150 ml~ :portions ot water 
• ·'I 

and drie9- overnight- over anhydrous sodium sulfate~ 

'l'he ether ·was removed and the residue -· was dist1lle,d at 

reduced pr&ssu.re to yield 434 g. (94%) · or 3•nitrobenzotr1-
. f'luorld e · bo 111ng at 79° · ·· ( 6 mm .. ) 

m'lo3 
. _ H2S04 

, '. .354 g. ·., ,,, :, 
(2~42 :n:oies) 

94~ 
. CJF3 

NOe 
', , 434 g. · -
· (2.217 moles) •· 

·3-Am1nobenzotr1fluor1de (XLIV) •··••A solution Of 434 g, 

(2.27 moles) ot 3--nitrobenzotrifluoride in 450 ml4' of e.bsO• 

- lute alcohol was . placed in a 2 1., hydrogenation vessel 



-68-

togethtr with 3 g-. of Raney .nickel ~nd two. drops of plat.inwn 
chloride so.lution.. The .solution \VE\S · shaken w:tth, bydt-ogen at 
a pressure .or +•3. atmospheres while beat was suppl.led. .by. 

:means of fln inf~a-red la.mp. Absorption. of hydrogen started 

·atter:.two._,hou.rs. an~ was co:mple~e.af'ter .. e.,;,.othe:r twenty hour~• 

The solut~on .\va.s .. filt~red through a sintered glas.s. fun-

nel to remove .the catalyst, the solvent was .re!llo.ved .end the 

~~sidue. was. distilled at reduced pressure:tc. A total of 333 g. 

{91%) of .3.-s.m1nobenzotr1tl.uorlde was .obtained boiling at 

as0 (5 mm,Jt· 

() 
N02 

· 434 g.· 
(2.27 moles) 

. 333 g. 
(B.07 moles) 

.The residue 1n the distillation flask was dissolved in .., . . ·~ 

ethanol:, heated to so0 ., and filtered with charcoal,. The 

filtrate was chilled fn ice and a quantity of bright orange 

needles separated. Dried in air, the ,,eight of t):l.e crystals 

was 2.0 g •. , m.p. 75.6•78 .• o0 .• An enalyt1cal'sample prepared 

by successive rec~ystall1zat1ons from eth~ol melted at 

a2.2.a2.s0 • The composition of the material was shown to 

00rre~pond to C7H4WF3• . 

c, 52.s; a,, 2.s;.w, a.a. 
, ·. ',·•·.; ,,· ' '··; 

Foundi c, 53.0J H, ~.s; N,. s •. s. 



On the basis ·, of the 'ana1y·ttca:1· results and melting 
potnt i the . compound ·wa·s id.entif ied as :m,mi -tr1fluoroaz·o~; 
luen.et· ' . . 

·:·•~ .. . ·· .. :. ~<.N=N .'F°'\····,,·, ... ·.) · .··· . 
. . ~ ·•. ·· ·· .. .. 

.0,3 .. ·· . 
. Recorded melting point of' a,m,ii•tr1fluoroazotoluene f 

as.s0 (51) -.. , · 

. 3-Acetamidobensotrifluoride a. solution o.t ! 

500 g, (3.1 moles) of 3-aminobenzotrifluoride in 600 ml. of 
benze·~ ·•as . added 315 g ·. (3.~ moles) of aoeti o e.nhydri.de~ . . 
The solution was refluxed for two hours on a steam bath, 

,:' . ' ', 
. . . ·, -

the benzene was distilled. orr and the res1du.e was allowed 
to stand overniglit. . . ..,) 

trifluoride sepe.r~ted which., dried in air, weigh~d 550 lb 
• ' , , ' : ' • ' j ' : I , . • , . , • ' • 

. ,, . ' 

soo ·· g. · 
. '' .(3.1 >moles} "' · 

! ' 

•. · ·()· · , . O:F3 · . . ' < ... ·.· .. · < 
NHCOOH3 

, ··550 ·go :· : · 
(2.7 moles) · 

2•Nitro-.5•aoete.midobenzotrifluor1de (XLVI)~.••This . com~ 
pound we..s prepared using the conditions . described by .Jones 

-~ .. . • • • . • • ·-_ I\ • ' • - • 

y._ •• . 

(52) for the preparation of 2•·n~tro-5-am1nobenzotr1fluorida. 



To a 3 · 1;1 three-necked flask set -in an ice-salt b~th 

and ·eqcd.ppad w1th .ti stirrer and thermome.ter was added. l- 1.-. 

of concentrated. sulfuric ao1d and 200· g~ C:o·,99 mole} or 3_.: 

ac:etam1dobenzo'tl:1fluor:tde. The aoluti.·on was cooled to .5o 

and a soltition of so g .. · (i.2 moles) of fuming nitr!cf acid 
(density. 1.-5) !:n• 100 ml, ot concientrated· sulf\lri<f acid was 

add.eel dropw1se over a forty minute period at .. 5.oo. t?he 

solution,ras brought to room temperatu.r·e, stirred·forthree 

hours,. heated to 4.0°, stirred for one hour,· and then poured 

over ice. A voluminous 7ellow precipitate separated which 

v1as filtered off, washed thoroughly with water, and dried, 

first 1n air, then under vs.(}~ttm• The weight of the crude 

product was 309 g. (126%), 

A careful inves:tigation of the crude product was made 

~n the tollow.tng manner: 

The entire amount .. was dissolved. in about 2 1. of boil• 

1ng benzene~ Two crops of orange-yellow or~stals of .2-
•~ ; ; . C ' ( 

nitro--5-acetanrldobenzotrifluor:tde melting at 121,2-123.oo 

were obtained by cooling· first to room temperature and later 

in ice. The ·combined weight of these oryste.la · was 160 g. 

· The mother liquor was evaporated. to about half its vol-

ume· and cooled in· ice. Light· yellow crystal.a separated 

which were filtered off and recrystallized fro~ alcohol to 

yield. 6 g. of a white o·rys ta111ne solid melting at 163-166°. 
> ' , ' ' ',l ,, 

An analytical ~ample \VBS purified 1:>y f;JUCOess1ve reorye tallize.-

tions from alcohol followed. by sublimation under vacuum. 



Melting po1ht '6;f' ·the ·t!na1 ·product :waa 1•12:;~o-i1a~.4,.0~ ;An.8.1~· 

ysis · o:r· this mat 'e1--ial ·showed the· ciomposit•fon to 'be '09H7:03N2F3~ 

·Found: 'O, ·44.·oJ B;., 3~0j N, 11,•'1 • : . · . . 

From '.·the analytical: data 'and. melting 'point' this 'com-
pound was; ·1.dentif ie d as·,, 2~n1tr·o~3-\a·oetrunido'benzotrifluo~1de. 
·(Recorded rt'!•P·•: 171°) . {53) • 

: Additi.6n· ·o:f watei-' to the: aieohol .. mothe~ llqtior 'and · sub• 

sequent chilling yielded.13 g. of yellow crystals 1 m.p. 

104--115°~ later identified by ·melting point ' of ·a:·'PlU'1t1~ef . 
sample as 2-n:ttro•5•acetam1dobenzotr1fluorid.e. · ' ; · 

·.: 

1

• Further ;evaporation· ot '.the ' ·benzene mother liquo~ ·from 
the third' crop of 'crystals resulted in a :fourth . crop which, :;. ~·- ·, : , ' ' . . . . ·' . ' 

after ·one recrystalUiat;1on from alcohol I and wat~~, weighed -

51 g., melting point 80~95~ • . This materi~l was also ide,nt-

ified. by the me ltmg point ot a purified: sample as 2•n1troi' 
5-acetam1dobenzotr1tluor1de~ 

A fifth crop · of c:cy~te.ls .from the benzene : s olut1ori 'was 

.deep orange in oolor and weigh:ed ·a g0 :rn.p-. ·11a-1sso. After 
one recrystallization from alcohol, · the 'melting point .was·-

. . 

crystallization £rom· alcohol followed by v'.acuum sublimation 
to y1eid 'bright', orailge crystals' ·melting at 19i.2-i92.2°. 
The composi~fon _o_f the material we.a · show.n by analysis to 
correspo~ ·to 09B4N50gF3~· 

:Anal. Ca:lcd, for C9H4.N50gF3t c, · _28,._2J H, l,OJ N, ~8.2 

.· 1 ' · • 



Found: · 0 ,.· 28.:5J:' Ii., o.a; ll,/ :1a.s •. · 
-From : this • 1n_fo:rmatit,11·,:. the 'followlrig ,";s:truct~e was :: 

postulated for the eompoundt: 

; .\ :.,'' ': ~- :::t~t:: : 
• ' .- .. NHCOOH3 · 

2. 3, 4, a·.:tetranitro .. 5-a.cetsn1 idobe1nzcitl'1flu'or1c1Ef. . ', 

.. 'The .tot al ·;weigl;l.t .of 2-n~tro•5•acetam1dobenz6tr:tfluo~1de · 
. ·. . . ,. . .' ·, ' . :: , _; .= ·-;' ,. 7.,· . .... ,, . 

was 224-g_i, ···· __ (92%) .~. __ _ 

A :samplEl wa~ prepared . for e.nalys1s ·by-. recrysta~Jfz~~ 
, . . . . - ·, · . . . ,' .. , ·I, ' 

tiO~' fr~m· aqueous ethanol., ~lute. e.oetio acid. and age'.1.n,· fttom 
'. : . ' ' ; . ' . \ ; ' . ' ' . . . : . ', . : . .. ·_ . : . : : ' ' : '·, . ,'.-' -~ . : '. ·. ·' .' 

aqueous ::ethanol . to , yield e. pure material melting )it ·123.2• . 
. ' . . . . . . . . . . ' ; ; : .. ·. . ·: . . . ·- ... · . :· -~ . ··:- . ;· ·. ; ' ' . ' . : ·; . ; 

123.9? f _, Recol'ded, .tn.p,- of 2~n1tr9•5-.:acetam1do~enzotrifl.uo,ride: 

123 .• 5° (53) :. 

,·/ Anal •. ;Oalod~· for C9H70.3N~F5: · 01 43~56J. .H, 2•84J . M, ll.29. 

Found: :C1· ' 43:,8lj H, _ 3.02;· N, 1;,29• 

. ,·, 

()CF3 
.1rac.ocH3 

· ·:: ,: , · .. 200 ·g/ . 
(o.es ·mole) 

,·.HN03 · 
·H2S04 

';ii 

. .. :, No2 . (JCF3 
· .· . -~q?CH3 : 
. 2'24 g'·· , 

(0.90 mole) · 

: 2.15-Diacetamidobenzotrifluoride · (XLVII) ••·•A 3.9 g• 
(0.77 ·-~o~e) · po~.tion .. or 2•n1tro-5-ao~:tam:t_~qb.e~zot_.~~f'1uor_1~~--. 



. ,•', ' ' .· 'and di:J.ute;· acett~o aoid,:: was ·dissolved in 50 ·mi~- of ace.ti~ 
anhydride and .·the 'solutioh·was ·placed in .a hydrogenati,ng _ 

. ' 

apparatus tr About 0.2 . g • . of platinum 'oxide \Vas added and 
i ' • 

i 

the solut:ton was shaken witll :hydroge;n ·uhdei-- a pressu.re ,-ot . 
1~3 ··atmosphe~es ·· whiie heat was appl1ed by means of ah :tnf:ra• 

. red lamp. Absorption ot: hydl'ogen started. at o·n:ce and was 
complete iri two .hours. ThE:l' cooled solut:i:on· was filtered_ 
to remve the c.-atalist, diluted. with 100 ml. of vu:1ter and 
set in ·an i'oe 'bath for ·4o ·hoursJ · Wb1te ·crtst~1r ·s·eparated · 

. . 

. which wart dr.ied ·· 1n a.:1r to yield 14 _.g f ('70%) cit ·2,5..-diaceta.~: 

m1dobenzotritluor1ded Dl•P• · 1s-4,..;1a1° •· 

NOg (j)CF3 . H2;8;to2 

. NIICOCH3 

' ~9 g. ' .·_.· ' 
-. :. (0,077 mole) 

··· (j6;:3 . 
: NHOOOH3 

. ·. _ .14, g ,. , · .. < 
· (0.054 mole) 

. . . . ' . . 

215~D1amfnobenz otrifluoritfe . 'p.yg.'rosulfate (XLVII:t j -,;;.~· 
: A: 50 gJ· (o.19 mole) portion' ~r: i5.;cifacetarnidobenzot~1fiu:or·-

. . ' . · .. .. 

ide was heated with stirring · in a s·oiution· or· 25t) mi • or· 
concentrated • ~l~ic' _:acid . dilut ad with '7'/0 mt. ~f water . 
unt111t ·a1ssolved.. ·Tbe hot soiu.tion· ~as; '_detfoi(?rized. by 
ff:ttering with charcoal, The product,. e,5~d1e.nd.nobenzo·tr1• 

' . ' · ' ,,.,, 

fluoride hydrosulrat~i was ·not l~olated but .was oXidized 111· . 

the sulfuric· acid solution . as · descl'ibed ,be'iow.; 



:1mcocxr3 

AcFs_.·•·· V· 
,'.HHyOOff3 

· ·.•··• 50 g •. 
: {O.l9·mole) 

f ';; 

•: 1· i' j, ,j 

;rr1flilb~orilsthylb~rizo9R1n6rie·• dcLIX) .•-The sulfuric a.e1d 

solut1ori. or\ 2,·S•diaminobenzot~ifluoride hydro~uifate- pre-, 
par~d as above from 50 g,.- (0.19. mole)' Of :2,5-d1acetamid0-:. 
berizotrif lnoride,·was set· in,. an .ice bath·· and 750 ml.•. ~r- ban• 

zene was added. The heterogeneous syste.m .. wa.s cooled to 8° 

and stirred vigorously ·whiJ.e. a splution ,of: .. 68 S• (0.26 mole) 

of sodium dicm:-ome.te. dihydra.te in 125 ml..- -of· water_ wa.s added 

at s.uch a -rate tha.·t the temperature did not r1ss above lo~• 
The reaction mixture was stirred .. for. two hours 1n the cold h 

and the· benzene la.yf:lr was sep·a.~s.t ed. It was d~i ed over. an• 
' ' 

hydrous sodiUnt sulfate and o.oneen_tfs.ted to about 30 ml •. by 
. ' 

dis tilling off the bonzena_. under reduced pressure provided 
. " 

by the water pump. About 100 ml. of Skelly-solve owas a.d~ed 
· and the solution was chilled in a Dry Ioe•ohlorc>form bath. 

Raddish•orange crystals of trifluoromethylbenzoquinone aepar-

a.ted together w:t th whi ta crys tala of benzene. The :benzene 

crystals dissolved upon slight WQl"ming and the trifluoro-

mathylbenzoqu:1.none was filtered off. B;{ addition of an~ 

other 100 ml. of Skellysolva C to the filtrate and subse-

quent cooling as 'before, another crop was obtained.- Dried 
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in e.il1 , 1 the ,,eight: 'Of · the ; trifluoromethylbe.nzoquinone :waa:: 
is g• ·' (35%}~ ·: m•P•• 49.,4~o• '.. : A:ft~r. one . ,recrystalliz e.tion,'. :from 

. ' 

. alcohol', tbe · prod'uct\. :WflS : a ·' du11\i-ellow color and ,melted ,at· 

61·.2-54+0°., 

0 

,;.(ra .· 
·. _· ·· ,O 

, 12 S• • 
(0.068mol.e) 

, . . . I , . .. , ' , ' 

M~-2.:.This e'ompound visa pl"'epared by '. the ·general me.thod . 

deeci-5.be~ b;r riefiel' .. • (54) t~:t' th~ pr~pal'atifon ot eub~tittited 
' : , , , . ' , ., ' ' , ' 

naphthoquinones t:rom ·s·ubst1tuted ,benzoquinones.· 
A solution of l2 g~ (o.oes mole), of t 'r1tiuoromethyl• ' . 

, { ' 

benzoquinone in 35 ml.; of acet1 c ao1d was.· placed in El pres~ 

. sure flask and. coolec:i 1n, 1ee water .• ·A 4-.3 gi (0.08 mole) 
. pol'tion or buta.diene which had , ~ien c<md e,nsad out • ot a · tank 

, I • , , , • • , • ·•. ' ' 

into a :graduated cylinder set in, Dry , Ice was .add.ad; the .. 
• ·. r •· , . -· . . . • . , - . i • •· .. , , • . . .. • 

stopper.was clamp~d ori'; and the flask ,was immersed .in running 

water :for .fonty houx•si The :solution .. was ,filtered .with acetic 
' ' . ' ( : , 

acid:.washed . char'coa1 ;and ·. reserved ,for the ·· next reaction .. , The- . 
. : ' 

product~ 2~·tr1f'luo:rornethyl~5•8•9.,l0-tet'rahydro-1,fnaphtho-

quinone, was ~o,t isolated. 



() •·. ·.~., .... · .... , .. ·~fFs_.· --'---~ 
0 

. 12 &•. ,. 
(0.068 mol~) 

. . 

. o··· 
(no~ isolated) 

gul.none .• (LI,.l•••An acetio ac1d ·solution of 2--tr1fluoromethyl-

5,a,9110-tetrahydro-1,, .. naphthoq.uinone .prepared as · de.scribed 

above. fro~ ;;.o g. · (0.017 mole) of tritluoromethylbenzoquinone 
1 , : . ', < ' ' ' : t ' :; •• I· \ {' l • 

was hee.t~d on a stesm bath for twenty· minutes and· t<J .the ho·t. 
I 

aolut!On was e.dded. E.8 ml. of cone entra.ted hyd.roohlorio acid 
,: 1 , : ! .. 

1 
"_- ! (r~ : : , . -, , '. ·: · · , I : - , · 1 

and o.42 g._ ot ste.nncua .c~~oride in 14 ml• of wa~~r• The 

solutio:n ~a~. a11.owe4 to st,and overnight at room temp_era~ure 

end was then chilled in ice. ·After several hours, light• 
' ,; ) '''. • ,- ·' \ :; • ' ' t ' • I I , I . . • • ' ,- L , :: ... 

colored crystals s.epar~ted v1h1ch were. filte:red off and dried 
' · __ ' ; •, . • - -: ' < I_ ' ' , 

1n. air. · Weight of tile 2-trifluoromethyl•S,s,9 ,10--tetrahydro• 
. \ .. : ' 

1.4-naphthohydroqu.1p.9ne obta.1n~d was ?:•l S• (:2.5%), fflijP•' 

163-167°. After recrystallization from alcohol, the product 
' . ' . • .'' I , !( 

melted at 176.8-177.0°. 

J\nal• Oalcd. f9i- 011H110gF3: o, 66t9J H,,: 4.8. Foundt 

o, 57,,o, 5G,,9, 57.a, sa.9; R, s.o, 4 .• :9, 4·.a ," 4 •.. e •. 
OB (OOF3 
OH 

0.1 g. 
(0.00043 Ir.Ple) 
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· 2•Tr1flttorcnneth.zl•l,4-.na:ehthogu1no:ne (LI!l ••--An .acatic 

· acid solution of 2-:-tr1£1uoromethyl-5.,81 9 1l0..-tetrahydro~l,4--· 
-naphthoquinone (L) prepared· as d.escr1'bed above_· from 12 S• 

(0.,068 rnol.el ·of. tr1fluoromath7lbenzoquinone \Vas placed j.n a 

500 .ml.tthrae..-nocked. flask• ·equipped with:~-- Hershbe?'g stirrer 
and thermometer, It was ha e.ted. ,to so0 and treated with· a 

sol11tion of 27 •. 3 g,; (0.092 mole) of sod1u.m d1 c..'1.romate dlhy-• 

drate :,and· l • ,4 mi.,: of. : conc'entr'ated s'u1.tur1 cf acid' in 17 ml •' 

of water at so0., .-The mixture.was heated to 65~-overa hot 
'·: . ' _:' ·. . .• , . ' : ,. j .·. . · .. ' . . ... ·.• ' .'.' ' 

plate and maintained at 65•70°., After about twenty minutssf 
' ' ' . .:. ' . ' . ' 

the temperaturEl· suddenly began to rise an_d cooling was pro-.i 
' •' i ..... 

vided 01 means .of ·an ice bath.. The mixture vtas rAa.:tnt;ined · 

65~.70P t:or · ru1otl:e~ ,b¼ lf hour,·; then poured into. e. milttu.re 

of 70 ·g.: of ice and 70 ml~, of· water •. Th$ ·yellow solid.which 
, .. , ' ·: 

' . · .. •,· ... 

appeared waa filtered oft,, we.shed with water,,, and. dried ln 
air. · Weight of the · 2.-trifluorome thyl•"1 1 4•naphthoquinone 

· was 4.9 g,, ·{26%),, m.p., 73.0-83.5°.;, Af'ter tVJO ·_ reorystalliza-
. u ' ' '• ' .. . ' ' 

tions from ethanol,. the product melted. at 104c;3•J.05~0°, · 

¾_!'}a;t, , Cal ed .. tor C11fI502F3t C, ? 58. 4J 'H, 2 .a·. , Found: 

O, 68•7J H., 2.2 • 

. 0 MoF3. M~::0:07 w .26% 

0 

. 4.0 g. 
(0.018 mole) 
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III. b. Synthesis of 2-trifluoromethyl -1, 4- naphthoquinone. 

Method lI.. An a I tern ate route to trif luorome thy I benzoquinone_;_ 

N_0 2 

OCF3 SnCl2,HCI 
68 % 

NHCOCH 3 

XI:2I 

0 

Na2 Cr2 ~ 7 otF3 
28 % 

xcv111 
0 

xux 

, 

Method m. An attempted route to trifluoromethylbenzoquinone: 

oc~ oc~ H20 OCF3 NoN02,H~ I# NoN02, HCI ,. pr-
. # , 50% 0% 

NH 2 NNCI OH 

xuv rl 1:TI 

NO OCF . 3 · No 2 Cr20 7 
H2 S04 ,.. 

OH 0 
.CYII KCI x 
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' '· ·. . ·, 

2, 5-DianrtnobEmzo~r1f'l;1ori·a~ h,:a.1-.oehloride .· JLIIIl, •·..:•To 
. ~4 g,:, (0,l.8 mole):. of· 'J~-nd.tro-5 .. a.cetan1idobentotrif.luot•id.e ·1.n 

a. 1 , l .• beaker. ~as added. a "Eto;lut1 on .of' ,147 g. ! o:f' a ts.tmou.s. 

(Oh);,or:ide _11n :use mi. of.· oonc&nt1ratedi bydPoohlori o' :acid;., The 

.. tempe~:ature of!. the mixture ros'e slowli, to. eo0 · ''.arid it :,,as 
heated on· a .. hot plate t·o about 90°. and kept· ·hot for tv10 

botws. It was. :fil..te·re.d to remove: so1111i insoluble impuritie·s 

elld li2S· gas:. vies' .pass:ed into tl.1.e: ,hot 'sol:ution·· for several.· 
·'.. ' ' . . .... , 

llours.-: • The .heavr :rellO\v precipitate, ·or stannic su1f1de was · 

f1lt8red off .. end.· the filt:rate v,ns eval)Orated to·· ca'yness • 

The, .v1a1ght ·ot th~ cztude product was 37 g_~ 

This. •material v1as · subltmed at 210° under 5 mntti?preasure 

to .•y:1.eld. 30 Eb' or:· sublimate which was somewh.at brownish in· 

color~ •! It was· dissolved in water,,:· filtered with cl'lB.reoal,i 

eyapor.ated to·dcyne,ss a.nd.,resublim,d to give) 26 g.· (68%) of 

e, 5~d1am.tnobenzot:r1fluor1de ,·hydrochloride wh1oh did not ·molt 

below.250?. 
: .. An ,analytical,. sample was prepared by- neutre.liz1ng the 

• • . . ' i • 

. hydroch~9ride with dilute sodium hydroxide, extracting the 

free bs.se with ether e.nd :reprecipitating the hydrochloride 

by passing. in dey hydrogen chlol'1de gas. The precipitated 

salt was filtered oft, dried., and reaublirr.ed~ 

Anil. Oalcd. for C7lI9tl20lF3l O, 39.:5J ·u, 3.8; N, 13.2. 

Foundt. c, 39,4; H,3.8J M, 13,4. 



1 ' ~-, I 

1: 

_':· · MOg _ · ,@OF3 
. lffi,OOCH3 . 
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snc12•;· HCl 
;_, _;;_ as% •: ,:. 

· .. •• .... 44 _·g •. · .. 
(0,18 mole) 

U'H2°nc1· · 1 • 

I ,.~(f.•g.: • .. · i 

(0.12 mole) 
', . . ; : 

. ! .- ., !t,5.-diami.nobenzotriflu6rid·e ' d:,IVl --~A. solution ot '49 g~ 

'.to .23 mole:) or' :, e, ~die.minobe~otr1f'iuo~1-dJ hydro chl,or:tde in 

200 nils o:r we.t'e~:-was mad'e b\ai:fc·. with 10%: •sodtUlrt·, ~ydrox!d& 
t ·! ' ; s qlutfo,n end ·extr.e.c_ted with ' ether• 

. ' .' . t 

Tha _ ethereal so·1ution .. . 
,- ' j • ' 

'began . to ,darken . at .ono e • . The. 2 ,5~di~inobenzot:riflu()ride . 

was not tsolat:ad but waa used in tb.e ether solution for the · 
,, . . 

next·•.react1on~ 

, GCF$ .... NaOH 

llH2•HCl 

·. 49 g • . · · 
(0.23 mole) . -

... ·. G'1 __ .. ..... _•· ··· .... ·.' •.... ·.~ .. · .. H.·· .. 2_< OF · .. v3 
NH2 

(not isolated) 

2 • 5-dimnin.obenzotri fluoride h:ydros'ulf~te (XLVIII}.--The 

ethereal solution of 2,6•disminobanzotrif1u·or;de desor:lb-.e·d '. .. -
'above' was extr~cted ,,1th a:' 'sohtt1on' or 250 ~i. O.f 'con~entrated 
sulfuric acid in'' 775 m1. of' : water. The .e..o1d solutibri was ' , , 

clarified by t :11 tration with ch~rcoal ·etld ·us ad directly for · 
the oxidation reaction described below without :- isolating the 

2 ,5-diaminobenzotrifluoride hydrosti.lfate_. · 
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NH2 (t3 
1:IR2 r ~gS O 4, 

(not isolated) 

Triflu~rometh:ylbenzoquinone fXLIX)•••The_ sulfuric acid 
solu.ti?n prepared as above from 49. g. (o.·23 mole)· .of 2,5~ 

. ·' . ,' :•_ ' :·,:·: ' ' . " :· ' ' : '-·.: -: ' 

diam1nobenzotr1tl.uor1d.e hydrochloride was· placed 1·n a 3 ·3..,. 
. . . ' 

beaker .&qa1pped with a thermomet~r and mechanical stirrer 
. ' . 

and cooled :tn an ice bath. Approximately 750 m1. of benzene 

was' added, the: mixture was cooled to a0 and .oxidlzed 'by the 

add.1t1on.· of a .. solu.t1on. o'f 68 ·g•· (0.23· mole) of sodium di~ 

chromate d.ihydrate 1n '125 ml~. of water at such a rate· that 

the. tenperature did not r1s$ above lo0 • After addition was 

compl~te I thEf mixture was st1rred f~r two hours in the cold 

and the benzene layer ws.s separated •. It w•s~dried over an:.:. 
. . ' ' . 

hydrous soditllll ~ulfate, filtered, and ooncent:rated to about 

40 ml. b:f distilling oft the benzene under reduced p~ssure · 

provided by the ~ater· pump •. The residue was diluted with 

100 ml·. of Skellysolve O and cooled 1n a Dry Ice-chloroform 
' ' ' 

mixture. R.eddish•orange crystals separated which were f11-
, ' 

·tered: off,., Further addition ot Skellysolve o with .cooling 
' . . ' 

as before' produced a second crop of crystals. Total weight 

of the trifluoromethylbenzoqu1none obtained was 11.s g. 

(2a,: based on··th6 diamine hydrochloride), m.p. 49.5-51.3°. 



.. ·;·. ·,,: 3•Hidroxy:benzotrifluori~e (LVIl-~~~A 72 _g .• _ (o,:.45 I?PlC3) . 

- portion ot. 3.;.runino_benzotrifluoride was added ·to -a>soluti~n 
' ' ' ' ' . ' : .. . ' ' ' 

The _ solution was_ co_o].ed- to' 6~ : and dia.zotiz_ed •. by_··the _ .gradual· , 

addit1_0l'l.9f 34 g. (0;.49 ~1~) -.of sod1um ·n1trite .1n<the :· ro~ 
, - -· . ·_ . . ' , . . . . . 

' . 

of moist balls at a temperature below _5°.\, . The / excess-nitrous 

acid was de~troyed . by the addition of lOc·s• ot urea.· .. The 
j .. : . ,- : ' : • • ' · ,' 

. 3-trifluoromathylbenzene diazoniwn .o~orlde (LV) -. formed: in 

. tb.e reacticm. ~xture-was ~yd_rolyzed and -r~rnoved by -- sieam 
' . : ' • • ; ' : . - ' ; • ' ' • ' ; • . ' . • • . . '> • • 1 ' :_ . • . :· . . : .· . . ' , '; • • 

distillation from a dilute sulf1ll'1c aoid solution.· About 
., '' . -,., . ·, . . ' ,· ' . · , ·· ' . . . . ! ' .. ,· ' 

500 ml.. ot die tillate was _ collected: which was : extl'e.ct'ed .with 
• ' ' ' ' : . : ' ' ' ' ' ' ., ' ,. ' ' . • ; ' . ' ; 1, 

ether(. · _The ether ext~act was dried over anhydrous . sodium 
. . . . 

sulfa~e, tho, ether was remotred , and the res_idue .<\V').S dis 'tilled 
. ' 

under .reduced pressure to ,-;eld 36 :6!. _(50%) or co_lorl~ss 

3~hydroxyb~nzotrifluorid.e, ;-•bid~,• · 75° at 14 mm •. 

().CF3 NaNOa,HCl 

·11H2 , NNCL 

. 72 g. -. , . 
(0.45 mole) · -



Attemnted .• t,repe.re.tion : of 2.;.nitroso..-,6.-hidro&benzotri~ 

fluoride ·· .(LVII1.-.•Th~L method desc:rtbed, by ICrern~rs ·!..i .. !!• (55) 

for th&. pr:epa:r.at1.ori. of nitros~thy~o+ was ,.ueed.f 

A-36 g,: (0.22 .mole)' .poI'tio~. of · 3-hyd~()xyhenzotr1:f'luor1de 
,· ' ' ;:·. ·, .. . . ' .. ' .. -.. , · • . ·. ' . : , 

dissolve.a. .1n 166 ml. o:f' <95% . ethanol .. wEts pl.aced in a 1 1. 

beakex-: ~et ,!t.n an· 1oe.,_aalt bs.th,,166 .. mt • .. of concentrated. .hydro-

·chlor!tS' ao1~.:;,,was .e,daeci aric?t the s:olutl\On ;we.'s '. co·oie~ . below ·.O~. 
nr,-.. ·sod.1\im nitrite. V/8.S .added . ·~n : about . S S• portions· until ·a 

total of .·'23 ·si (0~33 mole) ·.had .been int.roduoed, '!'het'8 was no 
eviden:ce Of a · reaction. . Mo . precipitate • was obtained when • ·a 
smali sample was.'pour~d into .we.tar. ·.· The reaction mixture . ,vas 

a;tlowed to . stand at room temperature .· 'for -twenty.fou~:_: hotirs· 

i'1th0t1.t. apparent effect-,• It was heated' for three hours on 

the ·st'eam hath at ' about :eoo· but no reaction was observedo 

\~Jhen :1t 'w-as' poured 1'nto '2 1·~· bf ,_we.te~, a · reddish .oil .sep-

arated. which• wt1s removed and 1dent:l:f'ied as, the a tarting ·ma• 

ter1al:. Mo 2;.;.riitro~o-5-hydroxybenzo,trifluor.ide was ·obtained. 

· ' QCFs NaNOg~/Cl 

. OH ,. • 
. 36 g. 

(0~22 nJ)le} 
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D!SOUSSION OF EXPERill!ENTAJJ RESULTS 

I w flYMTEESIS OF 3, 4•DIP1LUCROPRENYLARSOl:lIO ACID 

Method I (P'low sheet 1· a, page 12) •••The steps involved 

in this syntbet:tc scheme were comparatively straightforward 

and were carried. 0t1t. with good.yields. u11 ·t~- the .P~poaed de• 

composition o:t 2•fluoro-..5•acetamidobenzene diazonium fluo~· 

_borate {VII) to produce 21 4•difluoroaoetanilide (VIII), a 

reaction resulting 1.p. zero yield. 

Tba first step,- the preparation ot'·,n-nitroi'luorobenzene 

(II), was carried out in 61% _ yield while e. t tbe s rune ti1ne a 

33% yield of 8 1 4-dinitrofluorobanzene wns obtained. Brad• 

low (56) ~eports that the use of •ti.· smaller qu.anti t;r of aul.-

furic acid increases the yield of the mono•nitro compound 

by 10•15%• 

The decomposition,of 5•a.cetam:1dobenzene diazonium 

fluoborate (Vlll was attempted several times but each t:tme 

a hopeless mass of , tar was obtained from which no products 

could be isolated. Roe (34), in his discussion of tha Schte-

•mann reaction, l:tats the preparation of only one nuoroaoet-
anilide. from the corx-espond1 ng f'luoborate but no yield is 

reported. He also makes tba statement that amino groups 

lower the yield. of . fluoride obtained. These .facts indicate 

that the presence of the acetamido group practically- elim-

inates the possibility of obtaining a good yield from a 

Sohiemann reaction • 

. Hence, it we.a necessary to abandon the approach. 



f',!eth,od :tr '(Flow· sh~et ! t,., .Pf!.~G ,21 l•••In an effort to 

avoid the presence of t .he acetamid.o group during the Schie-
•. . .• . , • . : _. . .,., - - , . • r , - _: _- ~-

mann raaot1on a schen1e was devised where_by a nitro group_ 
,. .' .. · . ' , • . ' . ' 

· would be in the place o t the acetrunido_ group• 
i I ! , • · -~ ! • , ' ! 

Tbe first step, reduction of ~,4•dinitroflt1.o~obenzene 
', • ' ·, .• ! ' ,· :•· 

' . ' · - - . . 

(XI) with stannous chloride and byd_~ochlori~ aoid prod~ced 
. ' . . .. . . . : ' ' _; ,' .. _-

the desired.. isomer., .2•amino~4-nit:rofluo·rob.enzone (XII), in · 
. ' : - . .. .· . . · ,. - . • ' ; =·.;' ' 

a favorable r~_t _io (4:1) to t~e other isomer, 2-ni tro-4• 
: i ·'_ 1 t. 

timino~luox-oberizene (IV), but yields were disco,u-.agt.ng (245' 

and 6% rospeot~vely}_. The obse!'vat1011 or Blanksma (36) 

that 2-runino•4•n!trofluorobenz.ene (XII) had a sweet taste 
' , , ·. ' . 

was confirmed by .this investigator. A· 8'.\78et odor could be 
detected also during evaporation of solutions of this com• 

pound. 

A rather lo\v yield (38%) · or 2-fluoro-5-nitl'obenz·ene 
. . I, , i . • • . - ,_ ,, , - - ' 

~azonium fluobo:rate {XIII) was obtained by a Schiemann_ re-

action on 2-amino .. 4 ... n1 trof'luoroben.zene (XII). This hrisbt 

yellow oo~po~nd was quite sensitive to _ light _ and would 

darken on the . surface when exposed. for . only a few minutes 
' . . : .' . ' . . . 

alth~gh shad._ed areas remained bright. The attempted de• 

eomnos1ti-on of' 2•fluoro•5•n1trobenzene d1azon1wn fluobora.te • -- ' . . . . . . . ' ' . ' 

. ~XII~) to o'?tain 3.~•d1flu_oroµit;rob,enzene "by ~eating the dcy 

salt resulted in a. violent explosion, Even though "diluted" 

with sand, l g. or the fl uobore.te detonated 'With sufficient ,.· . ' ' ·.. .., , , . ; . 

force to .shatter a 125 ml. · flask into small pieces. It was 

deemed too dangerous to pursu~ the 1nvestlgat!on of this 



type of deoomposttion '1\tr th~r : nncL h~atfng in an inert· sol.vent 

. was :attempted. • : This ·procedure , resulted ·; in a ·tarry mastf from 
. :· .. ·, 

whi.ch no , pro duct could be. isolated. This -approach also 'was 
; .. ;. :t· 

abandoned~ ; ", 
i ; ·,' 

,.' • 't l ' Ji,· 

:Method •. II·J~ ·. {Flow sheet l ' c 1 ·• !?age. 28) ••.•In this synthetic . 
' ' . . 

scheme, fluorine ·atoms. we1ne introduced 1n~o the beriz·e~ ~ing· 
; ·I 

first, to be followed· by nitre.ti on, reduction . and arsonation. 
. . . 

Happily, this procedure proouced good yields a.t every step; 
'· . ' ' •· ,' 

'. . ' ' "' ' 

except,.- perhaps, the Ba.1,..t reaction in the le.st· step. : · 
. In performing a Schiemenn reaction on . methyl anthranil• 

,: ' . .' . 

ate (x.vf, two sl1gpt modifice.t1ona or t .he usual proce~re, 

suggested by the experience of other wor~rs ·(57) or:i this 

type of reaction., \vere introduced. The initial diazotisa .... 
·' 

tion was conducted in a stainless steel. beaker. This had _· 

the advantage ·or speeding up the ~oling process due to more 

rapid heat interchange between the solution and the ;ce-se.lt 

bath; and~ _in addi'tion, the yield was increased from a re-
ported 66% (58) -to 91%. It has been foitncl in this labora-

tory that, in genere..l, ·an 1ncreaae of 10% in the overa11· 

yield ls fre4u.ently obtained by the u .. se of' a stainless steel 

. beaker. 

Following the decomposition 0£ · the · fl uoborate, · pro~ 

duct was taken up in ether., ·dried, and dissolved boron tr1-

flttor-lde was relt¥)11ed by_ precipitating out -an annnonia•boron 

trttluoride complex by passing in dry amMonia gas• This · 

eliminated :the possibility of complex-formation sometimes 



e'ncfouriterec:1. dt1r'ii'1'g' ·the ,'dis:tillatiori. pr'6eess·, The' yield· or, 

B~fluorome thyl- 'benz"cn1te · 'obtained. by .,th is 'method ·was '10%: 

v,hile th,e reported· yield wa·s 55Jt , (58.) • 

Severel variations or the Hofmann reaction v1ere tried 

, in the. !?reparation of 2--fluoroaniline (XIX) from 2-fluoro-
. ' (' \ 

b~n.zamld.~. ~XVIII). ~1e t1se of s··odium hypobromite fo11ow.1ng 

several.different procedures produced. yields of' 10--48,h . 
I • ' ., ' : • ' ' I I 

Sod:htm hyp_o.c~lorite co·ns1 stently gave 58-.66% yields of g .. 

fluoroanillne (X~) •. 
The Schiemann react:! 011 wl th 2•flt10:roan3.11ne (XIX) pro• 

du.eed .2•fluoroben.zene diazoni~ flu.oborate {XX) in 99% 
' ' 

rield as c~mpared ,,1th n repor~ted 45% (37). Deeomposi tion, 

of this fl uoborate salt proceeded sntooth1y to g1v a a 73% 

yield, of _2-d.if~ttorobenzene (XX!) although. the reported yield 

is only 30% (3'7b. Ito special vs.ria tions from the c\1ston1ar7 
' '.'.~l',, 

methods ,,ere used· in t·he decomposition. · 

Uitrat'- on of . .Q, .. diflu.orobenze_ne , (YJC!) gave 3 ,4-d1.flttoro• 

ni trobenzerte · (XIV) 1n.. 93% yield· a~ com;pared . to . a reported 
. ' ' ; ' 

85% (39) sn.4> ce.te.lytie reduct:1. on of· the .nitro conrpou.ncl gave 
' ,; . . , . l 

3;4•d1fluo~oan1line (:IX) in 93% yield. 

~he Bart reaction on 3.,4•d.1fluoroe.niline (IX) gave 

3,4-difluorophe.nylar.»sonio acid 1n· 31% yield without serious 

oompli.cations, 

t~ethod. Iv· (Flow sheet .I d 1 page 36}•••A potentially 
' . 

shorter method of obtaining 2-fluoroanil!ne wherein ~-

nitroan111ne is used as the starting material ,,as' attempted 
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a.ocorcling to this scheme.· The . yields •On all. steps were · un-

satisfaetoey and:, furthe1'Uore, ;the decomposition 'O'f]:?•n:ttro• · 
benzene diazoniu1n •. fl11o'bora.te :we.a a vary· laborious :and. tinu, ... 
consumlng task• · The s chene, ,aaa therefor•a dis carded' in .favor 
of ,Method ' III. 

: . . . . . . ' ', . . . 

II• SYN'll-I~IS OF S•FWOR0 .. 7-DIETHYLAMINOMETHYL-.8-HYDROXY• 

QUINOLINE AND 5•FLUOR0•7•IOD0-8-liYDRO~QUI'.NOLINE 
. . ' 

; • • ; I • ' i . : -~ ; 

~ethod I ·{Flow sheet II a, ;eage 40}.,-.~The .preparation 
of 5•nitroso•8-hydroxyquino11ne (XXV!) was carr1ed out in 
epod. yield (78%) ;itbout di;ticuitr. ·. Redll~t1~n ~t ·5-nitroso .. 

• • • . ' , I 

., 

8-hydroxyquinoline (XXVI) to 5•amino•8-hydroxyqu1nol1ne 
; -.i ,. , 

(XXVII) by cbemie·al means using stannous chloride and hydro-

chlor1 c a oi~ was acoomp.lisbe d. in rather low y1el~ ( 41%) . at 
the cost of consid.ere.ble time and effort, the product being 

. , 'l• ;': . , , , - ; , 

obtained as the hydrochlw1de. When reduced by' cat$l;Tt1c 

methods,, yields were hiejl (85-99%.) but the identity and pur-

ity of the :. product was questionable. 5•Am1no-.8~hydrox,qu1n-
oline (XX.VII) was so unstable that it was found best to · 

isolate the hydrochloride and carry- the work. forward with 

that materiel.• 
The preparation· of the diazonium flu.oborate of · 5_.amino• · 

,; 

B•hydro:xyquinoline (XX.VIII) was carried out by d1!3-ZOtization 

in 45% fluoboric acid. The y-leld was somewhat low but this 

is not unusual . fo:r qu1nol1ne co~ounds~ 
1 

' . ' 

The decomposition of 8-hydroxyqu:tnolyl-5 diazonitunfluo .. 
. . 

borate (XXVIII) gave a low yield (28%) of 5-fluoro-e.bydroxy- . 
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qu:1.noline (XX.IX) whioh could not ·ba imp:ro'1-ed. 'by· repeated· attempts• 
·By :means of :-a; Mmmich' reaction· on '5•fliioro-8-hydroxyqu1n-

o11ne '{XXIX) • 5•fluor0.:.7•d1e·thylaminornethy1~8.;.hydroxyqu1noline. 

was obta1ne cl' 'in 42%' 'yield vdthout; serious t'i•ou.ble.· 
· :Treitment of s-1-1uoro.-8•hydroqqU1nol11ie (.LXIJt) wl th 

1od1na in ·alkaline ·solution p:eodu.c ed. 5-fluoro-r-1 .. 10do•8- · 
' ¥ .. • ' 

hydroxyqu.1nol:1ne 'in 50% yield. 
. . 

In. general,. the whole proo ess outlined on flow sheet IIa 

was deemed quite unsatis fa.ci;;ory due t9 low· yiel'a,.s .on. seyera1 
steps ~nd the _:t..nst ability of some· ot the intermediates ,mieh 
made ·~he ,,ork very difficu+t and tedious. 

Metnod···II (Flow sheet :tt b, pa.ge 48)••-It was <f.&cided 

to avoid the use or· the unstabie amlnoquinoline 1ntermed¥-. 

is.tea ·by' introducing the .f1u.or:tne ato11r1nto e. benzene ntt•• 
eleus ·which could be converted later into a qui.nol:tne ring. 

A: Schiemann reaction on .11.-anis idino (XX.XII')'. produced· . 
• . • . ' . ·, .· ·.. r 

' . . 

R.-tluoranieole (XXXIV) in 62% cnrer'a11 yield. "Nit:ration ot ,, 

the latte~ was ca:raried out by two metho.ds, a..) with nitric 

e.oid and b.) with ethyl nitrate. The yields of ·~nitro-4-
. ' 

fluoroanisole (XXXV) reported by Swarts (45) from the ni-

tration of n-tluoroan1sole (DOCIV) with nitric acid in acetic 

anhydride could not be duplicated. An appreciable amount ot 

the starting material remained urreaoted. Furthermore, this 

procedure·gave a. oonsidarabl.e ,amount ot·2,G-d1nitro-4-. . ' 

fluorophenol wbi ch was di rticult to deal with 1n working 
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up . the. P.rottuet;.. Jt~ti.,ati,on. with. e~hYl:: nitrat~ .was ,more satis• 

factory · givir1g 2-:nitro-4..:.fltto~oanls°'le (X.XXV) in -56% yi~ld., 

However, it , was round necessary to :use fresh reagent ror 
this react.ion. 

· Reduc·t1on ot 2•nitro•4-rluoroanj.sole (XX.XV) was read-

ily ; aco.omplished either with.stanp.ous chloride ,e.nd hydro-. 

chlOl'ia acid or catalytically. Catalytic reductfon gave 

hi~ar- yields . (86-88% vs ·. 56%) . and platinum OJdda cau~ed 

the reaction to proceed much faster than Re.ney niclrel. 

, A detailed study o·r_ the Skraup reaction used · to. con,va~t 
,, ,· , ; ' 

S-amino-4-.f'J.uoro'i:mis.ole (XXXVI) to 5•fluoro•8•mat~oxyquirto-

l1ne (XXXVI). was conducted. \Vp.en nitrobenzene we.s ,used. ·as . 

an oxidizing agent., a yield of 37% was obtained. .The yield 

obtained by: using .n1troetha.ne v,as . in ; the ss.im range (29%) • 

In the Skraup reaction., the nitro compound used as an 

·oxidizing agent 1s itself reduced to amine, which, :tn · i 
the case of an ;aromatic compou.nd, can then ala o undergo a 
Skraup reaction) . thereby · competing with the p~"Ogress Qt the 

desired reactio11 and oontruninat1ng the , prod:t~ct·, '. In an et• 

.fort to remove this possibility, a :reaction v,as conducted 

using 2-nitro-4-fluoroanisole (XXXV) as the oxidizing agent 

whiob, if reduced., wo1lld yield 2•e.m1no•4•fluoro·anisole 

(XXXVI), the star~1ng ·rnaterte.l,. However; the reverse, ef•. 
: !' ' 

feet was achieved.. .The· yield, : instead of increasing, · 

dropped to 9%. 

· _It v.ras conol uded. the. t the re are inherent lim1. tations 



to ~he .field .~bte.1.nabl~ from :this r,eaotio~, p~'bably ~ue. to 

such tactor.s as st.~rio hin.drance .and. h:rd.rogen .bonding. 
r . ' ; ' . . ' . • • • • , . - • . • . : , ; ·,. > • •,' • - ; , ' . . ; ·. . , . ' 

c1e tttrage of 5•:tl uor o-:~~me thoxyqu1t1oi111e (:X~VI~J ,~1th 
! . ,._ . ' ' ' ·' ' ' . • 

hY,dr1od.1c. acid went smoothly to .Produce 5•fluoro•8-hydroxr~ 
-· . ( ; ,' , · .•• ,,j/.. ' ' : . 

,
1 t~ethod III. (FlO\V sheet :rf e,'page' 61) ··•It was felt'' that 

a· largel pa:rt of th·e·a.1.r.tiaul~t in synth~s1z·1ng 5-fluo'rd~a .. 

hydroxyquinoline; by· Method' I · \TS.S. clue' to 'the preseno'e (tt'. the 
I, •. . ,. , 

hydroxyl group. By· blocking this group through formation of 

an ether, a. less· reactive compound·vr1ouJ.d be o'bta1.ned from· 

which hifg:ie:v ·yiald.:f might be obtained.. in' a Sohiemann reaction. 

The methylat1on bf 8-hy9-roxyquinoline (XXV) wit~ methyl 

sulfate produced an unexpectedlJ low yield (12%) of s-methoxy-

qu1nol1ne (XXXVIII) wlth a 'high' (70%) recoveey ot starting 

material. '11he '70•i yield reported by Kaufman and Rothlin (48) 

oot1ld not be duplicated, possibly because the' description of 

their procedure .\vas· 1ncomplet a and ambiguous. · 

?litratior1 or 8-methoxyquinolina (XXXVIII) was carried 

out in reasonable yield (56%} but attempted reduction of '5• 
n1tro-8-methoxyqu111oline (XXXIX) produced dark tars from, 

which none of· the desired ·S-amino-8-~thoxyquinoline (XX) 

could ;be isolated,· 
'' After s,everal attempts'.., this method 'was abandoned as 

definitely inferior, to 1.iethod.. ·II, ·although., perhaps, :'not 

impossible if 'given sufficient study, 
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• i:'' ' •· ,·· .· ,, -,- _; ; ., ' . ',, ' ' .': ' > . c'. : ;-

.,; ,, . ,l!ethod :·I.· (Flow she et ,III a 1 _P,age .· 66) •••The ·sequence ot 
reactions ·proposed·•1n· this: scheme_ was ·carried ::out effectively 

up to· the nit.ration of 3-ao:etamidoben~rotrifluoride·· (XLVl• ·· 

Although no trouble was encountered .dut-1Ilg this. reaction, it 
was difficult to obtain a product pure _eno~gh to .. be reduc.ed 

t ; -,,._ ,, . • ·, . ' .. ·-.: · ... _ • . . ·. ' . ' ' : ' 

catalytically. To .obtain such a material,. it -~as :found 

necessary to _pe.rform su.ocass1v.e recrys_tallizations from ban• 

zene, al,cohol and acet:to acid._ 

A ·stuc.\v was made of the products of. the n1trat1_on. In 

addi t1on to. the desired 2•nftro•5•aceta~dobenzotriflt;tor1de, 

(XLVI} ,._ a small qo.~nt1:ty (2.5%) of the, e_olorless. ( l) isomex-

2•n1tro•3-a.catam1dobenzo trifluoride and. a small quantity 

(l.~%) of the highly nitrated_ compound 2,~1 4,6-tetranitro-
5-a.cetamidobenzotrifluoride were obtained. It is po~sible 

that small amounts of these and other products, reroovable 
; t; .' t > ' ' t . . ' ' ,.. ' ' .

1 

by the triple recrystallization ,enplo7ed, inhibited the 

ca talytio reduct1 on! 

Once purified sufficiently, reduction of 2-nitro-5• 

aee~ami~obe~zotrif~uoride (XLVI). with hydrogen and pla.tinu.m 

oxide proc~eded smoothly to co_mplet~on ·v1ith little trouble, 

The use or acetic anhydride as a solvent resulted 1n. a.cetyle.-

tion of. the amine as it was formed. Dif+ioulty was sqme• 

times experien~ed in isolating the 2,5•d1acetam1dobenzotr1-

fluoride (XLVII) from the solution due to the formation, 

after the solv_ent had been removed, of an orange oil which 

interfered w1th the reccystallizat1on, 
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. . . ' 

· The hydro lys !s of 2, 5~dla.cetamidobenzotriflu.oride 

(XLVII) vdth. dilute sulfuriQ aoid took. place· readily, ··The · 

product., :2,,6 .. d1ami:rit>'benzotrl:r1uor1da hydrosulfate (XLVII:t)·,. 

which we.a ?i~t isolated, is' writ ten as the. mono•hyd:r•osulfatEl 

of 2,5•d1aminobenz·otr1r1uoride. by analogy vdth · the ooxnposi._• 

t:ton of_. the hydroob.loride ;,1b.1.oh ·will be mentioned latel:l •. 

. Oxici.'e.tion or a, 5•d1am1nobenzotr1fluor1de _hydrosulfate 

(XLV!II) · with spdium d:tohromate seemed.' to take_ place· quits 

eas:t.1,r .but .the iso lat! on of the .produ_ct, tr:tf'luor-ornethyl• 

-benzoqui~one. (xtIX) was· not. a simple taslt•' The :reaction 

mixture ,,as kept in lntime.ta contact with benzene,· thus· ex-

tracting ths product e.s 1 t was forne d. This procedure· was 

apparently ·.etfectiv.e,. but frequently an emulsion \Vas, ·obtained 
' • .. , ' 

fz•om the mi:xtu.re which required severa+ hours ·to sepatiate. 

~'cn/.best results, it was desirable tba t the solutions be 

kept as cold as possible without causing the benzene to 

oeystall1ze. Ha.nee., the reaction was run betwee.n 6 and 

'io0 and · thf3 benzene. ,vas removed . under vacuum at 10-20°. 

Yields ·were. from 15-.35%, · Thia :particular .reaction was 

rather ... unsatisfactory and was a .. bottleneck in .. tha general 

sche:roo. Variations were attempted using ferric chloride 
. . 

and hydrogen peroxide. However, nQ improvement over the 
method described was obtained. ·.a.~though a critical· study ... 

was not made. 

The reaction of trifluoronethylb~nzoqu1none (XLIX) with 

butadiene apparently took place with reasonable yields al .. 



thou.gb. the product,., 2-trifluoromethyl.-6,J,,,9,;L0-tetrahydro~. 

naphthoquinone (L): was not 'isolated., 

Reduction of t'hfs material. with stannous 'chiorid.e an~ · ,_ 
hydro oh lorio , acid · gave 2•tr1flu orome thy1•,5 ,,8 ~9 ,_l.O•tetrahydro~ 
ne.pbthohydroquinone (Lil 1n veri· l'OW yield (2~5%)~, ··-The 

melting .point of this compoundwas 176° which,is close to 

that ot a non-halogenated related compound, 2-methyl-6,_8~ 

dihydro•l 1 4-naphthohydroquinone 1. m.p~ 1'71° (69)-, A second 

cott1pouna,_, purple' in'color,. and melt'ing at:'133° was isolated 

from this reaction but not identified~, By analogy to the· 

structure of an intermediate reduction compound ·1solat'ed,,by 
Oka.hara and 1/Iurata (59)~ the following· quinbydroM, structure 

is postulated f'or ·this ·material., 

0-----R--.--o 

~-CF3 . ·. F3·0· M __ . ·•·· .... _I __ Vv· w · o...:.----H----·-o 

'£he material described bY Okahara and Murata was purple 

in color and melted at 126°,. 

Oxidation' of 2~tr1fluoromethyl•518,9,l0~tetrahydro•. 

naphthoquinone (L) ' with sodium dichroma.te and sulfuric. 9:,cid 

gave 'the desired final product,· 2~trifluoromethyl.-l,4• 

naphthoquinone-• Oxidation ·of 2-trifluoromathyl-5,.8,9110 .. 

tetrahydronaphthohydroquinone (LI) br of the quinhydrone 



d.es oribed 'above would also be &l\.'J>e cted · to Jy:teld 1 2~trifluoro• 
m thyl•l,4-naphthoquirione. 

Meth.pd II . (Flow sheet III b I nage. 78} •••The time, trou-. 

ble, and 1.oss or material .enta.iled_in the .. repeated racrrs-
• ) . :. . . ' . , . : ' ' i .;. 

te.111ze.tion of 2•nitro•5•e.oetemldobenzotr11'luoride (itLV:C) ,. ' c ··:_ -' .' . , . ' . . . . ' ·_· ;, .·, ·_, ,, , ·. __ ·" ... ·, ... _· ... -:' 

reqt1ired for. ~atslytic reduction p,;ompted the trial of. an• 

other a oheme uai~g reduction with stannous. chloride and 

hydrochloric acid. 

The_ reduction w1 ~b sta.nnou.s . chloride we.s res.dil:r. ac• 

complished. with accompanying hydrolrs1s of .the ac.ete.lld.do 
group . to yield 2 ,5•diam1no.benzotrifluorid.a h:ydr9ehloride •. 

' _ . ., ·.,·,._-- . ' •· ... - _-, -1 '; , · ' 

Analy~1s showed the. p~esence .of. o~:r one hydro chloride. 
The ar,..alytical sample was prepared by passing anhydrous·. 

hydrochloric a.oid .into an ether. solution of tl".s amine. It 

is conceivable that 1.tnder such o1roums tanaes, a salt is 

fonned more readily w:tth .one amino group. than the other . 

and the compound is thereupon precipitated out of solution 

before the o.ther. gra.1p is affected. Perhaps in aqueous 

so1u·t1 on, .. the d1hydrool1.lor1de is · formed s.nd could be is O• 

lated by evaporation, A test made with. o-aminobanzotri .. -
fluo:c-ide shows this compound :hP form _a h'yd~oohloride read-

ily under the s.ane conditions, thus elind.nating_the .poS1si- -
. . . ' 

b:llity ~hat steric hindrance, _hydrogen bonding or· 1nduqtive 

.. effect could of.far- complete .explan~tions .or the le.ck of 

:formation o.f the dibydro0t.'1loride. 

By- .conversion of the hydrochloride to the hydrosul.fate, 



followed 'by oxidation \'4th ·sodium di chromate, the desired 

trifluoronsthylbenzoquinone I is 'obte.ined~ 

In 'the absence of an 'e as1e r., and' faster \vay to pu.rif'y · -

·s-itl.tro•5•acetem1dobanzotr1fl.uoride, the procedure of· .Method 

· II: :1$ reoommEu1.ied.~ 

· JJiethod · III {Flow sheet I!I b:, page, 78} ~--The re18;t1Ve 

ee.se, of prepar~tion of thymoqu111on~ fr~m thr.mol . (55) _ sug• . 
gested. that a .simile. r .method. ot ~ttaok on m•tr1fluoromethy-l• 

: ' ', ,· ·• ' . . '. .... . . ' . ' ' ' 

phenol might produ.ee eqJs.lly s<?od results. 
' 

Ao,Jcordingly • m-triflu~romethyl.phet1ol (LVI) . we.a pre•: 

· parad from .s-tritluoromethylflniline 1n 501':'Yi&ld; bf .. 41az?t1-
' . . 

sation en~ hydrolysis~ However, the .pre:>po~ed n+ tx-osat~on 
of the .phenol (LVIl could not be forc~d ,to go, Most n1tl'O• 

sations e.3;8 per fonne d either in the . cold_ or ~t ro()m t.empar-

. ature, but no reaction seemed t~ oc.cur in this case even _ 

when heated .to ao0 for. several hours. . Renee, the scheme 

had. to be abandoned. 



·. : PEARM.tlCOLOGIClu.. TEST,I?tG : · -

-'Phtarnacologicil ;tes:f;~Ilg or the four potentially active 
compounds prepa:red 1s largely 'incomplete., · . ' . ' !' . ; •; ·_ , · · :. . . - ,.. : . . . . .· . . 

-, 1. ·,:·s:Fluo~o-7~d1ethyl~lpo~~hyl-~hydroxyqu1tio11ne. 

Thi_s compot;tnd was •. intended ,for an ant1ma.11i1r1a1. In, vitro 

testsl a~ed. it to have an aoti,vity of tells than 0;.0'f5 ·.· 
times that of qui~ine Ae1_ an, amep1cidal agent , 1 t ·- was fo'und. 
to be as effective in-~ilut1ons. or lll501000 as emetirie 1n 
dilutions or .1:1,000,000. · -· 

. 2. 5•fluorr.>.~7:-1odo•8•hydroxyqu:i.nolineh . This .compound., 
an analog_ of Vio_for_m, was prepared fo:r testing as an amebi-- , 
cide.1 agent, No_ repor.ts of -its activity are a.vai'lijble as · 
yet. 

3 •. 3;4-Difl uorophenylar~onic_ acid •. This compound., a 
' . 

potent~al spir9che.tlt1ide, has -~ot; been tested as ;yet. -· .· 
4. 8-.Triflu~romethyl-l . .,4.-naphthoquine>ne. : This com.-

pound .has been .submitted for . te~ting as a . potential anti• 
vitamin K ma..ter11.11. Pharmacological testing is incomplete 
as yet. 

1 Oarried out by Parke, Davis & Oorrpany. 



SUlilMARY: 

The ·synthesis · of the following new fluor1ne •. oonta1ning ' . ·•. ' . . ' : · .. ·. . ; 

compounds is ,. l'eported: . · . 

_3-nitro-4-fluoroacetanilide 
3-amino•4-fl uoroaoet anilide 

2~.fluoro .. 5-aoe~araidobenzene . diaaon:tunr fluobora.te .· , · 
3,4..-difluo~aniline . . · 

3 1 4•difl uorophenyle.rsoru.o a oid 

2-fluoro-5•nitrobenzen,e . die.zoniunt fluoborate ·. 

8-hydroxyquinolyl .. 5 diazon1um .tluoborat~ . 
5•fluoro-8-hydroxyquino11ne . 

5-fluo~o-.7-die.thyle.m1nomoteyl•8-hydroxyquinoline . · 
5•fluoro--7•1c;>do•8-hydroxyqu1no11ne .. · · 

, 2•_am:tno•4-fluoroanisole-. ·: 

5-fluoro .. s ... methoxyquinoJ,.ine 

2,5•diaoetam1dobenzotri:Cluoride 
2,5-diaminobenzotrifluoride · hyd~oohloride 

·trifluorome~hyl~l,4•benzoqt1inone 
2., 3 ,4, 6-.tet~e.ni tro-~•acetam1qobenzotrifluori de 

i I • 

2 .. tr1fluorome,thyl•5 ,a, 9 ,10 .. tetrahydr.o.•l ,4•ne.phthoh7dro- . 
quinone 

2-trifluoromethyl-1,4-naphthoquinone 
Four _of the a_bove-lis ted comp,ounds . are . potentially ao-

ti ve therapeuti C: agents~ . 

5•Fluoro -:-7 •die thylruni_nomethyl-,8-hydroxyqu1nol1ne, an 
' ' . 

analog of aminoalkylphenols known to possess ·· high an.ti-



ma'larial EHitivity, . was :synthe~ized for'. te'st1ng as an anti• 

malarial ··~gent. · 

5.-b,luo:.ro~,.,-iodo•S.hY'droxyquinoline, · an anal~g :,of Vio• 
• t ' 

form (5.:.ehloro-7-iodo•B-hydroxyqu~noline), a: ·valuable 
• •. ;· • • ;, ; • • t \ ; • : I ! l -• • • 

amebioidf) i .· 1s .a. P?tenti e.l fl!t1~bicidal agent " 

.. 3,4.-.Diflu01"opheliylarsonio acid, an analog of Atoxyi,· 
• • ' ) • :

1 
1

1 1 • -· .-- • ; 1 '. , - - •, ; ' • ; - : ··- ' ', • · : ; . , .; , f 

an araenical of known aet.iv1ty, ,,as prepared for testing 

as a spirooheticide. 
. ' . : . ' : '' 

2-Trifluo~omethyl71,4•naphthoquinone, an analog of the 

vitamin· K subst~tute. Menadi.one (2-~ethyl-1 14--naphthoquinone), 

is e. potential vitamin K antagonist. 
' : . ' I ·, 

. In vitrote_sts · on . 5•flu.oro-7•diethylmn1nomethyl~8-
.- ·. .. . . ' . . . ' . . 

hydrox,quinoline :1.ndi oate an antimalarial aotiv1 ty of less 
, ' • ' ' • , , • t • -,. ' ' _ l . , :~- . t 1, , ' , 

than 0.075 times that of quinine., and an e.tnebicidal activ-
r ,; . · , , , '. • , , 

:tty of . ,about 1/'! :tha t of' eµie,tine. 

, Pharm,ao?:logioal tests are i _ncomplete on the other three 

compounds .• 
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