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ÂBS TR,A,CT

2-Aceiarniclofl-uoranihene has been shor','n to under,go nit,ra-
tion in position 3. Ii was irroved th¿.i; J-nit,roflu.r:.i:anthene
is nitrated in posib ion 9" The theoreiical ini;oJ_icat j_ons of
'bhese resu-lts have been discussed, å.s a resuit of this v¿ork

a nu:nbei" of nevv 213 and 3r9*ctisubstj-tu.teci fluoranthene d.eri-
vabives harre been prepa¡:ed, narnel¡r , 2-aceNa.mid.o-3*ni Dr-o-

f l-uo::anthene , 2 *ami no*3 -nit r"o ff uoranihene , Z-aceLa.r-n j do*

J -aminof l.i-:.o::¡lnt-,hene , anc a ,9-cj.i-niirof ]-uoranthene. The niira-
t' j-on of 2-nitro.fluoranihene p;:odrrced the riew cornpou_ncÌ z, ( )-
dini rrof-Luoranthene " ;i ciscussio;r of mass spectr"s,l- e vj_cience

for" tlre posi,ci on of the second ni-tro-,g,.ric-\uÌl in thj s conipound

is giveir" The nerr compor,r.nd. , 3^acetaraiclo*Ç-bronof _l_uoranthene,

has been prepa-:rled" ,q cctnpar.iso,r of the compounct , Z-acetanicìo*

8-bror:lcf Luoi:anthene, prepa.red b)' Í{aminslra ancl ùra zon.ski wif h
,¿lia.t previou.slir prepared b;¡ B.l.a.ckburn, in lhese labor"a,cori es ¡

has been lnad,e" rt i{å.s -:hor¡rn tl'rai il:e i;wo samples were bh.e

same,
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iNTAODUÛTION

ÄJ-thou.Etr the sl,r-lir¡ s¡ f-l-uoranthene cilemistr";r lr¿< LreQÍL

C-arried ou.t fo r a-l mosl- fift ¡r ,,rêâÌ's e oIÌlir r¡¡ithin tlie iast

fift,een ræa.ï's has research rrorrided inf orffati on alror-lt the

ciirecfive prcper-ties of substiiirents in tire iilrro¡anthene

nu-cl-err.s. TLiis rn¡as obiei necì ¡ri-ncipalli¡ thror:gh t,he Str-trl-r of

d"isubst,itu-ted ecrnpoLrn,-is rÌerivecl f::om ]-rnonosi-r-þ5¡i'i,u-teC flu-o-

r"ant,henes "

In 1955 Carnpbel l- and I(e j-i^ (7) posiulated that a deact,i-

rraií n,q (rn*cìirectj.nq ) I ror-rp in rj-nq A of f-l tioi:anthene r,n¡ould

rjirect a. seco nd substitu.ent to ios j-t,i on 9, and that an

acti_r¡at,inq (o*p-ciirectinq ) gr"ou."i: in ,¿his ss-me rinq. would

d-ir ect a se cond s r.ib,st itu.ent, -uc pos it i on. I " Thi-s was f ound

to be an oversirnr,-lifj-cation since Kloet,zel- et at" (?2 ) shov'¡ed

Lh¿.t, 3-aceia¡ri-cloflu.oranthene was nitrat,e'ì in position 2 ra.ihe¡"

than in position B. Char"lesr.ror"t-,h ¿lncl" il-lackbtr.r"rr (8) frrt,he r"

substanf j-aiecl th is -.¡iew ìlrr r..Ìenonstrat inq chat 3*acetami-rlo-and

3 -aninof I uoranthene were irrorninare'C i-n nosit i-on ?. 
"

Fu.r'fher str.rrl.y of the rürective properlrjes of substj-tu.ents



in this and obher positicne of t-,he ff r-icranthene nu.cl-eus was

reouired. to resoive tire CiffeT.ences -w-hich had- a,,risen. Tl:ris

iras pa.rtiall)i cloire by Charl-esv,¡or"th and Dolenlio (9)" These

v¡orke::s shov¡ed tÌrat 2-arninofluora.irikrene \'ías brorninated in posi-

tion J ai.'d tÌrai 2*nitrofl.r-icii-¿lnNhene vJas brc¡mina-ueci in position ?"

The ob ject of ihe presenf strrti.¡ ivas -r,h e i.nvest,igati on of

the directive properties of the nitro and acetamiCc grolrps in
positions 2 and l, uncÌer nj 1;r"aiing co:rdit,ions 

"

ft iva.s thou.ghb tÌlå't the resu-]-is of such â siuC¡r ¡¡ouli-i

p:ro'ride experimenfa.l proof th¿rt the existing orienNaIion r"ules

ar"e applicable to subsiit,u-ents jLn the 2 a.nci 3 posi.i.ions i,vhj-ch

are subjectecl [o nít,ration. Th-Ls ]v-as al-so a desi::abl-e project,

s-ince iN afforded. ai1 otlportunit ¡ f ar t,he p.re,r)a.raûion of seve::al

ne'¡r 2 anü J substitr.¡.ted f luoranihene de;:ir¡ati.ves.
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L]TEP.ATURjI S UR'\IJÏ

Fl-u"oranthene is a col-our-].ess cr,rstal_l_ine hr¡clrocarbon of
raolecnlar fonnul-a, Ct6HfO" f L was discovered inoeoencloÊt.r ¡r,

in L877, bJ' Fiitig anC Ge'ohard (f 3 ) and b j¡ Go-ldschmi edt (f 6) "

Fiitig and Gebha.rcl i-sol-atecl -fL,u.c'ranthene -from the hi-gh boiling
,f raciion of coal- t ar, r^rhe reå.s Golos chriiiedi, dis covered it after
disNiliaj:ion and cr',¡st,a-flLz"at.j.on oí tlie hyclrocarbon íracii on

of ti-re mercury oT"es of Tci::ia,. This latter hlrd¡¡carbon fraction
had prevjously been fouir,l Ì:y ¡r-*r" (If-) ancl Laur,ent (23) " Ver)¡

lit tl e i¡/a.s knoi^rn of ihe s Li:u.ctnre cf f I uoranihene unti-l I9?9

when von Br-aun and Antcn {2) synihesj zed the hydrocarboir from

eth;'-ì p-f i.u.or:eneca-rboxyla,te anrÌ þ-cÌrloi:oethylp_r-opicnaie. Thus

thel' Ilroved its sf L:u.ctu::e tc be as shown belor,v"

6b

6a_

The nnmberinq s)rSten j-n for"nnula I[p. is th¿.t r-isecj jn CÌrenical

åbsiracts a,nrl iha.t t'rh ich i¡i I I be ltsecÌ th::o¡.ghou'l; th is thesis "

The nu¡iberr-ng s)¡stein i n Ib is in accorda.irce wjt ir t he lichter
system of notation ¡¡.ncì it is emplo,veci b;rr most ¡ìuropea.n chei"nj sts.

e For an excel

to I95L see

l-ent review of

refe::ence (,26) 
"

o

,l uA

ihe cl:iem.isirlr of fluoranthene u.t)
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Reduction of Flu-cranthene

Althorrgh Goldschmiedt ( 17 ) pr'epared h;'xrogenateci Cer"ir¡a-

tives of fl-uoranthene in 1880, he was nof abl-e io characferize

the products,

In 1930, von Brau-n and lt{anz (3) investigated the ;oroducts

of redu-ction of fluor"anthene" The¡r i'epor-ted that treatr¡ent of

ihe hJrJrocarbon v,riih sodium arnalgam and aJ-cohol- or phosphor"ous

¡nr'ì hrrrì-,-ì n,.ìi n acid bel-ovu tSOoC proC.u-ced an a-l mosi quantiiatíriecl.¡¡u r¡Js¿ JV\À-LV

yiel-d of I rZ,31 1Ob:tetrahyclrcf lu.oranthene " Åbove 2OOoC e thelr

obtained an in;e;oarable tnix-,.ure of pro duct,s "

Catal5r¡is LL;rdrogenation ojl fluorant,hene using 2a/å pilLa*

diu.m-cha.ccoa] as g¿¡sl ysõ j iri tiall¡r gave 1 ,2 23, iOb-teirahydr"o-

f l-uorantÌrene. Fui"tìie r hyirogenation pro Cuced L r2 ,3 ,6b ,7, 8,9 ,

I 0, iCa, 10b -de cahydrofluoranihene anri pe :r"hyCroiluorantirene,

--+ --+

Q¡l9el¿_on "r e,iuoranurSn G.Ói

By varying the condltions, ser¡eral ciifferent protlucfs may

be isolaied from the oxidation of fluoranthene" Oxidat,ion with

potassiu.m chromat,e in dllu-te suifuric acid produces e rrrj-xtui'e

of 2e3-fluorani;henequinone and I -fluorenonecarbo-x;'llic aciC"

(rir



+

l--Fluorenonecarbox;rlic acid. is al.so produced in gooo yiel_d as

a resul-t of the oxidation of the hydrocarbon with cirroni_c

anhyo:ride in acet,ic acid"

when fluor=anthene is treåted vriÌ,h a-lkaline per"manganate,

oveï' an extencieci peri-,til, a mj-xfure is olttp,ined in r,.vhich bhe

n-¡i-¡^ì ^^1 ^*^¡l¡r,"a L^--;lrr. ¿rlcrpdr products å.re hemimellitic acid and 2 r6-dicarbox]¡ohej:ÌJ¡l-
o-l ¡¡^r¡-r'l ì ^ -^; Ã
É -L )/ Uã"-v -LI L.; ci.(.ll L,L o

COOH
c oot-{

-)|

ooH c oo l-{

0zonorvsis in gla.cial acetic acid prod-uces a mixilrre of
1-fl-uorenoneâldehyde an.d- r-fluorenonecarborcy-Lic acid"

+



6

+

illonos ul:s b iblibe d ileri-v_e'bives of . Illuora_ntireqe

The J*posif;lon i-s mosi ,:eaciily atNacked in substi.tuLi,on

reactions ' iviono*snbstitlri,ion occur:s ne r'e, alt,houLgh o'i;her

posibions are aiso subsbj-üi;.ted-e even uncier carefulil y conirol--l-eC

c on di.'b ion s "

The princi pa.J- or"r:,lu c b from 'i-Ìre co nt¡'o1le d b romi nal,j- o'¡ of

flr-io-r:¿rnthene is 3*brr¡inofluoraniirene wj"th 8-bromo-fl-u.oran1,hene

e.s a rninor" ¡,i:oducN" äarly chlo::ination reacuions ha.r1 produced.

inseparable mixtrires of producbs, howerrer, in 1962, Sieg}íiz
a.nd Troester (2'",) j-solaierl J -chl-orofluorant,hene b¡r passing

cìrlorine throu.gh a sofu.tion o.f fl.uorairthene in propyl ene oxide

at ¡'oom tempei:a.-bure" ;l,tbemirNs [o pre]rare 3-iodo ancl, l-fl_uoro-
f_Lu_or"antheire þrrro n-nr,,4rrr.crì comp,Iex mixtUres of ticl;zg¡-¡gtitUt,ed.

p.rodi.:cts "

Di r"ect sulphona.üion of flucra.nfhene by chlor-osulphonic

a.cid in ail inert solvent (26 yL?. ) iriel-cis J*fJ_iro::a.nthenesu.lpironj_c

- ^-i .t(r-LJ-iJ6

3*Ni-t,rof lu.orairihene is ihe ¡rL:inci-paì- pro du.ct ob bained froil
nitration of iile h)rclroca¡:bon in acetj-c anh.¡di":irie at 0o C" oj:

in acetic aeid. at, 5OoC. This co mpouncì. is accorxpa.niecl b;i sinall
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arnounts of ihe 1-, the 7-, aird ihe 8-niürofl-uoranihene (25),

Treal,rnent of fluoranthene in a Friedel--craf|s reaction
wiih benzo-;il chloride in the presence of al-uininum chloride
gives a mixlr-ir"e l-benzo-"1 a.nd B-benzo;'l-fl-uoranthene in approxi-

matel¡r equa.l quanlities. Acet.irl bronide in ihe Ðresence of
aluminuni chloride in carbon clisulfide acis on fluoranihene .uo

procìulce a mixture o1 3-acetyl, 8-acet,v], and J ,9-diace tyì_ftuo-
i^¡ni.l-.: t:-nø o )l-,,I cU -' o

D i sgb s t i t ut e d D e ri va_! i ve s o f_Fluo renth e_n e

In L950 Campbel-l et qrlo (5) proved ihe or-ienbation of the

bromine atoms in 3 r 8:dibromofluor-anihene which was first pre-

pareci in f880 lry Goidschmieclt, (17) blr oirect br.onination of the

hydrocarbon in nii,robenzene" Prior to f950 no research had.

been carried out on disu-bst,itu.ted fluoranthene compounos.

Catnpbell and. his co*r,rorkers cxid-ized the dibro¡no compouncì lvith
chromic acid to give dibrolnoflu.orenone-1.-carboxyiic acicl. i,,hich

gav-e different resurts upon decarboxylation, depereding upon

ihe catalyst" Using copper and quinoline, tÌtey ob-r,ained

2*bror,rofluorenone, whereas when lire;r used mei:curic ,¡;<ioe at
i 80"C t2 17 -díbroinoll-uorenone resu-l ted..
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ihis orienf si,ioä rvas incì.ei.tendent:l y pj:ovecl b''¿ FIol-boro end Tagmann

( 18 ) lvho s yrrthesized I , 8-dibromof l-uoranthene from metÌr-yI 2 ,7-
Cibromo-p-fluorelrecarboxylate as shown on page 9 "

j\iosi recently i{arninslca and liliazonski (2t i har¡e invesiigabed
'bhe bro¡ri^nation of fluoranthene r.,ritir dioxane-dibromide ruith

respect to ihe effect of temperairif'e, solvent, and nolar raf;i-o

of the substrates" They isolaied specific pe::ceniages of ihe

l-broino, 3, B-dibromo, and 3 r8 19-tribromo derivatives depending

on ihe nrolar ratio of the substrates"

In 195l Cai'npbell, Leadhi11, and rrilshire (6) showed that

ihe nroducb orepared by fur^ther acetylaiion of both 3-acetr]
and 8-acetylfluoranthene is 3r9-diacei;rlfluorantilene" They

prorred this b-r onidizing the diaeetyl compoun,l to fluoranthene-

d.icarboxylic acid" This comT:ound wa.s diffe::ent from ihe acid
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der.ived from j, B-dibromofluoranthene via the dinitrile " Furiher

confirmation of ihis orientaiion rvas obtained by converiing the

diacetylfluoranihene into the d.iacetamido compouno using the

Schrriidt reaction. They converi.ed this diacetamido compound into

a dibromofl-uoranthene r,uhich r¡¡as found to be ciifferent from

3rB-dibrornofluoranihene" They concluded ti'i.at this was 3 ¡9-dLbromo*

fluoranihene" This .u,rork is shovutl below"

./\
,/\

/'þ,::"'. \
^t ut_

ocH.

ocH3

schmidt
R ¿act iôrb

Na N3

/NHc ocH3

'l HBn/H^O
z Hruo^'
a¡ ^ IJ \- UfJr

rc oou

< (o )

ocH3

------+



ii.
Tn 1955 Carnpbell and Kei-r (7) prepare r 3,9-dibroi:nofluoran-

thene from 3-nitL:ofluoi"anthene which was broniinal;ec, reduced,

diazotized, and treateC in a Sandr,reyer reaction. This vras

identical to the product prepared frorn 3,9-diacet¡rifluoranth.ene"

:t the same 'üime Lhey proved that l-cyano, 3-carbox-1', and

3-car-irornethox-yfluoranthene r/vere al-so brorninated in position Ç.

This in¡ork is suromarized beloi,v.

.B?"--> (H \ >

1 HN 02
2Cu Br-
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Go-LdschrLj-edi pi"e pa.red flr¡-oranthene cii su.l.phoiric a.ciril b;r

hea.r,in{ the h;r,iroca.i-bon irr concent-ca.ieci si;-l-furic a.cid " fi
wê.¡- sLtg;gested ihat this i{âiS the 3 r,3-di.s¡11;ohona.ted- compcuird

'oecau,se of the quinhyciLlone*i,)¡pe cÍ l:¡-orLrrc'ç obtairrecì Ìri¡ -fr-r-sion

luith a.Lkaf i . Ce,nipbell s.nfl. (ei:r (7) pr-orred ti:a.t ihis sLtggesti on

wa-s incorr"ect" Since monosir-ì-phonaficrr. oecul:s ntainl jr in the

3 -pos j,Li on, the disu.l-phonic a-c-Lri nu.st eoni:¡.i I orle suLJ-pho groì-tÍr

i-n th¿i posii: i-on" The rìi su.lphcnic aciC r¡vas fr-isecl r^¡it,h pota.ssi rr;n

hirdroxide anij the ci-ì-hydroxy compcru.nd r',jas inethJ¡l a..L,ed " The prc-

du.ct, wh ich iøas obtaii:ieä was iclent i-cal- t o a,n au ther,"[ic sarrrple

l--ìr:e'palîecl f :¡'om 3 ,9".¿i ac et-¡-l-fl.u.oranlhene " T'h is .p:rco f is i¡a1i-i:i

¿rn-l;i if i-i is assu.mecÌ tha.'b bhe a.lka-l-i fusion of ¡lie clisul-lrhonic

a.cici wa,s not a.r-co['ir]aniecì h;r -riigrarïion crf cn(ì or bo[]: of Ihe

si-rlnhc g,-.oLr-jts" Thjs r.,ork is shoi,vn on pa,ge l-3.

As a re-.;Lil-r, o-fl thei:: iirr¡estigati ons CanpbeJ_1_ and Keir"

foi"mu.laLed a -qet cf ci;.les regar-iìinq ih e ori eniat j_on cf subsij_-

tuents i¡e.fluoranihene. Thel¡ ir.a.i. shown ihat J-suÌ¡siitutt,ed

fluor-antherres uncier',jo ir-::-l:her sr-r.bstiUu.tion in ttre I or 9 ,oosi-

fions depenrÌitrg cn wh.ethrer" -uhe fj-r"st subsiitueni r,vas å:ctirr¿i,in¿

{or"tho/pa,ra. rJirecrr'ng) oL: cleac.ti,va,t.ing (meta .'l,irect,ing). The;'

rlxpì.a.i irecÌ f hese ¡"esu-'l [,s by cons jderi'rg f-j-uo:ra,nthene Ð.s a .di¡rhen,vi

o eL:j i¡ati ve c: r-r¡ aining the di ¡:henlrì- nriclei" ,qC e.nd BC " Their al so

poiniecj cu-t th.a-t or':-enta.1,i-on i-rr ¡he diph.envì.. series is cl.omi-na.tecl

by "L1re phenirl gi:oups " Tha.t i-=, in rnosi. cases su.i:st,iLution

ÐcCr.r_l1S in bhe seconcl ri-ng in ihe 2r an,i l¡r posi,cions j-r.re_speciive

of 0he na,l;Lire a.nri irositi-on of the subsliiueni alreacìy p::eseirt in
the fi.rst r-ing. Àn exarnple of r-his ils 1,he ih;:ee niì,::ocliphen¡rls
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21 and &1 ra.ihel" ihan

Â

5

Âppl;ving this to fl-uoi'anthene, they postul-ated the follor,,¡..

ing rules j:egarding oi'ientation of substituents in fl-uoranthene"
tt(l ) eacil of the rings .d and B direc'c su.bstiirients pr:e-

i,orninantly io the ùarå.-position j-n rin,l t, i,e. 1ro posil.ions

8 and 9 r'especti-vel-1¡, and (2,\ an oT'tho-pa.re directing group

in r"íng i; increases the dir"ective poweÍ. of thjs ring ¡¡iih

consequent substitution at C¡ot (and possibì-y Cl.,r.l), r,r¡hile
\ó/ - \jUI

iï,e Lâ lirecting groups decrease the flrective povJer of riüg Å

so iirat ':i-ng B dominaies furiÌ1e r substiirriion, i,.,rhicÌr lherefore

^ô^11-ê r.t- ñ -1 (¡nd -ñaìaqihì-- ñ ì tîuuuui-Þ clL, 
"(g) \d11\-¿ purÐru-Ly 

"(7)i "

In 7966 Kaminska and l,iazonski (2Oj furthei" substantiated

Carpbel-1 and Keirrs pûst,uiates by ,lrov.i-ng that 'üh.e brcminal.ion

o f 3 -å.c eiainido f luorani,he ne yi e lds 3 -acet ami do - 8-brcmof l,uo ranthene .

They shor,.¡ed this by hydrolyzing the brornj-nated proilucr and by

oxiiizin.l iìre brorr-io*atrij.ne " The ox:'-dat,ic¡n produced 6-bromo*

fl-uor,enone*l-*car",oo:.rr-'l-ic acicL. Ðeaminaiion oí the bromo:amino

corìnôìincl -''ieldei the saj.ne b::omoflu.oranthene Ls thai der"i-ved

from the debromination oi 3 r B-dibr"ornoll uoranihene as weil- as
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In 1,956, Klceizei, {i-ne, alicl iräenl{e s (ZZ) sliowecj ì:hat

.3-acef alnj iìoiir.loi:'ani;heire was nitrat,ecÌ i-n ;rosit,ion 2 r.a,f her- t,han

in i:'osibioirs '3 ar 10 as ì,.úas sLrp)¿Ies-ued 'uy canplce_ll r s r"u.-l es 
"

These i+or-h-e i's s:r',ateC. ì. Ìra'¡ i he arei;¡.;r-i-,:jo ijroLtp T?so intensel_1r

a.cf ir¡af es bhe ring to v¿hich it is ar; tache c thâ.t the seconc.

,sir-l:sfituenb enfejis tÌ:e same rinq"lr They iJr"ovecJ. Ihe or:enta.Iion
of L,he å.ceta.m:, ilo-nitr"of-li:o.r:a.nti:Lene a_s f cr--,1 ows . The r, ï'eco.¡erecl_

I *f j lrorenonecairbox)¡lic aci-d es Lhe prod.u.c'c after oxid,ati-on cf
fhe nitro*a.rn:lne. Thìs Ðrrior",es th¿r-u both of ihe substii:,u_el-ri,s

aJ"e in l,he -je,.ne i^ing" ä)tii"o_l_jrsis o,i []:re acei,ar,rido-nj, ûL:o*

f I uo:ranthene, cì"ea.;ri-nat-.ion anci Í'j_na..11.¡ oxidat:l-on cf i.lie resu_]-tant

n j-'¿ ::o f -l u.o :ran'L-, he ne gave 3 -ni t i.c' f iu.o re non e - l - c a ::jrox \¡_'l i c ac i d_

pi:cirin¿i; thab il-ie ni.ir-o p,ricLrÌl i.(as i. po:-:j tic:r z" A sLr-nnr.a¡-y of
i;Ì-^r:L s i s gi rren on pa.ge l_7 .

cha rl esr,'uor"Lh ai:id i;l¿.cjcbu.¡:n (â ) f'-ri:,i;he r- coirf j-r",led tÌre

finclj nqs; of .äioetzel et e:3, b;r pi:ovj-na tilai both 3-acer:arniCo

anci J-a.riiinoi]-uoranbhene -iú',rere brcnljnated in posif ioir 2" The

p.r.cciu-c'û v¡hj-cn r hey ol:f .:Line l'1. í'::crr: h¡rri¡¡l I'uis of tÌie aceNarn.rclo-

bronlc-f-l ucra;t'clrerre was irìeirtical io iha.t, n;:ocJucecL f'¡"on t,he b¡"onii*

naticn of 3-a¡irinofluoranthene" Thus, .úhe bromine at,om iil-rst enteL:

the sa.lre position in borh cases " 0xicLation of 3 "-am j.no-2*j:roino-

f luioL:ant,hene gave 1-flu.cr.enoneca..r:box.¡-Lic acicl- p::crii ng tha.t both
sr-tbsti-tr-reuts i¡i€re in j:he sa.i'ire rin.a " Llea¡ii-na,fi on of the bro:nc-

am ine prod-rrced 2*br"oncfluoranthe ne , i-iien ûicaj_ i,vi th e.n a.u bÌreniic

sa.inn-le prenared- fi:orn 2-nj-ti'ofluoL:anihene by ¡sdr_:,cfion, cliazo*

I i za I i on : and t, reaiment i'vit h cu pror,]-s bro rtrirle in a, S an,,Jme.ye r
r"eåcf j-on" This 1ryo r"k i-s sunrna.r.j, zed. on pâ.ge l-d "
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In l-965, Char-lesr,,Io rbLi and Dol-enko ( 9 ) s tudi ed the inf I uence

of strrrnqlv âc+-i,"^+-i-.-^. ^n.r .1 a¡nri.r-,.-ir^.: SU_bStitUentS in noSitiOnvfJUaV¿¿:¿J3uU.iVdUrtI53|lu\açcl.U(,I'Jo.U¿¿1:lJv-UJv!vU-U:!vJ

2 of the fl-uoran'ùhene nol-ecule" Th,ese worke¡rs proved tha.t

2-eceLamiciofluoz'a-nthene was brorninal;ed in posi'r.i.-rn 3 ancl tha.t

2-nib:roflu.cranihene und.erwent brcminaLion in position 9" They

estabf ished ti:ie ori entation of these substituents in t-,he follovu'-

i ng wa,y" illidrollrsis of the aceiamido-b:ronio cornpouncl gave a

bromo-amine" 3-BromofluoraniÌrene resul bed from the d.eamination

of this latter" compound" 9-Bromo-2-nitro-rlluoran-uhene was oxi-

dizeci and decarbox.'rl ated. The product of this series of rea.ciions

was l--l¡r'omo-6-.ni-trofluorenone (i0)" The pr-oduci obtained from

Ç*brorno-Z-nitrofluora.nthene afNer redu-ctionr ¿-cetylaIion, and

orj-dati on j,¡as /-bromofluoi:enone-l--carboxyl ic a.cid"" This vra,s

ideniical- wi|h an authenti-c samnle of this mê.ieria-I" This work

is showrr on Nhe following page 
"
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DIS CÜESIOIV ÛF .ÈES ULTS

As previousl-',¡ staieC in the introcluction, the L-)uroose cf
this resear.ch r,.'¡as to stud¡r ¡þe ciirec,cive properiies of s.ûr,on4_ly

¡¡J-irr^r-i.^-^.ÄeJ..¿n'1'-:=..l^^^1-{-'^{-;^.-aL: urvatlng aIìu StfCilgrJi Õ€o.rur vd.r,rrr< ¡ u_bStitUentS in ,OOSitiOnS

2 anc- 3 of fluora.nthene, under nitral;inq conditions,
The compounds chosen for this study ,^rere Z_acetamid,o*

f l-uoranNhene, 2*nitrof lu.ora.irthene and J-niti of J uoi.anthene.

The first twc substances were -celected since ther. are among

the -few knornm 2-subst-iöuied 1ll-u,oranthenes. The syntireses of
a-l-l- the starting materials had prer¡i6r-rsl ir been accompiishecÌ.
2*Nitrofluora.nthene vüas chosen becallse it is rea.dily a.ccessibl_e

and aì-'chough an attempt (27) had- been made io nitrate it, the

orientation of the resultant product had not been proved, These

tr,vo substituents r:epresent the extremes on the activit-rr scale,
-i\102 being sNr"cngJ-'y deactivatin,q aird -t.tl{COCH?, being a strongly
¡ n1- i rr^l- ì - ^ ^*d.u ur vaurrru' SpeCaeS 

"

Ånother aim of this work was to ilrcve t,ha-i tire ace+.ami.do-

br"omofl-u-oranthene prepared by Brackbu.rn (l) b.¡ ihe bromination
of 3-acet,amidofluora.nthene in gra-cial- acetic acid and. that
obtained bl¡ l(aminska and tlîazonski (20) from the bromination of
thj-s compound in glacial acetic acid-carbon ietrachl-oricle are
tlre s ame product , 3-acetamido*8-bromof luoranthene (r-xr ) . rn
r96Lr, charleswoL:th a.nd Ill-acklcu-rn (S) prorred tha.t bromination
of 3-acetamiciofluoranthene in pyrídine proCuced 3-aceta.mi.do-2-
bromofiuoranl:hene" This difference wou.ld be accountecl f o¡r bl,

su-ggesting tha.t the choice of sol_vent affects the position



2?
i r.ú:* wl:r:i,ch a seccnd srrbsti tuent ent-.e¡'s.

?,-Aae1-.¡¡.r¡li cìof-lr.:oi:ani;hene (l¡f i ) ,.¡¿ls irï-er¿,r'ed f ronr fl uor¿,n*

-ihene b-,¡ the teil sL,ep I,rroce'iur:e ou.i-Ìrned l':'rr i{lce'cz.-:i- e[* aL (2?.)"

'ÌTi'brar, j-on cf 2*aceta;:r'iiiJof I u,or"air.tLre ne to ,,¡irre 2*acetarnj-do*j:

niti"cf -luorant.nene (\IiiI ) r"ra-s a.cccr:rt¡lishe,J us: ns a, nei nod baseCr

cn iha.t of ií'1-oetzel e t, a"l."fo:: Lhe nj-br.aIicn of 3*acef arnii;1o-

f l-uora nl,hene.

The ii.j-i:¡:o -åce i,aili.do compor:nd (]i I:l-I ) vu'å.s h)¡c'iL:c¡ J-.:rze d [,r

2-arnino*3*ni'i,rofiu.ora.rrthene (IX)" i).!-azoI ji-za.tion arid r.einovål

of ¡he amino 8;r'oLrp i.¿:'-th- 5C71, h1-¡,ç,rhcsphorous acj-d p::oduce<i

I*niì;rof iu.ora-nf hene (If- )" Tlri"s pi-o1,'es 'i,liai Lhe ni ti:o group

elni,er-5 !¡::sj-tioii -? .

/,t i,e::tpt e ci o.'rj.. ia. i io n o f i * e c e t ailj- do * 2* nii, :ro f -l u.c rant h ene

{V:ti-l ) prod.',rced a ia:: Llet coulci noi¿ be piirl.f ied, lioweve.r

o:;:lci.ation cf 2*ainino*l*nii,rcfl uora.nihe:re {Il{) ga.i¡e I*f l-r;or-e*

nû:fieca::bc_r:ir-i j-s a.cid. (X ) , Tl¡is pl"c'ired. LnÐ,L the slibstituents

'/velre in the sane L:lnp., otherr',¡ise a nit,rcfluor:enoneca,r"boxi¡]ic

acict r'do,..rld ha-ve resu"-lted"

The or'igina.l 2*ace'úa.miclo-3*ni.t¡rafl i:"ora.nthene r/as cata.-l-,\r*

r,ica,lJ-y r"ed,i¡.ceC io ?. *acel,amici,r"-J-a,nj-ncíluoi-anihene (fii ),
2 13*i]i a.cefarrridcfJ-uaran.thene (:,,-Llf ) wa.s pi:epåred. i::oi'n 'thj-s

corn¡:ouncl bii acet-;ilatioit r.,iitìi acetj-c anh-rd-L-icìe rrr p:i¡'i-ciine

solr:-bion ¿li rooi'rr f L=rnpÉìr:ati.ì.i:'Ê " Tirj-s d-ia-c:e baro:Ldo co¡ipoi:-ni, had-

t¡een n¡:'er¡ious-l'ii" l'-rrepa-recj frorn 3*acetainj.rj"c*2.*rrii;::cff i-¡or-'a,¡iiirene

{II/) bl. KLcet zel-, l(i-äq, airi lienkes 
"

:\a ati-,enpi; lias rnaie '[o Ðrepåre 2 r3"-d-lacet,arn.i-c]of-'l-uorair*"ilene

{,r,III } f ,:orä o *il-:-a¡tti.nc"ill uor"ani,irene, ho,'re:ri; r' ij i:,-e tc t,ne ins bal:i Litl¡



?),

of the -l aiter comporinC nc pr"o ou.c,c i{ås j.solaied " The diamino

i:clnpound deccrnloseo \.¡el: \r' r'ea.ftiJ-y anc-ì it ì.,ras not possibf e to

obta j,n a sarnpie of th is proclu-ct " Th j s is ccnsi stent wi¡h the

tencienc;r of nlan)¡ a.rrrinoÍluoi:anthenes tc decompose readi1,ü in
l i -l¡+ -' ¡l ^i --.I r õ14 u o_1r\r cl.l I o

Tne n j-tro pìr:oup is a, high.llr rJ ea cl:i r¡ati ng spe ci es " This

grou.p has been sirown to eiit-eci a second substiiuenr io posi*

tion Ç, a.s pT"edicted ìt)' Carnpbell I s ru-le "

'Ihe n j-l;r'a'ûion of 3 -¡rj-irof-]-uoranthene ( IT ) wa.s :juccess-

f rr-l l.)- accoinlrli shed a.t 7O*SOoC " ler¡er'al rec-i"'y'st.aIl izar-,ioits of

i;he prodttcI from g;lacia.I å,cetic acid gave a pr]re sain;rle oí

3 r9-clini,ci'ofluroraniLrene (XIV)" ifo ctÌrer d.iniir"o isorners r/v-ore

j.sol ated. iì,n-'¡ othc rs r'¿ould" ,oLlobabl-F lce i:r'esent in rierj"' srnal I

quanIities " This i:eaction, hac.1 been attemptecÌ e ar-ì-ieLî blr

l;lilsiri-r:e (27 ) br-rt the dini tro cont¡,ouncl had not been isol ated

in a jJu-r"e s¡aie r:r.orî had its orj"ent,at j-on been proven" This

T^r-\Fì.êr^ nnl rr -¡êrrnnrad t ho hresgílCe Of Oi'Le dinit fC COm.,fCU-nCl."uf vr rtv¿ \/¿rr_!) _,. v 'rvr uv\r v..f vv vJ_

A rnass spectr,-rrn of {:,ìj-r procluci, shov'ñt on pa,,qe 21,,y in-

d-icated that ii r.;as clj-iriir"of lucranthene. 'i.l'ìe nass slre ctr"a.

of tÌæ L-rZ- anci l- mononitro a.nd tnose of -? 19- a.nd 2r( )-
dinitroíl i,r-ora.ni,henes sl:rov,¡ecl iha.i .orcJ i-ininar¡i loss of an -i\C
grolrp occllrlled r.^¡j-th the fo::mation of a *C0 bonci" Thj-s lat-uer'

bond was pr-'obabl1¡ fcrrre d at the atijacent cerbcn ato¡n" The

next step seeined io be the loss of uire -CC grollp '-nd the

f o¡:nration of a f ive -mei'r'oe::ed ri ng "
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The -<peclra of ea.cjr of the crj-n:,-tr"o co'mpo.uncis g::'*a.Ì;Ì J¡ r'esembled

ths.t of the mononit,::ofluio¡ranthene îrom which it was derj.rred"

lria.ny a.tternpt-q to oxidize the cl.ini"t::oflu-oL:an"bhene provecl u"n*

eì-r,sçessfu,l s j-nce onl y sta:ri j ng i"n¿i'Le.'ria,l was isola.Led after the

r"eaci;ions eS sìrciruzi b-r¡ ccrirpar'ison infra-T"ed spectL:a" This nay

h a.ve been rju"e 'co tÌie sir-'o ng s 1.ahrj ii t l¡ of t,Ìre ci-inj-ir"c; r:r;mpound "

ûa.bal)¡t-,-c h.:.drogenai:-otr of 3 r 9-di.nj-troflu-c-ranthene oi:cducecì

3 r9-cl: a¡¡iinofluora¡'¿hene (ff)" Thj-s cornpounci. rr-:¡.s noi j-so-l-ai;ed

since i I C,ecor¡nosed r¡er^ji reâriily i-n J-il,h1, and air'" Th.is restü b

wå.s exDected sj.nce Ca.;:npbell-, l,ea.crhilt anc-l i¡lr'jrlshj.re (ó) i:epor"ted

ihj-s cl ja-ril j-ne as i,is cì.i-hydi:ochl.orj cle dei'i ira.i:j-ve" .{bbeinpts io
s J'nt'r.'e s i ze 3 ¡ 9 * di-bromo fi r,r.o::an i hene f ::o m 3 2 9 - d.i-aininofluo ranlÌrene

using 1,iie sarr,e metjrocl, a-s the se wôri{er,-.j iroved Llnsuccessfu}" Th.is

i,,ias jrossj-b-1:. becå.-r,r.se rnu-ch of the d.iåfiiine (Xtl¡, r¡¡hj-ch r,va.s iso-'l-e.tec1

i:y e\¡?,poretioTl cf the elhanol under" a vå.cuur:n, had decornoosecl

befcre i-b cori-l-c,l. be fi;.r1,her reacted" Ä srrraÌl- aniounl, of i;lre ùì arnino*

d.i-h;rS¡'¡¡orni.rle was su.ccess-eul l-y pl:epared b ]' acicì.i n¡¡; funring hr¡¡l¡6*

brr:rilic acid. to Ð-n etha,ilo-l- soiu.t,j on cf the ili-a.rni-ire (]iV) ¿.ncì

s bi-rrinq 'i; iris inixir;r'e at rc, cl'n teü-rpei:af ure f ar sever'al hrJt:"1j, br;.i

pâssåge to bite dib¡'omo cor¡1rciiilcL ihrou,qh t,'rre 3.addniei¡e-:f reåcti or1

',/¿as no-b achier¡ed"
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.? ,9-Dia cetamidof luoranihene (XVf f ) was prepared by acet;r-

lation of the cl-iamine (fV ) in ityridine soluLion. This sarnple

of 3r9-diacetarnidofluoranthene i,{as compared v¡ith an auther:tic

sample of this cornpounti prepared blr tþs diac:rlation of fl-uoran-

thene folloin¡ed by a Schmidt rea.ction" These two samples were

identical "

2-\litrof-.1-uorantirene (Vf I was prepareci a cc;ordiirg to the

rnethod of l(loetze} et, p.L, as outlined earlier in this discus-

sion. The nibration of this produ-ct r.ras accor,rplished in acetic

anhydride by refluxing ihe nitrating mixtur"e for three hours.

The dinitrofluo::anthene (XVff f ) was fou.nd .bo be verlr insol-uble

i n mânrr nl^çrani ^ cn'l rrr¡ni c I i-. g " benZelf e, ChlOf OfOfni, fnethylene-,¡rq¿¡J v¿5rf,¡¡! \-6"o -,,-,

cirloride, and acetone)" 1¡or ihis reason oniy ve.ry srna.l-l amounts

of material coul-d ì¡e chronatographed a.t a'bime and nuch of this

chromatographed materia-l remained on the top of the co-Lumn as

tar. Ib was found that the grade of alumina used affectecl the

prodrr-ct that was obtained on eiiaporation of the el ua.te. Using

al-u-mi-na vrhich u¡as not highly activated al-lorn¡ed some of the iar

io pass down through the colu.mn and io be i'níxed v'rith the dinitro

band" The resul-t of this was ihat the product li'as stick;r" Tiris

nrnhlern rni,rs erj*'r''^r^'i r^-" "lqinp'nìô'^e ìrìo'þ]v actirrabed a-lurlina"Pl l. Ulçl!.1 vvd,Ð eI-l-lllJ!1d,trçtçl V i' L^Ë !:Ió ltrur v rr¿6

Since iL was very difficuli to isolate âfly v¡o.iiable qu.an-

iities of the dinitro-product (XVIII), the orientation of ihe

second ni'bro groìlp was not able to be proved by cheinical

reacti-ons.

The rnass spectrum of this compou.nd (XVf ft¡, which appears

on page 27, shcws a s-r,rong similarity to bhat of the ori'Tinal
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2*nj-ir"cflucrantirene (\'I ) , i)i;e f o "bhi s '3i rnil 23'ii¡r, s everal

pcsi-tions irl r,v-hich r,he seconc,l nil,r"o gI'oirlt cou.-i-t't exisL,, rna.1''[:e

eljminai;eC" þ-osilj-on l- nal¡ be elj-ininated si nce ,i.l:le tritro
gt:ou.p is highly cl.eactir.r'p-l; l¡g an,d he.s neve:r be.,:n knoitn to dir=e ci

to t,he ad jacec,i c a.rbon in any ar"omaii-c ô-¡,steür, Fosici on 3 nay

be el ii'ninaier-i íirst 'f¡eca.Lr.ie nit,¡"o js not known to diirect oi:tho

La i-"¿sel f a-.no. seconcl-l-ir 'oeca,u-se bne peak heigirts ¡¡r: ulo b e expec-

ted to be a ç6r¡1¡¡6iri se betrn¡ecn .thai, of the 2* a,nd J*ni-'L'ro*

f l-u-or.anNhenes, i " e " lrrobaìrl]' equa,l, r,,iherea"s the her'-ghf s a.:ce the

sane äs the ?,- sr-r-bstituiecl coripound-, TÌ-tis,Ëame ï.eesoning r,air

be ar;,:p-Lied i-.o posit,i-on l+" Posj.t-Lcn ! rna¡,'Ì:re e-l-irrrjnai.trc as a

possibilit¡r is¡ ver"]¡ ilruch the ia.rne reason as just 3i ven f or

positicn l+y i"e" that 'ohe peak heights of 3,5* tLi.nj-tr"ofl113¡:3¡*

thene ,,r,'on-ì_cl be equal since ihe re r,^O u_l o, be a.n ecu-al probabi-ì-l'-iy

of -]-oss of either ni'cro Eroull. Becallse íh-r.or-anthene is a s j'm-

rietrj-cal, nolecrile, Ìoss of the nitr"o f::om positi on 3 rtoul-d

::esiilt. in Z-nitrof I u.oranj,h.ene" Si-nce :lt is assurted, tha.f ihe

second. nitr-o grou.p eniers Ihe same position in boch dinibro

compor-rnrJs, this posiii on rnay be el imi.rLateci h.ere, The reila.in-

ing possible posi[ ions 6 17 ,B 19 anc] i0 i:na.y not be el ii¡inaieC-

on the ba.s is of mass spe ctT"al evi dence "

The erpecied position, anaì-ogotis to tlre. t of 3 ,9* dinitro-

fluoranthene (-XW), and accor.dinp- t-,o Carnpbellts rule j-s posi-
'Lion 9, howeve:: in the futui'e scne rigorou-s procf niust be

developeo bo shou¡ thjs orientation.

3-Äceta.rnj-do-Ç*bromof luor:anihene (fi1 hlas very ::ead-i.l 5r

Ðrepared f .r:orn 3-a.mj-no-9-broncflu-oranihene blr a.cet-fl a.tion in



29

benzetre sc-Lution with. e.cei j-c anli;,rd::i de " Thi.s corrrpcurril- hacì n,:t

appeareci. in ilie I iterature pr"ior to iÌlis wci'k "

Tn l-9/oa iía¡ninslca. and ¡iiazonslci {2C) prepår.eû 3-ece ianiidc-8-

brornof-Ìu,oraniiiene {:lii; bir bhe 'ol-crrrina,'bicü c¡.î 3-aceia.niiio*

f i uLoranl,Ìrene (III ) i n ¿¡. nlj-xtr:::e of ca.r'bon 1,e brachloi"iCe anri

gl a.cial ace'í j-c acid" This cc-rinpounC (;:i}.f ) had previou.sll' been

isol-ated in ihese -'l-abora'cories b;r ;ìia cit-'bu.L:n { 1) liowever i-.Ls

¡ - -- -l '- ¡ l-i -. - --1-^--Ol:'l-enf,è_ú'i OII llci\t -iOú UeeIl I'IqOf'OLi$I'rr ;ji-OVeU- i.-t;, Lil.r.ii WCrf'ric,i'ê

Cna.rl eswcrth and Blackburn {8) r"e,co::ted tliaü the ir;",:mination

of 3*å.cetarrj-doflr-:-o,:a.n'chene (IIT ) j-n pyr"id"ine gave 3-a.ceta.m:Lüc*

2*bromo-flluoi"anihene" äai-ninska and Ïuiaronski suggested ihat ihe

Í"eå.son Í'or" iiie .Ì¡r"cmi-ne ator¡ e ilt er.'ì i13 ili-r,o tiie ''u '''¡o C-i ff e::en'c

,ocsibions ')'&.s d¡-le to a so.l-ven-,, efi-e cr',. They e.xi:i-a-ined- iiiat tl:re

bromi rre"-p1r":i-cl-ine co;rip-ì-e,v- i"s an activ'e l¡roniiiai;inq ageni and thab

i-'i eoopera-tes v¡j-th ihe Ð.cetarniC-o groi.r,p to acccrn:nodate orfÌto

su.bstiil¡.1;ion lo'Ìrei:'eas the ¡lLaci-a.1. aceii-c acid--ca:rìron ûe'i,rachlo*

r^ide i'ni:,fu.re .Ls a less active solverib a.nd- t,he lcronine atorirs iÌo

noi show t,iris coor-reraiioi:1" 3ompa,':ison of the infra*r-ed snec'br"a

of the iwo lr::od-u.cis sn,Jws i,hat ihe oroducL prepa.red in olr

l-aboratoi'ies is the same, ''ot-it less llu-re than uhal ,crepared" by

I(anLinska and lliå,zoirslci. Thus, this i'¡lr.1il, ijl'o,,'e -that 'r.he

i.i.'."ec Iirre i:r:ope r"i5r is inf-Luenced" i:to'¡ s::l ï L; i¡ 1;iLe e:rir= j.iii3 si-i]:*

siiiu.eni bli-'¡ aisc b.tt 1,ne È:,pc:'j.ir-enial c oncli i i ons.
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Ifgparg!_:p¡_ of åNit_¡:o!1VorenlÌrele (II )

3-Nit::offr;oranihene ,",ias prepared essentia-1-r ]' L'7 i,he method

.-'r'd^.^-^^'"^ irr:i_es, and thing (15).\., a üd.J. d,,: u J- cf. ,

Fluorantnene (40" 0 ."; ) vras ciissol-ved in gJ-acial a.cetic acid

(:OO ml). To this solution, ¡¡hich was maintainecl. at a tempera-

iure of 7I=7 5oÇ " , c oncentrated nitric a.cid- ( !1e ni] ) r^ias adcled.

dronwisêr r^¡ith sti::rinqr over a perioC of about fifteen mínuies"

The orånge-yellow precipJ-taIe cf cr.ude 3-ni trof] uoi"anfhene

(2f:"0 S) ivas f ilte.red- from the hof sol.r:-ti on, v,'ashei vuiih glaciaÌ
acetic acid, then wltÌr r'\raier and al lowed to dry" T¡'eatnient with
decolourizing charcoal anC recr''/stal-l-ization frorn ¡3lacial aceti c

acicl gave ihe roure niaterial (L3"9 g) which meiteii ai 159-:LóOoC"

( lir. 158-1600c ) ,

Prepara.tion of 3-Âminofl-uc{'ant_þene

The ilrocecìu.re ¡lseC for bhis prepeï'at,ion was that of Kloetæi,

I{ing and- }lenkes (22) 
"

3-l'litrofluoranthene (30"0 S) and platinum oxicie (O"39.g)

were suspen,i.ed in a bsol u.ie eihanol [270 ml) " The h¡rdroge:ratj-cn

l¡Jås ca.:rriecl out in a- Farr cata.l,vtic hvdrooerraii.on apparaius.

The reduci;ion ws.s accornpl-ished in ol':re hour du-r ing v,¡hj-ch tirne

t,he gauge pressure ciecrease J f r,:rn Lj lbs. /"q, in" Lo 12 lbs " 7/sq.

j n. The c atalyst wa. s f il-tere d of f ariC cr urde 3 :aminof lrrorantirene

(22"9 g) T/ias isol ateci bl¡ cìilut j-on of ûhe sol vent with l,¡af err

followed by filtration" This producì; me-lieci at llt-]lloC.
(1ir. ft.l-*11_zoç) "
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Prepa!ê!ÀQ_4__sf 3 -AcetamÍctof -Lu-orantÌrene (f f f )

This oreparati on was carui ed out u.siqq t,he tnetircd of Kloe Lzel
^ f /-^ \Ç1,_ A_Lr \<, 1)o

3-.A.ninofluoranthene (15.0 g) was stirred in benzene (ÇOO ml )

and a srnal -l- amount of inso-]-u.bl e ma-terial 'rr¡as fi -iter"ed, oflf . 4.cetic

anhydride (9. 5 ml ) i¡ias a,*i-ded- dropr,vrse to tÌæ benzene sol_ution
and ihe fea.cl,ion rni-xi,u-lîe blas stirr-eo at ro om I enner"e.ture for.

thirt-\¡-fi¡.¡e rnj.nu-tes, duri,_ng v¡hich i;ime a cream*co_Lour"ecl solid
preci-pii;a.1;ed" F:l ltraij- on of i.he rea ci j on ¡,rixf rìr"e gave 3-a,ceta-
midofli.iorantLreire (1_5"9 g) of melr.ing point ZL3*ZA.50C. (lit"
242-2tþ5oC ) "

Þ-¡r¡ncz':ti n'n ^f 3--{ceiarir i-do-2-;liitrof-i I,r.or'¿nf.hono / T\rlà-l-i.I-l*_:=:_:_._ _ .-lurltilrl: 'r.t_ri,l

The rne.,.hccl us eri fcr'¿he nitr.abion of -j-acetarni,dofl-ir.or"an-r,Ìrene

r,ras essential l_y that of ä]oetzel et aJ" (22) .

3-Acetaínidofli;oranthene'l/as dj.ssofverl j-n gla,cJ-al acetic acid

(i300 ml) and this solubirrn r¡iås lnaj_niaine,l at a temoerature of
âc-85oc" Concenirated nitric aci-cL (6"6 m}) was aclctecl dropwise,
t¡ibh stirring, anci ihe reaction rvas af lowed to ilr"ocee cl for- nin et;r

minutes ciu.:r'ing v;hich Ð. so li-d sepa.r.ated out of so hri.i on. The

reaction rnixture r¡,¡as cooled to l:oont tempera.ture anci. 1,he solicl
lras filterecj off anC_ u¡ashecJ v¡ii,h v¡a.ter"" The 3_acetarn:ido_2:nit::o_
f l-uoranthene (7 

" 5 g) ;üas obf ai-ire d asr go ì-deit-;rell or,,r p1 ate s meJ..c-ing_

at, 280.2820 c " ( :t r_ r " 2g? -?.8_a oc ) "

3-.{m:no-2-nitrofluors"nthene was prepared b-rr hy,crolysis of
3*acetanido-2-nitr.o-fluoranihene accordin¡; to the rnethoC of Kloet,zel..

Lr Zg.gfA!_f on lf I:Ärr:i i 4 q - 2 al.i i,'r r"o f i_u-o i'an i h eite ( V )
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and his co-workers (2.2\ 
"

Ä tnj-xtlire of l-acetarnido-2-nit::of-l-uor.anf hene (7 " 5 g ) in

95;i e-vhanol {ó83 mi) ancl concentrateC hydroch-loric acid

(683 rnl] was hea.ted u,nder i:ef,lux fo¡: fifteen hours" The

cooled reaciion mi-riure was neutra.-lized r^¡i_th lOf, sodium

hr¡dn^vida Âf1-on n^^li-n- the iTliXtU-f.e -u¡AS filter"ed antl thev/!J \-LV o ¡--i Uvt u\/ Jf,rr15,

crucle sampl e v,ra.s rrvashe d wiih waf er and- a.l lowed to tlri'" The

i.nti.,r;¡s l-anri-no*2-nitrofl-uor"anthene ( 5 "7 5 g) whi-ch r^¡as obi,âined

mel-ted a L 25O-?54oC, Treatinent with d,ecolou.ri r.i-n¿. cha.rcoa-'ì-

and recrj¡stal]-izaiion from ihe p.yridine*waier" iiri-xture gave

pnre J-aririno-2-nj-ürofl-uora.ntl:r.ene (3"1, g;) nelt,ing a..t,252*25þoC,

In another preparta1,ion of thi s pr"o ctu.ci, the imau¡:e sarirpl e, a.fte ':
recri)¡stal lizat-,ion f i:orn ch]orobenzene, hacl. a rneftinrr poÍ-nt of

a"l

231+-235"C " This niell.ii'l:: point is i-n p¿ccor.da.rrce v¡it,h thal:

giiren blr l{}oetzel et el-, (22). Jern'näett g-y_sl, (19) r"e.noried

that this comporind softeneC a+- 2 5OoC and iinaJ-l-1. meltecl at

25-zo C fol-l or,vins recrJrstalli zation f rorn eiÌr,vl-ene eI;rc61-,

chlorobeflzerlle, anci meth¡r] et,Ìr¡rl ketone"

P,:.9 La{ e!_þ r._ef_a:l.lf¡gg_i r- 
"qe!!þqgg_l_UÄl_

Deamina-ui on of J*arnino-2-nitrofluor.anf hene to pi"ocl.u.ce

2-¡ritref llrOranthene 'i¡¡AS ¿ççnnrnì -ì ehe rl rre-i np' tþ€ rreihot Of

íil-oeizel et a.l,o QZ) "

i'o-ødei'ecJ. sodiu.rn nit,rite (f-"0 g) wes d-issolvecL åt t-oom

t,eräper-aiui'e b jt ca¡"eful-i¡r a.ctdinE ii l;o a stirr"ed s ol-u.ti oi:r of
r,sa.ter (2"7 li¡LL) and concentr-a-r,ed su Lfuric acid (37 "O rnl )" The

solu'r,ion v¡as then cocf ed io -5oC", ano pcwdered J-amino-

Z*niLrofli;-oranthene (3 "h. S) Ï'/as s1oi,vÌ¡' aCLdeci aL t,h1.s t,empera'r,ure 
"



))
The resultant rnixtur'€ r¡,1âs sUi¿'¡:eci a.t -50 c -io:" another thi-¡'r,l

r¡ini,r-fes afier r,"rhich Írl-e-cooie,C 50,rI h:rpapi:,csphoroi-is acid (78.3 rr; )

rriås acded ai such a råte (thre e hoi-i-,r:s) tha-,, the L-,emperailr,re oid-
a\,rroi exceed 5uC" The mixtu.re ,,,ia.s atlowed. to s-r,e.nC ai 2*3o¿ for

si-r Ciå.;vs afiei: v'¡hich time it rvas crj-luteci vo'i-ih three voiunes of
.,¡JAter" The c::liCe inaf er"j-ai i,ria.s fif terecì oíf , i,v ashed v¡i¡h dil_ute

sodiu-m hyororide and water, a.ncl al -lowed -ûo ci::¡', Treatnient ,¡¡iih

clecolourizing ch:r'coal and recr.¡rsf¿lIi.zaiion fr^om glacial acetic

acid gave ?-niLi:of-Lu.oranihene (2.0 S) as -velloi,',r rreeiiles of ne-lt-

ing pcint - 52*I5¡+oC (]it " Lfi-L53 " 5a,:) "

P q e lr e I A 
j¿o n o f _ 2 :.å"rn i p_q -[]. u- o. ¡' p--. n tþ-e äe

The hyclrogenation of 2-nitroffu-o.ra.nthene ar1foo'roèt
, 

vLL ËÐJttl]-

'nr-r,rìlrnarlfiaJ-ly accorcj.ing to the me;:hod of l{hoetzel- et r , ^^\â4. \¿..*)t

2 -: ami- no f luo r"a.ntir ene .

2-l'litrofluo¡:anthene (3 "2 g) , cì.ecolcui:iziqe char"coa.l- (0.3 g)

a.nd ,olatinum o>ride (0.3 ,g) were suspended i-n absoluie alcohol

( 60 mt ) " The llyciT'ogena"'û i on was cornpleie cl. in t irree I'iours dur ing

which time the gau.ge J-rï'essure decreaseci fr"om i-¡l l-bs, /=q. in" to

31 lbs, /uo," irr. The charcoal an.l tlle ca,talr,¡st r"'ere f il-tered

ou+. of the sol-uiion and the ci'ude a-mj-ne (2"5 g), of r,relting
.^^opoint lli-f20"C rn¡a.s precipiiated v,¡ith v'Iater". Kloetzel et al-n

found. the meltiry point of tÌre recrJrsta.l-fj zed product 'ûo be

t}}*tZgoC, In or.ir case, since the a.cebSif derivative was requ.ired,

the amine vras not fur"ther pu.ri,flied but a.cetyla.ted cÌirectll¡ as in
'l-lrc f^] I nr.rino FFônôn¡{-i ^rutrE I UIJ-uvvrrJtJ. Pl ÇfLrd-l cl.L-LLJjro

Prepari{,ion of 2-.ågeta.midofluoran.iheng ffI$
2-Amtnofl-uoranthene ì,vas acef-i¡l-a.Ned j-n benzé.ne solu.tion
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accoï'cting to the nteti:rod of KloetzeÌ et_ al. (22) 
"

Crr.de 2-aäiinoflu-oranihene (2.5 g) \,,iê.s siir.r"ed in benzene

(150 rnl-) and- a srnall amcr-rnt of insolu.bl-e mafer"ial was filtered

off " Acetic anhl'dride (1,3 nl) was added to the benzene sol-u,-

tion and the reaction mixture was stirred ai room temperatul'e

for one hour dr-rring whj-ch tirne a s6lici precipitated" The solid

2-acetainiclofl-uoranthene (1"9 g), of melij-ng point 226=2Z8oC \das

fil-tered of f " (lit " 225-2260C'¡ .

Prepa::ation of 2-Ace-uarnido-3 *lil; trofluoranthene (V-lII )

The nit-r'a[ion of 2-acetamid"off urora.nthene \,',Ias acconiplished

using a rneihod simil-ar to tirat, of l(]oetzel qt a!, (22) for the

preparaiion of 3-a.ceNa.niido-2-nitrofl-uorantherre"

Z:itcetamidof-luoraniire ne (1,3 g ) -was clissolved. a"t 8O-B5oC

in g-la.c:r'-al acetic acici (130 nil ) to which acetic anh¡'dride

(10 drops ) ha.ct been a"cLded " Conc ent:raf ed nitric aci- d ( 0. 66 ürJ- )

wa.s acl.ded dropw:'-se aircl t,he solu-tion vras si;irred at this terilpera-

tlr-re for" three hours" The rea"ction rniv.tu-re was all-owed to stand

at rioom tempeL:atwe for tl¡io days in an open vessel-. Du-ri-ng ihis

time most of the solvent eva.poratecÌ and black cr,vsials (0"8 e)

of rcel-Ning polnt f 5O-1 53oC üiere formeC" Treatrneni wiih deco-l.ou-r-

i z:'ng charcoal and recrr¡stal-li zati on from gJ-aci a.l acetic acid

gâ.ve pure 2-ecetamir:o-3-nitr-ofluoranihene (0"6 g) as gol.d.en*

yelloi,r micro-eï'trsNa1s of meltiing point 1.90*f93oC " This sä,rne

product r';as obtained as bi:ight-rveJ-low floccu.-l-ent needles after

recrysl,a.ll-ize.tion from etha-nol-v¡a't,e"rr. Infra.-r"ed peaks of this

compound are a.i ) "O2, 5"97 , 6.22, 6"57 and 7 "27W
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Found: N, 9"I7'/"

Cal culated fci: CIBI-ll Z.\iZO3: ttl , 9 "2l,rn

P f e p altÞ i on .o f 2 - íim ino -3 ;-N!!_.:o f fgqle.nt hene ( f ,.i )

?-A"cetamido-J *nitrcfl-uoz.anthene i''vas irr¡drolr¡zed u.s in3 a

pi'ocedu-r"e i,¡hich ¡,¿as essentiallli the sa.me as tha.t used by

Kl-oetzel and his co-worlcers (2?) for the h)'d.r'olysis of 3.*a-ceta-

nido-Z-nitrofluoranthene (0"6 S), )Ji/" ethanoL (33 ml) and- con-

cent'raied h¡id¡6chl oric acid- {33 rnl ) were hea.teil uncl er ref1w
'1or th::ee hours" ;lfter bhe reac-,.ion nli:itl,¡'e ha.d cocled, it vüas

neutr"e"li-zed r',¡jf lr 10,2 soiLiun:r h\¡dro:xi-ce, cool-eri aiid Ihe cr"ud-e

prcduct (0.5.9) r'as -fi-l-tered off"
Tnfi:a*red peaks of this coinpoi:nd a.r:e at: 2"9Ot 3"O2, ó"OC,

6 "27 , 7 "3 \. ailJ. 7 "9 5/{"

L'¡¡i""^-i-jarleJ_.)/ ÐJ_'l Fonäd. : N, IC "97'fr

Cal culated, for Cr5FlgllrA ^z N, :rO "68'ft

Deaininati cn of 2-A¡nino*3 -l'] iLrof-l-uor.anihene

Tire erperirent al- procedure was esseirt'ì e_1 1;i 'bil¿r.t which

Kloetzel et af , (22) reported for .Ùhe ci.eamination of 3-amino-

2-nitrofluoranthene "

Sodiun nltrite (0"09 g ) l{es dissolved at room fenìperaiure

in a sol u"tion of conceniraLed suì.i;huiric a.cid (¡ " f m]) and rvatei'

iA,2 ml-) by careful adcij-i;:l-on irviih -stirîring, This solul,jr-on was

cool ed Ic -50C in an ice*sal i 'nai;ir and powdererl- 2*ailino-3*

n j-irof llroi:a"niìrene (0 
" 25 g ) i'íås aildecÌ :* t bhis ternpe::aiur-e, The

reaction ni-xtlrre was s l,i r¡:ed ab -5oC .îo r tirir-ty rúinu.tes " Fre-

coo-i eci jO''/, hypc,¡:ir¡sphcrou.s ar:itl (6, fi nil- ) | âs tìrerr a.,1cÌed- ¿t,

sr.:-cl: a rate (t,h j- nt-,'r ìrrinu.iÊs ) tlra C '[he tenpei"aiLire
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did not exceerj. 5oC " The r:eacb j on nj--":tu-¡'e i/ves ailolved to stand

for" six ciat¡s at 2-3oC a.fter which il-, v¡a.s rlil-uted r,¡ith three

volr.iines of wate:ri" The n.recipi'r;a.te was filterecì, I'iashed. ,¡iih

IOî!' sodium hlrd:roxicle ancì waf er' , ancT all-ol.Jecl io cir-'r. Treaiment

with d.ecoiouri zin¡,; char"coal an,j r.ecrlrsballi zaticn from o,la.cial

acel;ic aci,l gêve pu.lle 3*nit,i:ofiu.o;:anthene (0"12 .g ), ill"p" L56-

r rQo¡
,'_ )r) u o

A mi:eed neltinq pojni: wi1,h an a,uthenbj-c sample of j-nitro-

fl-uor"an'l;hene, preparecL b;v cìi rect nitra.ticn of îluoran'uhene,

shoi"red no de pr:'ess j-on " Coriipa::'i s,cn in.ir-¿,-red and u1t i:a*vj ¡l e b

spe ct"r:"a¡ å,s shown oo på.ge s 37 a.rui- -?8, sh.ov¡ed i.hat the ,lea.tnj-na-

ted. ¡i:ilod-urci: and, an ai:ihenf ic så.lLÐfs ',/r-eÍê icientj-cal "

1--_f----:-
rlll cl..i-.)'5-L l) l¡ou.nr]: N, 5"57i"

Celculaied- -ior Cl-6i-ig1\TO2 : \l , 5 "76'f

û:ri ciation of 2*Åi:ni-no-3 *i'ii,irro-f J u.ora.n..ühene

The experimental- ;rll"oce'jure u-sec-'i'¡,ias sin-il-a.:: 1,o tha.t, of

For"res b p..nd Tuacer ( f 19 ) in t,he c¡;<id¿.i,ion of ,Cluoi:a.nthei:e "

:l soiu-iion of chrr:nij-c anhyck"rde (1"5 g) in i'¡aier (2 rnl-)

ancl gl acial a.cetic aci-d (2 nl) _uias a.dcled oi¡er a perlod. of ien

¡linu.tes b o a lio il-.i-n,g su,spen si on of 2-a¡nino-l *n il-t.rof lu.orantheäe

i0.1' g ) in gla c,i :il. aceti-c acid- (20 rnl ) . The rerua'iirin¿ oxi<-La.bir¡n

¡-ll:i;<ture i,"rås rinsed into the -rea.c1;icn mi,::fr-;.re in¡ith a¡ smal]

a,ilount {2 n}) ¡-f g}acj al a.cei-'Lc ¡rci'¡}" The mix'uuz"e r¡r&.s ref-!,uxecl

-for -iorir" hcurs and then it \,va.s por-lrecl int-,o )-:ty v/-r sulfuric

aci-d so-l-uticir (50 int ) anci a.-l-l or,,uerl to st,airri ¿.i: r"oor:ìi terrrpera-t,,ire

^r,ô1.¡,i.¡L-i- mhe i_.inpure sc_-l_j.ci u.¡?s fj_l-i,er-.ed oif ¡ r¡,Jâshecì with o-ilu-teUrr' vl lf¿e.It Vô 'j.l

acid a.ncl" rlistj-il.eci i,,,aie¡', anc). all,ov¡eC. üc iìr1r, it was pr.:i:i-fied
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by dissolving it in 5lø sod:¿urn carbonal;e soluiion and filteLring

ou-t a smali amount of insolu.bl-e rna'r,erial, and finall¡r b5r re-

pr.ecinitating the a.cid with (1:4 v/v) aqu.eous sul-fi'rr-j-c acid

solrrtiot-I. The solid was filtered anci allowed io cì.i.y, Fure

f luorenone*i-carboxirl ic a,cid (0.12 g ) Ï'ia's obta-ineci as Iight

orange need.les, m" p. l-90-l9 ?oC , after i"ecr¡rs'',a.llizaf i on from

gla.ci at acetic acid (iit " 191-193oC ) "

A.ùinixtu.re with a.n au'bhentic sampl e prepared bit the oxicia-

ti.on of fl-uoranthene causeci no clepression 1n the mel-t-'ing poin.i:

{l9O'-f92oC )" A cornparison infra-red. spectru-i¡ of iìris product

a.nci o-f a-n auiheni,ic sa,mple of f l u.orenone*l-ca.rboxyl j-c acid,

shov¡n cn page 40 !'J'å.s' the sållle"

The h¡rirogenation cf 2-acef amj-do-3*nii.r"oflu.oranihe i-l.e ',{as

carrj-eci ou-t essentially a-ccording to l,he method used by Black-

burn (1) fo:: the h¡rdrogenatj.on of 3-acetamid,o-2-nitrcflucran-

thene "

Z-Ace1amid-o-3-nitroflu-oranthene ( 0. 5 S) and palladiun-

charcoal cata-l-ysi (A"O56 e) ','re re 'quspencled in a.bsoluie ethanol

{21_ ml). The su.spensi on ïias h¡rcJrogenateCr fo:: twenf lr-for.tr hou-r's

curing i,rrhich the gau.ge pï'essure ,lropped- í::om 2l J-bs./sq' in"

to 20 -l-bs. irq" in. The procìuct was brought int'o soluiion by

acì.cli_ng pi¡rirJine 125 nL) and heating" The catal ,r.st in'as filtered

off a.nrl mosi of t,he sol-veni r{as evapor"aied, uncj.er vacuufil" Crud-e

Z*acetamicro-3-arninofluoranthene (0.38 g) precipitaied on dilu-

tion of the soli¡ent wj-th 'cater' The in,pure sol ic'l (0"23 g) \^ias

recrlrstatlized" from p)¡ridine â.s bright-yeì-lotr 2-acetanti'do-

P-fgp er at!q-4-*qi-2* À c e t a4i dc' : ninofluo rant hene
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3*aminofluoranthene (0.19 S), m'p" 20l+-2A60 C'

Inf¡:a,-red. peaks of ihis compor-incl aï'e at 2"97, 3.05r 6"C7,

and / "77 X.

.Àna.l:¡slls Found:
C¿Iculated for C1_*H17,.itT20:

Acetyl ation ol 2-4ce,ta.mido-3 -Aminoflu.or"anÚS49"

The acetyiaiion of 2-acebarriido*3*airiinof I uoranihene v¿as

cnnnrnnl i ehorì i n nrrri rli ne sClution"G,UL/\rJr¿1. ¿!J¡¡vs rrr jru"

-impure Z-scetalnido-3-aminofluoranthene (0']5 g) was

C"issolved in py¡j-dine (25 mf ) a-nd acetic a.nhydride (/u dr"ops )

was ad.d.ed" The sol u.-,,ion was stirr"ed a-t roorn temperaiure for

nineilr ninuies and then it was alloured to stancl to allow some

of ihe ÐI¡rj-cline io evaÐorate " A bright yeliov¡ solicj- precipi-
'baieci out of solution, The int,t:u¡e procluct r.¡¡as recrysta]l-ized

from gtacia.l acetic acid as cream*colour"ed mj-cro-cf'l¡Sials of

pure 2r3*d.iacetarnidofluoi'an'1,hene (0"f3 g) , m"p" 262-2630C.

(1ir " 268.z690c1 "

Ådrnixture wi-th an a-u,thent,ic sarnpl s, ciesc¡"ilrecl beloi'v, did

not ciepress the nielt,ing poin'b (m"p " ?62*263oC). Comparison

infr.a.:red and u-ltra-vioiet spectra, shown on pages l+3 a.nÕ 1,,4

vúere the sarne f or the two sa.mples"

lr rr p a ra. b io n -o f 3 -.{ c et ?]rl.L do * 2 -Ami no i}go-rr'e n!, þe-ry-LU LI

The method us ed f or" t hÊ hyd¡o genati on of 3 -a.cetamitìo-2-

nii:rof]uoranthene was tha.t devised b1r Blackbur"n (1)"

3-Àceta.¡rido-2-niirofl-uora-nf heue (6" 5 S) and pa.lladi-u-nr-

char-coal (0" 5 g ) were suspenrled in absoluLe ethanol (3OO ml) "

Hl.dr.ogenation t{as accom.olished in fou.rteen hor.irs dr-r:: ing whi ch

rTThj-s r.esl:-l-t rnsSz þç tLlte t,o ì;Ìre ,oari,j-¿-'1. Ceccmp,c.sition of ihe
..ì fr-ri"no gi olLp "

N, 8"85''/' 11

N, ro "zld./"
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bhe gauge pressure decreaseci frr¡rn 4B lbs. / tq. in, to 4I"5

Lbs"f sQ" j-n. The product ttias Drought into solution by addi-

tion of pyridine (50 ml) and hea.t,ing. lhe catal yst vras filte::ei'

off and most of ihe solvent was evaporated under vacuurn. Dilution

of the rernaining solvent ',vi-th vo'ater prodr-rced 3-acetarnido-2-ailino-

fluoranihene (5.0 g) m.p" L97"-I99aC (lit " Lg7-L99oC )"

Th,e acet,;r]3¡i on of 3 -åcei:arnído*2*ainiaof luor"anthene Ïias

pe::formed by Klcetzel, King, and }iienkes l?,2], bu-t firese v'¡orkers

did. noi sta't,e futl e>iperii-nental de'üai-ls foi'this reaction.

pyridi-ne wå.s found, to be the best solveni: for tiris reaction'

3-:lcetamid.o-2-aminoílu.orauthene (i"15 g) \,'/3,s disso-L.ved v'¡ith

sti:"ring at room ternperature in p¡r¡i¡llns (50 ml)" '{cer'ic anhy*

d::icìe (1 rnl ) was adcled dropu'rise, The ::eacti on mi xtlrre WaS

stirred at room temperatu're for sixt'¡i rrinutes du-ri.ng which tirne

a precipitate separated out of solution. The sol-j.rl was filtered

off, v¡ashed -'^Iith water and allowed bo dry. R.ecr.,rs¡¿l-l-ization

frorn glacial acetic a.cid gave pure 2 r3-dLaceta:niciofluorantirene

(0"75 Ð as yellovr neerlles wi-th melting point 267-269oC (f irr"

z6ù*z690c).

t{!!rA!i_o.n of 3 -Nitrof }uoranihe4g

3 ¡9-Dinitrofluoranthene was besl: obtained by nitration of

l-ni-Li:ofluora.nthene in acetic alrhydride "

Fuming nitric acj-d (2 ml) vras added dropvrise, over a

period of ten minutes, tc e mixbtre of 3-nitrofluoranthene

(2.0 g) in aceiic anh;.,dride (óo mI) maintainecl at 65-7toc"

TÌre nj-r.ra-'[ion mixbure ïias sij-rred at 7O-8OOC for tirirtlr minutes'

Preparabion of .4,uthen-0í i lo fL ucranthene
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e: U.V. Spcctrum ot Authcntic ?,3-Diacctarnidof luoft¡nth€rìc

b: u.V. Spcctrum of thc Pr€duct ( xltt) f rom
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h.5

It -was ühen a-l-1o,¡¡etl. to stand at rooj:n ter"nperair,ire for" a, fr,¡'ihe¡'

i,-i ne t 1' ritinuIes. T?re so -']-id (l- " 5 g) ruas f il-tered o.if and iua-"hed

wiiÌr water. Treai-rne nt -'."nt, b oecol oi-:,rizing cira.¡:coaI and s€r.¡ei:al

r-eciîJ¡sial-l:-zaii ons .flrorn Claci a.l acetj c a.ci,d gave pure 3,9-dinitro-
f l-i.ioranthene (0"75 g ) e.s ¡rellow-ora.nge crt¡stals of me)-ting point

275*277oC" â il1a.ss s1:,ectl'u'rri of 1.Ìris compounci sÌroweil it -r,c be

i i ni'U ro f ir-ro.rant he ne "

Infr-a*reC peatJ<s of this cornpoirnd are at: ó"ól- and 7"52/4,

å+alysi s Found. : i\T, 10 "26/, r r r

Calculated fcr tr6l{6112O7 : N, g"6Oi/,

Äb-t,ern;otecì oxidation cf thj s product, u.sin.g cliroir j-c anh_i¡d-ride
ï"e ge ne í"ai e cì cln-ì- ¡r s I a L:ting ära 

,ì; e r:ial_ .

iìe du cii on _o{ 3 ¿?rDini1,r'ofl !,o::aqÈgfg
Cataly'tic h'idr"ogenat.i on of 3 ,9*di-n.i-[:rof ] ,roraniheire was

eff ecteci. using 1¡a-ì J acJ-ir-im-cìra,::cceJ- as the catal-yst f or û ire react j-on 
"

3 ,9-llj niii:"of l-uoran'chen.e (f 
" 5 g) and pallaclit:,-¡r*cha¡'coal- (Ct"25 ,g)

r'!ere su.spenLeci :Ln e[hano']- (10.æ qìl-)" Tj:re dinitro conipounc. wa.s redu-

ced u.nder: pressuï"e (26 tbs"/so"in. to 23 lbs"/so"in,) for six
hou.rs, The catal-1rsü was filtereci c-ff and most of the solv'eilt v¿as

e\ra.jlorai,ed under pressrlr:e " The so l-ution oi 3, Ç-diarninof l-uoranthelre

r¡Ia"s unsia'ble and it dar"kened qu-iekl¡r. D',re to its instability, iire

día.mine lvas isol-ated a.s its acet¡rl deriva.tj-ve. This ûÍ.eparafion

,i.s shor¡rn bel-ow"

!':e p a.rg[! g n _q i_]*_?-Ð + a c e tami do f. lu o r"a.nthe ne ( )ff I I]
3 19-i)iacetarnicìofluorairthene lryas prepar-eci b)r the aceNyì.a.tion

of 3r9-di.aini:rof-l-rrorant,hene, usin3 pyridi-ne as fhe sol-vent.

P)'ridine (25 m:l-) was adcied ûo the 'impure 319-diamino*
fl-uor"anfhene in eihanol (approxinat-el-l' l-0 ml)" .4.ceti c anlzl¡dr:icle

presence o-í

nr¡r.ij]icj hir

i on aione"

1 e ? This resrr--l-'c ma-rr be iu-e to ihe
r:anthene " This plro clu-ct shou. Ld be

graph¡' ¡':.ther than by cr"irsia-l-liza.t

so rie trin iti"o f f r-r.o -
colnntn chr"ornato-
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(! rnl) vras aCded to l.Ìre soil¡Lion at roorn tempe¡at,llre" The

mi;c-r,u"re vu'as s];irred f or ten hours ano then the excess solveni

waS eva-porated off uncÌer Vacuu-m, The crearû-coloured solid.

which separa.ted out of soluti-on vfas filtereci off, drieii, and

fÍnally boiled ivith l¡enzene" The purified 3,9-diaceta,mido-

fl-uoranihene (0"9 el) v\Ias isolatecL as a light J'êllot,¡ sol-id of

rnelting poiunt e,opro><ima'cel1, 3óCoÛ (Iit, ' - 37OoC) "

Adrnixture v,¡j-ih an authentj-c sample of 3e9-dlacetanido-

f luoranthene prepared fro rn 3 19-diacetylfl u.or"atithene a.s shcin¡n

belo.,,¡, Oid. not clepress ihe nreli;ing point. Coi-nparison infra*

:r:ed and u.ltra-rriol.et spect::a cf this inaterial, sho-lvn on

pages Lt| and 48 trler€ the seme"

-l+"epa_{aLr.q_a_-q_qlE-t}91!.i9_2-å9_!þgg!emidoift¿qlê&hene. 
(xt/il )-

3,9*Diaceiy-ì-f1-uoranthene ]/ies prepâreü from fluoranthene

by a F::ie,1el-Crafts reaction i,rsing the rneihod of Ûampbell, Lead-

hill ancl i:iil shi-re (6rÌ+) " The diaceta.¡rido compound was obtained

f::om the diacetyl- cornpouncl accorCing to ihe pr'ocerlu.re developed

by rhese lvorkers 
"

sodium azide (0" 27 g) r{as adcieci in two portÍons a.t an

j-ntervaf 6f finrrenty-five rni-nutes to 3, 9*¿iacet-ylfJ-u.oranthene

(0"38 g) in irichforoacetic acid (Ì+,2 g) mainta.ined at óOoC"

-åfter sei¡en hours et this temperafure, bhe nix'cure was pourecl

on ice and. I ¡9-oiacet-q.niidoflrroranthene p;:ecipitated. The

produ.ct r'¡a.s r,¡ashed wii.h v'ra-te-r: and boil-ed v'¡ith benzene.

3,9-Diacei;anidofl-uoranthene (O"22 g) of ;relting poinf - 36A0C

(Ït¡ "- 370oc J vras isol-a.ted,
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fli,r.oranbhene li¿ìs el-i-rte d in 't,he f :-::st i.rorti-on " Tiie lrLille

cÌj-:rj-ï,.rofl-uoranihene (C"03 :j) ',,i¿,ís j.sol aie c'i f:r"onl acetone a"

¡e1--'l-ow neeiJles, rri" p, 3L+5*3i+7cC (sr.rìrì irnati on ) .

Inil:'a*.red, ireai;s o.i iiris co;,ipor,rnci ar.e a.t: 6-Si a":rci 7

4r-J

il llitl_ gt__of 2*lf ir,r"of .Ì-uq.,:Ag1,llenq

Èi-lminc nltr-ic a.cicj, (J nLl- ) ,0,'.," ad'leti C-coil';¡ise r¡ j i,h stii'::i"n¡¿

ic a -sç !rrí;i ¡n cf ?. *n j,ii:oill-uor"aathei:re (0" 5 g ) in f reshJ,y cli st jj-l-e;j

acetic anl'r.',jri cle (15 rn-i). The solu.'cion wa.s refluxei íor ihz'ee

hoi,rs then coo-Jed io :.oorn teìTrperatu¡'e and. ¿.1 lo',',ed. to sûanC ovel:*

itighi" Tlre solid (0"15 g) wh.i.ch 1ri:ecipita'bed crrt o:Íl scli-;tion

w¿ìs -i:i,lier.eC, ita"shed wiih i'ia-têí'¡ :iL:ieo., a-nd ¡i,i-ssolveci j-n be.nzene"

The benz;ene soli;rtiol:t !í,?s chro¡:na.f ographed on a colu.nn (12tt x ått i

filled wi.t ii a li:mina (Ercckmann, neriL:r'¿il , Äc bi,¡i1:)¡ -l ) and clinj-f ;'o -
t!\'t \ /

lr ì-) l'-L :! | t t/

"E3U"

:i. -'! =---ì ^.:'LLLC.-L v i).L i) For-r.ir,j.: lI , 9"59ft

CalciiJ.a.ted fo:: C:l-6ilel[ZO¿,.: ],T , 9 "6C;t"

L{e p.,? i..a',,r!g.n _o f . 3 --Ä c e t jlglÈg * ? *g ro,no -f -i uo r ¡iir f l:r e n ç ( IÐ
The b¡:ominal,ion cf l*nif rofluoi:anLhene i,i¿i-s accoirllllti sh-eci

using the rne rh od of Ca.nrpbell a.n,j Keir (7 ) " Tire broi:r'io-ni ir.o

compoLinuì- iras Ìlr¡¡lr"ogenaiecÌ es.¡entia li -y b.:t ¡l:e nroceclure ¿errised

b-r;' !ìrarlêsiior:th .snd Dcienl<o (9 ) "

l-.4ärino-!*1:rornofluora.irthene (f-" 5 nì ) w:-ìs .'iissil-veci ín

benzene (:ì-00 'ml) . Àceiic anh;v'dricie {f " 5 rn,L) lf å.s ac-icl-ed, io the

soiutjlon â.t room {,ei::¡re,':e,ture. Ii; -øas sf-L::reci for ninet¡r

l:iiiru-tes drri;iq -i,r,Ìr ich ti ine a v¡hite sol j,cl 1.,reci pitatecÌ" The

sol-j-d was f iitered off , washe cl u¡ith benzene, ani, all-oiveC to

di'1i" Pu-::e 3-aceiamido-9-bronofluoranthene (0"7 g ) r¡,;¿s obtained

a.s light yellow need.les of nrel f i-rr¿; ,oornt Z,}C*Z}S-aC fronr chl-o¡:c-

hci¡-uor,o
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Ad¡nixiui:e with a sa¡np¡le of 3*acel,arnidc-8-bronofl uor"antÌrene

prei:a::ed aS Shown belOvr depreSSed the ¡¡¡91t.ì nc" rrni nt I m.P.

-^ r n¡ ¡IO¡ \<.))^1)ö \').

fnfra-r'ed peaks for

6 . áC and 7 ,9O ¿/"./l

å nn'l r¡si q
'a--*--!1 *---

ihis compclind al'e ai: 3 "23 , 6.15,

Fcuncl: )I, 3 "9àî1, Br, 23 "89/,

I',1-, 4"L % Bf., B "6 %Calcul-a'bed for CrgHarNBrO:

P ge p aqali op_s_ of 3 *Ac et ai'ni d.o - 8*Bgomo f luo r-ant tr en e GXI )

å" Accordins to the rnethod of Ka.minska ancl l'íazonski (20)

3-Ércetamj-clofluora"nth.ene (2"b9) was dissol-ved in a hot

riixture of gla.cial acetic acid a,nd- ca.rbon t, etrachloride (2;L)

(i¡O rnl)" The sol-uf ion wâs coo]-ect to roorn tenperatLl.re and

bromine (f- rnl ) in g laci aI å.ceiic acid (1 mt ) was a.dded cirop-

vuise wi-th stir"r"ing" The resultant rnirtr.r-r.e i,tas stirred at room

temper"a.ture .for firre hours" Drrring this tirne a sol-id precipi-

tated out of the sol-ution" Thi-s sofj-d" was fiìtererl off and

washed wit h s odi.u.rl bisulf ite s ol u'Li onr 1Olo ac'neor-rs sodiuin

hycL:oxide, anrL v/ater and then it lvas rir j-ed " Treatment vritli
rìan¡l ^r,-¡i ryi n,.. CirarCOal anC feCfr¡Stal-Lj-z,ation p:AVe ?-aCetamidO-!4VUV¿VU-I ¿4¿rr5 W¡IGI UVqf, r¡lrv- ¡)q v'J

8-bromof luor"anthene (1,7 g ) å.s -riellow micro-crlrstals, m.p.
' ^ , a/a a/^O^r2.Ì1.8-250"C (]ir" 2ó0-2ó2''C) 

"

B" AccoJdigE tc the nebhrocl- of tslAgloLgf:l--lÐ-

Bronine (l rnl ) in glaci s.l acet j c acid- (f ! mi ) wa.s added

dropivise ovel" a period. of twent1¡ trrinut,es to a sfirred solutj-on

of 3-acetamj-ciof -Luror"antlnene (Z"C g ) in glaci a] a.cetíc acici

(t9O nn:l-) eb SOOC " Tne rni;<ture wa.s stir"i:ed af ,$OoC fcz' anciher'
j-rñ-ì -ñ-t-,' fi -"¡ *i nlÌ.es ilrrri nø ,,..rhiCh ti-me A S¡na"ll_ afnOUn'r; Of ma.tefial_t l.-tJl. (r./v-!IVç Lll¿llLlL's/C U.trl rrral
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precipitaiec oLr-u of sol-liiion. 1'Ìre cri-r"d'e prod'uct was 'f iltered

of-f , l,reateA v¡ith decol-ou.rizing charcoal, and r"ecrysiaì-J-izecl

f roni chlor.'obenzene " 3-gce baniC.o*8-b¡omr:f luor"anthelie (f i g )

i^aS obiained as y-eLl ow niic::o*cr-1i5f 3l-s of ael-ting po j nt, 2l+9-

25QÕC (lit " 265*z66oC fronr p¡iricline ) .

.4. in¡'xecl i"neiti-ng point of the sa-rnpl es f ro¡n -r,ne fwo ne'Ûhotis

sÌr,r¡rued no cleoression, but, the mixecl me-lting Ênint i'vith a sample

of 3-ãcet,aaido-9-brromoflrror"anthene was ],rwer"ecl" (m.p" 235-2-?8cC)'

llnmnarison infra*reci and u-J-ira-viol-et speci,ra cí sarnples .ore*v'/.,..t

par:ed ll;. rrnethocis Å and. E, on pâges 52a"ncl 53 sÌl¡wed no

,-li 'ír'flcr.o'nr.cq
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SUJ\,[iiARY

l " |..i 
j rrati on of 2-acetailidof luorantirene in aceiic a"cicl garre

tlre p.cerrions lir ¡r^n1ç11"lnt, cornpounrj , 2-aceLai:licio-3 -ni trofluci:anihene"

2. The st,¡:ricNu-re of 2-acela.nricio*3-nitrof luoranthene lvas pf'oved

in severa-1. rai¡s.

(4.) The first nrethod L,^rs.s bl' hyd,r:o1-;isis to ihe arnin.o-nitro

comi:ound- anC oxiC.ati on to l-fluoreno:reca,rboriil-ic acicl- r,'¡hich

p::o.recl bl:rat both groups are in i,he same ri-ng'

('b) The second waJ¡ r¡üas by cìeamination of ihe nei^I colnpound,

2-am.i.no-J-niirof-l-r:.oranfhene, to pr.o dtr.ce the ki:to'¿¡n product,

3-nifrofluoran,cirene pror,:lng ihai the nj-trc groLlp entered

posJ- ti on 3 .

(c ) The thj-r'd ',iâ. '¡ vÌês b',¡ hlrci¡:ogenatj- on of 2 *aceNar¡j-dc=

3 *nitrof luor"anthene fo llowerl 
":y 

f o¡:rnaii on of tne ô *dia"cetari:ido

cornpound" Thrs pt'oduct -r'vas the Såille as tlrat -iormed fron the

ki:own compound- 3-a,cetamido-2-nitrofluoranthene.

3" l,litration cf l-nitrofl-u.oranthene gave the nerd product,

') ô ^-;-^i+*^-el uoranthene"-' t 7-u!tr¿ L'¿ Ltl ¿

à" The orj.enta.iion of the nifro grotrps in this dinitro

compound was esiablished b.," r'ei-ltctj-on anil acetyiation which

ga\¡e the known con'oou-nd, 3,9-diacebaniclofluoranthene. This

corn,oounci was the sai?e as that obtained from 3¡9-diacetyl-flu,or-

anthene Nh:rough ihe Schnidi reac..cion"

5. The nitra.iion of 2-nitrofluoran-,,hene gave a ilev'r dinitro-

f -luoranthene " The ori enta-ti-on of th is corrlpouncJ' tr as not

r"igorously proven, hower¡er, ciue t,c t,he íact ti'ra.i; only VerJ¡

small amounts cf this m¿.teri-al- coul-cl, be coUected'



55

6' Tìre possible positíons for t-,he seconi niti:o g.rrou-p in z, ( )--

dinitroflu.oilantllene are iis cu,ssec on the basis of rnâ,,ss sp€ c bï.o-

photometric evidence.

7 " The pr"evioursl-1i u-nkno'ørn compouni, 3-a.cetaniiclo:!:broino.-

fl-uoranihene -^¿as preparecÌ by aceû)¡laLion of bhe l<nown conpound

I -ai:rrino -p -b roioof Ir io r-a.irtÌre ne .

â" Å corirpe,r:'j son of tne l¡r'c;dulci;s from t he br"onination of
J-a.ceranij-dofluoi:a.nthene, Crepar-ed accorcl.in.q to two net,hcd.s,

\¡iås made and it I,'!'as shcwn thai, the rrrocLu-ct obtained i:y Btaclt-.

burn t s llrocecit:-re v¡a.s the såä1e as 1,ì-iat of Ka.minska. and ii|azonski-,

howevei" i't, is probabì-¡,' not as icur:e as i.haL of the .iaiier workei-s"

9" The position 1:o l'¡hicir. the broniine atom eniers is determiired-

nof on-Lir b-v ihe su.bs'r,iùueni ;¡lreseni, but p,lso by Lhe so-li¡eni

ruhich is u.seci"
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RE00¡,l}ftiit]llé,Tf0Ns EOR FUTUBE'úIORK

1" iliore 2, ( )-ciinif rcf luor-a.nthene shonld be producei and the

cr"ient,ation of the secoäi nitro .p,rcru-p sliou--'l-ci be pro-red, llcssi-bJ y

b¡r the preparat icn of the di bromo com]roun,i anci com¡'a.riscn lt¡i+.h

ihat prepar"ed fr"om ?-ni.Lro-9*b::omofl-,J,o:îanthene"

2 " AnotÌrer attem;ot .û o Í-nelraiîe 3 19-dtttronoflu.oranthene from

3,"1-diamj-nof I uorant,hene shou-l-d be macie"

3 " ,{nother atteinpi cou-.1-d 
'be made to o>lidize 'ool,h J ¡9- and

2, ( )-dinitrofluoranthene tc -uhe corresÐondin,1 djnit.rofluore-

none carbox,rrl:L c aci d-s "

4" 8*iVitrofluoranthene had been isclated'oy K-l-oetzel et ql"

(22'l from bhe nir'¡ra.t,ion mil¡:tr,ire rer-jra.ining afieL: t,he nitration

of flu.o:r:anthene" ,siirce no resea.r'ch ha.s beeir earried, otit L,:

investigate the i j-::ecti on of su,lcs'ûituiion cau,seC lly substiir-ten'bs

in ihe benzenoi-d ,oaL:t of the f Luoranthene nrolecul e, tht'-s co¡ti-

pc'und could be the s.ûarting materia-l-" BroninatÍon anri nitratj-cn

rea.cbions cou-l-ri. be carried ou-t on it"

5 " 8-Lmino- and t-acetarnidof-l.u-cranthene harre al-so been tlrelrår'ed

b;i Kioet ze1 et al, (22) " These corntror.rlùs c or¡ici also ì:e srrb jected

to nil:i:a.t,ion and brornination to f incl ih.e effect of hi,1hl i' acti-

va-.ting species in the benzencid -i'in3: s)¡s'bem"

6 " The 8-hal-o sii.'ostiti-r.tecì series ma-'¡ be prepar"ed using a-

sinrj..l-ar: nrethocl to tha-t de-rri-sed by B-Lackbu-rn (11 for' 3*aminc*

lÎ -l- u-o :: a. nt l--Le i:] o,
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