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$Üi4.Þ1¿1.RY

ThS.s thesle ås p.resented ån four pð{r.hso

' In Part. I the preparat.l"en ancl sürne erf the
propert,f.es of the lno¡rc¡-hrer¿lo*, amåno*e ancl påper.,edåno*iCI-

methyLacri"dçnee;u most, of r¡hleh are new e,ernpæunilso êre

ciesc.rf t:ecl 
"

In Fact fI tlie reec'tLons *f the !scrn',.êrie bremo*

}O*nr"eÈhylacridcrrc+s wå{:h ¡:elteisearm5.cle a,nd rqåt}r l"l{:}råum

pfperldf.<*e &tre clescrlbecT* Rea"ctf.on of 2- ancl 4-hrr:rnc¡*

lo*rnethylacrl"clone öçct¡r# v$.a aryne i"nt.err*edLertes anrj

rear.r*ånged precìuets are oÏ:served* React,i"o¡r with 1- and

3-braroo*10-rrreflhyl-acrfd+ne generalT.y oeeurs by tl're adcìi.ëåon-

eli"nrånatton meehanisnr æ-nd ¡ro reêrrangec1 produe't.s ðre

obserrreclo The reactlon of 3--hrenro*I0-niethyl"aerldone ¡çIth

po{:,assenrtcle f"s cxeep*ternal" and the acrfdone nueleus fs
el-eaved at, the carlronl"l. gr:or:p ln a Haller*Bar.rer*t,y.pe

reacbi-e¡r" lO-t'4ethylaeridone J"s: observed qq.q ê sl.gni-fåcant

by-prodr-ret ln rnany of these ree-et,i,ens.

In Part fII Lhe rc.+¡iict,long of the becano-1"0*.met1-ryJ-*

acrj"dones r¡lth sod:ilum me'flhrr>låde are eiescrtbedo çJlth

sodfuro mebhoxlde 1n methanoå-free cT5-m.ethyl strS"phoxf"de l-
and 3 -]¡rsnre-lo*xret iryLacrl de¡nc,. uncTe:;go subst,ftut, * on by

bhe acJdå€1on*el"lntl"nat,ton nreehanism and su'bstÍf,t¡tton Õceurs
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fast,er fn the 3-positS-on than Ín the 1-posl.tlorr. Wlth

sodium met?¡oxLcie 1n methanoL the broms-l,O-met,hyl-

aerldcnes atre reduced t,o J-0-rnethyl"aeri.done and this has

been found t.o oecur by a free radfcal mechanÍsm"

In Part, IV the reaetJ"ons of Efrme ¡:r:IyalÌ<oqr-10-

nrethylaerfdones wlth sodtuun methoNide are dfseusseclu

l,lflth eodlum ¡nethoxkle in mer¿hanol the dlnret,hoxgmethylene-

dto,xy-J.0-nrethylaer i"done s uno^êr gro nuc J-eophå l. åe at Èack at'

both aromaE.f-e and si"de chafn carbon leadtnE to a varlet'y

of prociuct,s n Wif.h sodl"um methoxf de Ín met'branol-free

cìlmethyL sr,rlphoxlde substitution oecurs entlrely by f:he

addLtfon-elfmånat,Lon mechanism on aromatÍe carbön and

the rates of ¡nethylenedåoxy rf.ng-openf.ng of the dl-fferent

d lme bhct>qrmethylene d I oxy- I O*rnethylacr i d one s have t¡een

rneasuredo Ail hypothesls i"s proposed t,o expJ"afn the

obeerved result,s" WLth polyalko>ry-10-meBhyJ-acrldones

nucleophflLe substltution by met,hoxide íon is fotrnd to

occlrr fast,er ln the l-posft,J"on than lr¡ t,tre 3-posf.t.íotr"
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Stibs'l:åi:utlon retretåcxrs tn arornatle cem¡raunds have

t¡een knor+n for a J-ong tåme and {:he mechani.s;r¡rs by vrhåcir

these reac€1"c.¡ns occur hale been th,e subJeet, of extenslv'e

st,udyn JlromrrËåc srrbsllåflutlon rc¡actÍons fel-T- ånt,o three

pnincfpal- raechani.s€åc types - nucLcic)g:hflåcn etrectrop?råiåep

and free radieaÏ sul:skJ.tu'b.lonn lìach of these rli"fferent,

types of sribs'h,J"tut.l,c¡n f,s charaeter$.zed by a ellfferenfl ty¡le

of att,aelcing spec$"es &r¡d in eaetr e¿ls€l tlte eæse <¡f st¡b-

ståtutåc¡r¡ depetro's eR a nr*nrl¡sr of factors governed }:o'ch by

the nabure of the subst,rat,e and by th'-* nat,ure of the

att.ackf"ng specters"

Tn nucl"eophíIle subst.liutsJ.on lt ås ghe negat'lve

pole of the a.tt,ackfng epeeiesn t-he trucleophflen wh5"ch

att,acks the aromatl"c rÍng syst,emo ldueLeo¡:hi.l.es are

generally anfons or speeies wfth a Ïone pa5.r of eleet,rons

so that substj.{:ui:i.on Geclirs most reiedily at. eltes of low

fl*eJ"eetron densf-ty" In elect.rophÍ,3.ùc su]:stituti-on lt åe

the posit,l"ve pcle of tire at,tael<Írrg specless bhe elect,ro-

phJ"J"e, wtrfeh att.aclcs the aromat*e rång so that el-ectro-

ph$.lÍ.c suhsþftut.J"on ;i-r: favor¡recl at såtes ef Trfgher

¡(-etrectron detisfÈyn In free radåcaL eubstÍtrl'b,f"on the

a€taeklng spec$"es j.s a free radfeal.

..1: 
.,,

{¡
''
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The ånfl.uer:ce of s;i:bsti.tuengs .ll"rea.dy present fn

the ara:*et,i-c sLtbsigr¿ige en thEl dåreefl.an ernd sa"ee r:f sub-

st,i"t:u.tåon by ai"t tÏrsee meehan:Lr¡rns has Ï¡een exf,ensfvely

str-rdied over marìy yüêîrsu ËotlT r¡reÉtelincr*c and íl;rcluc0tve

effeet.s *r¡fluence ti'ie dj-reetj.en and r:a.te of eubstltì¡tlon,

pi*i-"tf-cr:1arly ån nucleer¡:rhåIlC and elec*ropi'rJ.ltc arotnabfc:

subst,j"t.ut-.ion react,f"onsu GeneraLly maelorrrerle effect,s are

eonslderahly moffë fm¡-ro3b,ant; tsTran are ùndçrct.tve effeet's"

SomeLår,r¿:s specS.al effec{:s such as st'erLc cr<':wciing and

hycTroçlerr boncïlng aJ"so J.nf1u*nce the cll"rectåor¡ and rate

af sr.lhst.l"tr:tian" isucleop,håJ"Íe aremabfc subs'b:i-'br¡tfonn

sl¡.xce 1t å.nvolves ab'Eaek l:y a negat.ive speefesu ts favoured

by eJ,ectron*wlt1rdrar.rårrg suk,st,åtu.ents ån' the¡ arÕruaglc

rfngn ¡:arf,Íeularly Sn t?re posltåons clrehc* ancl p¿àra- 'Uc)

the såee of subst,ítut,åon, ä.nd 1s re'c,'ss'cled by el"ecEron-

donabf"ng substituen€s, agtrln påreieularly v¡Ï¡en these

s¡u]:s{:itr:enLs are sl"ttr.at,ed ortt¡o- or pôsrð* t,o t}¡e cft"e of

surbst,itut,flon* Conversely, elect,rophi:Ilc subst.ttutlonu

si"nee te fnr"olves a'¡:taek by a" posfbfve s¡reeÍesu is

favoured by electrc¡n*Cona*,;Íng subs'g*i:uent.s and l"s re'çard+d

by ej-ect.rein-wl"th<lravrfng suþståtuent,s u argaàli ¡rart,lcularly
when th.ese subst.ituent,s are sit-.uated ortho* or püra* eo

the slte of sribst,Ltut,åernn

F,n e:camfnatåon cf the ean<ln.te¿rl forms (scherne 1)

contrJ"butlng to hhe etrucbtu:e of acrl"clcne (Ia) ln<Ji.c¿rtes



-4-

the Tf-eleetron densÍtles on the hennerroåd earbon ator*s

al-t,ernat,e from c¡ne posítlon to the next,e the 2- and tÏ:e
*4-posÍt,lons , and the eorl:espÕnclfng posít,tons Ln the
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The I,U.F"A.C. system of nurnberfng the acrldi"ne (and

aerldone) nucleus Is used throughout thl"s thesis" ThÍs

number*ng sysbem ls ltlust,rated 1n formula (i"a) 1n Scheme

I, other numberÍng syst,ems v¡hfeh have been used fn the

past and norv appear less frequent,ly are cllscussed by

a,lbertlan
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a€her benzeno:Ld r5-ng, hi*ving a h:lgher ît-s¿leet'ron delrsi"*y

than €he l-- a¡icl the 3*posftiotrlsio Thís attesnat'ion eif

t(-electren dænssåty fn the l:enzenoLcl ringß r¡f acråclene l"s

furtirer çubstar¿tfa.ted by HtSckel mol"ecular elrirltê,} calcu-

1at,1ons2 whÍch gåve for aeråclone t1,¡e f{*eLeebrcn densi'tLes

shov¡n in F5.9" lo

C)
0.$65

r. CI16

0.903

1.ü'¿fj

F¡G. I

The trt"gher ,¡t-eleetrc¡n dens:Í-Båes at the 2- and the

{*posit.Í"ons eluggest that these wouÏcl be the s:!-tes of

eJ-ecbrophf l1e substttuflicn and e lndeed u this Ís borne oui:

by e>r¡:erimento Brornín¿rti.rr13'4'5 and nit,r;r'ui.on6n bot'ir

aromet.le e-Leet,rophfl-le subf¡t,ft.u8lon reaet*"erns, of aeridone

and .lrl*$ethyJ-acri^<ione häve been well st'udleld and su}¡*

et,ft.ubion is found to occur preferrentåally ln the 2- and

4*ponftlons and a.l.so ln the co¡'re$ponclång PÕsígíons ltr

the oeher J¡enaenoid rÍng"

The lowe:l 'Ef*electron cletlslt'l"es at the 1- and

the 3*posit,f-ons sugcJerã't, t:hab, lf suÍLable leavfng Eroups

N
I

þt
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are prêsetltr t"hese wåI"I be bhe sj"tes of attack l¡y

nucleophj"treso Agaf.n this expectation fs borne out, by

experfment" A number of Ínst,anees of nucleo¡:hiJ.:le sub-

stltuLfon of halogen [n l- and 3-haJ"eEenr¡aerldÕnes by

hydroxtde l"on and by amlnes have appea.re<3 ån the li{:er-
. 7-1tature . lr3-DJ"chJ.oroaerídone {2i has þen found to

react,9 v¡ith the prlmary amine (4) by nucleophi"tlc sub-

stltut,lc¡n only j.n the l-posft,fon glvång the dlsuÏ¡stL-

tuted acrfdone (3)" Thus, wit'?r pråmary aminest

00r
RN[.]? 

_

-*;:¡

N
t{

ELN
F{

ei

(2) t 3)

( T,I RNH
Z = (CZHF)Z NCi'lZC¡-IOHCl-l?NHz

subst,ft,utÍon of chl-orfne appears eo occur verY much

faster in the t-posi€ton thåln in Lhe 3-posl{:ton of bþe

aëridone ntrcleus. .T¡4, $-Tric:trLoroaerldorue (5) behaves

In a simllar mannerg and undergcles nucleophllj-c substl-

tution only ln t^he l-posi.tton v,'lth the amlne (4) 
"

Suþst,1tut,íon of chtorÍne ln bhe 3-posåt,lon by ammonla has
I

been aehleved IL but requfres far more forcing ecndlt,lons
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than does EjLlbstieution of chJ.o¡:f.ne In the }-posftåon by

prl"mary arnÈnes" In acldlt,i"r¡n subs'b,ftut'lon eif t'he 3-

chlorfne by åmmonÍa reqr:lrod i:he use of copper suJ"pha{:e

as eat,a}l¡st and 1t, fs poss5"l:Ie thaL thås substitutlon

prc,ceeclc by a free radlcal meehanlsm ra'L.her t'Ìran Ì:y

nucleophi"l-lc subs'Ei b,ution u

oc{ oct
NO

2

L¡t

ct NO
2

( 5) ( 6)

N
I

H

N
I

H

1*Chloro*2r4.-cìfni'rroacridone (6) reðrces wlth hydroxlcle
.7iorr' gllvilng the eÕrre,BpondS.ng l-hydror¿" compoundu 1*

hydroxy*Zr4-dinÈt,re,acridoneo Hol+everr Írr thÍs *¿-rse the

.:ctivating iufJ"uenee of the .=rtrrLdone carbÐnyJ- grar"r¡r ç¡oul-d

be å.ns:lcantfJ"can'h. earirpa::ecl Èo the pot'erfu] eleebrslr*1v"i"th-

dravifng effeet.s of the ùwo nå'tro grourÐs so that t-hfs

substj.'tuLi¡:¡n dses not, re::lecg the o.cÈivatång ånfSuence of

the ac:ri"clcrìe eelr-i:onyl qrorlpo

NucleophlJ,ic subsùL'but.foir by a3-kt>xåcìe fol: has i:een

ol:served åru reac'Uic¡¡r.Èi of {:tre é.crÍdönê allca}oiils c¡i.{:h

aleolio.lfq Êolut,iÕnij of ¡:ot,ass*um hydro;xide" Tt¡e Lwo

i:seural.J"y üccur.'rå$E d1,r*ciho,'-<y'itir.rthyS-en*clå,o:ly-10-rnci:Ït"¿J.-

acridones rneli.eopåd5-nc {V') ¿."nc.l ¡nte-Lfet:pÍne (9} have both
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been observed to undergo nucleophflte substltutlon 1n the

3-posft,lon on reactlon wlth alcoholÍc potassium hydroxldel2"

Reactton of rnelÍeopldine (7) and melicopine (9) v¡ith

alcohol.l,e potassfwû hydrox-tde resulÈs ln rLng-openLng of

the methytrenedf.oxy rÍng r+i.th formatlon of the phenoJ-s (8)

and (10tr reÉpeet,ively.

0 cHr

cH¡ otþt3

( 7)

0 OtH
3

KOH / ROH

KOH / ROH

o OcH3

N
I

eHg ocH3

(E)

0 oeH

eHs 0H

I tü )

0t{

OR

0cH

OR

3

3 3

N
I

N
I

ffi¡
(g)

Melteopine (9) has al"so heen observed t,o undergo ntreleo-

ph511c subst,l'L,ut,ion fn the l-poslt,lon stnce on treat,lng

r.¡i'Eh sodÍunr eî:he¡xide 1n ethanol a mixture of the 3-etho:ry

and Iu3-.cllethe:ry derivat,åves of the 5:henol ("10) has been
1?

obt,ained*'"

Slrnllar o]¡serve.t,l-ons have been made 1n Èhe reactÍon
of, the allcaloid melleopicine (lt,¡ v¡1th e'bhanolíe potasslum
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hydro:<ld*l4 *?rnte, Èrmong other product,s, some of the 3-

e*ho:q¿ clerlvatlve of me.LÍcopfel.ne, 3-'et1'roxy-1 12 t4-

trl.n',ethe¡xy*10-rneùhyJ.acrLdr:ne {LZJ, wëìs obtained" l[o

lndfcaÈl-orr ls g5.r,ren i.n the Llt,era{:,ure r,¿he{:her or not

subståÐut,lon also oecurs fn the l.*pos5"b1on"

00c l{¡

0ct^l
(11 ) Rc ÇHA

3

0n {1?) Rz Cl-{ cþtI 3
cHE 0cH3

i\lthcrugh a number of insgances of nucLeophflíc

sut¡st,ltution securrlrrg in ç¡ubsrtftu{:ed acrldones h¡rve

appearecl ln bhe liberature, ancl there 1s *arnple evldenee

thaÈ, nucJ.eophllfe sLrbst,ltlr'e,lern occurs preferrentfally Ín

{:he 1- anci 3-pr:såt.3.c}nse rnost, of the past, worl< has been

diree€ed t.c¡s¡ards tlre synthesls of subs'b,ft,uted aerldor:es

or t,r:r*ards el,ucfda'h,1on of 'bhe structure of natura.lly

oceurr:J"ng "subståtut:ed ae:lfde¡neso No detalled study of

the effeç:r{:s of 't,1'¡e aeríd,:ne siysbem ñn fìromat.le nucÏeo-

phålie sr:bs18,i"tu'E.lon l:ave ap¡:ear:ed :ün t"he lf,te::eture,
In part,Sculearo nc¡ r'a'ee data. for nuleleo3:hå}Íc subsf:lt,utåon

with var:Lsus r:uc-Leo¡oh*i.es {n the 1* and 3*posi,t,ftrns of

substl,*r:rl":+d ecrå(ìon.":s is av¿ii-J-able ancl no studj-es of the

nucleo¡-Ír:L-1.1c suirst,ftnt,Íon -eea*'båons ef the l:;r1cc,¡enat,ed

aeri"dones rvåth st-r:einq Ì:eser¡, vrTlere arlruìe ånt:ern'L::cJial:es ä¿e

N
I
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a poËsfb:.e feat^uree hcr.vê app€ar@dn It, Ì{as eoi.¡ards these

ends th¿rt, the present research v¡aa dårect.e<i.

Before p;:oceedl.ng further i"t 1s pertl.nenb at thfs
st,age to consåder *he rneehanfsnìs by which nucleophtllc
subst,ttut,lons oeeur fn arematfc eompounds" UnLflce

arematfe elecErophLlíe subsb:i"'Lut,fono r,,"here hydroçlen (as'Ehe

proton) Ls the usual Xeavlng groLtp, hydrogen (as hydríde

fon) i"s .rarel"y displaced fn ar:onraÈ,J,c nucleop'hÍli.e substf-
tutLo¡r" Hydrlcle Íon aeÈe as a leav.tng grÕLtp {n nuc}eo-

phfllc subst,lt,u"h.i.on only Ln ea,ses wlìesù eonsiclerable

actfvatår.rn exfsts es J.rr the ntethyla'b:i"on of a:'omatJ"c

compounclc çvl"th the rrrethyJ.sulphl.nytearb*rrf,"o15 o I6 and

relateel carbsnåot=17 *rr.l In amfnaÈår¡ns of a:lornatåe ecnpounils

wåth h¡rclroxylurmfnel8o Nr-rfltreophflie si.r]:si:lt,ul;1c¡lts Lnvolv-

5"ng dÍs1:laeemen'b, of hydrlde fon are also know,n t,o occur

under o:ifclåe{ng eonelåtlons and theee are dl"scussed fn detafL
by Bur:nett and zahlerl9 and hy laltle *2Q , rhe f tr,st,

essent,:la.L featur:e for faefle arom"at,le n'.releophll"åe substi-
'cut,-ton 1s, 'ë,hereforeu a sutrta]¡le J"eavÍng grÕr1p v¡håch ean

1:* d.{,ep)Lac*cl eithelr &s a neutral n,clecul,e or ês a relat,åve-
l.y si:abl"e anånnn The mosl eeìrffirloÍr Ïeav*ng gröup$ emgrloyecl

:Ln are¡araEåc nuel,eoi::hLlJ"c suJ:st*eu'Lfon ¿rre tlie ir¡rlfcle åons,

althougi"r rìra¡xy o'Lher subst,ltu+nbe ar:'e sueeessfulo a¡rcJ so:ne-

t.imerä k;et,äer, leavång grorlprss

'fhere ere f,.r.rc prlnc:lpa.l mechanl"sr*s ì:y r.rr.rieh nçc.l"eo,-
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ptrilic subst,f'cuf lon oesurs fn arema{:f e comS:ounds r

( 1) Lhe add:t-f:lon*ellr'¡ånat,f on (AE ) m.echanf snn, (g[þ- +l,U-'-qg) ,

r"¡håch is favottred .,vhen srri"LerÏ:Ïy orlent,ed act'lvat,fng

E],ioups are presen{:u and

(2) the elirnfnat,lon*a.c-1tJJ.t,1o¡r (FìAr) nteehanlsmu (X!åg å,:Æ,9),

i¿hlch Ðeeurs fn tl:e prês€nüe of s'Li:'orrE baees whåeh

general.ty also aet, as the nue.k:ophfle,

The ffe+IcT of aroma'cÍe nr-rcleophl.l-.1e "qubst,ltuti"on has

been well revl"ewecl for reactfons oceur-rI¡rg by }:o'Lh the

ar.1cïft-ion*eLårnina'b,Íon rn+:chan.1$nl9-25 ancl f or react lons

oecurrfng by f,he ellrn{na't:[on-.acic]Èt,å.on mceharr*=*26-30.

The mc:st extensf've n'ovfevs deallng princS"palJ-y wl.th eub-

st,i"brr.þ,1o¡rs oecurrlng by t'?re addltsl.on*e.ll"mlnat,ton

meehanlssn ags those of Bunn¿+t,t. anrá ËahL*tl'9 ancl of

tqi.lLerZO enci tlrc; mt¡sb ext,ensfve r:evlew of sulesÈ-i.€utlons

oecn¡lrån<J by blie elj"ml"natl.on-{i.ddi"t,j'"on mechar¡fsnt ls that,

of Floffm*rrn26o J\ recent, re'vlew ceaJ-J.nE v,"Íi:h nueleoph*lie

s,:uhstÍ"tub,fon reactÍone¡ ar:currincl b:f beth meehanl$rrts and

also ptrotr:nneS,etrphf,l"fc E;rrbsÈi"trrtåot:r reaetÍoire f"s thal: by

pl"ebra4on ünly a hråerf <ìls*criss:ton of t,he two rilechanfsms

ancì thei"r prånc:1pa.l- features weiul-d app€ar pertånent, Ln

ttre }:.rle*eni: dås:eussis¡rn

Nueleopiri.i"åc eubr¡t,lt,u"tlorl $.n ar<¡matåe eornpouurrls

occllr$ by t:,he arlrJå'f.l"on**l"S.rnl"natj"or¡ rnechanf.sm when

st¡i"'[--a]:Ïe eJ.ech,sçn-wåt-hdi:airJ,nE su]rr:f,í*uren'þ,er are ,s1{:uat,ed
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ortho- or para- to the leaving group in the substrate"

perhaps fhe most famillar example of thls type of substl-

tutfon reaeÈ1on fs the rnefhoxydechlorÍnat,ion of l-ehloro-

2o4-dlnlh.rol¡enzene røíth methoxlde lon and th{s fs a

suitable reactfon go fllusfrat,e the pcrÈhway of f:he addft'fon-

ellmlnatlon substít,utlon meehanlsm ln generalu The

nuelelophfLe, methoxÍde fon, at,t,acks l-chloro-Zt4-dltrttro-

benzene ae C-I (geheme 2) enterfng from above €he 1:lane of

the arornatÍc rlnE formJ.nE Èhe resonance st'abflllzed lnt'er-

medfat,e {13e¡4¡f3b) i.n ruhlch the orblt,¿r} hybrldlzatSon at,

C,-l has c¡anged frorn spz to sp3. There 1s ampLe

ct CH ct

NO 2
r€!----Ð>

Noz

(l3a)

N+
/\-o0

eH^0,!z Çt

\oE

o-
- ct-
.d-"+'

cþ13o

l{0a

FI0eN0z

( r3b )

50t"{gî'1Ë 2
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23evtdence that, t-he s¡:ecies (13) ls an fnt,e¡:media{:e l.n the

reaetåon and not, merely a translt,Lr:n st,aùe" Itrdeec-1r nìany

cemp,runds wff:h sërucLu.res analoge,us to that, of the epeefes

(13), the so-'cal"led i"feise¡rhelmer comple:ees, have act,ually

been lsolat,ecl as crystaS.lfne sal.ts or have b:en cleteeted

by spect,roscopåc methods3r'.32" T'he fc¡rma?1on of

Hetsenheimer r:oinplexes uncler the cÕnclft.Íclns generaÏly

ernployee3 for ¡n¿cleo¡:hi.1$.c a:rc¡natJ.c strl:sbli--uLion ctroes not,

however, prove the fntennedlacy of these ee.t'rplexes ln the

srrhsÈl.Lutlon reactfon lir-rr*- does ç;rovfde excellent evl.ilenee

that they may p{:rrt,leJ"paÈr: as fnt-er¡ur.ecila.àes i.n the react,fottu

EL;Lmånat,i"on of r-:hlcrrj.de ton from the int,errnedtate (13)

gtve,s 2, 4-c15"ni*roantsole u

Subst,ftut,fon by'b.he adcli,t,tran*eÏlmfnaÈfon mechanism

1s a two-st,Ðp ïrroeess invoÏt¡Íng 'i:wo transftfon s'g.ates and

an ånr':ermeelj.aie of scme stabl3.ft,y, El'b,her tire flrsÈ o¡:

the seleond step may be ra'he det,erm.i"ningu Ï{cl"¡everu wl't,h

good lea"¡fng qrîrups a¡rcT rvlth good nue).eophlLes f:he fÍrst

st,eipo a't:'f.aek iry the nuc.Le*pht3-e ou f,he aron¡at,l"c conrp"sutrd

t.o glrre an lntel:;medfate analogous bo the speclLes (f3)n fs

gerreralJ.y 'e,he sl.o*¡r st€pa ln ease,Ê where L?:,e fl"rst st,ep

:Ls LÏ:e t'ate rlc+Lerr¡rlnlng *tep th"e reach.lein ft:}lorvs si*r1>le

seco¡rd orcier }<årreti"cs o 'fhe f ree*ene"rgl¡ tr)rof ål"e f <¡s sueh

e, Er:r¡-:,':t.Èlln Ís tl".i"us'Lrat.'*il fn ;*'"f9, 2n Nc¡t, el} s'*ibstråi:ut.foirs

oçcurråtìlq by th$ss mechanåElm ¿åre ä.i-ì st,.raigirlt forward ap: ül're
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s:!.rnple deserÍpt,íon glven above ancl a range of mechanlsms

may be posstbì-e, <tep'endfng on the number and type of

ac'E,iva'hl"ng groups pre.$ent, the nat,ure of the nueleophlleo

ancl the nature of ttre leavf"ng groupo NucLeophlLle

substitut,ion by the acldåtfen*elj.mtnat.fon mechanfsm often

exhl]ri{:s l<fne&{cs ruore eomp}ex than the second order

kfnetics nrentionecl aþove and 'b,his fs part,fcuJ"arJ-y t'he ease

ç¡hen crmånesJ are usecl as the nueLeophlle'
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T.t:e most. cÕmmon lear.rj-nc¡ groups in a'ro¡latic nrrcleo-

philic su]¡stitr-rt,ion, and thc':,qe of particr-rla-r importa-nce

1n 'Ehe presen{: tr:orku ð-re the hali.cle ions" 'I}re rate of

the subst,ii--u'b,ion reactloTl i.s ferund t'o dr,:¡:encì otr t'he Ïlature

of the l"ralogen r-rrlecl arî'Ehe J.eavíngr gror-l,Ð elnrf, vl5.t-Ìr nucleo-

ph:i-les for r+hieh the ntlcleoirhil"ic atar¡ is 1n t'he first'

hcrizon'b.al- rov¡ of thcl Pcricclic T'a.ble l-ire rä.fe of s¡rr'bsti'-

'b,rrtj"on :ts for-rncl to be fn tl're o*.l"t2Ott F >

A:ry group v,zTrie,h ís a.bte t9 f<1rn a reasona'bly stable ¿r'nlon

iRalz fr,r4ction as a lea.r¡j.ng gr6l"tp So {:h¿ì.t a.lko,nry g7:O1'1ps, alsc:

clf -irrpo.îbarìce in tho r*¡resent wc¡3:kr may nl'so Serve tìris

p]-trpoËe" Many e¡þrlü su-Trst,i'buents may a1'so a.ct a$ l'ear¡ing

gro1rpsl and are c]is-icuss+:d in clct:a.iL by ìSutlnei:t' and Zahle::l9
-t"o,.

- i'.! 20
AnCl .i)Y' .L-itL¿-1,r:lY"' o

j\ 
. 1-n.:: g+n nu,m]¡rr of e le c-¿ r"on-vz j- tlidr: awi.u g suÏ¡ s'-c. j-tuen'b s

ín the pr:s:[t-ions Õr[hÐ-- anci p¿.ra.. L6 tfie lear¡ing grol].Il may

act as actirraf:Lng gl:or.lpF; frrr nucJ-cophi,lj"c sr-ibstitr-rtj.r:ns

occjlfj:rj.nq by tire acìdj-'hlon-clj.mj-ne-tion neChanism ancl are

cli-r,'eussc-.cl írr c1e'Lail by l,ii1l"et201'" Relevant to r'-he

i:resren'h lv,:>rlc arr¡ I.4i-Ïlerrs Cjlass 3 *rrb:;tit,lr.cnt.s20cn \:hr.¡Se

olecf.::-orr*ii:l1:hiJf.'r-w:[nçf su.J:n.t;.ii:r-r.,+n1:.t r.;hi.c1r harre mu.].1:.i-f:tly

br;n,i*U æ.toms cr:rnjuc-fatecj wlt.h. {:.he arorßdtt1j-c 5'j.pr; aild ¿r}rkl

.t-o tli.'hh<'1.-farv i:l-eCtrcns ffor,'r 'i:.he Sib.e ci:i ¿r'bl:aelc by *he

n'ucIeol:l-ij..l-c.:n- '¡12pLce..1- oii.åÌr-.Ì:)J-Élí;t +L L''her+tl ci.T:'3lrps a'rÊ t-'he
* ..Q ?.4

n:i.t::r:o {*xgi ), 'i:he rir:y')- {-(r( ), i:hr=¡ c\,-'¿-1,i1t} (*c'æx}, and\() =iL
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the nlbnoso (-N=O) groupso Þlhen theE;e substit-uen{:e are

sftr¡at,ecl ortho* or pÍìra.* t,o the leavlnE group they are ab).e,

by .rlrtue of thelr -M effer:ts, t,o wft,hclraw el"ecLrons from

the eite of nucleophll*c att,ack" Tlhe act,lvaì:ång lnfJ.uencê

of these grÕups depelrds¡ Ðf Èourîsep oo bhe magnl"tucle of

the "-M effect-" Ii: Ls four¡d for the fr:lÏowing subst,ltrre¡rts

fn hhe para- posåtf.on tha.t, 'L,he acbi.r¡aÈton for react,lon of
'h,he aryl ehlorfde -L*chl"o:ro-?-nftro-4.-X-bensene v¡åtlt metlt*

oxlde fon ln methar:ol ls fn 'Lhe reLative o*.1*t2od Nol>>

CoFh > eùt{Hâ" ÞIii:h act,fvat.lng suhst,LtuenLs ln the 
L

z

posft,lon ortho* t,c¡ the l"eavfng grollp speeS.al pr:o:cimlty

effeets often eome lnt,o pJ.ay ancl har¡e consfderable effeef.s
;

orr the ra'be of react,tono Ti"lese pr*:<frn,lty effeets lnclucS<:

reïle:f c¡f steric s'Hraín ir.r fo,rmaiS$.on of the ffrs'c trans-

åi:i.on s'¿a'b,eo whlch cloooJ-y reseml:les tlie l"irt,ernredåat.e

f,,ypåfåed by tire speeies (13), and st,ahÍl"isai:,l"on of tshe

'crans;!-tår:n st.at,e ì>y hycirogen bondfng or ån'þ.ernal- solvaE,lon23'
33t34t35 v¡*gh f,he ortho- aet,åvatång gtr.rrlpo Thfs }att:er

cffeat i.s part,leuS,ar}y rnarked in the reaetíons erf, pr:trnai:y

and secondary arnfires wlb,h oEtho- subsL:iltut.ed substratesu

Re1fef of sterlc.' s'b::ain 1n peieÍti.ons remo-ce fr,pin the si't,e

af nucl.eoi:.h*l-icr a.tt,ack ?ras also Ì:een :T*utrd Èo ítrfl"uence þhe

.raEo ¡¡f noact,lon36u ln eases wï¡ere no speclat sÈerlc

or hyclrorJern bonding *ffeet,ss iicfllr v¡fth the e:î'rhrJ* aef"Ívat:-

itrg group i'T: j.s gi:neiral.J.v fmr¡ncl that, ¡:?¡a Ejame c;ri.bst,l.t,uen'l:
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has â grsa.'ger ac'ti"vating influence .|n i:he p.r.ra- pos.tt,Íon

Ehan j"n the ötrt,ho* pcsltåonu 'fhfs 1e atllrå]¡uÈed to the

greater conJuga.+";Ívb effec.þ oi ttre srrbstÍtuent, Ín ùhe para*
2OeposÍ'c3.an*-- " Trì cases rvhcrre '[,he induci::lve ef feeE, *s

more fmport,ant tÏ:an tÏ:e mesomr,:rfc effeet- a su-rrstÍtuent .tn

the ortho* posibion has tho greelter effect,2oen

Havåirg clåscussed the prfnci.pal featrÌ¡les of asonatic

nue3.e,:phi lf.c s':lbs f,ltuÈ, lon Ï:y the urid it, åon*e J" inti"n¿ltÍ+n

meehnn5,,r¡nr fe 1s nerw pe¡ît,frìent t,e¡ cc.r¡lsider the fnJ:htence of

the as:rådone syst-.em Ð.s an aret,íva'btng group i:r 'chÍs Lypel of

subet,J"trrbi.on reastlono Às shown in {:he eano¡lleal fo:rrns

(fe) and (If ) (seherne i") whi.ch con'cribut,e t.o the s'*ru{:eure

of acriclù.ne {:hc+ rn*;somerlc effeet, of-- 'b,he acrldc¡ne eä.fbony].

group lor'¡ers tt¡+ d*electren cl+:nså'ty at, the L- and 'Lhe

3-poe$"t,ltÍìso J\s st.afed prevf.ousJ-yo tÏrese ¡:osåbfons are

e:eg:eet,ed t,o Le the sftes of a'bt,aclt by nuclecphS-les' The

reac'Bion pletlrtaay for nucleoSrhj"L.tc sul¡st,ftut5.on 3.¡r the 3-

¡ios$.t,ion <¡f ¡r 3-s¡rl:st,1tu''u,*ct 10-rne'r,iry-l.aerlclcne 1s iLLus'b.rated

i"n SeÏrerue 3o 'I]:e ån'bermee'lla.'be {f4) ås analogous to the

lnte::ni':dla{:e (13} l"n t}re in*fhorq¿dechlor:Lnai:l"rrn of l.-c}rlpro-

2 ,4*cii.rr:! brsbcnre¡re ( gcher¡e 2) 
"

hTucleogrhålLf,c suheì:l'e,ìjti:.icn .:.i.n the J-*p*s:i.*Íon of

l*suhst,åtuLed aeriel,enes ficstlrs by a tr)ah,h¡way airalogou"q tö

thai: sh{¡v,nr fn Scårero"e¡ 3 and i-ilvs.l"q¡t¡rs i"nte:rtnedå-ai:es bypiff.e<i

by the genernrl s"i:.ruce,ure (15)" The acrJ,<ione ca.r'i:onyl.
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grôup 1s essentially a subsLftuent, såtuatecl ortho- to
tÏ¡e 1-pos5"t,i.on so that, the speeial proximlty effect,s

mentLoneel above may lnfluenee the rat-e of subst,ltutÍon

( 0

N

,rt
\" {-v

3

N
II

CH cHs

(r4)

CI

f

I

CFI¡

SOHEME 3

d xY

ru
I

EH
3

( 15 )

ån thls posit,ion" Ie Ís evldent Èhat thle oeeure from

tìre react,lo¡r of 1r3-dfehLoroaer.tdoi:e (,2) wlth the prfmary

arnirre (4) rnenÈionecl previorrsly lEhei:e subst,J"tut,lon oeeì.¡rs

exclusl"vetrJy JLn bhe J"-poslt,lonn T'he a<:{:lvat5"ng effect, of
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the acrl.dr:ne earbotryl Eroup .lue t.o ít.s -M effect wçul"d }:e

expeet,ed t,o he of stnrll"ar nragnftude ån bo*}¡ the L- and

3-posJt,åons so i:haf 'khi.s qreatly enl"lanced relatÍve rã¿ge ef

sribst,lt:ut.tan by primary arn5"nes ln 'h,he l-poslb$.c¡n rnust be

due to one of the prax5"m:i'b,y effects nnsn{:ioned aboc¡eo T}rls

r¿rrest.k:n of specS"al ortho* aeLiva'i::N"on Írr the reaci:f.on of

l-sr"th',si:it,uted a{:rfclcnes w1'Lh aml"nes wi"l"L T:e cÏfscuEsed ln

more c3ebail Ín P¿srt, IIo

?ùe nCIT^7 cÇrrle üo the quesLS.on of the rnagnit,ude of

the aet'"fr¡at,ing effeet, of the acrfcïone system cln trueleo*

philíe subsbÍtut--åc¡n i"n the l- and 3*posf.'kloflso fhe

acrfdo¡re c-'¡rrLre¡nyl grcl:,p cerftec under l¿f3.I-er¿s Cl"ass 3

aeELva*,ånE substtl"tuent,s wbJ.ch have been' dfscussecl aboven

IÈ, ls therefore of li:terest, fo eomp.are ftre acElvat,ing

e¡îfec€s of the ac:ridone car:betnyl grtl?.F vlft,h those of o'ther

Class 3 subs'cftu.r:nLs" f)rre to resonance of 'ilhe type

(Ìaç.->lh) (scheine i") the eleerYror:-+¿åthilraw.tng effect, of

the acridone earbonyl gror,rp fs sönle'v¡hat, redtteecl eompared

t,o the elc+e'ernn*r,;i-thr-lravrång effer:t of 'bhe carhanyl grÕup

iil, Gûyo h.enzophærtÕne vrhere thfs tlæe of resonanee does ¡ro'c

Çr?Õuro TÏ:,ere J-s considerabie evidencel'b'37 tïia-h a

sJ.gnlfi-eranb proport:ton of i:he zw-lt,ker:lenfe q:anor¡:Leal form

(ff¡ eonbråbutes t,o the se$ftÍìânce hybr:ict ef a#rfdoneo The

aebl.vating effect, of: t"he acsi"dr¡ire¡ earb*nyl group wauld,

l:heref o:ee u inöre cl.r:se.i"y re semble that, ef the a.nri"de grCILlp



-20-

(-coNrIZ) ttran that, of the aeyl E.rÕup (-con)n rndeed,

acrfdene ean be regarcled as a vfnytogous amldelco38.

As has been rhen'b,tronecl al:ove the aintde group ts a vJêak

act,ivat,tng sr:ri:stltuent, for nucl"e,;phl}íc nuÌ¡st,ftu'bi,o¡r and

is rveal<er than the acyl group aRd '¡e¡:y muc?r rvea.ker than the

nltEo grroupo It, follorøs t,?rat, Èhe aerldone carbonyl group
be

would also be e>cpeeb,ed t,ö^a weale activa'bítrg group for

subsi:ftutfons oecurring by the acidltfon-elJ.mfna{:ion mechan-

*$mo Thls fs borne out, by the result,s deserfbed 1n Lhfs

thesis v¡hereo fn inany cases, alternatlvo :leacLlon path+rays

com¡:eèe r+Íth nuele<,rphå}ie subsef'Êut,lon ån 'ttre 1* ancl

IJ-pr)Slr-LOÍlS o

one further: sfte fc¡r at,t,ac!< by r¡uclc¡ophfles is the

acråclone carbonyl gror?po This çv-fl-l fomn t?re specS.es

(J.6) fn a reverstbk: reaetfon whfch will ge-'neralJ"y 3"ead to

no ci"range fn the aer-idone molecule " 'Ii:i"s ec4u13i"L'rium

x0-0

F{ -â. x- t-tln

iq
I

CH

N¡

I

C.H
3 3

{ t6 }

fs nct, esÐ,abl"l"s;hed vri'b.h hydnoxlde lon slnce "che carbonyl

oxygen o:t' ¿rcr$-clone J-s no'ú excl:angecl r.¡:[th o
. 3.c)r¡yc¡rÐ:(l"(le lon o

l" rl*ÏaT:elled
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Theot,herprllìctpalmechanfsmby'.vhlchnucleoptrl]".tc

eubstitut,fon occurc In aromaü{c compouncle is t'he
I

ellrnlnat,ion-addtLfon (or arlme) ftieehanism. In subst'1.-

tutlons oecurrlng bY thts process ttre Rew suþst'J'trrent ls

for:nd nob only in the poslt-ton orlginally oeeupJ"ed by the

Leavlng group but also ln the posit,lons orÈ'ho- to t'his

siten Subst,lt'utlons of Lhls Uype result'1ng 1n re-

arrangement, to the orr':ho-posft,Íon are termed I s!¡"¡s-gsþ-

st,Ítutfoilgr"Nueleophittesrrþsti't'utlonsbyt'hismeehanfsm

requfre the use of, a strong baso and, fn t'hls fnsÈance'
to

occur only 
¡rhen 

hyclrogen 1s adJaeent,nthe leav5-ng ÇËÐüpo

Thfs reaction proeeeds for aryl, haLldes by elåmi.nat'íon

of hydro,Ten halfde to gílre al1 lntermediate aryne (18)

(seheme 4), The nucJ,eophÍIe {B-) I or the eonJugate acfd

_ff: + B-
j]*r R

(17t

+ BþI

B
BH

¡qR

(18)

,\ k2\

SCHËÈ4Ë tY

R

(19 l

+
Ë

i20)

B
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of the nucleophlle (ng), then attaclcs aÈ eit'her end of

the formal t,ripJ-e bond of the arlzne givlng the unre-

arrangecl produet, (19) and the rearranged product' (2O).

Ortho- and para*subst,ltuted aryl halldes form only one

aryne and may lead t,o two substltut,ion product,se Met'a-

substltutecl aryl haLfdes form Lwo arlmes (Scheme 5)

w-hieh 1n turn tead to 'b.hree possible srrl:stitutLc¡n products"

Subst,ituÈÍons of Lhls t:æe may be divåded J.nt'o t'wo

R

B

RB- 'ã-ì\
BR

X

Bþ{

R

B

sTHEMË 5

dIs'b,fnct, proeesses, f5.rst elfrolnatLon of hydrogen hallde

vía the carbaníon (17) t,o gtve the arlnl'e (I8) andn

second, additiop of the conjugate acfd of the baee ot t

indeedn any other nucleophJ.Ie present, to the aryne t,o gLve

the subst,åtrrtlon products. The fact.ors affectlng these

tl+o proce$ses vrLlL be briefi"y clLscussecl separabely"
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The flrst, fact,or that, will be consldered l"s the

nature of the baseo Sinca aromat,ic hycJ.rogen is only

vreakly acidl.c strong bases are recfufred. Thêse include
o"rganometal,l-ic compfiuneJs such a¡: phenyllJ.thiu:m and bu{:yl-

li.thium and the met-al amides such as po'tassamide, J.ít-hír-rm

piperirSl<,re and lithiurrr <lfethyJ.amfde" TÌle reacfions r¡rith
ÈJ:ese bases are EeneralJ.y carried out, fn eBhereal sorvent,s

oÏ:, vrl,th the met¿rl amides, i.n the free amfne as solvenL.

ÂlLhough phenyJ-lithårim 1s far nrore ï:asfe than the dla.IlcyJ.-

amídes t?:e latter hases are found eo .re¿Ìctr conslderabJ.y

faster w:í.tit J:.romobenurlne tÏ:an phenyl]-iUhiurn4l, ThIs Ís
attrl-butedr 'bo assåE;t,ance hy the lone prr_fr af elee.hrr:ns on

nft,rogen 1¡r removaJ, of ,L.he prot-on as ,ghor¿n tn formula
(Zr}Lr" Rea,ct,åon or åry). br.'c,ïnides wj-Èh dj,alkyrarni<les ls

!-t H rìí

L¡
tl

-Li-*- N',\
(21) . Í??)

ohserved to be cata]"yzed by t1":e free ¿unfne anrt .bhe Lrans-
Ít,:lçn state tor ir¡ts assf st,ecl rn"*eåLat in*, rs ,¡iùrrar:rzed

i-n formirra (22)4ro The met,ala'¿:ion of ar:yI iratÍ<Jes rs no.L,

suhjec't to sevr:re ster"'lc requ.-1rr*men'È,s neåther frcrrr .Lhe

starrdpofnt. of the sr¿h,stx'a{:e4'2 nÇr e¡f b.}¡e rne'c.a1at,*ng og*r,L26*.

The most, coirdnrltì Ïeavincy grîÐups i_r¡ el"imj.t:a{:ion.-

)*<
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acidi'¿j.on s¡.r.br¡tit.utåoir reaeflo¡:s wÍth st'rong bases are the

halfde íon.s althouç¡Ïr other leaving groups have been ueed

ernd are dlsc¡issed l:y Hoffmann26u The neture of the

haJ.oEen will- affc*e'[, two steps :Ln the react'lon (Scheme l"),

f orrnatLon of ttre o*halogenoaryT anåon ( T'7 ) and- f orrnatíon

of €he ärl/n€ (1s), .Ihe dl-fferenf, halogerrs are bxpected

tc¡ hav'e opposing effeets on ench of thesEr prcëêSgêse

Fj.rst,, fo::ma{:ion of the eöìrÏl6¡nflÕn (17) tnvolves rent'¡va}

of a proeon fro¡n the e.ryl halir3e by eltt,acl"- of t'he strong

J>ase from r,rltlrfn the ¡:,Ïane of tircr aromabie r.iFt$o The

aeldÍ.Ðy of the or'eha- hydregen depends cil Lhe elect.ro-

negatlvíty of the adjaeen* halr:gen Ëo Lhat the rate sf

format'íon of t'he carbä,n1on (17) from t'he aryl l:ai"íde ist

Lherefore, in the orderz8 ¡l > CL > Br >'In The seccrncl

s1;ep fnvolves loss of halíde io¡r e*ncl thre expected seo¿uence

for this prcrcess l"2B ï ) nr > et .;l, Fn In the ease of

aryt flurorlcles kI (Seherne 4) ís very much greate.r tltarr kt

eo that these compoupcl,$ very rapÍdly e:cchatnge ortho'-

hy'<irogen bu'b. only very slowly form 'Ehe arylxe" W.l',;h aryl

bram,l.cles ltz f.s considerably greater than le, so that

farmatfon of the arlme from thes¡e co:.npounds is a near

slrnclrronous proeess. AryJ. ctrlorideÊ¡ are interniediabe fn

reactivity and the ar5"as forms fn a dlstinet t'vre-st'ep

process o

ülhen arlmes a.re generated from t1re ary.l hallde
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with a sgrong }¡ase as descrlbod abowe the arlme ls
formed J.n the presence of a strong nucleophile with

i¿ÏrÍch ft rapld.J-y reactsn frÍs present,s l"1t,t,le opportunlty

for st'udy of the reactLons of arynes with e¡t'her reagenùso

Numêrous methods are avaflable for the generat,ion of

arlmes fn the absenee of nueleophi.tesz6 enabling the

reaetions of arlmes wft-h reagent,s such as dfenophllu"26

to be studfedo However, Lhfs topic 1s beyond the scope

of the present, discrrssfon.

The final step tn nucleophfJ"fc substitut,ion by

the el.fminat,lon-addi"tton mechanism 1s ad<lj"t1on of bhe

nueleoph5.J"e to the forntal tr5"ple bond of the arynee

Nucleophllie anLons such as dialkylamides aEt'aek arynes

È,o glrre the carbanlon (23) whleh on suÌ:sequent prot,onat,fon

gives the substitut,Lon product,s. Tf {:he proton of the

Fl
* -run

lp
2+R

NR

6+
h¡R
I

t"4

-¡-? +H'__Þ R

NIR 2

fr

(23)

I
R

12î" )

?
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conjug&Ce acid of ttro nucleophllfc anåon, tho free amÍne

ln the presen'b exampJ.e, :ls suffJ.cJ.eph,ly acådj.c tlte cr-rmpotrnd

wÍII acld bideneally26b *,= itluse,rated j.n for¡rru1o. (24') 
"

ït has bee¡ *hor*43 that, bo'hh Lithi.um pi¡>eridJ"ele and

pfperådine acid bo 9r1CI*pher:an'b,hryn$ ae sf¡nål"a:r ra't,eso

Therefore, ln subst,itr,:t,1e¡ns carråed or:t. v¡íth metal amfcles

i.n the free arnine ar! solvetrt, Ít, :ls probably mainly tTre free

amine whfch aclds to the årynsn

The additi.on of ntrcleophi.l.,rlsl t,o arynes r','hieh

are nÕt syrnmr:t.rÍcalj-y sr-rbstft,utecl rEåt,h ^respecf t,r¡ the formal

tr$"ple boncl l-eacls 'te¡ two su'bct,i.'Lut,ion procluet.s (seheme 4),

The trvo products are getreralLy no'b, found 1n a et,atis'bieal

rat,io a.nd one of Lhe tr'¡o íscmers predornfnaùeso The

cllrect,lon of addition of nueleophl"Ïes to srrbs*rtuf,ed ¿irlmes

fs foi¡nc? bo clepend on the natur¿a of 1:he substltuent, present

ancl the subst,ftrrent, effect r:an tv: errplained on the basÍs

of eleeb::onic effeet,s, Sfnce rihe *rbita.lç¡ of the forntal

t,ripl-e boncl at, i'¡h*cir t'he pt:lar aqiLlj.hÍon c,cetuîs are ortho-

gonal t.r: tire aronl;r-t,ic t(-systemn as shovn: ln formula {25),

tÏ:ie major lnflu<*nce sf the subst,iturent, 1s through ft,s

fn<lnc'l,ir¡e effeet," The influetrce of sr-rbst.ltilents wíth

0
Ä

t)

r ?5 )
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clifferent lnducti"r¡e effects on t'he ci-trect'íon of addLtfon

of nucleophiles t.o substftutted arlmes is sumrned up by

Robert.s u rule44 which ls llLustratecl diagramrnagfcally fn

Scheme 6n Thj-s substj.tuent, effect' is explained in terms

R

R

Nr..l .'

NþI
¿

R

NF{
2

NHz

sci"tE¡.rE 6

of polarlzaglon of the formaL triple borld of the arlme by

.b.he snbstituene as shown in formuJ.as (26) an6 (27)26et4s"

The nucleophlle att.acks the formal trS"ple b,rnd at' t'he site

0fÞ(J

hH
G t¡J
UJ

5i
9@<<l¡- Í

eI
*tlu-
¡ trl
tlJÉËi

9ur
dqrix

R

1 IE-
5+

5 +
(-I )

R

(26)
(+I )

R

6-
(27 

'
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of lovrer elec*;ron density" An alterna-tJ.ve hypothesis

ec¡irsfders stabfl-lza.t,ion of the carbanlon (23) by the

inclu"ctive effect, of the subst,ítueRt.. ¡lccording t,o this

er,plani+tion ttre n'.ore acldfc of the two posslble prodr:ets

preo'ornina'ces26dr44" However', thfs reacLion ls more likery

t,o be kinetlealJ.y than thermodyne:rnfcally con€rol.lecl so

{:hat bhe forme:: expl.anah,ion is fa.vouredu Althor"tgtr both

hypothc+ses s,:tfsfactoríJ-y explain the directåon of

aiìcjit,ion ln carbocyclic arynes only f:he former hypot,hesls

erçJ.ains the elj.recLlon of acldftion in heLaryr,**?6t"

The nrrcleoph.tlicS.ty of Lhr: attaeking recr-Eent, aLsc>

c'iete.rmtnes t,o a mÍnor clagree t?re 1:roelucu, r¿rt,io otr acicìtt,ton

of nucleophl,tes t-o sui:s'Li.tuted aryrr.u26*o The si:ronger

tþ* nucJ.eophile the more i-Í!<ely lt, ls to react on t.he

f f:rst encor-rnLe r?6e r¡¡hleh rvlll shi.ft, the prr:cluct rat,fo

t,o+¡ard.s the sh¿ìtist.ícal va1ue, Steric effect,s on the tsome"r

raÈ.Ío are of litt,l.e import.arrce and oceur cnly in e>rtreme

26ecclsês--*o 'J'he dírec'hte¡n of addiì:l.on cf rir-reiLer:phJ.les

depends" tl"lerefore, primarlly on the inriuci:lve efJies'ï: of

the sr.rb,çtituento If the arlme cont¿rlns trçsr suÏ:stitueni;s

the lndu.<:t,iver effects are addÍtlr¡e and the esmir.Íned effect

det*r:mfneis 'bhe cl-Lrectfsn r:f acidif.!.on26f' "

The forma'hion of aryzìe$ i"s nc,e restrieteld to

carþoc]¡eÏic arornatj.c eomp:,oirn<is btr"b also Õcel'rirs ç¡åth hetero-

cyeïic compor:ncls, r+here t}¡e aryne .í.nt,ermedt;¿t,es areì kncwn
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as hÊ)t,ar:mes" The chemj.skry of hetarynes has been vrel}

revl.ewed46r¿r7. Alf,hough acridone Ís regardecl as a

hetseroeycllc compound the acrldt¡nynes, where the forrnal

i:.ríp1e Lu:ncl Ís ln bhe carbocycl-tc ring, are L¡etfer

co:¡sj.dered as subst,ltuted ca.rbocycl-ic arlmes than as

heta.rynes "

'/Ihen the s.t,rong base used fÕr reaetlons proceed-

fnE by i:he aryne rneehanfsm Ís also a good nr-tcler:phÍ1e, as

is Lhe cë!-se v¡itÌr the me!.r*l a.n'rides, then suÏ:et'i'b'utfon by

the adclj.t,Íon*e}j.mínatfo¡r mechanfsm rnðy becone a compet'lng

proceí3.q" The unrearranged protluet mäv, Lhereforer be

derived fro'm both elåmfr:raÈ,lan-aciciitie;lr and a<1clit'1on-

eLlmi.na9ion sub*:ti.tut,fon mechanLsfits ¡

Tlre mafn feaE,ure of reaet,fons occtJ-rrtng by {:he

etirnlnat:r,on-addition meeh;n¡ri.sm 1s the ûceurrence of

pfoducts derfved fronr Cine-sr,rbstit,ubion" Hor,vevert'hhe

occurrêReè of ej.ne-srlJ:s'b,itutíon 1s neit, rest'ricte<1 t'o

reaet,ir:ns; oceui:rhrg via 4.3":mes" Öùher irase cat',alyzed 're'-

achions inr"olv*ng cfne-suTrst.i-tutfon are t'he Srniles and
I

Somnre.Let. ï:earrangieinenfs anci the vÕn Rieht'er react'fen r^¡Trleh

hat¡e been revf,ev¡ecl by Shf,ne48. These rear-"ra,ngements ¿àre

nog Ï.e.l,i(hecl 'Eo thn 5rf<'1,'-+en'r. lçO,rkn The -u"ear.r.anEernent' Crf

trlhalager¡o'i:enzenes',vith sc-darnicle arnä pat"ass:fum ani"J.-{de o

r,¡Ïrich fs al-sc rer¡i.er"¡eci by Shfnetl8, is rnore elo**:J'y reLat'ed

'bo thr* presellb il'Ogko Ci.Trer r.:fne*subst'åtuhlon react'ÍoRs
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are revlev¡ed by rleera4o and fnelude t-he reaetfon of 2-

bromobhiopllene wlth potassanrlde to gÍve 3-amino-

thloplien*49 " Although thís reactåon occurs under

conciftåons in whlch arynês are usualty formed Ít hets been

shcv¡n that arynes arê not lntennedi.ates ln tÌ:1s subst,i*

tution.

Rearrangements 1n which the fncomÍng group has

been found further removerl bhan the posi'L,ton ortho- to

the site of the leavlng group Ìrave been observed in some

Ínstanees under conditfons where arynes are normally

forrnedo Thus sone 6*a1ko>q'-2-bromopp:5"dines have Ì:een

found to react with pot,assamide in animonia givlng the

6--al.ko>ry-2-aminopyrf dlne eintL the 6-a1kox¡¿-4-alnino-
50pyrídÍne"". The 113-rear.'rangement formlng Lhe latt:er

conçound has been {:ermed rtele-su}rst,ltr"rt1onr ancl a

possible intermediateSo in thls rearrangement, f.s t,he lr3-

detrydropyridine (28) 
"

RO

( 28 )

Tt¡e chemistry of 113- and IrA-dehydroaromatlc intemrediates

has been revlewed by Hoffmann269.

The halogeno-acridones woutci be expected bo react
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vrith strong bases sueh as the megal amides 1n a dÍfferent

manner ciepencllng on the nature and posl.t,åon of bhe

halogeno Since the 1- and 3-posit.fons are activat,ed by

the carbonyl group substítution ls expected to oecur fn

Ehese poslt,ions entirel-y by the additlon-ell"mínaLlon

nechanlsm as thås pathvray r.rouLd be expect'ed to have a much

lower aetivat,fon eÌìergy than'b,he ell"minaffon-addit'ion

pathway" Only the 2- and 4-hatogenoar:ridones, excludlng

the fJ-uorer compounds, would be expect,ed to undergo subst't-

tr-rt,1on by the arlme mechanlsmo The 2*halogenoacridcrnes

(?9)

t,
- NRa

( 3t ) (31 )
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(zg) are able tr¡ form truer arlmesu Èhe 7.u2-'acrldonlme (30)

ancl the 203-aericlonlzne {3I) vrh*eh oubsequent'ly lead t'o

three subst.f'b.Lrt:Íon procluc'b,s (sichcltne 7) " The 4-halogeno-

acri-dones (32) can fo.rm only one ärlmee the 3o4.-acri.donlnre

(33), wh*ch may suÌ:seqtrent,ly glve two substftr"rt,fcn prclducts

(seÏ¡e¡ne B).

R F¡HRrN-¿.
-----i>

2

N
I

t3'

0

X

N

å,

( 32 ) ( 33 )

NRa

NRz

5CHËME E

fn €he p.resent, worl< 'bhe r*¿¿et,ions þ7ere perfermed

v¡iJ:h 'Lhe brornç:-.iO*methyS-acrfdene using as st,rotrg bases

po'bassarnide in S"iqurfd a.rnmoni,a-clim+:thoxyef.hane anci 1j"LÏ:fu¡n

piperfdfcie 5-n plperidfne and fn ¡:iperådine-di"methoxyethaneo

Wi{:Ìi t}rese reageni:s {:.he subsi:ttutlon procluct* are the anil"no-

anei pi"¡ro::l.clino*10-meLhylacrfclÕrrr--s respec'cirrelyo ltt v¡Õrl"

of this natu¡:eu wl'rere rei.lr¿'¿ìngerner¡ts may occur and $ome

procir.:*ts ¡¡.¿:.ir t:+l presìen.|: :i-n very ].,:r.¡ yielcìo :!"t fs i"mpo:r:l:a,nt,

to har¡e on hen<l samples of Lhe êxg,:<¡ç1¡sd protiuets ilß

+
N
I

H
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r.eferencc mAf:ey'i"a]-sn J:?r:T.' L,h-Ì.s r$¿ì.f3ffn Lhe aiai-no* end

pJ.t>, "iicìi.no*I0*{ltç:t:l1yl.acå'.idÕnesl,?ËÌ:(.) çiV'11'L:hês:i"zr'¡rl,
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PREPARATTOIq AND PROPT]RTÏES

OF THTI

I"1ONO'-BROI'{O-, AI"IIt'fO-r /SIl)

' 
P T PE RT DTNO- I O -.}ÍITT}]YLACRT DONE S

Gencral Principle s of Acrj.done St¡nthe.g;i.j¡

'Th*:re are tr^¡o âFproac"hes to the synt'hesJ"s of

sr.rJrst.itu{:ed acridoneso (}) by s:ubstit'ut':i-on on the acrldone

nr:c1eus and (2) by synthesis frcm suit'i'rbly subst-Ítu1:ed

precursors of the ac::Ídone nucleusn T?re lat't'er niet'hod

ha-s for.ind fltre greater a¡:pli"ctlL.-ton and t+as ursed in t'l're

prepara'b,ford of mos'e of t^he acrj-clones in ilhe presenf l*olÎk¡

The preparati.c¡¡s anci proper*j.e,s of the acridones have been

wel-1. reviev¡ed by albe::t:I anrl by A'ehest^Sf .

Thc; nrost usc¿ful general' method for the preparat'fon

of subst,l'L,r.rt,ed ecrfcïones ls by cyeJ-izat'icn of an appro-

pría,b,ely subst.itutecl cll"phenyl.ainS.pe-2*earbexy-Lic acid

(Srhe¡ne 9), t?re usgal- eycJ-izinr¡ agents being phos¡:Ì"rory}

c.:lnlori"cie ancl suJ-phu-rj-e aciclo Bo"h,h reeçieu'Ls qeneraS'ly give

3
û?ï-t 

3,
lo ?2 l.'
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rd
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süï{ËMË I



-3 6-

very hlgh yielcls of the acf lclorre o atthor-rgh sulphu:lic acid

somet.imès causes su3-phonat,ionr pa¡:t,lcularly when efeetron

relea-sing subsf-ítuentrc are present,, atrd Ín one tnst'ance

cycJ.fzatton with phosphoryl cþloride hae resultecl 1n

replaeeinen¿ of a nftro group by chJ-orines2. When phos-

nhoryl ehLoriCe 1s usecl as the c':ycllzlng agent' t'he acrldone

or i:he 9-ehl-oroacrÍdfne catr l:e obtalned Ì:y varyÍng the v¡ork-

up piîocedure o

A given aerldone ean ar:ise by cycl-Ízat,ion of two

clifferent, cliphenylatnir¡e-2-cal?holel¡Lfc aefds (Scheme I0)

<le¡:enclÍng j.n 'whfch rtng the subs!ítuent is sít,uateclo

co^l-l
¿

CT' FI

Í? R
2

hl
H

N
r"l

R

N
t{

stï"{EÈ4Ë r Ù

Cyc-Lf zat,ton of 3 ! -sul¡st ituteci d.i.pher:ylamine .-2 -carboxylic

ac:Lcjs resrrlt,s in a ntÍ:r*,Ltrre of 'Ehe l- arid 3-subsi:ítut'ed

asridones (Scireme 1l-)r the iseme.r rat,io cr'c;r1:endlng On the

niì'Lure of thr¿ substj-'Lr-i*:ätn F.lJ-ectrcin reÏeasing subst'.lLuenf,st
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such as [TH2 and ocH3, f a.'tzour rÍ.ng elosu"re at' t]re 6 r -
1d1:os-ttion** glvlnq principalty the 3-subst,itr-ited acrídone,

rohereas erleetrÐn withdravrÍng subs'hi"tuents, such as Cl and

No2e fa*¡our cvcll.zat.ion at, Lhe 2r*posÍtioni'd glvlng rnalnly

the l-subsi:ltutecl acrJ.dnne, Obr¡iously 1- and 3-eubstf-

0Fr

opH R

SthlE$-tE 11

t,uted acrtdones wou.Ld te htEt.te:: prepared by cyelízat"Lon of

ol"phenyl.arnine*2-earboxyli.c aefds snbetl"tut,e<1 fn the semê

rirrg as thæ carbo>q¡J. group, but th:Ls is not, al+rays poslsíblet

partS-cularJ-y in'b,he prep,:rrati.on of- J.-subsi:ltu'ced aflririclnes"

Dipherryla,m:!'.ne -2-*carboxylte ae lds are preparr+d by

the IJ}furrann conilensaLi"*n q¡f an ani-låne wil:h a 2.-hal-ogeno-

J:enaÕåe aefcl c":r of an ¿r¡r{:ìrrani"l.Lc a.cfd w1t"h a haïogerro-

benzene (sicheme J-Z)* Thj-rs reae-"hfÐn is a eopfler cat"alysed

arornatS.r: nr:c1eo¡;:h:li"ie sub,sÈ1t.n''cfon and Èhe ef:f.ect,s of

srrbst:ltuent,s on the ra"t,e and "¿ielel r¡f the rea.ct.lon fo.Llovr

"hhe gene.raï t,rcnds for t-.hJ.s type r¡f substitui:1on reacti"onn

N
H

0N
H

RN
H
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The reactlon ls favoured by elect,ron-$tfthdravring substl-

tuente fn the halogenobenzene and by elect'ron-donatfng

substituents in Lhe aniLÍne. Ttre yields are varj-able and

depend to a conslderabLe extent, on the nature of the copper

cat,a}ysto Freshly preclpitated copper has been found

most satisfactory fn t,hls viork"

c02H
+

H N
¿

x

Cu

0 H
7.

NH
2

scl-lË M E 12

Anottrer reactÍon r^¡hÍch has f ouncl considerabl e

applleation 1n the prepal'at,1on of substi.t'ute<1 acrÍdones I's

the reacLion of Z-nftrobenualclehydes rvith subst,itutecl
-lebenuenes-- ln sulphurie acid' The aerldone arises by re-

atrrangemetr{: of an l,ntermeclfat,e phenylanthranfl (34) and

1t,s N*oxf de 
"

N
H

+
X

c
p

þ¡

( 3/, )
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substituteci aey:idones ean also tre produced lry

nucJ.eophli-ic and elect,rophiJ.ic sr"rbs'Bturtlon on the acrÍclone

nucleuso Nucleoph.|l"lc subst,Ítuþíon i¡: .eerådÖnes, the

subject, of thfs tllesis, requJ-res the presence of a suftable

leaving grçup and is only of synt"-het,i"c use J.n eev^tain

specffåc cêsês¡

EJ.ecti:ophilfc substittrt,J.on is sofitetåmes of use j-n

'Ehe preparËàeÍei1 of mc¡no-subsi:.i-tr:f.e<l ac.rÍdones subs'c'iLuted

Itr Lhe 2-,posit,1on" As ment.i.oned 1n t:he Tneroduction to
"i:l'rfs thesJ.s €he hig?ier f(-e1ec'cron densit;ies af the 2- and

4-posi.'L5"Õns, ancl al-so "ehe eoi:respandi"ng positions j.n the

otl-rer benzenofcl rf.ng, favour electrophfllc substå'tuj::Lon at

l:hese si-teso l3reimlnatfon o'f; aerfdonu+ rvf.th brom.ine fn

acet,fc acid results Ln ¡tåxtr.tres of Z-broltto-, Ze7^di'bromÔ-¡

and 2râ.,15r?*têtrabro¡nCIaerLdones4 and 1t is not, possl'h,Ïe

to stop the reaction at the ¡nono-bromo-. s{:ageo T?re

reaeel$n of i-O-rnethylacrfilone wi'hh bromine J.n aeet'ie actd4

gi-ves 2 r7-dibr:o¡no-10-"mefhylalcri"<lone and urìder mÕre

'1¡i.c¡orous contlíÈfons fur-Eher lriloinånatir:n is aeeÉrûpälried by

demethylati<:n4o 2"-Bromo^10*meÈhylacrj'done has Ï¡een

pre¡nred j.n çraacl yielci by branrÍ.nai:Íon of J-O-rnethylac.ririone

J.ir ctil r-rs'erf ,¡wn',S but, j.n methenol 2 o7 *t1i.lsrorno-L0*neghyl.ac:rlcìÕnÉl

:tsi obt,ainerJs " 2*Ltrít,rer*I0-mr:thyl-acridone ean'l:e r:lb+-a j-ne<l

l:y nitra.t'.t*n of ÏO-methyl¡rcrirlc¡:rc wi{:?r rritric a*1el in acet,lc
._6..actcl þuu l-s conharninateçi v¡åth ttume.rcluË h1'*proc.ltl<lt.ßo
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Subst,ftuted lO-methylacrtdones can be prepared

elther by cyetizat.j"on of the N-methyldfphenylamlne-2-

carl:oxylie aeid or by N-methyLatlon of 'Ehe acrldoneo

Litt,le 1s known about the preparatfon c¡f N-methyJ.-dlphenyS--

anilne-2*carbo>q¿1lc acicìs by the UlJ"mann condensatfon and,

because of the avai-labtl1ty of a numher of oLher exceLlent

methocls, thÍs proeedure generally offers lit,t,}e advant,age"

Severa.l N-methyldiphenylamine-2-ca3:bÕ)cl¡1fc aclds have Ì:een

prepared from N-methylanthranllfc acid and the halogeno-

Ï*:nzenes3'54 t55 and these lnelude N-rnethyi- .-2t-nitrodip?renyl-

amine-2-carboxylic acicl53. AttempÈs t,o prepare t'{-methyl-

dlphenyla.mÍne-2-carbõxylic acids fro¡n N-methylarrllfnes and

2-halogenobenzolc acids have met with 1Ít.t.Ie "o**"uul'f 
e6'55"

¡\crldotres are weakly aeldlc and form the resonanee

st,abilfzed anir:n (35aê 35b) on t.reatnrent w"tth basen Thfs

anion can be rnethylated on nitroqen r+í{:h methyJ- Íodlde or

o

N

H

0

NN

0-

j35a)

<-4>

(35b)
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dime,b.hyt sulphatelgt 6 and thf s metho6 r¿as f ound to be the

most, useful ln Lhe present worl(n An alte::natÍve met"hod

vj-a the 9-chloroacrfdÍne is less sa-tisfactoryl-h
a

Di.ser-rsisåon

Ì\lthough t¡e four rroïro-ï)romoacrj.doo*nlj and the

fou-:r mono-aminoacridorr*=1j hu.rruo been desc-r-'lbecl in t'Ïre

]iteratrrre only truo of the N-methyl derívat'lvest Z-l:romo..

IO-methytaeridoneS and Z-ai¡J-no-IQ-lnethylacrídr:ne6u har¡e

been prep¿tred. The piperidiTio-I0-methylac:li'dones have no't

been clesc¡:Íbed" In all br.¡.t one- ca$e the subs'i:i-tuted 10-

nìeehyl.ar:riclotres v/ere obtainecl Ín the present wor]< by NI-

metÌ:ylal:íon of tþe respective acr-ir-lonen lfhe ¿rmíno-J"0-

metl'ìyLacrj-dones !úere oT¡b,ained by rercltictÍe¡n of t'.he cci'rl:.espond-

lng ni-tro compouncl and the ¡.:iperíc1ino-10-met"hylacriclones

1^rere pyepared þy reaction of the CÕrrespÖucl|ng amÍno cornpopnd

wÍf.h 1rS-dibromr:pentane" Tn mos'E casês t'?re substj"t:utecl

acl:ld,)ne vlas obt,ained by cyelizå.'b,lon of the respecti've

di-pheny1..-=,-r1ine-2-earboxylic acId v¡illi phosphoryl chloric1e,

îl.re rliphenylamine-2-carb,Õ)ry1fc acids \^/ere prepÉìred by the

r-Tl.l"mann condensat ion o

N-Ìr,ethyJ.a-t"ì-on was generalJ-]r' ë"chieved Try reacÈioT]

of the ::espec{:fve acri.clone anir:n (35) l*ith methyl ioclj'de

olî rìÍrnethyl sulptrate" A.lthough the possibj.llì:y of
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O*meLhylatícln exfstse c1"Ë se.en in tshe cêlncrnlcal form (35b)t

thj.s has not, beqln observecir even j.n'i.?re eäse of 4-nÍtro-

acrÍdÕnê t¡hích cloes not, readiJ-y unciergo tT-'methyla'bion"

High yj-etds of 10.-nieEhyl.¿rc:,:j.dones are genârall-y obt'aineci

on rea.e.L,ion of the aci:Ídone r'/Íth sodj.um hydride and dl"rneflhyJ-

sulphal:e in climethyJ.f or:mamlcle " 'i'he bleaJçer L.nse socliurn

me'f.hoxicle is also a'Ì:l"e 'b<r remove the aeridone prot,on bl¡t'

rvith this base i:here exisùs {:he posstbility of nucleo-

phf).lc sr.rbst,it.rtt,j.or: occtl.I'riingr partietrlarly itr the prepa-

ra.hj-on Ðf, Ì- ancl 3-bromo*I0*methyl¿rcridones" As l-a{:er

wÕrlc hagi shoî,trn tirls v¿oulci :i.ndeed h¿rve been i:he case in

dipolar aproelc solven'bs o bu{; in me{:hano} ãÀs soJ-v-ent'

redi.lct,Íon of ghe brgmo er.:)ïnPÐuïìds {:o J0*methylaeriejone

occr-rrs n N6n*t111c].eaphi.-Lj.c riodÍìi.rfl hy<lrf de prt)$ent'ed notre

of these proÌ:letnsu

el¡c I í2, at, I cln of 3 | *Ï:romod iphe nyi"amiire - 2 -"carb'o:q,¡21 I c

acid r+fth phosphoryl chlarÍde or su.l¡rtrurie aeid l.eads to

a rnixturcr of I- ¿.nd 3-bramçlar;råcloners (Schr¿me 13)"

By elnalagy r'ri.th cyc-1Izatil:n of 3 t -"chl,.:rod:iphenylarnine-2-

earbo-c.:¡Iic acicJ, r.ihích gives a m.t:<*cu::tl of l.- and 3-chloro-

Rcridc)rre*i fu: the rai:io56 4 Ê 1, 1-J:r:onroacrldoÐe woulcl be

expect<:cl to be 'hhe rna jor product, on cyclizatlon of 3 I -
l:rornoclíf-ü':*nyJ.ami"ne-2-carbox:¡l.ie êreådu Tneleedu Tanaseseu

¿rncl r;Õ--\.ro.Ëk**u57 have c''bt;rined l-br+ri.oilcri.clon'J in very low

yf+;l-el by fractionaJ. erys:f-a1J.j.z¿r'Låon of 'Ei'rl.s rníx'Lure of 1-
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and 3-bromoacrldonesn Attêmpbs t,o separat.e the 1- and

3-bromoacrídones on a preparatÍ.ve scal-e by chromat,ography,

both before and af'b,er N-met?ryJ"at,ione were unsuecessfuL.

1-Bromo-10*methyJ.acrídone vras finally obtafned roure in

reasonable yield by frec"E,ional crystallizatfon of ttre

miNture of isomers aft,er Al-methylatÍon with sodium hydrfde

and dimethyl sulpha'Ee {n dimethylformamide" Howeverr J;

bromo-10-methyJ.acridone could not be obtai¡red pure by thfs

method" Since 3-hromo-10*rnethylaerldone ls readlS"y

obtained by other rouf.es thfs proeedure coirst,itui:es the best,

method of preparÍng 1-þromo-J.0-methylacridone n'

/\lthough the mixture of 1". an<i 3-bromo-I0-methyl-

acri"donos could noE be se¡rarated on a preparcì.ti"ve scale

by chromatog::aphy 1t \,üas possi.ble to separat,e them on an

anal'y-Lical scaJ"en Ànalysfs of the crucle mlxture of

N
F{

00

hl
H

+
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I- and 3-J:ronro-10*methylacrÍdones by clurant'it'at'1ve thin

l-ayer chromat,ogra¡:Ïry showed the l- ancì 3-bromo compounds

to be present, ln the rat,fÐ 6l : 39, reÉtpecti.vely. Thin

layer: chromaÈogra¡'rhy Gf *he prr:duct from N-methylat'Ion of

ttre mÍxture of 1- and 3*bromoacrldonels showed Èhe yield of

{¿he 1- and 3-bromo"-10-rnethyl coin¡:ournds t,o be esserr{:la1}y

quant.l.tat.l.ve n aJ-though only 85% yieLd u'a.s recor/ered on

work-up" Therefr:i:e, ft is expected that t'he 1- and 3-

bromoac:ri.dones obt"atned on cyclízatlon of 3r-bromo-

<iiphenylamine-2-calrbo:rc1zlÍcacÍdr.¡oulclbefornrec]fntlre

:ra'bto 61 e 39,

Anex.cell"ent,separa'LÍonof'F-hel-a'ncl3-bromo

cornpounds \^¡äs ob'[ained by thícl< layer chremaflogra¡:hy aft'er

eonverr:Íon to the brcmo-9*chloroaerÍcjj.nes' Separat,ion

<lf thi.s rnixturo gave l- and 3-Ïrromo-9-chlsroacr'idlnes in

the approximate .rat,Io 5 g 3 rvhich fs in agreement' wieh the

rafÍocriit..¿rj.ne.lfc>rt,heI-and3-b.romo-J.0-methylacric]ones"

The brcmo*9-Chlarcacr-iclinra,s hrere converbed t'o the }:romo-

tO*rnethyl"acriclones both direetly ancl via the broino¿rcrÍdoner:o

A possible met'}rod fo.r avoicling t'he mj":#eure of

f$omers ancl cibt-.¿rfnlng only I-brcmoacr-idone rvsulcl be by

eyc.l.iz:at.'l-on of 3*i¡::omodj-phcln",¡l-a¡nine*2-'carboxyllc ¿rclcl (36),

I{Õwever, it is gf signi"ffcance {:hat, 3-n!'b.rocìiphenyiairrl-nc¡-"

2-carboxyJ-ic ¡lcÍtl (37) cannot bil cYcl"lzecl wif.h eiLtre-r
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0 h{ ( 36 ) R

(37) R

( 38 ) R

sBr
s N02

: eH3

?

phos;cho::yl chJ.oricle or sulp"leuri.c acld8 and under:goes

decarbo:cyI¡rt.ion Llnde¡b,he eondit.ions of t'he reactfon"

3-Met?ryldÍphenylamine-2-carboxyllc ¿lcfd (38) has been

succe.ssfully cycIi.zed5S rvi,'th phosphoryl chlorícle t.o l.-

meelìylac::fdonen ATt att.empi: t,o prepa-re 1-¡¡smr:âcr1'done

hy this rout,e ferfled i-n the Ullmann eondengatloii pricrr ec)

cyclÍzat,-l.on, At,b,empts'Lo prepare 3-brr:mo<liphenylantlne-

2-carboxylie acfd (36) by the Ullmann condensai:j-on of

anll-fne w,f-tþ both 2u$-dilrrr;moþenzoíc acfd (Sche-'me f4) ancl

i'bs ami.de: \,rere unsuccessful. vùhen {:hfs reaction v¡as

earrleei oui: wlth the acÍd a complex mixLure of prociuets

was obt:aÍrred and "ior. n spectroscÕpy shorved that' rlone a'E

these pro(:ucts ccnt,afned a carbonyl group and cou.lrJ not

be i:Ìre desired 3.-hromo,JlphenyJ.amfne*2*"carborylfc acid o

Vlhren thls eoncletrsatlon \,va$ a{:t,empt.ecl v¡lth t'he amj-de onl^y

star;tlng material was ¡"êer?veìfêdo It is knowrt that, 216-

clj.chro.rohenz;oÍc aefd undergces dehalogt+natlÕn under the

conc?i-ti.ons of tli* LlThnann eonclensa.t.lon r^¡i-fh anilíne ancl

it, is pi:"obable that. this aLso ecclurs r.¡i[h 216-dfbr0ffto-

R

N
H
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benzoÈc a-cicj altltor:gh lt, appears ttrat, clecai:boxylat'Íon ls

also oceurrtngo

¡**Brorrto.-10-rnethylacridone has been prepared bot'h

by N-metfuylatÍon of 4-bromoaerir:one and by a Sandm.eyer

react,lon with 4*¿¡-mj.no-I0-methy.lacri.cìone' The 1a'L'ter j's

the me''ctrod of cholce sJ.nce 4-anrf.no*'10-rnethyl-acrfdone Ís

reaclil.y o}:t,ainec] |n good yfelrl ln several sLeps from N-'

methylani:hra¡Ílf r: acf d and 2-brornonif::obe:rz€flê o The

SandmeyÐr re&c'H,ion girzes an exeelÏent yleld {82%) of

z.I*.Jrrorno.-1"O*rnetliyla.erldorr€e By eonLr;],et, this eompound

ls obta.!-necl J.n very Foor yieJ-d |n several ste"o$ from

2*chlorohenzqrÍc et:åd and 2-i:romoanll.lne " The T.I1}¡nann

reac'tj.cn c:önststent.ly proceeded Ín poor y.ieJ"d (L7%J ,

al-Èhoçg.h o.b,her voo::]cersS8 hr,.r*, o'J:f.afnecl a somewhat, hÍgher

yteld (33?/'i" This low y-t-s16 Ís pro-bably due t'o the

r+d'.rcEed trucJ.eophis-lcity of bhe a.minr¡ nS.t,rogen due t'o t'he

elecbrc¡rl*r,¡Íthdrawf.nc; fnduct"ive effecb of the adjacent,

Ï¡rorr'rine'a'Lom" i{*I{et}ryla.bf.on of 4-b¡:ornoae::1c1one wit'h

sc¡cli.um hydrJ.<Je+ ancl <li-me'chy"L sirlphabe i.n cil¡netleylfortnamlcle
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proceêded Ín lor.r yield @fü and a censiclerable amourtt ot'

the 4-bromoacrfdone was recovered unchatrgedn This ís 1n

marked cont::ast, to metlrylat,fon of t'he o"cher brontoaeridones

by this procedure where a hlg?r yield of the bromo'-lo.'

mettrylacridone rvas alwa.ys obta.it:ecl" The Ïovr yield on

N-urethyla{:íon of 4..bror,ronerídone is best, explafned on

s,cerj-c grounds, the 4-]:rc¡ini.ne atcrn inhibtt,irrg approaeh of

dinrethyt sutphate t.o the 4-broineracrf<lone antono

Atthoçgh 4*brclmo*10-me'Lh.1lacrldc¡ne r.¡as prepared fn

excellenh, yield by the Sandmeyer reactLon t'hls was not Lhe

cËrse j.n an att-ernpt to prepare the l-"bromo compor-rncl by thls

net,liodo Ï^Ihen the $â.nd:neyer rear:'c.i.on wês earrÍed or"r* cn

l--amfiro-10*nrethylaericlone a pooii yj-eld (I6%) of l*l:rono*

I0-me{:hy}aerfcione vTas oþtained. Much of Lhe sEart'fng

materlal sfas unaecou.n'h.ecl for and appears t'r: h¡rve been wafer

soluhle, I'b v;ould si€em possible that, hyclrngen bondlng mäy

Ímp*r:rl: special se,abilj-"b,y to the 1rrot,cll;lgecl dfaso'Lic acid

1n'h.errnediafe (39) !n thç: dí¿rsot,fs,e.gion proeesc and may

ret,arel fc¡r.'mat,ion of 'Ehe dlazonfrrrn f;aJ.gu l-Toweverr no

ev.iclence Ís ¡rreselnted :i.n suppor{: ,rf fhås ?rypobÏ"lesis,

+

î{
I
R H

3

N-^ 0¡-l

{ 39 )
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cyclfzatfon of 3 | -nftrodlphenylamlne-2*carboxylic

acÍd teads to a mlxture of I- and 3-nÍtroacrldc¡nes fn the

rat.ios6 4 : In since 3-nft,rodlphenylamfne-2-carboxylle

acid (37) cannot, be cyclized8, the above cycttzat,i.on ls

the only route to 1-nltroacrl<lone' Thfs mir.h'ure of t-

anci 3*iritroaerj.dones has been poorly resolved by

fract,ionar crysLalJ-izagtonrk'56" Fortuitousl-y, 1n the.

present, vrork this separatfon \^¡as found unnege,ssary sf'nce

the mixture of íserrners was readily sepagcatêd after N".

methylatlone pure 1-nitro-l0-methylacridone crysf,allizing

frorn the react,íon mfxture 
"

r1'þsr propert.les af 1-nj.t,ro-1o-methyJ-acridone, irr

partlcular lÈs relatl¡¡ely high meLt,fng point' and very low

soLubllfty fn orgênic sçIvent,s, suggest a J-arger than usual

corrt.rÍbution of the acrÍ<ilnfum forrn (40.'Þ) to the struct,u::e

6*6 6- 6

0"

+
N
I

0

t{
I

4*+

CH cHs

(40b)
3

( 60a )

of thl.s eçIrlpoLtndo lì,Nanìinati.on of ap¡:roprtat'e mol-eer:lar

models shov¡s {:hCI nj.t^ro group of 1-níero-10-methylacrJ-done
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t.o be twl.sbed orrb of t.he ptane ol: Lhe aromat'ic ri-rrg and

the hígher: eleet,ron cle¡rsÍty on the carbonyl oxygen may be

somewhat, s'Babiltzed by e)l.eetrost.at.l-c att.ractfon of t'he

perÍ- ní{:rogen at.omo Thfs is probabl-y an exanrple of the

well l<nct',¡¡n fiel.d *ff*ct,59'60. Some evfdence for t'his

hypottresfs is Seên in the iosn .speet,rum of 'b'Ì¡is compound.

,Ihe carbonyL anci nit,lîo group st,re't,ching freqt:encíes of the

nÍtroacriclones ¡*ncl the nit,ro-10-rc,ethyla.c.ridones are

collect.ect ín TaTrle l. " The carbonyl st,ret,ching bernd of 1*

rlitro-I0*mrèthyl.acrlcione oceurs at lov¡e.r' freqr'rency than Ín

the other nitro-}O-nethylacridoneso This Índl,cal:es a

f.ower boncl oreler for thÍs carbernyl g-.roup and Ls evÍdence

for ap j.Rcreased congrlbuti.ç1n of ttre acrÍdinium form (4Ob)

to the sjtrueture tf l-nitrc¡-J.0-methyl¡*erldone" Tt ls

appa-rr;nt, tha.e the nJ.tro group 5.s not, eoplanar vrlth the

aromaLic r:ing from a cornparlson oË 'L,he l-*nitro a.trd 3-nlt,"ro

stretc?ring frequencj.es. Tf the l-uifr<¡ gi:ot"lp t¡rere

eoplanar v¡ith the aronrat.ic r:tng the cÕnjtlgat,íon effects

rsr-:ulcl be sirnilar to those oecurrinq ln the 3*nj"tro .cunpounr)

so tirat the nÍ'Ero st:eetchånç frequrlncies t¡ould be very

nea.rly thê sârße ån these conr¡:ound,Ëo Hor,¡ever, i^Öf aiL 'Jc¡.tt

f:?re as]arunetgic stre'Lchi.ng bnnci of 1.-nitro-10*methylaeridonen

,ehe l.-ir:i.t:ro st.ret,ehi.ng freqr,rencfes Of l*nit.roaeridone an<l

I*nlt,ro-10*inefl1:rylacrfdone are sfgnlfåcantly ?righer tha-n'bhe

corsespÐnd:Ln.¡ 3*nft-.::o $treeühlrtg frequ$ncfes" lthis J.s
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consísgent with the l-nitro group being Lv¡fsted o¡'rt of the

pLane of the aromatic rlng wlt,h eonseqLlent' reduction in
6LfesonAnCe o,

TABLB 1"

ïnfra-red strefching frequencies (c'n-l) of the
nj-,troacridones anO áitro-1O-methylacriclones
(nujol mull).

C=Ost,r NO str
2

ä.symo slnnc

Nit,roaeri-ddnes

l.-nit,ro

2-nitro
3-nitro
4-nftro

Nit.ro '-10 -me thylaer i.done s

l-nÍt.ro
2-nltro
3-nit.ro

4-nitro

1635

1635

1630

1639

1635

1640

1640

I643

1545

1518

1535

151.5

1530

1519

1535

153C)

1360

I 338

1353

1303

1385

1337

1353

I 356
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s¿:ver¿r.L atternpts were rnade to ¡:r:epare 4-nftro-l0-

rnethylacricione by i'l*rneth)¡latl-c¡n of 4-ni'troa'crídone, but

i.n each case onl-y st.artínç¡ matorial- was reçoveredr even

with sodium hydrície ¿rnd ciÍrne'1,'Lry1. sulphat"e -tn climeL?ry}-

formarnide at. LOOo" Lehms'L,edi: ancl Hr:ndertmarl<6 o]:taÍned

4-nltro-I0*rnetliylacridone ln very poora yle-ld fram 4-

nitroacriclone q,sith sodium rnettreixfcle ancl meë?ryl fo¿ilde Ín

refh¡xing ethanol, r:'he major:tty of the s'cartång materiäI

being reeovered unchangerl. llvídence that, t,he anÍon of

4-'nit,"roacridone (42¡r<-p' 42]o) does form unrier the conditlons

r:secl lsr j-ndicated by the red sc¡l.uLion p-rorJuced Ì¡hen sodlum

j1r¿drÍcle Ís actderl {;o a suspensJ-on of 4-nÍtroacrfcjcne in

c?imethylfo¡:n,amÍden This o¡=s¡v¿ffÕn is corlfj.rmed by {:he

Vêry sirnÍl.¿rr r;}:angef oeçtlrring in the Ll¡Vo spectra of bo'L'h

acr:i.done and .$*ni-t.reracri-cione on adcli-tfon of alfal-f (tabl-e

7, p¿tcje 1d,3 ). -r-n bo{:h s.3gÉts th.ere f s a bathochrq¡raic shifl:

of all. bancls tn Lhtl alkaline solu'E,iönn The tlsvc specl:ra

of the 2* ancl 3*nÍt.rc,acr:ido3les ehanqe 1n a simlllar: rnanner

rrn addít*c¡n of all<ali" The inabílity of the ani.on of 4-

ni'Eroacridcne t,o u"rrdergo N-rne'bhylatfon :Ls reailfly expiained

on electrnni.c and sb.eric grounclso TR l¡oth 4-nit::oacrtdo¡rt:

(4J.) ancl .|ts anlan (42a.¿.-þ- 42T') 'Ehe nåt.ro group 1s coplatr;*r

r,+lr:.h b.he ¡rrorna{:ic ring and is eo:rjugaLed vrib.h i:?re het-e::e¡-

cv*cl.-i-c ni.trogeit atcJmo lIorn¡e'¡er, e:<ê-mination of rno].ecular

mocìels shnr¡¡s Ehêt. ivr 4-nitrc-10.-inetiryl¡:.e¿-idone (+: 1 s'Uerlc
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int,eractlon of the frerf slt,uate<l nitro ancì methyl groups

forces the nltro group out of the plane of the ring wÍth

eonsequent, loss of resonance. Thereforer boÈh sterlc

inf:eractj-on and loss of resonance stabii.ization, both of

whlch raj.se the enerçJy of bhe transft.ion st.at.e, nrust be

overeome on int,rociuctÍon of tht': methyl Çroupo

0

oH*__:,\_T
4'H '

( /,1 )

"$.

0-

l42a)

o

+-+
N

0 0- - or'to

0

N
I
c

( 4?b )

( 43 )
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Evidence that. t'he nit,ro ç1roup of 4-niero*10-

metliyla-criclone Ís not copla.narr wi'th the arai-¡ratÍc rlng fs

cler:lr¡ed from t]re iof " ancl u,vn spectra of thls cornpounei.

The nit,ro group absorp{:ion freclueneÍes (tab1e l) of

4*nít,ro-10*rn.ethylacrfdone oecllr a'L nuch hi.gher frequency

th;.rn those of 4-nitroa.crÍdone, v¡}:ere the nitro g.roup

1s ¿;1:1e t.o rematn cer¡rJ-anar wfth the aromat,le rfng. Ttrls

shift. to h-Ì.gher frequency lnd5.eat.es t"Ìre rrftro group of
4*n,itro-10*nv,:bhylacridone Is trvlst.ed ouE of the plane of

the rfrr96l" Evfclerìce thaf 'Lhis shlft in the nl.tro bancls

is due to tv¿:Letì.ng oË the nÍt,ro grc?up and not some other

effect, of {:he methyl group J.s sêen ln a eÕrnparfson r¡f: the

lnr" spec'bra of 2-ni"trc¡acrl-clone and 2-nf'b::'o*10-methr,zl*

acridone whe::e the nltrr: streEr:hfng freqr:eneies arê

essa::ri:ta11y the samen Further evfCence for the non-

coplarnartt,y of the nfLro group o-f ¿1-uJ"t,rr.¡*10-methyl.acridone

is seen 1r¡ a eornpar:l"son of the uove s¡:ectila of 4-rrJ.tro-

acr*done ancl 4-nÍ'L.ro*10-nethyl"aeri-dr.¡ne ('rable 7 e pürge lag),
Aft:er aJ.lorøing for t-he smaLl" elec.tz'onic effects of N-

met'hylation i'h ís seeÏl that, the u"vn spee,cra of A-nitro-
aeri"cione and 4-nft,ro*l0*methyJ-a"er:Idone di.ffer conssicJorab1y,

partícularl-y ån the posf'hI,ein of the long wavelength ba.nd

r+hs¡re i:here is a ceinsiclerabl"e hy¡:rse;ehrorrlic shift. an tnt,ro-
duct:ion of the N*methyJ" Eroup. T?rj-s shJ.ft f s due to
riec:r:eacrecl resö¡ìarÌeÊ of {:he 4..nit:l:o grsup c¡f ¿}-nit,ro-lO-
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methyl.acrJ-done" SpecfroscopÍe measurement.s 62 have 'shown

tha.t the 2-nltro gr:oup of If-2r4-dfnÌ-tro¡:henylpiper:LdÍne

(44) is fo::ced out, of the plane of the ]:enzeine rlng lvhilst

the pÍpe::idÍno groLlp remalns coplana.r anrJ conjugat.ed

NO 2

N I Àt, )

w:lLh the 4.-nítro groupo Thfs system mtrst ha.ve ver:/

s^trnÍl.a.r sterd-c t:egu.Í::emerlF,s to 4-nJ-t"ro.-10-metl-ryJ-aci:j.done.

Simflar effects c-r.r@ oirserved for the 1- and

4-piperidino*lCI-methylacriclones ¿rnil Ïrere exa.rnj.na.t.:lan of

the s{:e::eochern:i-stry -i.s amenable to str-rdy l:ly narTrorr

spectroscopfr Bxam.lnaLlon o:E mol.eeular m.oCels shr:r'¡s that,

'Ehe pi.perídino grou.'ps of these trvo compounds cannoL be

coplanar with the aromati,c ,ring" The tacrrìo:îo specfrr-ut of

4-piperidiuo-10-:¡.ethylac-ridone shc¡,,¡s two separate

resdnar:ces for .t:}'le d-meL}rylene "nrot,ons, T:oth appea:rinc¡

a.s J:roa-cl si-gnarls ab 5 2"6 a.nci S 3,2. This stri:nq-l..y

sugge*ts tha'b. the pÏa.ne of L,he ¡rj-pi:rfdino group is
per¡>elndicu.lar to the pla.ne of tlr,r: arc¡ma-t:i,c ri.ng and 1s

fíx¿rcl a.opro:<i-ma'ce-ly in t:he ec:nforrnatíon (rl-5), the tv¡o

siclirals betnrJ due t,o thr+ noir-equivaLent a.xi¿;.I and

H Ns\oo
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T

(45 )

CH
3

pi,oer-irJinoaeridone, in r¡¡hieh the 4*pipericìincl group is ah'le

to rotate freeJ-y, shows otr.ly a sínEle brt:a<l slqnal at:

6 2,97 for Che o(-methylene pl:ol:onsn

'Ihe tror0or o lspectrum of }*pi-perid:lno-10-met--Tryl-

acridone shows a sÍngJ.e brc¡ad tri,p-let, ae 6 3.l-3 f o:: the

ot-¡rethylene prot.ons J-nciÍc¿:tt.j-nq these p::ot.ons are eqr:iv.-

aletli:. Free ancJ rapid rotat.íon of the J--pipe::ÍcJj.no glîotlp

v¡or-rld be exl:ect,ed to give a single broad slgnal as oecurs

wi"'bh 4-piperj,d:Lnoaer::iclc¡ne'1hêrefore i't' ¿r"plpearîs {:hat:

rot--at:1on of ühe l-pÍpericlíno group 1s restråcL'ed by ste-¡rj-e

!ntr-:rac'8.Íon tvlt--h'Lhe perri- c"arbonyl. ox.yEireno

Tn the prt:pa.::aLion c;:f 4-pipericiino*1O-'me'[hy]'-

ar::: i done f rorn 4. -arnino--ì- 0 -me tÌ:ylacr f cl one .ì.n d 1 r 5-c1 i -bromo-

Fxlntane a consi-dera,hle amount af clemet?ryl-aiion occtr::red

'q5,viirg 4-.pip*ricìinoac:¡:i.Cone" Thj.s demethy-La'tion is

prob"rbly a resul.{: of the forcinc; condit.lon¡s requirecì t.c>

0

H
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prepare 4-piperldj-no-10-methylacridone and te is possJ"ble

that, thls reaction is relabed to the demethylatton

occurring on bromlnaÈl"on of lQ-methylacridone under

forcing condit,iot*4. No demethylatfon rr'as observed on

prolonged heat,Lng of 4-amino-10-methylacridone {n bolllng

hydrobromÍe actd. There seems to be no simple expla-

naÈfon for thtrs lnteresting observation and 1t r+as nof

pursued further.
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R]IA.CTIOI{ OF TI{E ]:SOI'INRTC

RR Oi4O - 1 O -I'1}iI TI. IYL\CF. T DOIÑ Ï S

\^ITTþT I,O'T.J\SJSAIViIJ.:TI ;iT(D T,J:TiITLIM FTP]]RTDTDB

A¡:cmatíc ha.log'en er:mpoutlcls react ltj.th sL;:;oi:rg ha.ses

produc:Lnç1 clrvircs anci urrdÊrçJo ntrcl.eoph-i.1ic sr-ibsj'üitubic¡n

aeeonipaniecì b-,, reê"1:range\mc)nt of '[he substj-t'uent1u I"f the

st-.t:ongi base is ¿also a- gooci ngcle,rphil.e cornl:etltion lry t'he

adclit-lon*el.imfrre.'bfon mech¿r-nism occiurs r a.n'l if suitabi-y

orient.ecl act,í.va.t.ing gl:Ou.pÍ! ar€.r ¡:lresent-, tl'lÍ.s beecmes the

exclu-síve prÕcess" substítutian by E¡ç¡ aclditlon*eliinirr-

atíon process j-s generally not råce6rûpernÍed iry rearreìnqe-

merrt o '

In fhÍs; sect.ion the reactions of t"he l:rr:mc¡-l-O-

methylacriclones wíth ¡:otassami<]e Ín l-lquirj ¿mntt>nia-

dlrnethor:r¡et-hane and v¡ith l.Í'Lhium p-iper:í.dÍ<Te in pS.peridine

a-nd Ín dirnetho:.';yr-:thane are cliscussec,l' The rea.ct'ioi:s of

the broino-J-O*nethylarcridorres v¡i-th piperi-dine alone ai:e also

discu.ss;ed Ín relation to bhc¡ principal topic' These

react.ions ha-ve been for:nclu vri-th one e>leepticn, to follow the

getreraJ. princfples of aromatÍc nucleophil-i.c str.bstltu.'tfono

Acriclc-rr.reE¡ are lveakJ-y actcìtc ¿rncl re¡¡-cL with Jrases

forrn:Lng {:he resÕnance staþj-lj.zecl ani,on (46d<-+'46b) n For

th:Ls reason the prcsent. stucly rv.rs carried out with the
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IO-rneEhylacridones" f\ fur'tirer advan{:age of l0-methyl*

acrlclones le thefr grea{:er solubij"lty ln organic so-lvent,s.

0

,+-*Þ

(ú8a) ( /"filr )

The bromo compouncìs hlr:lre ehosen fn p::eference t'o

the other halogr:no ccxtpounds prlnclpally for: the f,êcady

labitJ-t,y of l¡romicle fon fn subst,ituhíons ocer'rrrj"ng by the

elfmi"na'cion*addit,ion mecJranl"sm, Wf'Bh st::ong bases the

l-c'ss of hydrogen bilomide f::om aryl b:somides is a near

slmchronous proc*nn63 vrhe:r;'eas the loss of hyclrcgen

chlr¡rj.de from a::yJ" chLor'Ídes is a two-step p*o***u63 ancl

formai:tron of the äi:yne 1s slowero Bronticìe fatr is al.so

a goc>d leaving g:roup in 'h.Ìre additlon*ellmfltaLion mecÌra.nfsm,

"11r1¡ç's,¡h 
r:ot as good as e1'rlor:i-de and f l-uorfclezot' o

2 -Bromo*10*methylaerid,:ue reðrcec rapJ.cIly v¡ith

excesfi pobassanrlde in J.íqi-rid anìmon:i"ã*c-lirnethoxyethat:e

givlng a deep red soJ-ut,i.oir r.¡hich changes to yeLlorv on

neut,ral.i"uat,lon rcf eicces,s pot,assanrfdeo Tire pr:oCucts

fonrrd by ai:alysis rvere I-, 2* and 3*ar¡J.no*10-metTryl-

acrir:loness and ltJ-methylacriclone (ra]:}e 2) " 8xçeriment,s

to clei:ermåne bhe scæ.?¡il.itis;s of. t,he a¡nir:o-Iû-metiryl-

0

Þ¡N
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acrÍdones shov¡ec1 that 1- and 2-amino-lo-rnethylacridone

decomposecl under the conditÍons of the reactionr Lhe
\

lat.Ler compound qulte rapfdly. The lnftfaL yields \,ì/ere

thereforà found from a series of reactlons of increasfng

react.fon tine by extrapoLatfon of a plo{: of fhe yJ"elds vs.

reactlon tfme (n'tg" S) and it fs these ylelds whfch are

qu'clted ln Table 2. Several obse¡lvatfons can be rnade from

a
TABAE 2.

Yfelds (%) of p::odr,rct,s from the react,it¡n of
the bromo-]O-methylacriclones wLth 1O equfv.
of þotassamide i.n llquid aiumonåa*ditnetho;q¡ethane

1-NH2 2-NFI2 3-Mf 2 4-NH2 10-Me

I-Bromo-
h

2-Bromo-

3-Broino-

4-Bromo-c

o

57

o

o

o

32

0

0

0

â?

93

BB

0

o

0

o

,gome

ruQ

0

1.5

a) Resnl'b,s are t,abulat,ed Ín fulI in TaÏ¡les 1.6 - f9,
pages t89- lgl 

"Yfelcis by extrapola'Lfon.
tsased on unrecovered s€artíng matertal".

b )
)e

Flgó 3o (1) The hågh initfal t,ota"l yleld (ca" 92"/"1
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lhclfcates no signlficant, side reac'cfons õ¿re occurrfnq Ín

the react,ion, (2) Sfnce no startlnq nraterial was

recovered, even after a reactlon time of only 30 seconds,

the react,ion is very rapfd, Indeed, the red colour, vrhÍcl'r

was found to b'e due to 1-amino*10*nrethylacridoner fs formeel

lmrnedíatel-y the 2-bronro-10-methylaeridone comes fnto

contact rvith the potasur*'lãe salut.fon, (3) The steacly

00

^ ¿û
}E

r- N$'l
a

2-htH
2

l0 -Me 3-NH
t-

!5

A
A

cf,

lrl

20

0
0 5

REACTION
rt

TIMË (MITd)

Fig" 3. Yfelds of prodttcts in react,Íon of
2-bromo*1O-me{:hylacrf rlone r¿ith
KNI-I2 - NH3 - dintethoxye{:1'rane "

inerease in the yield of lO-nethylacridone ftrdlcat,es lt, Ís

forrned from one of tlre pro<lucts :ra-the:: than from the

st,artlng material. Exposure of 2-amino-lO-rnethylacridone

to tire react,ion condltlons gave a slgnlfican{: yield of
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I0-rnethyJ.acrÍdone, together v¡ith rnuch intractable rnaterfal,

ar:d this appears to be the source of the lO-methylacridone

l"r¡ the reaction. None of the other amino*1O-methyl-

acrldones gave l-O-methvlacrlclon<r under these condit,ions.

Br

l-l g

KN¡{ 2

t47 1
( 48 )

N
I

c

N
I r
CH ct-lx NH3 NHg

3

3

NH .t
¿.

Nl{
N
I

2

GH¡ CH
3

NHa

SCHEME 15
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(4)'Ihe yie-1c1 of. 3*amj.no"-10*methylac::j-done: 1'/as F¡robabl'y

constant, the sJíght rlse cän be aecon'ùnc.¡dateç' rv-ithin the

experlmerltaL errorc

. Fornra'Bi.on of i:he rearrangecl 5:ro<lucts;u Ï-" and 3*

amino*I0-methylacridclne, cJ"earJ-y fndfu:at-es that, sul-lsti-

tr"rLÍon ís oecurr:ing by t-ht-' elinri-n¿¡-tieln-additíon mecha¡rismt

the p::oducts beílrg forrnecl 1ry arddlt,ion of amntonia to the

arlmes (47) aircl (a-a ¡ (scheme 15) . 2-¡,u*nÍno-10*lnethyl-

acridone cou-Id conceival:}y arise by addftion of ammonia

to bo'b.h arlnles en<l a,lso by competf.ng addition*eli.minabi.en

substi"+*u-bi.on k'y amí<te Lon at C*2 via the l-ntennecT:latc.r (aS¡"

The high yi.eld of rearrarlged produc'fs aud the cieact.iva{:fon

of the Z-position by the het"eroclrçJ"j.6; nÍt,rogeu rvould

su.ggest that cornpeting addi"€i-on.-eli.mfnation subsb"ttut-lon

is no more than a minc¡r proeeßs,

c)

NH
3

Br (¿g )

F{
3

4-Br onro* J. 0 *rnethyl¿rcr i Ce,ne re act s v¡i t'h excri åi s

pobasnarni-cle ín lj-quid anmci¡ria-CS.rnetkro>ryetharle gÍving a

<leep ord.nge solut,:Lon whj.el'l change* {:o pale ye}loro on

neutralizatfon. Thås reactíon ¿r"ppea.rs to be sontewhat

slower t:han the reactir:n r.¡f the l-br:onro coinpeiuircl since LL%

r'¡
I
Í

Ç.
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of the s'hartlnç7 nrater^ia} u¡as reco\rered unchanged aft.er a

react:Lon {:i¡ne of 30 seconcJs* The products (1'ahle 2)

f ormed in the reaction were 3-amfno-LO*niet"'hyl ecridone r

some 1O-nethy.LacrÍCoyre and sc{ûe intra"ctable materi.al ruhi-ch

rernained a'c the Ì.:ase of the chroma.fogra¡.rhy plateo l.{o 4-"

arnån-o*1"0-nrethylacrfdone was oJ:served, althou.gh control
experi.ment"s showed thís compourrd vras very unstable under:

the react,ion concl-ttions and v¡as entircrly converLed t,o

íntrac.ha-oi.e rat,er:ials" Hot¡evelî, on blre tnsfs of the

recovereil products 4.*aml"no-lG."meLhylacrirlone eotrl,d have

tieen forrued :Ln no more than 10% yield, The ferrnatíon of

3-anrino-10*methyl-aerådone l"ndic.etes the srrþst,ífr.rt,lol: is
occurrj.ng by the el.:i"mlnat.ion*addit,lon m.ecilanÍsrn via- the

arl,rre (50) (Scheme 16). Agai.n, due to the Ia::ge amount.

of rearrangernerrt oceurring, colnpetínc¡ adciit.fon-eliurån.rtion

subst,ítution coul.d Ï¡e no more than a minor procesfio

As has been ment,foned i"n the abör¡e dlscussLon the

2- and 4-arnino*10*methy.Lacriclc:¡.res areì unstab-te uncier the

reactfan eonditíons anci decompose v¡fth the fo::matLo¡: of
fntractabre materiars v¡l'¡ich remaiirecl aL the ba-se of the

chroma'cggraphy plates" The only procluct ldentifi"ed on

{:reatment of tl:e arnlnr:*10-methylacrfdones with pobassamfde

in 1iqu1d a.nuno¡:j"a-o'imet,Troxl'ethane 1.,'as sËrme l0-metl-iyl-
acridone from 2-amtno-10-met.Ìrylacridone a.lthough thl.s dfd

¡rot, account for aLl clf the unreeovered 2-amino compound"
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Þ{N H

o

N
I

N
I

e
3

(sûr

fr¡

I

CH

NH

Þ-!BrCH¡

t
NH¡-

__? +

2

cþt3 Nt^{2 a

' SCHEME t6 
,

The other amino compounds and lO-methylacridone are all

far more stable under these eondltions, although l-amfno-

IO-methylaeridone decomposes slowly to int'ractable

materialso The stabiLit,Les of the amino conpounds, whlch

are present l.n the potassamíde soJ.utlon as the anion (e"go

5I, 52a(à 52b) , appear t,o be relat,ed to their resonanee

stal:11"ízation. I-Iowever, 1t is onLy possible to speculate

on the processes occurrl.ng ln the deconrposition of these

compounclsn ,

3-Bronro*10-rnethylacridone reacts wÍth pot,assamÍde

fn llqufd ammotria*dimetho>q¡ethane givinq a hlgh yfeld of

3-amino-IO-mebhylacridone (rable 2), No 2"= crr 4*amÍno-
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<_>

( 51 )

o
t-t

N
I

cH3

N
I

c

N[4 N
I

hJH

H
3

( 5 2a !

ci{3

( 5 ?b )

1O-methy.LaerÍilr:nr:s olî ì-O*methyJ-acrtdtrne vlel:e o]:servecl" '.llhe

hígh yie-1-d of rrnrearranc¡ecl proclucL inclicates el"ris sr-tbstÍ-

tutÍon occurs enL-treIy b-¡ the aclditi.on*e-l.,imi"netion rnechani'stn

vj..r. the tnternretlj.aÈe (53) (Scherrre 1.7) " The ¿'"bs;ertce of 2-

amiuo-lg-met¡ylacridone ¡:recl.urdes any 1:ar:t"íci1:at j-on J:y i:hr*

elimj.riatj.on-acl,-jit:Lon meehanism s.l-i-nce t'his ccnipc¡urrci is

sufficient-l-5r s'babl"e uncler the rea-cLjr-on c:onciiti"ons for a

s:lgniflcant propoi:tion 'bo har¡e been relcovclrci"l after a

reac{--ì'on tÍme c'f 6 ¡'ninutes (e"f ' F'ig* 3) " . 4*Amfno-'l'o-

rnethy-lacridcrne, if formecj, ås too unstab'Le und'.::: t'he

reaction couciit.ions to tre-v'e been cietectc¡d"

1-Brotr.rc-10-ineLh'¡l.a.cr j-cione relacts v,zÍth potê.ssamide

in li.q.uid antnonia-clj-rnetllo,-"yetha-nei, but does not give

I-amj-tro-l0*rnethylacri.<lone as woulci tie expected from an
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acìdit.fon-eliminatlsn substitutlon at, bhe act,ivated 1-

posl{:,iono Instead, amide ion attacks the acridone

carbonyl group giving a htgh yielcl of the amÍde (54)"

Thís product was ldentlfíed by rrerllof,c r l"r, and mass

speetrometry and the strueture and posÍtion af tlæ amino

group comfirrnecl by unaml:Íguous synthesls of tÌ"e crmLdê (54,

frorn 3 ! -nitrodiphenyJ"amÍne-2-carb,c>q¡1lc acíd 
"

ccl¡\üH
NH ,)

3

( 5/, )
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No I- or 2*arnår¡o*)"0-methyl"acrícione v\rõ.5 cletecbed lndlca'cfnç

that n.o sul:stittrt.Íon occu.:îs in th* J:enzenoid :linq of 'bhe

acrj"clor¡e by eíther a-clciitir:n-ei-imina'i:j.on or eli¡nj.ttat,Íon*

acltìit,ie¡n mechanístn,çn In tire anaLy'tåcal scaLe reactlon

a 22% yS"e1cJ of lO*methylacrídone v¡ðs ci:tatned and söne 10-

methytacri.done v¡as also obtaÍnecl in the preparatÍve scale

reactÍon" The reaet--ion is best, raLionall-zecl ín terms

of at,t,ack of anrície j-on at, the aerl-done carbön!¡I group

(Scherne fB) glvj,ng t.tre intermedj.at,e (55) ufii"ch {:hen unde.r-

goes ring cleaver1¡e to the carþanion {56). Ril.pid loss

o:f; b.ro,'ni"de ion f::çn this cal:baniÕn gifr.res the arlme (57)"

Additíor: of amrnorria to tþe aryne (57) is expectecl t.o occul:

p.t'åneipa.!-J-y in f:he ineLa posftio'r',,26d044 glJ:ng the ami'cle

(54) " Thfn layer chrontai-oçfrai?hy of ehe crude product

shov¡ed a small spot v,'íth sl-icJl'It1y higher R, and si¡¡ílar

appeara-nce to the amide (5.4) on staining vti.th ic¡dirre"

thÍs spct ma¡r welJ- have been the ermÍde (58) formerd by

attacl< of arn:nonfa at. the ortho pos:it.ien in the aryne (57)"

However, there rl?s,s too Lfttle of th:Ls eotnpound to lsolat,e

and charaete rlze, lli.ng cl-eayagt: of l*bromo-1Ct*methyl*

acricloue wÍth potassamide fs sj.mil.ar to the ll¡:.1-ler-Bauelî

react,lon64 *n,i is closely related i:o Lhe eleavage af

ç--halogenobenzophenones i+it-.1:¡ potassarn:lde in li.quid .^ooni*65

i,vhere arlme products have been observed' The driving

force fr:r ttrÍs r-'eaction is the elect::on-wÍthcjrawÍng
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fnductíve effect of the l-bromine atomn wiricl'l assists

formatÍon of the carbanj,on (56)r and the i-rreversilole
'å'forma{:ion of the arlme (57).

-.-+

NH:

--"è

oI
-g

Br

H 3

CONH

(56)

NHCONH
z,

t

F¡

I

cHr

--"->

Hr

H 5

{55)

c0h¡H 2

eH¡

(57)

c0 2

tr* 
L

H
2

r5
N
I

c

r
c H3

+

3

(5t")

SEHËME 18

( 58 )
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'I'kle brorüo*-l0-lr.rethylacridones rea-ct rvj.th J"ithlum

piperfcllde in pfperidirie in a sj..niilar manner to {:he

reactial:s with pctassariícJe, with the rrotal:}e except.ion of

I-]:romo-lO-nrethylaeridonen The reaet-i.ons are v€l.LY much

slower r^¡j.th ttt.hir¡rn piperidíde in pÍpericline at. 27o tha'n

u¡1Èh pot.assamide ln líquici amrnoiråa-dimethoxlrethane a.'i:

-33o as seen frain 'Lhe réeo\¡e..ry of conslcTera'b1e a-tnounbs of

starBlng tnat,<,+ri¿åJ-, The reSul{:s of the re;-lct-tons of i-}:e

bromo*l O *nre'Lhylaer iclone s v¡j"t.h l J.'bhirr¡n pi.pær idicìe in

piperi.dlne at ZVa ate eollected in Tabte 3*

1*Bromo*10-lnet"1-rylacr:iclone reð.ces v¡ith lit,hiurn

pÍperidÍde i-it pÍperidine by subs'bltution of the l-hromine

aLorn rather than b1t aLtaclc at t?re car:lronyL group as Õecurs

with potassamfden At¡aelc by lithium pÍperj.clfcie at the

acridonê cãrbÕnl¡l group appear$ bo be st,erlcal_1.y unfavour*

able u

As sieên from Ta'ble 3 substit-.utlorr of thCI 1- and

3-bromo-..10*rnethyJ-¿rcrlciones wiLh ljlLhium piperi.dide j-n

pi¡:erldine is ne'L accompanÍed by rearrarìEernent anci proceeds

ent.irely by the adcli'cion*e1irnåtrat,io¡ mechanism, gÍving

high yields oi 1* ¿rt:d 3-pfperidino*10-methylacrfdonest

resptact:LveIy" It. is also seen that. l--bronro-lO-met'hyl.-

acridone tr.ncTergoes subst,Ígutic¡n somewhat fas'her than does

Lhe 3-Ì:romo compou:nd" Both l- ancl 3*bromo-10-nrethyl-

acrj"clone react, r+l{:ir bolting piperldine al-ane gi"vÍtrg t}re
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a
T¡\BLE 3 N

Product,s from reaetÍon of the brorno-lO-
methylacridones with 5 equiv. of rr
lj.thium pfperidide ln plperidine at 27-.

% reactn"
1n

10 min" l-lÍp
Yields

2-Pip 3-Plp

Ø)b

4-PÍp lO-Me

I-Bromo-

2-Brorno-

3-Bromo-

4-Bromo-

65

9

39

46

74

<r
o

o

0

72

o

o

0

l0

73

31

13

TB

L2

25

o

o

o

o

a)

b)

Results collect,ed in full detail i.p tables Ì0 13'
pages 180 - t82 

"llased on unrecovered starbing rnat,erial '

res¡rective piperldino-lO-methylacrfdones, but in thfs case

bhe I-bromo compound react.-q a great cieaL fast,er than does

the 3-bromo compoundi the react,ion is complete ln 20

mj.nut,es with the l-}¡romo coinpound v¡hereas only 5"7% substí-

tution product j.s obtained frcun the 3-brorno compound after

5"25 hours" l-Bromo-10*methyJ"acrido4e al-so reacts slowly

v¡ith piperidÍne at room temperature, bul: the reae'b.ion fs

very much slov¡er bhan that wíth lithium piperidlde ín

pipericìine at room temperatlrrê o The greatJ-y enha.nced rate
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ot. react,fon of l-brorno-J-O-methylacrÍdone wí'bh piperidíne t

as comparecl wibh the 3-bromo cornpound, can be explaine<i

fn terms of hydrogeu bortdlng" 'Ihe reae'c'íon pathway for

ùhfs substltut.lon is sTrov¡n in scheme 19" Flyclrogen bonci-

lng of the amíno prot.on wlth the acrldone earbonyl group

wiLl Lower the free energy of the ffrst, t'ransitfon s€ate,

+
Br Bn

s csHto f{H

N
I

CH

s--#
- c5 H|0NH N

I

cHs

(59)

N
I

CH

csHto

5

Bî/ù
B

/
N N

N
I

c Hr 3

(60)
SCHHME 1g

whictr resembles the intermeciiage (59) ' and rvlll probably

also asslst Ín removal of the quaf:ernary prctot't as shov¡n

ln the eo.uil,ibrium (59d60) making bromicie the better

leaving gfoüpc Hydrogen bondÍng of this type has been

proposedz3 r33 r 34 to explaÍn sirnÍlar ort¡o-para eff ect.s

in the nucleophilic substítuLion of 9- ancì g-nitrohalogeno



aromatÍc compc'unds wfth primary and secondary ainfnes"

Wtth o-chloronitrobenzene this phenomenon has also teen

fnterpreted !n t,erms of elecgrostatic ínteractforr3S or

Lnternal solvationo on transferrÍng to lithj"un

pfperj.dlcle Ín pfperidine, where the nucleophile {s mueh

stronger and Ïrydrogen bonding of the type shown Ín formula

(59) will- not, occLlrr the rates of srrbstÍtutiotr become

more nearly the same for the I- and 3-brorno Compotirtds.

2-Bromo-10*methylacridone reacbs wlth llt,hium

pÍperi.dfde in plperidine at 27o nruch slower t?¡an the 1-

and 3-bromo compounds and g'ives !-e 2- and 3*piperidino-

IÛ-methylacrldone and 1o-meLhylacricione ({'able 3 ) " Again

rearrangenrent produc'tS, althouqh present in low yi¿;]¿t

inciicate the .tnternredíacy of t,he arynes (6-f ) and (62).

N
I

oo

ü'l Þ.1

H
I

C ?
3

( 61 )
( 92,)

The yi.elci of l-pi-peridj-no*I0*mettryla-cÌridone is ver-y

much lower in t-his reaction than |s the yield of l-amfno-

I0-met"hylacrídone {n the potassamfcle .reaetion. This
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observa{:ion is clisctrssjed íu detafl J:elor+" '"the pror-luets

of the reaction werc f ou:rcl to.be relasonably stairle under

tl:e reactiorr conclÍtÍons ('rable J4, page 18 3 ) .

4-Brorno*lO -met hyla cr Í cÌor:e r:eaeL s v¡i tTr l. i'Lhiu.rn

piperídS"cie 1n píperídine giving 3*piperidj"no-10-methyl-

acriclone u 1O*rnethyl.acrtdone and a cons j"derabLe alrour¡t of

intra-ctable nrateri¿r-l which remained at. the base of 'L'he

chrcrmatography pIa'cen I'{o 4-piperidíno-lO*rnethy}acridone

waÉi deteeLecl alLhough thi.s ccxnpourrd was shown t".o be s'b.abl e

uncler the reaetion corrditiollsa The formati.c¡n of 3-

piperidíno-10-methyla.c::i.cione indicateß the inLermecifacy

of the aryne (63) as ocCtljtÍ:i ín the r:eactiotr cf, 4-]:rorno-10-

methylacr j.clonel'¡ith poea i+ salnicle o

H
3

( 63 )

Príor to carrying out. f:hese react,j"ons lvit-Ìr líthium

pipe::idj-cle in piper'Ídine uhey \^/ere performed wíth lithlum

piperfclíde and exces;s piperidine 1n refluxÍng dimether:qr-

ethane. In these reactioi:s the lithj-um piperidicie r',¡as

generat,ed itl flLtg by acìcl:L'l-iot"r of phenyl"li{-1-riunr t.o a serLukfon

0

N
I

c
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of the bromo*J.O-methylercridone a-ncl pipertd.trre in cìirnerthox*,r-

ethane o TTre procluCts arrrl procïuct rat.ios f rom the

rr.:¿rct-,ions ín climethox-yethäne lrr€ïjÊ essenùiai"J-y t"he $anìe as

those ol:t.a-tne<i -in pipericline as solvent" A t'rou'b-lesome

subs'b,ance with g.rcrerl fluoreseence which streal<ed the lengtlt

of t).:e thin layer chromatograpþy ¡rla'Les prevented qua.nti'i:a-

tive anal-1zsfs bei-ng cæ.rried ouL for the react-lc¡ns v¡j-'bþ 2-

ancl 4.-bromo-lO-¡netl"ryJ-acrídone. ln the reactÍ,o¡:s¡ with'L:he

2- ancl 4-bromcr compouÌlcls the pl"renyi-1-Í-t'hi"uu'n was added al'I

at once t.o the solutj-on of the bronro compormd and

p-Ì.peridine in clÍmetl-ror3rethalre ancl j-t, i-s ¡:o.ssible 'hhat-,

t--he plienyllithLçm coilld have ber:n reactlng dfrec{:J-yo {;o

some extent, rvi'tl: the bremo-I0-nrethyla"cridene to protiuce

the çubstance with gre€n fl-uorer¡eêilcêo

At'chough l-bromo-10-methytacridone re¿rcfs reaciily

wlLh l"Íthfum pipericiide ancj excess piperlrJirre in reflux*

ing dimethoxyethane, givÍng 77% yi"eJ-d of tire I-piperidinc>

compoLlnd in 75 rninurteso t^his \.üaS not the caselvit'Ïi líthíum

p.tpri"flide in dimel--hgxyetTrane alone" lrlþen 1-]rromo-1.0-

methylacridone l.¡as refLuxed for t hours wi{:h e}ccess lithj"um

piperlcl5-de in <ilmet,ho>q¡ethane the sta.r{:Íng material was

recovered qr-ranti-i:atively ancl the only procir:ct' of the

reaet,forr r.zas a frace of lO-meth5:la.cridone" This st,rongly

suggests tha'c st,al:ílfz¿¿tion of the transition stater whlch

closeJ-y resenrt¡J-es the lnter:nred:la'ce (64)r by hydrogen bond-
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ing with piperidine is an essentla-t feat'ure of substftut'Íon

of the l-bromine by }lthium pipertdide. Vitíthout t'his

solvatlon of the transl-Lion st,ate the actlva'Èion ellerçiy i.e

too high for the subst'It'ution t,o oceur.

-o \/
¡{ Br

3
H

N
I

c

( 64 )

So far Lhe reactlons of the l:romo-10-methyl-

acri<lones with pctassamÍc)e and witÏ¡ litþium piperldÍde

have been discussed in t.erms <¡f the products fonned and

the nrechanism by vrhj-ch the suhstftu'bion occur.s. No

attempt, has been made t,o explaln the producL ratÍos o1¡-

served in the react,ions occurrÍng by the eli-rnÍnat,ion-

addiLion mechanism, The effects of sul¡stltuen*¿s on the

dlrect.ion of acldit,lon of nueleophiles t'o arynes have been

r+ell studied and are revÍerved by Hoffm.no26d and have been

dlscus¡sed in the Int,roclucb,fon of thls thesiso The general

prineipJ-e of {:he direct,ing Ínfluence of subs{:ituents is

that of Roberts44 fn whfch Èhe di.rect,fon of adcllt,lon is

controLled by Lhe lnductive effect of the substiüuent"
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The subsLltuent,s in the lO-methytacrldonyneË whtch rvfll

affect Lhe direction of addition ef nucleophÍles are the

heterocyclic nitrogeir atom and the carbonyl groupr and

these both have electron-wit,hdrarvS.ng (-T) lnductive

effect,so Therefore, ernploying Robergsr r,rl"44 (see

page 27') the three J.O-methy.tacridonlmes (65), (66) and

(67ll a,re expected t,o adci nucJ-eophfles preferrentially ln

the posÍt,ions indicated by the arrolrsr addl"t,Íon go the

arlzne (66) beíng expectecl Lo occur approxímateJ-y equally

fn each positÍ.on"

o
É @

N
I

CH .t

(65)

&N
I

cHg

( 66 )

o

H

N

I

c

Kq
3

(07)

The reaetions with lithJ.um plperidlde in pÍperfdlne

follow thls prinelple well if Ít Ís assumed that 2-bromo-

Io-methylacridone forrns preferrentfally the aryne (0s¡.



-71 -

T,his i.s a reåsonabl-e assu-mption since r''rith the cc¡rn'bined

ín<luctl.ve offeci:s of tlie earbÕnyl group ancl the J:rornine

atom 'h"he ]*hydrogen of 2-br6mo-I0-me'Lhytacridone v¡ou'j'd þ

expect.ed t,o be more acidic {:han the 3-hydrog*"26h and bhere

v¡outd be -Ligtle, if ¡åïty, steric trindranee by the cal:bonyl

group preven.hÍngr reinovaJ- of tl're I-hydrogeln a'conr t".c.r fornr

the ca.rbarri.oir pri.or to ary¡¡6 formation" Therefcre, rvíth

a greaeer prapor.Eic¡n of the }rz-aryrre (65) than of t'he 2'3-

äryne (66) t]:re çrrÍneipa.l procluet, fr<¡rn the reetet':lon of 2-

bromo-l0-rnebl"rylacridÕne with lÍthiu:rt piperidide Í¡r pfpel:-

ldirre |s expeebecin and c¡Ï-¡served, to be 2*piperidírro-l.o-

methylaericicine (ta-Ï:te 3 ) .

T,hepr:irrci-palproduc.bfrotrrthereactiorrof
potassamide in Ii-o,uåd anmonfa wlth 2-brom"o-I0*mef,hy1-

acridorre is the l"-arnlno coinpcutrd ('ta¡te 7.) rat"her th'rvl

the 2-subst,itutecl product as v,las obt¿linecl r'¡ibh I'ithíunt

piperidirle .in píperiqiine . 2'Bromo-10-methyl.acridone would

be expectecl to Eive approxS.nLately the Ej¿tlite rertj'o of aryT1esi

(65) ancî (66) v¡it".h pot,assatnide a.s u'-Lth lithiu'm pl¡:e::5"clide'

Therefore, it ls evÍclcnt. frcnt the resul{:s ('Iabl'e 2) that'

the arlme (65) reac'bs witl: amrnonia preferrent'-ialJ-y ln thc¿

J.-¡rosition vihereas r+j"th pipericline it reacts preferrentially

ín the 2-pnsit,5-on" 111:is rabnormalr aclcÌitior¡ of arnnronia

to the aryrre (65) can ]>e expJ-eined in tr¿o l^¡ayg" Hydrogen

bondins o.f aiunonia to tÏ¡e carbonyl- cïroup of the ¿lrlme (65),
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glvfng the specíer,; (68), f¡rvoura.bly sltuates the a.m¡ronía

far aclrjitiou at the J.-positign. The j.ncre¿rsecl sLeric

H..
o

( 68 )

cr-l
3

requirements of pi"pe::iciine v¡ould prevent thj-s occurrlng 1n

the addition of pi.peridÍne tc¡ the aryne (65)" An a-Ite::rt¿:-

tlrre hypoLhesis requires tT:e conversior'r of 't'he aryne (65) t'cr

the species; (69) by attack of a.rniiìe lon at the acrj'clone sar-

bcnyl groupn The subs'tttuent. Ín the ar)Ëìe (69) nol'¡ ha"s a

strong electron-clonat,inq (+f ) inriuctive effect' anci direcfs

adcli-tion of ammonj.a to Lhe ]-posltÍon giving preferrent'Ía-Lly

I-amíno-Lo-methyl-acrÍdone" EvÍdence that' the equilibriu"m

0 S"
H t+

s-

1,{

I
I

CH
3

CH
3

(85) ( 69 )
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(65<-}69) na)r occr-r.l: fr¡ ¡-iotassami"cle sûlut.ic¡n can be seen

from the reacc.íon of l.-"1:r-'omo-10-rrre'chylae.::idone with

po'Lassaurj-de whe-r'c-r at'Eacl{ of amicir: ion at. 'c}re acrÍdonel

carbony.l gt:oui,: results 5"n cleavago of the ac:r::Lclc¡ne nttcleus

(Sc?reme 18)" Forrnaf.ion of an adduct analr:çfÕus to tÏte

s¡recies (eo¡ h¡ts been pt,rpo.r*.-165 t:o explaj-n the abnormal

directing effecLs of i:.he ca.::'l:onyl group in additioir oil

arnmoni.a to 2, 3*rJel'rydroJ:eneophenone v¡Íth sodami.cle and li.quid

arunonfao A,s ev'icient from the rea.ct--ion of 1-bromo*10-

mr-:thylae::idone r,¡if.h lithium pipericlÍdc in pi-peridine {:hís

erquj-J.ihrium 1s no't est¿rblished r^¡itl.r pÍperid:lde i-ono

The resulLs of. the react"ion of 2-bromo*.I0*methyl.-

acridone wÍtl"1 ¡rc'i:ar:saini<1e ín llquid anrmonia*ciimethoxyethane

do not, dÍs'Eingu..j-sh i:eb.r.¡eelrl the trvo Ïrypo'Eheses which e;cpl,aÍ.n

the "t'bnormal addiLion of ammonia to the èrlrne (65),

Intui'ci-vely, it m.igÏrt be ttrouight thah the equíI.tbrj.ur.m

conceni:ration of thr¡ spec:iles (69) míght. L'e very lown

Indeeclu tO*methl¡lacrídones do nc¡t exchange Lhe carborryl

oxygen wftlr laþelle'J hy,Jro>:j.cie ion3gn but, crntitlê lon rs ê

stronger nucleo¡:hiJ-e thar., hydroxide iorr209"

Adcli'cfon of bc¡tl"r artn¡nonia and píper:icJine to the

3r4-aryne (67) occiurs in the predicted manner gív5.ng t^he

3-subE¡tituted procìuct o

The onl.y' iilentiflal¡Le by-'pr:oduct ol:se::ved i-n the
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reaceions of the br:orno-10*mc+thylar:riciones wj-th pot'assamicle

and wÍth llthíuyn pi-peri.díde was 1O-me'b.l'iylaerj-do¡'.teu Most

of the lîeacLions al,$Õ gave varyinC amounl*s of iutract'able

polynreric marteríalse an ohse.rvat.Íon t'hat trs quit'"e common

in reacti-ons of arlrf haLtcles with strong bases'

h4rerr the reaction of 2*?¡romo-'10-methyl-acridone

v¡ith five equivalen'Ls of O"lgl l-ithium ¡>:L¡:ericilcle Ín

pipericline (fa¡le 11, page l8l ) vfas cð..rried out. ¿it 75o

there was found to be no sÍgnífÍeant challge in 'bTre rel-aLl-ve

yields of the prodtrcÌ:s cornparecl w:lth t"-hose obt'aj-uecl at

ZTo s the only chango VTas an increasse in the l:ète of.

reac'Ej-cir" At, te¡:nperaeures of 75o and Ï:elow lO-nre'bhyl-

acridone wa$ ol:t,afned Ín yields at 7*IB% bui:, Õtl pêrform*

lng the reactions Ín reffu-txing piperidj"ne wi.tl'r five

equivalents of 0"25fl }Íthirrm píperfdide¡ of wÍth a more

dilute sol.ut,ion of lithlum pfperídide, the yíe1d of i.0-

methylacriclone rose to ca " 7O%s and the yields of the

srrbstftui:ion ¡:rodr.rcts clecreased Ïru{: relnained in approx-

imate.ly the same .rela.tive ra.tj.Osu Hovtrevere rvith terr

equival(ìn'Ls of a J.I'l sol"utíon of lj.thir.¡n pfperidide in

ref luxing píperldlne ùhe yield (5 '2%J of 10*met-hylacrldone

vras agatn quite l-gwu Tl1ese observa-tÍons í¡rdj-cabe that

Lhe forrnation of 1O*lnet'h1'lacriclone frc¡n 2-bromo-10*rnet'hy1*

acridone 1s favoured by high temperatures and low

cÕnceneratfons of l-j.Urium pi"períciide '
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\^¡ith 4-bromo*10*methylacri'rJone there v¡as no

sj.gnifj-ca¡t cJífference iu the rela{ii.ve yi.elds of the

products on performitt-q the reäre'Lton r,'rith lithium piper-

id-i.cle in pi-peridine ¿rt 27o and at reffu¡ii temperatllret

other concl:Ltions beinç¡ 'bhe sä"me (ta¡le I3n page 182)'

There was not the -largge increasc irr yíeld oÍ. J-O-meLhyI-

acri.do¡e at reflux temperature as might have Ï¡een j.nferrecl

from the o}:serr¡a.tioi¡s with 2-bromo--IO-methyJ.acrlclone"

Tn the early reactions of the bro:"no-I0-m.ethyl-

aeridÕnes rvith tithj"um pf¡:erÍc.lide in pi-peridj-ne t'he

reactions of ti:e 2- and 4-þromo cornpouncìs a'b reflu:'.

temperat"u.re \^¡ere very slorv and gave higþ yields of 1-0-

met,hylaeric:one (T¿rhl"e B, pege 175), 2-brorno-.rnd 4-b::omer-

IO-rnet"trylacridone gÍvrl"ng respect-ix/ely 61 .rnd 89% yis16 of

10-mei:Ïryla-cridone undËrr f.he same eoridj.{:iorìs" 1'-Bromo-

and 3-bronro-IO-rneLhyl.acri,done a1,so cJave sc,me 10*methyl-

acriclCIne but, the yiet.<is (fa¡le Bs pelgê 175) r,ileLe very much

lovrer sínce these com¡:ouncls reacìfJ.y undergo subsLiLutÍon

by the addition-el.imíirat.ion mechanistn ancl prolonçted ireat,ing

rrras not' neceg siedfle l-ncleed the produ"ets from th€) react,-ton

of 1-lcromo--l0*rnelihylacriclone were esffentia.Lly the sa-me as

'bhose obb.ainecl ot"l reaci-.ion wit'.h refLuxing píper:i-dine alone

(tabl-e 15, p¿).ge 184 ) ,

It'l these eal:-1.y reactíons witir l-j-thj"um píperidide

ín pipericiine there was Sorfte dou.bt" that the piperícIine lr¡as
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cömpletêly clry, altltough 'the s;ol-vetrl: hacl ]"x¿en Fuï'j-fied ]:y

methocls arJ.rpfed from the lil:er¿¡-tu**69. l['o test t}e

possil:1l-Íty t?rat. the }ar:ge yield of lO-methylacridone- Ín

{:Jrese reactions of the 2- and 4-}¡rorno-'10*meLhylacriclones;

\,ras due Lo react.ion of lithj-um hydro;'lide with the b.romo

cornporrird the 2* ancl 4-'bromo corr-rpot-tllds \,/ere ?reak.ed uncler

ref l"ux with lj.'ttrium þycìroxlclo ín piperidlne " C)n ref l-ur.x-

ing 2-brono*-I0-me'b.hy.l.acridone vr:Lth l-ithÍr"rrn hyd::oxj-cìc* in

pi-peridíne no t.raee of 1O-methylacridone waÉi erbserverd after

sÍx hours and the stari:i-ng mat.eríal v¡.aso ruittri.n e>eperíment¿r..1

error, rêcoverecl quantj-tat.ivelv" Irlo trace of any piper-

fdino*-1O-methylercrfdone was ob¡¡ervecl indicating that

lithium hydroxide i"g na'E a sLrotrg enouglr base to forrn the

ar_\mesu Hoivever, 4-brc.:mo-10-rnethylac::idane slor,ily react"ed

v¡ihtr lithÍur¡ hydrox,lcle in refltixing piper:Ldine gi-vinq 10-

methy.lacrldone, but. qua-1:!-tat.ive experinerrts showedÌ::'he

reaction to be very much slolver than that with li.thíu:n

píperi.dide in rr+et t pipericline" Again, no piperidÍno*l0-

me{:hyl"acrj"done si r{ere observed o

The resul.ts of {:he earJ-y reactious of 2-'l:ro¡no-}O*

met,hylaerirdone wí'bh 1:Lt1:ium piperidide in,¡v¿et I piperirlinc;

are consj.st,ent with the results cliscussed atrove in 'dry'
pfper-i-dfne v¡hc.:re the 2-brc,mo eompouncl is reactj-nçÍr at

reflux temperature, with l-ow conc:entraLions: of lithium

piperidi-cie" Tndeeds the fornra'b-ion of substttution product,sn
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although in }ovr yfeld, inclicates thau slgnfficar:t amount's

of lÍthii-'rm pj-perfdfde were presento PossÍ'bly traces of

tfthÍurn hydroxide co-orclínate vlith lit'hium pipe.r:Ldide

toglvealessbasfcreagent',thereh,yreducingthe¿rmounL
of aryne formatÍono

The reductisn of ary). haticjes ley li{:hi"um dialkyl-

amldes is wetl l*ooo*26j ancl two mechanisms have been

proposed66s67, one of whÍch is applfcable to the recìuct'ion

of the brorno-L0-nethyJ.acridones with lithitrnr pll:eridide'

Tn this mecïranis^66 ,h* llthium dÍalkylamíde reacts wit'h

the aryt bromtde vla the six-membered transÍi:ion state (zo¡

which, frr the case of 1lthLurn piperidlde, leads t'o the

lmine (71). However, ín t.he presenL work no att^empt' was

niade to detect 'bhe presenee of this Ímine"

H+

+

LiBr

R'N=cHRRt'l

(70)

( 7t )
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10-I,îethylacriclone l.¡as also obtainecl on react'ion

of potassamÍde fn ttquid amrnoni.a*dírnethoxyethane with

1-, 2- ancl 4-bro¡no-10-methylacriclones but nÕt. with the

3-bromo compound (Tta¡le 16-19, pages 189- 191 ). Às has

been ment,ioned above the l0-methylacridone formed ín t'he

reactíon of 2-bromo-10-nrethylacriclone comès not from t'he

starLíng material but from decomposit'ion of the product

2-am1no-10-met?rylacrfdone' Reduction of l- and 4-bromo-

lO-methylacridones ts ]O*methylacrfdone probä'bly occur's by

nucleophilfc attack of amide ion on the bramj-ne a|om as

has been proposed for the redu.ctic)n of aryl halides v¡it'h

al}cyllithi,rms68" ThÍs reaction wotlld be facil-ltated for

the I- and 4-bromo compouncis by rellief of st'eric st'rain

on lengtÌ:enillg of the carbon-bromltre bond in ttre Èransít'ion

state (72j (scheme 20).

I0-'ì4ethylacridone was also observed in lov¡

yield among the produc'bs from the reaction of 1- and

4-brorno-10*metlryJ.acridones wlth ref luxing piperidlne

(ta¡le 15 o page l8 4 ) "
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o

f,{

I

c Fl¡ Br J

( 72 )

Br

!{l.r?

--+
NH¡.

r\|

I
H3

þü

I

cCH 3

SCHEME 2O
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REA(:1lTCII.f Oþ' TI-Tll TSOYiERÏC

BRO¡.IO-]. O-¡TtrTFIYI,ACRf T)ONI.]S VTÏI]H

SO.l.)IUt'f I,ITTT{OXIDE IIS þtIlT'ÌiANOL ANI)

rN ÐTIVI};TLIYT, SUI,PÌTO}iÏDE

Tn the prevíous sect,lon tlie re¿rc'tÍons of the

bromo-10--m.ethylacridones v¡ith stro::rg bases were diseusscld

where nucleopl:Ílic s¡ubst,i.tu"bÍon rvas fcund tc cücur by

both acldÍ'i:Íon^elimina'LÍon and el"lrnlnat,ion-adciJ^'i:i.on

r'.rechanisms" In continui-ng tl-re stucly of nueleophílfc

substitut.i.crn fn suÌ:s€ít,u'h.eci aeridonc.,s the react-*ons of

the bro,no-10-methyïaerl-dor:es with meLhoxide ior: r,uere

investigated,'Il'r1s l¡orlc was directed t,owar:ds; cieterminaf,ion

of the rela'bive ra'L.es of acidítion-el-iminatton sribstritu't,i.on

fn the .1,^ and 3-posltj-Õrìelc

The reacti"ons of 1* and 3*brorno-1.0*rnethylacridotre

rn¡f€h p.tperi"dine lrave J¡een dj.scussed in ParL TT and lt. w¿rs

fou.nd- th¿r.t substÍtr-rtíon oceurred iry'bire acldi.t.ion-elimf-

natlon rnechanisn a.nd was ver]¡ nruch fa.ster ln the l-position

than in the 3*poeiii:lon, Th.e enhancec,l rage of sr-ihst,1-

tut.ion ì:y p.iperícli"ne ín the l-posltlon Ì,¡as expJ-af.rred in

t.errns of hydroqen }:onding vzith the acrfdone carbonyl g.ror-rp

in the t.r¿rns.ttio¡r st¿r{:e " I.t: v¡a,s theref ore per:'t"inent tcr

deterrnirre the relabfrre rates of nucleophilS-c substi-tution

ín the 1- and 3-posit{onÊj trr:itÏr ¿L nueleophÍle r^rh.tc}: cou}cj
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no{: undergo hycTroclen þon-ding with 'bhe ea:lbonyl qrot¡.p l.n

substit.rl'Lions occu.rrj.ng fn the I-positiotlo It v¡a-s fot

this re¿r-Éion that tire react,ions of 1- ¿rnd 3*hronro-'l0-

meLhyl.?-cridone lvÍth sodium lnethoreíde ín methanr:.l were

lnr¡est igated 
"

l-B::omo- and 3-bromo-10-methyl-acridone v¡ere

treated wi-th sodtr-un methoxfcle in reflrrxing methatlo}

fulty ex¡:ecting the prodrrcts tc }:e the 1- and 3-nnetl'roxy*

lO-rnethylacrldones resipectively" Ijorveverr thís r'¡as not

the case" Tn ho'L.h reactÍons the prodlrct. r^¡as fou.ncl to l¡e

lO-methylaeridone and no mcre than trace arnounLs of Lhe

expected substítuti-on product,s 1l7ere gl:servecl. These

reactÍons \trêrê slolv, Ì-bromo.-10-methylacridone givj-nç¡ a

96% yJ..,eLd of 10-rne.l:'llylacri<lor¡e after refluxj.t'lg for lB hours

J-¡t 0,5i.( södftrin metho>'ide in met'ha"nol arid 3-Ï¡romo'-I0-rnethy.t-

acrÍdone giving an 85% ylelcl of lO-methylacridone ¿rf'U,er

20 hours"

Si,nee thlr: react.icn lras <¡T:vi-ously not' a simple

nu.cleophj-1,Íc sul:s'cítr-rt.ion of bro:rr-tne loy methcx:Lcie ion the

reaceions of ehe 2.* and 4-bromo compotruds were a-lso

investigafecì uncler the same condltlous. Reductj.on af

the lrromo eompound to 10.-methylacl'j"done l/¿ls agaín founci to

occur bug there wa.s a vast di:Eference in Lhe relat-,ive i?ates

of reducti-on of the 2- and 4-Jrrorno i-somers u 2-l3xomo-10-

methylacriclone re¿rcted extrernely slorvly lvj"th sodiurn methoxicle
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tn refl.u.xÍng methanol giving only trace amount,s of 10-

methylacridone after 4.8 hours whereas 4'-bromo-1O-mefhyl-

acridone l:eaceed quiCe rapidly, and faster t?¡an the l- and

3-bromo compounds, gfving a quant-i"t'ative yield of t0-

methyLacridone after only 3.5 hourso Any mechanism pro-

posed to explain these reductlons rnus'[. be consÍstent wlt'h

the observat,ions on the rel"ative rates of reaction of t.l;ie

cllf ferent, bromo-lO -methyLacridone s .

one possÍbLe mechanÍsm for the reduction of t'he

bromo-lO-rnethylacridones with soclium methoxlde j-n metl'ranol

is nucleophlllc a-t,tack of methoxide ion on the brom-ine

aton (Scheme 2L) t,o gÍve the acriclotre carbanÍon (ZS¡,

Protonation of tire carbanfon wl-ll give 1O-met'hylacrfdoneu

Thfs mechanism 1s sirnilar Lo tha'þ proposed for the reaction

--:Þ

0o

H3

Êocns N
I

cr'{
3

( 73 )

N
I

CH 3

CH^OH

SCHEME 2l
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c¡f ha-l.oqenoacetyl.enes v.,i'i:h 1r^**"70, Reduct-ion hy 'chÍs

mechenisnr r,+oulcl be favoured by any factr:rs inciucf.iv'el-y

effecting pc],arizatj-orr of, the ca:r:bot"l-J¡rc¡nine Ì>ono' ö-r

fnducf:J-ve1y stabílizinc1 the ca::hanion in'cev"medj-ato (73) '
On bo'bh eo".rnts the lcv¡er electron densit:i"es ai: C-l- and

C-3 of the aertdone nucletrs woul-d favour reiì'"rcBion at the

I- anr,ì 3-posttlons ]ry the mechæ"nts;m shorvn 1n Schemre ZIn

the uuexpectecl.llz rapir) re<ìucti-on of 4-bromo-10-methyl-

acrirjone couJ-d be expl-ain-e-.ci j.n terms of reli-ef c,f storÍc

strain in thr: transJ.tion sta-te cltre to lengtheninç¡ of the

c¿)-rbon*bromine bonci asr vras pro¡:osed j.n Part 11 for tlre

forrnetion of J-0*niethlzl-acrldorre from pol-assa¡.nicle "rnd 4*l:roiilo-

IO -methyl a cr i r.i onr.: 
"

It. is al-so pc.$sible t-o enr¡isage {-he redu"etion

occur-r:Lng h}¡ a. free raciÍcal m-ech¿inisnn A]-thout,gh 'l:-he

reactions vic:re carrj"e<1 o¡-rt unde.r an ¿jrtrnÕsfrhere of n-itrogent

the so-l-vent r¡as no'L deç1arssecl and afr t,l¿tÊ not rigo::cru.sly

exch:cleci anrì may r^rel1 Ìr¿ìr¡el entr:red otr retrtovínq sarnpJ-c:s for

eh¡:omatoçra¡5hic ana.l.l¡sis " itherefore ¡ tlie: rr:dttct j.on m.ð.y

be occr-lrtîing 1ry a free ::¡.rcJica.l. mr¡ctl¿rn:i.sm j-nj-tiatecl b1'

traces of a.trnospherie oviygen" Ra<llcal ehai.rr react"ions

in the abser¡cet oî oxygen or othe¡: inj-tiators êtlîG J.-rrc,wn7l'n

AryI íc¡clicìes ?rave l:=*en found Lo nncìergo clej-ocl:Ln¿rtio¡: with

socliu¡l rle'Lhr:>ricle ln rnetl-:anol. -'ln the ,r_rresence of raclj-ca1

j-ni.t--j-a.tors¡72 anrl j.'c h¡-is been p::c-r;:ros,;eil 'b.'hat l.'-]ris j-s ð-
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raclical r;Traj.n reactÍorÌ occurring via. the formel.clehyde

radical arrion o 'CH.,A-" ïL has '.been Su99este.l72 th,rt eh*

reduct-ion c¡f sorne agyl hali.des occu.rrÍng on pr:olonged

heat.íng vüieh a1coholic allcoxídes oec¡.lrs by t'he sä,me

mechanísm ín whicll the r¿rdfccrl reacbion is ii:it:iatecl i:y

atrnospherfc oxy-qene ït s(;è)ns likely that the preseut

reductions of the l:romo-J-O-.InethylacridÕnes \,'7i'bh socli".rm

methoxj-de ín rneth"rnol are a further example of tlris ty¡:'e

of reac'i:íonn The mechanism of the recSuct,ionn aciopted frotn

that of lSunnett ancl ï^larnrrt72, is sho-!,¡n l.¡r Scheme 22n 'i-'he

cllffer:enL ra{:es of reduct.fon of the bromo-I0*rneühy--t-acriilor¡es

mrlst refi-ect the cTifferj-ng stabj-litj.es oJl the bronro-'1,O-

methylacrídone rad:LcaL an-ì-çln,q (e 
" 

g , (74J ) . Addit'ion of

one electron t,o 3*bromo-i.O-rnothytac::i.Oo'le will give the:

st,abilízed raclic¿rl anÍon (75) rvhich v¿Íl"l readily lose

bromi<le ion giving Lhe lO-rnelt'hylacriclone 'radic¿rl (ze ¡"

A s.lmitar procese will appty l"n '¿he .reductlon c¡f the I-bronto

corcpouircl and accou¡rts for the fastel: reactions of the l--'

arrri 3-krrofíto compouncìs compared rv-tth Lhe Z-bromo cotn¡:oundo

I\gain, rernoval of bromicie ion fronr the 4-pesitlon is

p.robably crssisLed by relief of fst"eric: str¡ti"n j-n t-he trans-'

åtion st.ate o 
,

one further possÍbility fo-r: the mechani-sm of

reduct,ion of the bromo-IO-rnethylacriclenes lvith methox:i"de

Íon ilr niethanol- 1s hydrÍde t,ransfer from methoxfde ioir to
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j

Ro + CH3OI{ RH + cHf H

'cHroH + cH30- 'cHr0- + cHJ0H
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the bromo-lO-methylacridone forming an intermediate such

as (77) and formatdehycTe (scher,re 23). Thlrs mechanlsm is

essentially an addj-t,ion-elimlnatÍon substttut.j-on, ancl t

although it coulcì accounL for the reducEion of 1- and 3-

bromo-I0-methylacridone t,o l-O-methylacricloner ft would not'

satÍsfactoriJ-y account for the relatÍve1y rapid reduet:Lon

of the 4-bromo eompound t¡hich has no'e. been observed to under-

go nucleophític substltutlon by the additlon-elirnÍnation

mechanlsm ín other react,ions 
"

fn order to dístfngufsh between the ÍonÍc and free

radica.l mechanlsms the react,lon \iûas carrÍed ottt' wiLh 4-

bromo-IO-methylacridone and sodium me'Lhoxide in methanol-dl

(Ctlron) '¿here, if the reduct,ion 1s occurring by the ionic
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mechanism (scheme 2f ) tl':e lO-methylacridorte ivouLd con'E'aín

cleuterium but. by {:he free radical mech¿r¡ism (Schome 22)

no cleuterium rvsuld be introduce.:d o The lO-metirylacridone

obtafned j.n this reactj.cn v/äf5 found by mass speetrotnetry

t.o eontain no der:terium and íU c¿rn h3 inferred that for

4*bromo-I0*rnethylacr:iclone the redçctfon is occrrrlíng by

th.e free raciical mechanism* The r:educt.ic¡n almost. certaín-

ly occurs 1cy the same mecl'¡anísrn v¡ith l--l-re other b::o:no-lO-

methyl.aerlclonesn The ocetlllrellce of the free raclical

mechanism ïras l:een eonflrmeclT3 by ca:lrylng out the reclucLion

of 4*bi:omo-IO*metl:1z1acricione wi.'bh soclium nte'b,1:o>c:Lcie in

methanol fn the presence of azoTtisisol:utyronitri"J.e and in

the preßence of hydroquÍnone " Ttre ratÞ of f o:rme"t.ion of

1.0-mei:hlzlacriclone wa,s for-rnd to be enhanced ín t"lte presence

c¡f azobísi-sobut,yronit,rlle and dj-¡ninished ín the presenee

of hydroq-r:inone" ThÍs dis"Linguishes the free ra<Jj-caf

mechanísm from the i-ess lilcely hydride tratrsfer tnecha.ni.sm"

Sii:ce L- anci 3-]:romo-I0*methylacrfdorre t:nderv¡enil

very l.il:tl.e nr-rc1eo¡:hilic substi.t,u{:j-on wj-th ç;odium meLhoxÌite

in ntethanc¡l the reac'b,-ion was earri-ed out. r'¡:Lth sodiu¡n

methoxÍcre in methanol*free cl:Lmethyt sr.rJ-¡:hoxide" In t--he

latter solvent tlre t)roducts l'/ere founc) to be excJ-us:lvely

the 1- and 3-me'bhox;y-I0-mebhylacridones res¡rect'it¡el'Y"

Since methoxíde ion ts no'b so.l-va.tecl in di-methyJ- sulphoxideT4

the a.ctlvatj-on eìllea'gy for nucleoph.i-lÍc sul:st:i.tu.tion is much
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lower in clímethy.1- sgl.pho>e:Lde t-"han -i-n ntet*.ha.ncJ,, rn'here

me.thoxÍcìe ion i-s str:ongly so-lvated, Nucleopìrilj-c

substj-tu-tionn i:herefol:e, oricurs verry mr:ch fa-ster in

dimeth:g.| sulpho:<ide than in methanol" The second orcler

rate consLänts at 4.Oo dete:rmíne¡cl for the nucl-eo1'¡hi"1ic

s;ui:stituLiotl of 1'- and 3*T¡romo-I0-rre:thylacridone vrith

sodium rne'Lhoxtcie in me'thanol*fre¡e clinrethyl. srrrlpltoxide a.re

recorilecl 1n Table 4n Tt. is seen tha't 3-Ïr::omo*"10'-metliyl-.

acrÍdone ur-nclergloes nueleophilic subst-"ituitÍon fa-ster than

wIÌ9_3"
Second orîder rat.ÉÌ cons'tants: for reaction
with sodilrtn rnetho>r.i.de in ¡Lrethanol-free
d5-methyl suJ-phoxirle a-t. 40o"

-1 -1 .

k (-1-"mo1e -cs€c - )

I -Bromo-I 0 -rne thyJ-a- cr i done

3 -Br omo- I O.-rrre thyla c:: i done

0"046

o"15

1-bromo"-l0-methylacricloneo Thj"s appearr'i to be t'he normal

pattern of orLho and para *s¡ilratirrg effe*t's2o*'2oh fot

adclition*elinrÍtrat.ion substitutions fn r.'hich activation i"s

due to the elec'b,t:on-withdralting (-l'1) mesomeric effect of

the substí'Urrent and in r.vhÍch no special hydrogen }:ondincl
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or steric effecLs ínfluence t.he rate of subs{:Ítu''cÍon fn

the positfon ortho to the activating groupe The great'er

rate of subst,j-tutÍcn v¡Íth t.he para*isomer l-s gene:ra'li-y

ascrlbeil Lo the someruhat, greater conJugative effect at

the para-position t'han at Lhe ortho-posibíonzoe'
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T.¡ITH

R}TACTTON OF SO¡'LE

P OLYALKO)Cf - I O -ME': THYT"ACR T DONBS

SODTUM METTJOXTDE TN MBTFIANOL

DÏMETHYL SULPHOXÏDE

AND ÏN

In thls sectlon the meehanisms of the react.tons

of some pol"ya-tkoxy-10*rüethylacriciones wfth sodfum methoxlde

are díscussecl and, in part.lcular, the reactlons of the

me thyl e ne d I oxryaer i d one s, 3, 4 -d i.nre tho>;12- 1, 2 -'me t hylene rJ Í oxy-

lO-methylacriclone (Za¡, melicopidine (79), and meLicopine

o

0cH 3
I
CH 0c14 0cl-l 33 3

(78) (79)

o ocH 3

3

J

\
ooN

3

N
I

ct-l

( 80 )
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(S0) rdíth sÕdlum methoxide a.re eoRsldered. this work was

agaÍn directed towards an examj-rratfon of nucleophillc

subst,Ítution by the aclrJltion-elirnination mechani.sm Ín fhe

1- and 3-posítlons of f-he acrldotle nucleus,

In their elueiciatlon ot t'he struceures of the

aeridone alltalolds Crorv and Price found that, mellcopldine

(ZO¡ and mellcopine (80) reacted rvith*ilê"cÌìanolfc po'LassÍum

hydroxidel2 to open the meEhylenedioxy rfl,g gív1nø t:he

phenols (82) and (83) respectively" It is rçell knorvn that

e0 ocH

0

0cH ocH3
3 3

KO¡-r /ch.{d0H

0 0Çl.l 3

ocHS

cH¡ oc!{3

( 82 )

o H3

H 0cH
-f 3

( 81 )

+cH o
2

3 Ç 0

0cHN
l
c

3

N
I

sc¡{EME 2t
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the nucleophilÌ-c species fn aLcohollc alkall is 't'ho

alkoxfde lon ancl this rîêctctíon obvio¡-rsly occurs for

melicopidine by nucleophtlic subst,ltut'lon at the 3-posi-

Èfon.by the aciclitlon-elimlnatÍon meehanlsrï via the fnter-

meciiate (B]) (scheme ?'4\ " Rfng optrnlng of the,methy"lene-

dÍoxy ring of mellcoplne, (80) occurs by the s¿lme type

of meehanism agafn lnvolvlng nucleophiltc at.t,aclc by meth-

oxLde ton at the '3-positlon"

CIcH3

ht
¡

0cH3

cFl OH
3

( 83 l

Nucleophíl1c sul:stit.ut.ion of this type at methylene-

dlo>q¡ subst,lt,uents ls a.lso lenov¡n to oecur fn the .reactions

of the methylenecìJ.oxynj-t,robenzettes (84) ancl (87) 'r+hich'

on treaLment wlth sodium merthoxlde fn methanolu rrnclergo

opening of the methytenedic¡xv ring givÍng,the phenols (86)

and (8s) respectfo.ly7st76" Again this ls interpret'ed

fn terms of an addlt,fon-e1lmfnat.ion sul:stituti.on vla

fntermediates such as the species (85) where rnethoxl.de íon

has att.acked the aromatie rlng at the posit,ion actfvated
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by the nftro gËoupc

$n

0c,H
3

(B/,)

o
2

H

þ

CHso-- -
CSrol.f

0/ _-Þ
0cF.l 3cHg

(85) (86)

a2o 0 gtrtg-*
cHnot{ '

0cH3

( 87 ) ( 88 )

ft Ís dlfffcult to declde whether or noL the

formaldel:yde ls lost from lntermecllates sueh as (BI) and

(eS1 fn a synchronous process or lf it occurs by a two-st,ep

process via a second Ínternedi-ate such as the s¡recies (89)

ln the casê of mellcopJ"dineo Since the specles (89) wor¡l-d

be expeeted to lose formal.dehyde very rapldly t-.he corre-

spondfng alcohol woulcl not, be expecLed t,o be o]:servecl ffnong

the product,s of the reaetionn 'Ihe resuLt.s oo not, distin-

gutsh between the two nrodes for loss of formaldehyde from

the flrst formed íntermedlat,e, but, 1n vlew of the st"abflfLy

of formaldehyde, the synchronous process woul-d be favoured.

Since the eLlmfnatlon of forma-ldehycie occurs after the

raÈe de{:erminÍng step, lt. Ís unlrnportant 1n the present
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work by whÍ.ch process thls elfmtnation occurs¡

oclt 3

CIcH20

N
I

0e$'13

cFl 3 0ÇH3

(89)

The present work hras dfrected towards determÍnlng

the rates at. which the three Ísomerlc dÍmetho>q¡met'hylene*

dfo:cy-10-methylacrÍclones (78) 
' 

(79') and (80) uncìergo

nucl-eophilfc substitut,íon with nrethoxicle Íon wlth opening

of the methylenedloxl¿ rlng, Loss of fprmaldehyde from

intermediates such as the sp'ecf.es (Bf ) by either t'he

synchronous or two-step process would be expect'ed to have

a lower actlvatlon energy than the reverse processr loss

of methoxlcìe Íon. Therefore, the fírst step 1n these

react,ions, nucleophitic attacl< by methoxide lon on aromatic

carbon, would be exçeeted to þe the ::at'e clet'errnining

step ancl the reaction v¡ou1d be expect,ed to follor¿ second

orde¡: kinetj"cs ¡ ,

Mellcopidine (79, and mellcopine (80) both occur

natural-Ly as al-lcal-oÍds of several speci.es of the fam.ily
1ARut,aceae''''u However, the 1r2-methylenedfoxy lsomert

3 ,4-dimethoxy-l , 2-methylenerSlo>qz-lO-methylacr iclone ( 78 ) '
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il,'- ,io.

.j1';,:::,t 
i.

';:l

i,: :

has not. becìn observecl tc occur naturally and has not

been described fn the lfter:atrrre. In orcìer t'o carry out

a cornplete stucly of the relat,lve rates of rfnq opening of

the methylenedío)ry r-tngs of the methylenedio,xyaerldones this

compor-rncl was required and was synthesized from melÍcopidine

by the route shown. fn Seheme 25" The fÍrst two st.eps

\^rere carried out by procedures descrfbeci by erol{' and
1)Prlce*- " The 1,2-dihydroxy-3 n 4-dimethoxy-10-methyl-

acrldone (90) obtaÍned 1n the present eroÌ:k hlas found to

have a sharp melting poÍnt some 42 degrees hfgher than that

0 cH Ĵ

)

KOH

-"-+cÞ"t3oH N
I

0il"13

ocH
3

cHg 0cH3

HCt

EtOH

OH

0
3

N

¿H3

00

N
I

cH3 0cH3

ct-r2t?r

0CH3 K?C03

H3 0CH3

N
I

c

ocH3

(90)

SCHEME 25

(91 I
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recorded in the lit.erat.uren The mass s¡:ectrum of thls

compound showeci only a very small molecular lon at m,/e

301, that, expeeted for the cl:lhyciroxy compouncl (90) arrd a

large pealc at m,/e 299. It appears that, the molecular ion

of the díhydroxy compound (90) readily loses hydrogen

givtng the molecular ion of the o-quinone (92). Evidence

tirat the compound preparecì was not the quJ.none (92) v/as

00
0

r 92 )

0CH3

3 OGH3

obtained from the broad O-Hstr band in the ícru spectrum

and from the posftive phenol t,est wÍth ferric chlorÍde,

Furthermore, the nrelt,lng poinE recorded in the lj-teraturnTT

for the qu-lnone (92) is 30 ciegrees higher than that

obt,afned in thÍs work for the mel"tfng polnt of the di-

hydroxy compound (90). Reaeflon of t,he dÍhydroxry compound

(90) wÍth df-lodomethane and potassiurn carbonate in refl-u:r-

lng acetone gave a good yield c¡f the 112-methylenedi-o><y

compound (91) 
"

The reactlons of the met.hylenedloxyacrldones (78),

(79) and (gO) with so<ilum methoxide Ín refluxj.ng methanol

were exami.ned fn orde-r to determi-ne whether thí.s was a
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suit,able system f<¡r nreasur:irrg the rates of me'i:hy1.tlne-

dio:<y rirrg-openfng with rnethoxÍcle ionn 'Ihese reaet'Íons

were very slow and it v¡as only in the case of ¡nelicopj"díne

(79) that, rÍnç¡-opetr.íng of t'he methylonedioxy rÍng by the

expect-ec1 proce,ss v¡.as the prlnetpal ::eaetion' with

melJ-copi-ne (S0) a¡r<l the 1r2-methyletrediolcy compou¡rd (78)

a complex mfxture o'f. products \^IaE; obLalnecl and fl-re na{:ure

of these pi;odu.cts warranfed further ínvestlgat'ion* ÏL

was qualifat.fvely observed that, react.lon v¡ith metlroxfde

lon oceurs somewhat faster wiih melicopfclÍne (79) than

with the otirer two metl'iy1e*e<1i.x1¡a.cridones (78) and (80)t

an obse::vati-on a-lso macle by Cro'o and t'ríce for Lhe;

reactíons of melfcopidÍne and melicopine wit'h methanolic

potassiurn hyclroxf de12 
"

}lelicopj-c]inerea.ct'e<Trvj.th}M-sodíurnntet.hoxj-defn

refluxing met'Ìranol givfng, after 6 days, a 97% fi'eJ-d of

tlre phenol ß2) together with a 3% yj"e-tcl of nornielicop-

idlne(g4},Thepheno.l-(tJ2)arisesbynucl.eophil:Lcsub*

s€it,utfon by. methoxide ion in the 3-pQsitlon as shov¿n in

schenie 24, NormelicopÍ-dine tnusu arfse from att'acl< of

me{:hoxicle fon on the methoxyl carbon i¡r the l-posifiion

(scheme 26). Since .bhe product. of thisl rea-ctlon J-s

present in the atkaline solution as the resonance stablllzed

anion (93a4-à93b) fur:t"her attaelc by met'ho>ride fon, whíctt

woulcl resu_l-t 1n opening o¡-' ühe met,hylerre<lioxy rfng, lvould
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cHg fo

3 oct{3

(93a)

(94)

0

CI0-

( 93b 
'

cHs ocH3

FI

o

o)
H*

--à.

T
cHl

N
I

CIcl{3CH¡

0

SCHEME 26

be unllkely to oecur. Crow and Price obt,ained the phenoJ'

(82) i-n B2/" yi.eLd on reactÍon of melicopidlne rsith

methanolic potassium hydroxid.I2 btlt dfd nob observe

normelicopidÍne (94\ a,s a product" Howeverr normelí-

eopidine rvas observ'ed as a minor prod'ucÈ on reaction of

melicopidÍne w115h ethan<¡tLc potassium hydroxidel2n

3, 4 -Dime thoxy*I, 2 -methylo ne d i o>q¿- I O*nie thyl-
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acridone (78) react,ed with 1t't-soclfum. methoxlde in reflux-

íng methanol more slowly than did rnellcopfdlne and after

14. tlays 3% of the start,ing materÍal remainedo only 39%

yleJ-d of the trormal product:., the phenol (96), was obtaÍnt+do

This product is forrned by nueleophitic attack of methoxíde

lon at t"he l-posltion (Scheme 271 giving the lnt,ermedlate

(95) whichr on loss of formaldehyde, gives the phenol (96)"

The other products ol:tained ln thls reactfon were

cH30

0c {

3

N
I

0cH
--Þ

3 ffiHt

cHg 0cH3

0 ocf{ 3

ocH3

(95)

0hl

r\¡
I

c
3

H3 OCH3

( 96 I

----+

SCHEME 27
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3 -hy dr oxy-4 -rne th oxy* -1, 2 -nrn t þyl e ner d i or:y- I 0 *me thyl a cr i d otre

(g7), rshlch r,¡as obtained Ín 25% yteJ-c), ancl 3r4*dimet'hoxy-

I-hydroxy -2- (c/--rrrethoxy)rnetiroxy-IO-methylacrÍ-rCone ( 98 )'

which w¿rs obtaÍned 1n J-3?á Yleld.

o OH

0eH20cH3

N
¡

3cHg

N
I

c

oÇHg

H3 Clcl43

( g8 )( 97 )

The phenol (97) , fn rvhich the methyleneclioxry rlng

rernainerd :Lnt,aet, \r'ilË identlfied fro:n its nrass specl{:rutnt

rvhÍch E;?rol,¡ec1 that, ciemethylat,ion had occurrecln and by

re-f ormation of 3 , 4-cilme'L.hoxy-1 , 2-mei:'hylerredio>ry-1O-metlìy1--

aeridr¡ne (78) on methylatj.on rvj-th diazomethanen ThÍs

evfclence does noL rllsdÍngui'çh between 'bhe 3-hyciro>cy

compound (97) and its isomer in u4rlch the hydri:x'yl group

i.s in the 4-.¡.:ositÍçn" S.t¡rce comporrncl (91) co¡l-d be

formed from Lhe J-n2-metTry1-ene<lfoxy compound (78) by a

process analogous to Lhe formation of nornìe1Í-copiciine from

melicopidine (Scheme 26) this rlemethyl,atfon woulrl be

expecterl to oecur preferrel:tially in the activa.ted 3-

posS-tion" The position of the hyciroxyl. gro'"lp ln compeuncl

(97) was confírmed by tf cvo and mass spectromet:.r:y" The
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u.rvo s¡æctrurn of cornpound (97) sho\^/ed very sLmÍlar changes

to the Lr¡vo spectrum of the 3-hydro>cy*acrldone (I0O) in

ocH
( 99 ) Rl= H, R?= R3= CH3

3

OR I (100) R2=H, Rl*R3=CH3
2

3

(1 01 ) R3=H, Rl=R2=CH
3cHs 0R

neuträl alrd alkalfne solutÍon and, 1n particular, a 1ì14)so-

chromlc shift and lncrease in int.ensÍty of the long wave-

length band was observed for bottr of these com¡rounds on

transferrfng from neutral to alkaLfne solut,fon. The uovo

spectra of t,he 2-hydroxy-acrfdone (99) and the 4-hydro>q¡-

acrldone (101) shor.red tot.ally dlfferent changes in neutral
ancl alkallne solution where, for the long waveJ.ength band,

there was a bathochrornic shift and desrease ln intensity
ln alkalÍne solutlon.

I'urther evidence for the pos:ltion of t.he hydroxyl
group in compound (97) \^¡as oÏ¡talned from the mass speetrum

of the 3, 4-climethoxy-l, 2-methylenedioxy-I0-rnethylacrÍdone

obt.ained on methy.lation v¡lth dideut,erodfazomethane. The

nÌass spectrum of f:hle methylation product showed speeiflc
loss of cll, rather than cD3. sl-nce the molecular Íons of
methoxy-IO-methyracridone s preferrenti.alry .lose methyl

R
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radfcal from the 2- or 4-positions39 methytat"iort \,üfth dl..

deuteroclfazomethane mçst have occurred ln the 3-posltfon.

This eviCence adcled to that of the LleVo spectra unequiv-

ocally places the hydroxyl group of compound (97) ln the

3-pos it lon o

The strueture of compound (98) ï,vas dete::mlued from

its urvo j nrm¡f o ancl mass spectra. Compound (98) had

the same R, and appearance as normell"copi.clne (102) on

thtn layer chromatography and, ín particular' did not'

fluoresCe r:nder UcVo lfghtr âFI oÌ:sefv.:tion characteristiC

of acriclones with a l-hydroxyl substftuent. fn acìdition

0 OH

0cl"l 3 ( 102 )

0cH3

l offig

the u"v. spectra of compouncl (98) 1n neut.ral and alkallne

solution were fdentical wlth those of normelfcopicíne (IO2)

under the sarne condit,lons. C1early eompound (9S) Ís very

closely relat.ed to normetieoplcine (102) and, in particular,

appears go cont,aln a I-hydroxyl group' These two compouncìs

cor-rld cltffer only in the nature of the substituent ln the

2-posi.t1.on. the rlorn¡rc specfrum of compound (98) clearly

showed the four methyl groups on oxygen or nltrogen and
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the methylenedfoxy group. The hyclroxyl group hras at very

low fielcl ( 6 14.5) whlch agaÍn is characteristic of 1-

hydroxy-acrÍdonesn The mass sjpectrum showed the ¡nolecular

ion at m,/e 345 and the base pea)< at m,/e 3OO whích is

eonsistent, with the loss of tho CH2ocH3 radlcal from the

2-posltton of the aerldone nucl-eus.

Compound (97) elearly must form by attack of meth-

oxide ion on the methyl carbon of the 3-methoxyl group 1n

a process analogous to that. shown J.n Seheme 26 for the

format.lon of normelfcopldine from melÍcopÍ<ilne.

, Compound (98) forms in a sLmilar manner t'o eompound

(97') but, in thfs c¿ùser the attack by methoxÍde l-on occurs

a? the methylenedioxy carbon (Scheme 28) ' Ring-openÍ-ng of

c 0
Co.,

3

--_>

0cH3

0 0

N
I

ocH3

CH¡ 0CH3 0cH 3

00H

N
¡

o

CH¡ÇH¡ 
.O0{l

#

SCHEME 28

0cH3
3
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lhe rnethylenedloxy ring occurs only ln the dlrection assist'erl

by the carbonyl group. Thts type of rlng-opening wlt,h

alkoxldes, resulting |n the formation of alkoxynethyl ethers,

has been observed ln the reactions of aromatlc methylene-

dioxy com.pounds wÏ¡ich are not act,ivatecì Eowards nucleo-

philic at.tacÌ< on aromatÍc .rrtbor,T8'79.

I'{ellcopine (BO) reacts wlth soclium methoxide Ín

methanol mueh more sJ.ow1y than does melicopidine and

resuLts in a mixt.ure of proclucts even more complex than

that obtained from the 1r2-methylenedioxy compor-rncl (78).

The príncipal produet of the reaction is ttre phenol (]03)

00 CH¡ 00H
0cH 3

ocH3

0cH 3
N
I

OH3

( 103 )

CH¡

( r04 )

0 ocH

H3 OCHzoCH3

3

H3

T
c

( 105 )

3

OH

( r 06 )
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which is the normal procluct of ring openÍng anci is fo.rmecl

1n a process analogous tcl that shown J.n Scherne 24, A

large fraction of-' t.he prociuct, . whi.ch appeare<l Lo Ï:e a
mÍxtr-rre of several componnrls, remained un-tdentifred.
l\mong the rn.ino:: products of the rea-ctisn were norrnell-copine

( f 04 ), 2 -hydr: o:cy*l -mr:thoxy* 3, 4-methyle ne d i. oxy- l. O -iner thy-l -
acridone (1O5), 1, 2-cìÍmethozy-3-hycJroxy-4-(p( -rnethoxy) -
methoxy-lo-rneh,hylaerlcione (roa) and the climethoxyqulnone

(1o7)" 'Jlhe las{: coinpound appears t,o come froin the phenol

(ro3) durinq s;e¡rarafion by cìemethy-l-¿a'i:ion ¿rrrd oxídat,ion on

the slL:Lca gel prates. Normelicopine (roa) mu*E be fornred

by attack of rnethoxicle ion on the J."-methoxyl group J.n a

process ana.logous to that s;hor¿n in scheme 25 for the forma.-

tíon of norneli.copiclíne.

0cH 3 ( 107 )

oct{ 3

CHg O

The 2-hyrlroxy compound (105), whfch was ldentlfied
fronr lts mass speet,rum e orave melicopiire on met'.hyl-a.t.j-on

t^rj.th di¿rzomethaneo slnce the compouncl (105) cjifrerec from

normelÍcopj-ne (104) trre hydroxyr group courd only be in the
2-posit-i-on. This was conffrrned by rnethyrat.:ion with

o
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dldeuter:ocll"azomethanen The mass spect,rum of the melieoplne

from thls methylation showed s¡:ecif.tc loss of the CD3

racliea-I lndicat.Íng methylation had oecurred 1n the 2-posf-
?otion"-. The 2-hydroxy compounci (Los) must ::esult from

attaclc of ¡nethoxide :ilon on the 2-methox.y.l carbon aJ-though

this demethyla.tj.on fs not ac'L.ívated by the carb<.:nyl group

as are similar demet,hlzlat,ions: occurr:Íng in 'bhe 1- and 3-

positlons,

Tl"re eompound (106) was i,cientlfied fron i{:s mass

speet.rum which showed the molecu,lar -torr at rny'e 345 and a

l.arge fragment, J.on ¿tt m/e 3OCl corÍ'esponding to loss of the
?cr

fragment CIIZOCH3 from {:he 4-1>os{tÍorr"-" Thls compounrl

must. be formed by atta.ck of methox-tde Ípn on tlre methylene-

dioxy carbon i¡r a prÕcefìs analogous to that shc¡rsn fn Scheme

2B ¿rnd, againo methylenedloxy rl.ng-opening occurs fn l:he

clÍreetion assfsted by the carbonyl groups

Crow and Pricel2 foo:n.Ì rnelfeoplne reacted very slov¡*

Iy tvJ-th methanolJ"c potassium hycl:roxfde glvlrig variable
y.telds of the phenol (103) and some normelic.',pirr"14 (104).

A large proportfon of the start.ing mat'.erial was recovered

unchanged n

The slorver reaetions of mellcopíne (80) ancl the

J-r2-methylenedloxy conìpound (78) with sodíum met.hoxide 1n

methanol and the l.arqe number of by-products formecl com-
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pared r{j.th ehe reaci;fon of rnelj.copidine (79') inciicate that,

the actÍvatlon enerqy for rrueleclphil"tc substftu'cic¡u by thc+

adcilt j.on*el.1mÍn¿ltion rnechan j-srn at the rnet'hylenec-l ío>'Y rinc¡

fs higher for mellcopine and the Lo2-nrethyLenedir:xy compourr<l

(78) than for molfeeipJ.cilrren Since nucleo¡rhi11c ¡Ieeaclt

by methoxide Íon occurs at C-3 i:r both melieoplclj-ne and

mellcopJ-ne there mu$t, be some factor oCher tharr eleet'ronl.e

act,lvatlon by the cailbonyl group lnfl-uerrcing the raee cf

thls reactlon,

The large rrLlmher of proclucts fortuecl ln t-"he; reac-

tions of the 1r2*rnefhy].enedi"o>qr compound (78) and rneli-

copine wfth sodium methoxicle fn netha.rlol preverrLecl <ieter-

mlnat.fon of the ra-feß of metþyletrerlloxy rfng-opetr.Íng for

these Cornpc'unds in methanol FrS solvent, Hov¡eve1" r the

trec'rctfon of mellcopiclJ-Tìe ltras sufficiently speeific tha.t the

rate of ntethyJ-enedior-y rl.ng-opening could be satisfact'orfly

determl-neclo In reflu>llng n1et,hanol (650) tne seeond order

raee eons'tant for rirrg-openl.ng of t^he methyl.enedloxy ring

c¡f meltcoplrJine was founcl t,o be 4,O x l"0-6 J-. mole-I.sêC-l"

when these rccactions \.\rere carrfed out in rnethanol-

free clf,methyl sul-phoxf,cle as solvènt the reaet,fons of the

IrZ-meth]¡lenedioxy compourrcl (78) and mel-icopì.ne we¡:e nov¡

found to bc+ far more speclfÍe and t-he products v¡ere almost

entirely the pþenols {96) a.nd (103) respect^lvelyo It wa.s

therefore possfbl,en ln thls syst.em, to cìetet'míne the rales
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of rlng-openfng of all three dfmetho>qnnethyJ-enedioxlz-J-0-

methylacriilones. the second order raLe consLants for

these reactfons at 40o are recorded In Table 5 where lt

can be seen that the relatfve rates of rtng-opening of the

TJ\BLE 5.

Second order rat,e constants for reactlon
of the dimethoxlnnethylenedloxy-10-rnethyl-
acrfdones v¡fth sodlum met,hoxJ.de in
methanol-free dimethyl sulphoxlde at 4Oo"

-1 -II< I.mole * 
" sêc -.

3, 4-cl Ímethoxy-I, 2-methyle ne-
d loxy-1 O-methylaer i done

mellcopldlne

meIl-copl"ne

o.090

0"180

o.040

methyletredfoxtrr ríngs are in the order

J-, 2-methy.lene-
dloxy

4There fs also seen to be an approxfmately 4 x lO -foId

2,3-methylene-
dloxy

3,4-rnethylene-
dioxy"

rate enhaneemeng on transferrfng the reactlon wfth mell-
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copidlt1e from metlianol to rnethanoJ--frete dilnethyl. sulphoxfde

â.s solvent," The rat,e eilhancement, ln dirnet?iyJ- srrlphoxlde

woulcl acflually be sr:rnewhat higher thern the a]:ove flgure ä's

the reaction.tn meth¿¡.no1 v¡as (-"arríed c,ut at 650 v¡hereas t'hat

ín dimethyl sulphoxi.de was carrfe<ì out at 4Oo. For re¿.c-

t,lons between ani.ons and neu{:fal mol-ecules the reactÍon is

normally very much f aster ln cllpol"ar aprot lc than in problc
't A,solvent$' '.

Ileact,íon of the me'LþylenedÍoxyaerj.dolìes wlth meth*

oxide fon is a tv¡o-step process for whj"ch the pathv¡ays for

the different rnet"hyleneclÍoxy l"somers are shov;n in Scheme

2gn As has been lnent.Lonecl prevl-ously 'Lhe seeond step ln

this reactfon, loss of forrna.lcleliyde frorn the íntermediat'et

fs expect-ed t'.o be a verY rapiil process ancl to c"rccur to the

virt,ual excluslon of the rev€ìrse procesiso loss of met'hoxicle

lon. T'he first stel> is, therefore, expected t.o l¡e the

rat,e def:errnÍning st.ep and slnce formatÍon of the inter-

mediates (J-09), (11.1) arrd (113) ís an endother¡nic process

{:he t-.ransit.ion st¿àtes for.these reactfons v¡ill closely

resenrbk¿ t-.Ìre respective intermedíates8o" Ït i's posslbJ-e

t,o ra,t,j.onall-ze Lhe observecl dif ferences in, rate of rnethyl-

enecìioxy ri.¡q-opening for the differenp' isomers Ín terms

of electronic acti.vation effects anci Llr terms of the geom-

etry of the transltlon staLes'

Sl"ncereact,lonofmethoxfde!<rnvlfthmelicopi.dit:e
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3
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( ll0 )

e0 3

{

CIcH3

f 0eF{ --> (103 )
0cH3 3

3

( ilz ) ( r13 )

SCHËME 29

and melfcopfne both lnvolve nucleophllic attack of methoxlde

ion at C-3, v¡here lt 1s expect,ed that the electronÍc acti-

vatfng effects of the ca::bonyl grrcup are the same 1n each

compound, lt is necessary to loo]< for other faetors which

may affect the rate of fonna,t,Íon of the lnterrnediateo' It

N
I

H

N
I

c
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is posslble to rat.ionallze the slov¡er rate of reactlon wlth

melicopine, compared with that of melicopidine' in terms

of, the carbon-carbon bond lengths in the benzenofd rlng

of the acridone nucleuso There fs considerable evldence

that a signifÍcanÈ Proportion of the acridfniu.,n canonica]

form (114) contribut'es t'o the struc{:ure of acridone 1b so

that acrldone wouÌd be expected to ex-hibit similar bond

flxation to thaL occurrfng in acridinen The bond lengths

0-

( 111 )

of aeridine Ìrave been *".=.rt",l8l and it has been found

t.hatt}reCl-c|andC,-elbondsaresomewhatshorterthan
the C, . ca bond" Thls Same alt.ernatj"on ín carbon-earbon

bond lengths woul<î be ex¡rected to occur fn acridoÐêa In

addil;fon, Hücker molecular orbitar carcuratlons2 have shown

theC.-czandCE.clbondsofacrlc]onetohaveahigher

bond order than the c2 - c3 bond, agaín fndicatlve t'hat t'he

CI-CranclCr-Clbondsofacrfdoneareshorterthant'he

CZ - Ca bond.

ExamÍnatlonofappropriatemolecularmodelsshows

the five-membered ¡nethylenedloxy ring of the me'Ehylene-

dloxyaerid6nes to }:re co¡:siderably stralned and, furtherntore'

t"l
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sho\{s thab thls straltr shoul-c1 decrease a.s t1-re carhotr-earbon

bond of the five-m.enrlx¡recl r:1ng is .shorteneclu '$Ínce the

c3 - c4 boncl of a.criclones Ís expect,ed to be shorter than

tlre Ç2 - C3 l¡c¡nd the methylenecìíoxy rÍng c¡f melicopírre rv-111

be less strafned than that of mellcopid:lne' lrielicopine

wiLl therefore have a lower g.round stat,e energy tha.n melj--

c<':p:Lcllne" Hottre\r€t¡ on forminq the ín'bermediates (111) ar¡iJ

(113), rrhich elosely ::esemb-Le th.e respective trausj-tlon

states, the 3-carbon becomes *p3 hybtidj-zecl and the carbon-

carbon boncls of the five-rnomÏ:ered methylenedioxy rings are

novr single i¡onds i¡ hoth (11.1) and (113) apcl are of the

sÐ-me length" The seratn energy of the methylenedloxy rings

wlllo therefore, be the same in both -tnt.ermed{at.es atrd

nearLy the rsä.me {n both transfi:ion st'ates. This wj-ll

result. 1n a higher activat,Íon energy (h-j..g, 4) aud a slov;er

ratrÈ of react,lon for melicopi-ne tha.n for meli.copidineu

sj.nce the c, - e? and cs * c4 Ìronds of ¿rcrtdone êìre

expect"ed to be of very nearly ehe same J.ength the grorrrld

ctat.e energles of the 1r2-methylenedi-Õ>ry compcund (-l.OS) ancl

meJ-fcopine (112) are e>:pected to Ï:e very nearh¡ t'he .$ame

ancl the changes 1n r:Lng sgrain of the methy:l-enedÍoxy rlng

1n fornat-ton of t,he intermediate rçfl-l be essentiall.y the

sarne for both compoundso The observed diffe;rence ln

reactlon rat,e of these two comlrounds - must, theref ore, ref lect,

tshe elect.ronic activat.ion effeeL,s of the carbonyl qroup on
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REACTION COöRDINATE,

FI6. L

additÍon-elímination subst,j-tution by methoxide ion Ín the

l- and 3-posLtions of the dÍmethoxymethylenedloxy-10-methyl-

acridonês. The results fndfcate that, wfth allcoxy Leaving

groupso sttbstitr.rtlon occu.rs faster in the I-posÍtion ehan

j-n the 3-positÍon, the reverse of that obtalnecl with the

bromo- 1O-methylrrer Í done s 
"

In the reacÈfons of the dimethoxymethylenedioxy-Io-

methylacrfdo¡res with metþoxíde Íon a reaction vrhlch may

compege with ring-openJ-ng of t,he meehylenedíoxy rlng fs

methoxfcle exchange ae the other position activated towards

nuclêophilj.c substitutionn Methoxlde exchange at the 1-
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posit.lon of mellcopidfne w111 occur vla the intermedlat,e

(I15) and wll] occur vÍa simllar Íntermediates for the

other dimetho><ymethylenedío>q¡-1O-methylacrj-rJortêSo Howevert

methoxÍde exchange resul-ts in no chemical change ln the

molecule anci couLd on3-y be observed wlth the use of

fsotopÍcally lah,elled methoxide iolto Sirrce the dlinetho>'.y-

methylenedfoxy-IO-metlrylacridones undergo clreinlcal change

-0

( ils )

ocFl
3 3

with methoxlde fon the exchange process \^7as examlned for

the tetra-methoxy acrfdoner melfcopi'clne (116) " This vtork

was carrfed out wÍth the view to cletermining the rates of

exchan.ge of the methoxyJ- groups i¡r each of the four posÍ-

tfons and, Ín part,icular, the rates of exchange in tlie l.-

and 3-positions. So that the results obt'alned ln t'he

exchange reactfons might be directly compared with those

obt.aÍned for the rates of rlng-opeulng of the different

dime'Lhoxymet.hyLenedÍoxy-IO-rnethylacridone s the exchange

reactfon v¡ith mellcoplcine v¡as carrfecl out under the same

N
I

CH
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conditlons employed to dei:erml-ne rates of ri¡rg*r-rpening of

the dÍfferenÈ methylenedloxy rings" Ì"lelicopJ.cÍne was

treated rvít,h t.ritlum-Iabelled sodiurn methoxfcie (Clrlolla)'5

in methanol-free dÍmethyl sulphoxide at, 4Oo. I{owever,

under these conciitlons, the exchange reaction was found to

be Loo fast t,o follorv by standard samplÍng techniques and

equflibrium (Scheme 30) v¡as establfsherJ l:efore the first"

sample haci been removed" $amples removed .rfter 4¡ 6 and

I minutes alL hacio withÍn experimental erroro the same

aet-ivlty" Obviously methoxide exchange ín rneLi.copÍcine

oceurs ver1r much faster r¿iLh sodlum methoxide 1n me'LhanoJ--

0 ocH J

ocH3

ocH
+

iÈ
cH 3o

l'l
I

CHg OCHg

( '¡16 )

3

00e iþ
l{E

.å,

H3oc

+ CH30.*
cHj

*
0cH

SCHEME 3O

3
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free clÍ.methyl s;trlphoxide than rnethylenedloxy rlng-openingl

occur s Ín the d imethoxyrnet-llylenr: d ioxy- Io-meth"¡lar cr i done s o

TheraLeclfmethoxic]eexchangeinme]-icop5"c1ne

could lie slo\^ro¿i to a measur¿ìble r.rte by performÍ"ng the

-reacLíon wlth socll.um methÕxicle fn et mixture of cìimethyl

sulphoxide and rnethanol. F.ea-ctiorrs ¡^¡hich ¡:roceed at a'

greatly enþancetl rat.e in clÍpolar aprcltic so]-vc:rits are also

found t.o proceecl a'1. an enha-nced rate in mÍxLureri of protj'c

and cli¡:olar a¡1ro|ic so]-vents br-rt: in a somev¡hat damçre¡recl

fo.*74 o T¡e rate of exchatrge of rnethoxÍde in rnelicopicfne

has been determÍn*.173 r,¡.'i.th trftium*1¿lbellecl socli-urn meth*

oxide Ít"r dimethy.l- s;ulpho:clrle - nrethe'nol (5 â 1, V/V) ancl

the seeond ç¡'flr+r rate constant for the or¡erall exchange

proeess at 50o fou.nd t,o be 6'0 x 1.0-3 1. t¡.o1e-J'. =*"*1o

This overal-I rate eonstant represenJ:s tìre sum of the four

rate consta.nts for e)çchal1ge of ea.ch of t'he methoxyl $rotjps

Ín melícoplc.ltre '
.Theindfvidualrat.econsta.nt,sforexchangeofeach

of the nethoxy} groups hatre beeu ob'LaineclT3 by det'ermina't'ic¡n

of the fraction of t-.he tril:lum labet irr each met'hoxyl grotrp'

Melieopiclne v¡as treatecl with trltíum-labelled sodj"um tireth-

oxide in dimethyl- sul-phoxide - methanol uncler the al:ove

conclitions and the reaceion quericlìêd well before equilibrfum

\.¿as est¿tblished. The fra-ctíon of the label in each
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met.hoxy}groupwasthendet'ermlnedlryselectivelyremovlng
eachmethoxylgroupofmelicopfetnebytheprocedureshown

in scheme 3In The inciivi.dual r:ate constê-nts for exchange

oft.hemethoxylgroupsofmellcopfcinearerecordedín

Table 6, The rate of exchange 
' of the methoxyl groups

00c #
H3 OH

ocHf Bcr3.
+

ocH3

It(
0CH3N

I

cHr
N
Iq.t3

NaÆ0^¿.;

0

ocHT cH2ct2

( 0¡)

ltí
H3

ocH
-É

CH 33

00
HN03.

'!Ê
#

ocH
3

cH3

SCHEME 31

of melicol>icine is seen to be 1n t'he relat'ive o::der

1-ocr{3 >

Agaínr with alkoxy sttbstit'uentsr subst'ltut'ion ís found

to occur faster in the l-posÍtfon than in the 3-position'

Furthermore, the dlfference j.n the rat'es of substit'ution

in the l- and 3-posít.ions ls founci to be v'ery much greater

Hzo
N
I

0CH¡
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TABLE 6.

Second order rate constants for methoxide
exchange in meLicopLeine wíth sodfum methoxide
in dimåthy1 sulphoxÍdq - methanol (5 3 1, v/v)

at 5O".

Ir,lethoxylgroup kxI0 4 (1. mole-fn "".-1. )

1-ocH3

2-OCH3

3-ccH3

4-OCH3

55

o.67

3.6

0"94

ln the exchange of methoxyl groups than in the rÍng-openfng

of methylenedlo>q¡ rings. Methoxfde exchange !n mell-

copfclne is also observed t,o oecur in the 2- anð 4-posltfons.

MeÈhsxfde exchange in the 2-position wj-ll occur vfa the

interrnediate (It7a<->117b) and vla a simÍlar intermediate

0c

0cH3 <>

b 0cH3

ocH3

0

N
I

0cH3CH¡

( 117a ) (1,l7t¡ )

0cH 3
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in the 4-posit.ion. AJ-though melicoplcíne has been observed

to exchange methoxíde 1n the 2- ancl 4-posltÍans no evidence

tras been obtalned for attack of methoxÍde Íon at t'he un-

act,ivat,ed posit.fon of t,he methylenedloxy rlng of the methyl-

enedioxyacridones in dlmethyl sulphoxlde or methanol as

solvent, Ttrls would proceed, for the Ir,2-met'hylenedioxy

compound (78) o by attac]< of methoxlde ton at c-2 and would

lead to no:rmelieoplcfne vla the interrnediat'e (lf8) (sctreme

32),

f)

H
3

ocHS

cHr 0w¡ H3 ocH3

( 118 )

0cfi3

0cH3

cHg ocH3

SCHEME 32

In the reactlons of the bromo-lo-methylaerldones

with soci'ium methoxide 1n dlmethyl sulphoxide it v¡as found

that substit"ution occurred faster j.n the 3-positfon Lhan

1n the l-positJ-on. This was consídered to be the normal

order of. relative rates of substJ.tut'fon as the conJugatfve

N
I

c
N
I
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actlvation by the carbonyl group ls expected to þ great'er

aL C-3 than at C-]o Howeverr with the alkoxy-tO-nrethyÌ-

acrfdones the reverse order was observed and substieution

$/as found to occur fast.er ln the l-posltÍon than ln the 3-

posit,iono It is possj-ble to ratÍonalize thfs reversal Ín

substitution rat,es for the alkoxy compounds in terms of

resonance invotvfng the canonLcal forms (I19b) and (119c) '
The non-bondÍng eleclrons of the small oxygen atom are

situated in orbitals v¡hích may overlap with the aromatfc

f(-orbitals givlng rfse to resonance of the type (1I9a <t

IIgb +> 119c) in which t'he positive charge ís partly dls-

tributecl fn the I- and 3-mettro>q'I groups' f¡Jltlr the larger

bromlne atom this overl-ap occurs to a vFry much smaller

extent,. Since the canonieal form (1L9b) lnvolves a much

0cH
+
ocH

13
ocH3

N

0cH3

N
I

GH¡

<+

CH
3

0cH3
I

CH3 0cH3

( l19a )
( r19b )

3N
I

H
3

H3

0cH3

<->

( l19c )
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small-er physícal separatiçln of cha-rges than cìoes (L19c) 1L

might be arguecl tþat the former eanonical- foi:m wou.Ld con-

tribute to a Ereater clegrer.: to the overall "qtru.cturr: that't

woutcJ the latter carronÍeal- form" Thfs ruou.l"d favour nuc]-eo-

philic su.bstitution in the 1-p6slt-ion Ín the alkoxy*].O-

methylacriciones 
"

In t-he eluciclatl,on of the structures of the aericlÒne

alk¿rl-oids Crow ancl Price14 obsr¿rved t-hat the tiÍrnethoxy-

quinone (1.2A) gar.'e cìÍfferent products en treatment wlth eold

5% sodiì-im Ïrydro><1de ancl r..,rj-th hot, so<lium carbonate sol.rrLl.ou"

They made slmj-Iar obse.rr¡¿r.ti.ons v.ríth the o-o"u,Ínone (121)'

Wlth botli o-- and p-quJ-nones colci 5% sodiu¡r hydroxícle resurl't-

oo oo
oeH3 0

ocþt
3 3

t-l

I

CH3 0cH3)

( t20 )
( l2t )

ecl fn dermethylation at tl"re 3--position giving the 3-hydroxy-

4-methoxy-o-quinone (I22) ancl tire 3-hydroxy-2-methoxy-P.-

quinone (IZf ¡; respec'bfvelyo In the case of Ì;oth dí-

methoxyquJ-nones rea"ctíon with hot, aqueous s:odJ"um carbÕnô'te

gave the 2-Ìrycìroxy-3-rrretl"loxy-p-qrrinone (I24) " Siner-¡ these

reacti-orrs ap¡:eerred to offe.r a m.ethod f.or ascert-.¿tining Ehe

N

0

N

I
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0

H3

o

o

N
I

c

OH N
I
cH3 ocH3

ll22r ( 1?3 )

H

H
3

cH¡ 0

(12t I
\

retatíve ratio of methoxide exehanqe ustng trÍt'1um-l-abe11.ed

methoxide ion at. the 1- and 3-positions of melÍcopicine

(Scheme 3I), for comparison with bhe rates obtained rvith

the methylenc¡dloxy compounrJsr sÕme further lnvestigation

of these observat-i.ons seemed merl-ted. In particular, since

the hydroxyqurinones (I23) and (I24) appear to com¡>lex wíth

silica gel and alumlna and could not be purified by

chromat.ography and al"so could not be satisfactorlly puri-

fied by crystallizatÍon, {t was neeessafy to determlne the

speclficity of these reactftns" ïn addÍt,ion, an attempt

to determine thcr roason for demethylatlon at riifferent

posltlons uncler the dlfferent conditÍons appeared to be a

challenglng problem.

N
I
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Crow and Price pointed out, that, fn bot'h qulnones

the influenee of the carbonyl group fn the l-posit-ton is

dfrtrinished by resonanee, the structures (125a +à 125b)

ancì (126a<-+-L26b) contrlbutÍng towards the structures of

the dlmethoxyquinones,

o

ocH3 H
3.æ

0cH
+
N
I
c

3
0cH

3

H3o H3o
( l25a ) ( l25b )

o oo-
o o

0cHCH
+
N
I

c
3 3

H3 OCH3 H3 ocH3

( l2 6a ) ( l26b )

Two mechanÍsms ean be envfsaged for dernethyl.at^ion

of these quinones wlt,h alkalis (a) attaek of hydroxide ion

at the ring carbon wit.h }oss of methanoJ- by an additj"on-

ellmination meehanism (scheme 33), and (b) attaek by

hydroxide fon on the methoxl¡l carbon (Scheme 34). Since

the hydro>qrmethoxyquinone is present, j.n the alkaline solu-

tlon as Èhe resonancê stabilized anÍon (128a(å.t2Sb)
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3

0cH3
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0cH3

Ç 0

0

o

{ 0cH3

a 0
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further attack by hydroxicie ion is not, líkery t,o oecur.

The more unÌ1kely mechantsm of Sehe'me 34 can be immediately

rul"ed out from the observat.ion t,hat the 2r3-dimethoxy-p-
quinone (rzo) rapidry gave a quantltative yfeld of the 213-
diethoxy-p-qulnone with sodr.um ethoxide in ethanol, rt ls
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well knor.rn that anj.on forrnlng srrbst,ituent$ Ín quinones can

be readily ciispl.aced by nucleophil.=82-85 and th'¿t' ¡hese

subst,ltutions rnos'B J.ilcr::Iy oecur by an adclj"tion-e1írnirrat'ion

mechanism analogotrs to Lhe aet'ivat'ecl addit'ion-'elirninat'fon

substit.utions in aromatic compouucl =2o 
i invol"vfng in{:er:-

medfates like the species (I27). Incleedt ljaReock and co-.

*ork"ro86 clai-m to have spect,roscopj-c evidence for the

formatfon of the specicls (I29) frorn chloranil on ti:eatment-'

wÍtl: col-d aIkal.1. H<)r,¿<:ver', this is diseounted by Biøhop

and îong87 v¡ho suggesi: tha'c what, Hancock and co:workers

ac{:ualIy observed rvas tl-re specles ('l3O) '

-o ol'{

ct
ct

cr

ct tct

0- o

( 129 )

Int'hepresen€v/orkt'hespeefflcj.tyofthereae-

tion of the 2r3-<Iíme[ho>ry-g-qufnone (L2O) with hot sodirrm

carbonate sol.u'clon to give the 2-hydroxy-3-lnet'hoxy*P,-

qrlinone (L24] has been exarnlneil arrci the factors de'L'ermirrlng

the posltlc¡n of dentetlrrll-atlon i"t:rrestigated'

SincethetryclroxlrmethoxyqrrÍnonescouldnot'be

chromatogra,phecl the narturo of the product was determined

fro¡ì the ioI." spectrurn" The iof," spect'::ar of the 2n3-

( t30 )
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ciirnetho>cy-p-quínone (I2O) ancl the two hydroxlzmetÌroxy-P-

quÍnones (L23) and (I24) cliffered c.:c¡nsiclerabJ-y, parti,cular-

ly in t.he regíon 1500 1700 "*-I. 
.[t r,¡as therefo-re

possil¡l-e to dete:rnine whfch hyo'roxymetho>'-y-p*quirrone wöìs

formeci and whether or not it rvas cont.aminaterj wi'Lh the other

lsclrrìer" The i"r" spect.rum of the 2n3-climettro.xl"-p-quÍnone

(120) inclucied barrcis ¿rt, 1663(s), 1625(s), 16o0(-c), l-5s5(s)

(sh) n and 1525 ",o-1(u), that, of e-he 2-1'rycìrorcy-3-met,ho>cy-

p-eul.none (I24) incluclecl hands at, 1670(s), 1598(s) and

-1L527 crn-* (v¡) i anci that of the 3"-h5rclroxy-2-lnet,hoxy-E-

quinone (123) irrclucled hands at 1660(w) (sh) o 1630(s) ' t58O

(r¡) ancl I54O "*-l 
(ro) , The spectra .llso shorved char:ac't:er-

istic bands bel-ow 15OO 
"nl-l'o 

ïn addít.ion, the t'hree

compouncìs have tot,aIIy different, ¿rppearanecj, t'he 2r:'l*di-

methoxy-p-qrli.none (I2O) is reci, the 2-hydror.;y-3-tnetho>ly-

p-Ç.uinone (r'24) fs pale brown, and the 3*hydroxy-2-methoxy-

g-qu1-norre (L23) is greenis?r-brown,

The r'eactlons of the 2,3-dimethoxy-p:o,L1lnone (L2O)

wlth col.<l 5% sodiurn hydroxíde and hot sodÍr:m carbonat""e

solution were re-exð-rnined ä.rrd the yields of the hyciro>q¡-

methr:xygui-nones cleterrni-nedu Reacùiorr of. the 2r3-di-

rnetl-roxy-p-euinone (12O) r.¡ith Ìrot, ¿lqueous socifum carbonate

solutíon l,'as found t'o gl"r¡e a qrrant'i'bative yie'ld of Lhe 2"

hydroxy-3.-rnet-.ho>V-p.-o*r-rirloT're (I24) which rvas rioi coutaminateci

with the 3-hydroxy isoirier. This reacb.j.on lvasr ther,'e-'foret
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suitaÏ¡Ie for the selectÍve deme'Lhyl-atÍon of melicopicine

shown in Scheme 3I" Iìeact,ion with cold 5% sociium

hydroxlde \{as founci 1:o give a 69% yJ-rt7.d of the 3-hyd:roxy-

2-methoxy-p*Çu-inone (I2,3) , 'but the na'bure of the remainder

of the product, cou-Lcl not be <ie{:errnined from t}re inr,

specbrt'rmo

In continuing thls .investigation of {:he fact'ors

l-nfluencing the posÍ'uion of demethylaLiotl¡ the 2r3-di-

met-hoxy-p"-.eulnone fizo) was treated lvÍth hot 0.11v1 soditlm

hycìrcrxide ancl gave a 79i/" y5.e1.cl of the 2-hydrr-lxy*3-methoxy-

p-c¡uinone (I2,4) and with hot lM sodlum hydroxicie a 78%

yj.el<3 of the 2-hydroxy-3-nethoxyquinone Tdas obtained"

v¡ith col"d O,O5M soelÍum hydroxirle a 81.?á yÍeld of t?re 2-

hydr:o><y-3-¡net.hoxy-.p*qulnone vras recovered. Th¡-rs¡ the

3-hycìroxy-2-rnethoxy-n-qLlinoue (l-23) is formed uuder t-he

concllt.lotts used only l'¡ith cçIci lt"i soc'l:Lurn hyd.roxide n

With hot. 1l'1 sodfi-rm trydroxi-de anc-ì r.¡it?r hot or cold less

concentrated so{iprn hydroxide, or sociium carbonate solu-

t.Íon the 2-h1r¿l¡6;çy-3-rnethoxy^P-qtlinone (I24) was formeri"

Thus, bo'bh heat. ¿rnd lovr hyci:rox-i-de ion concentration appriar

t.o favour ciernethyl.¿rtion at the 2-posit-totr", Thfs indlcate:s

that the posS-tfon of su.bstitrrtion by þydroxide ion j-s eon-

i:rcil.led by some equ:Ll.ibrl.u.rn occurri,ng prlor to substit-.ution.

B-i.shop ancl TongBT lto-rru shown Lh.-rt qtr'inones react

rar-pidJ.y with hycìroxicle ion t,o fo::rn the adduct (1-lt) a.ncl
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( 13r )

tha{: formation of thj"s adciuct is premotecl }'y sLro1lct

el-ectronegê.tive groLlps attache{ i:o ttre ring. Tndeeclt

v¡ith chloro-p-benzoquinone forr¡atj-on ot {:he ad<luct -is

cornplet.e a.t. pFI J.2..2, They a-lso foun<l tha.t equÍlibrium

\^'as established in l-ess than tv¡e1r¡e rnilliseconds. IL is

pos-sible to ratLonalize the positlon of clerneLhylation of

the 2r3-ciime'bhoxy-p-guj.none (120) in Èerms of forrnatíon of

a símf lar adduct. Sínee the itrf luence of, t'he carbonyl

group in the l-positlon of t:he 2r3-dimethoxy-p-quinonel

(132) ts; recluced by resonance (125a <-> 125b), hycì::oxide

ion wilT reac'E preferrentially with ETte A*car:bonyl group

giving the adduct (-133) (Scheme 35)" The free quinc'ne

(132) and tlir: ;rdduct (f33) wottld then u.ndergo denret-hyl-

at.lon -in different, positiot:s;" Due t,c¡ thr¿ reduced

carbonyl character of the L-car]:c'nyl glîotlp of tl're 2 13-

ciímethoxy-p*qllinone (1-32) hydroxS"de lon v¡oltld attacl<

preferrential-ly a{: C-2 glvÍng ther intermecliate (134) which'

j.n turn o gives the 2-hycirox"y-3*metho{-,p-q.,tnone (.t:0 ¡ "
Hovrever, with the aclduct (133) hyclroxide ion can a'Ltack

onl.y at C-3 gi.vinq the intermediate (135) rvhich l-eads 'bc>

H

0



-I35-

the 3-hycl¡'c'>iy-2-methoxy-Ë-q.uj-none (13?) " At the relat'ive-

ly low pFI of O.OS¡rr sod:i.um hyclrclxide and sodfum carbonê-te

so.lution the 2r3-dÍmetho..cyquínone Ís ex¡:ect.ed to t¡e present

marinty as the free qu.inone (L32) so bhaÈ demethylatíon i-s

expeceed to occur at C-2, At the high ¡:H of lM sodium

hyd.roxide the qr:.Ínone must bE: present m.ri-trly as the addttcl:

(133) so tha| derneb.hylation occurs at C-3, It' Ís expect'ed

that the essential equiri-brfum seep (132ç5> 133) v¡ill be

clrlven to the left rql{:h an fncrease íu temperatulîe thus

explainíng the above observatlonsu

l\n at"tempt w¿ìs macle tö observe the adduct' (-f33)

by sca-nnlng the uovo speetrttn immedÍately affe:: add:lng

cottcentrated sociíum try<lroxide to a solurtion of t'Ìre 2 t3'

dírnethoxy-p-euÍnone (I32) in wat.ern Horveverr the tle vc

spectru-m observed was identica.l with th¿l.t of the 3-

hydroxy-2-methoxy-p*qu.fnone ( t"37 ) j"n alkali. Tl'tr¡ reac-

{:lon ls t,oo fast. t.o observe the u"v" gpecï:.rurn of the

aclduct by this techtrfq.ue.

Attempts have been madeTt 
"o 

conf.Lrrn the above

postulate that the ciifference in product composition is a

result, of Lhe first. o¡:iìer dependence tn [On*J for the

forma-t,ion of the 2-hydroxy íscmer, and a seeorrcl order

dependence in [ou-] fo:r Lhe formatj.on of the 3-hydrc-rxy

i-so¡ner by lcínetie ¡neas¡.lrements, but Lhe second reactlon is
too ::apÍcl even at, 3Oo for rate nìeasurenrents to be macle by
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non-flow methods. The fi-rst reaction has Índeed been

shown to ba first orde:: Ín both [auinone] and [oir-J anc]

independent. oE salt effects and general base ca'talysÍsn
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l"lelt5"ng points r'rere determfned oR a l,eitz hot-
stage microscope and are uncorroctedo Ltltra-viclet spectrîa

v/e:!re measured on a Pe::lcín*I)1mer UvÍspek 137 or Unj,carn SP.

800 recording speetro¡:ho'b,omet.er and al:sorbance rned-srtrements

a{: fixed walvelenqth for quantitat,ive ana"lysis measured with
a Hilger manual -spectrophotometeru fnfral:ed sp<-:ctra. were

recorded in nujol mul-ls on a Perl<fn.-Elmer Infracord 237 or

Un-team SP" 2O0 infrarecl spect::ophotometero

Nuclear magnet-.ic rêsorlc¡-rlcê speetra were me¿rsurecl

wÍth a Vari¿r"n T'-60 N"JvlnR. spectromet-er in solu.Llon in
deuterochlorof orm rrnlc*ss stated otherwÍse; each signal j-s

describecl Ín terms of rn"rr-1'b.iplicÍty, interrsity, chemícal

shj.ft f n ppm from tet.r¿rmethylslJ-ane, a"ssÍqnment n anrl cotip.l-

ing constan'L in Èhat or<ler wíth the use af the following
abbrevíat.ions3 s, singlelt; d, doublett tn tripletS m,

muJ-tlplet; (b), broacj"

Flass spectra $/ere determined with a Hftachl Perkin-
Blmer Rt'lU 6D r¡ass spectrorneter at. 70eV. /\nalyses vlere

carrled or-rf by the Australlan l"Iicroanal-ybicarl Sen¡icer

Iulelbourrre" Radioact.ive sa.mpJ-es li¡ere count".ecl on au llkco

N6644 -liguicl sc.intÍl-lation count,er Ín tol-rrene using pop and

PoPopBB as sol,utesn

l{hatman SG31 silica gel ancì Spence aluinina \¡rere

used for colurnn chromat.ograpiry" Thfn layes chrornat.c¡graphy

\¡Jas carriecl out on 0"25rrm layers of l.,lerl< sil,iea gel G or
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lvlerk alumfnium oxide G" Thlclc layer chromatography was

carríed out. on 2nun layers of an equal miXture of Me:rl<

s1Ilca gel G and HF2S4"

Yiel-ds report,ed ln the analyt.ical scale reactfons

are based on unreeovered starting materialn

LÍght'pet'roleumrefersÈothefra.ctlorrofb.pn

55-650"
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The proclucts of the react,iorrs vrere determined by

quantitatfve thLn layer ebromat,ographlz on 0.2Sm,.n layers

of Merl< sllj.ca gel G or }terl< alumlnÍurn oxide G. The

plat,es were dried at J.lOo for cê¡ 30 min aft,er preparatfon

but were generally rrot. rea-et,.i-vat.ed before usêe

the react'"ion rnixtu-re was \,rorked up and prr*pcnrod for
analysfs fn the foll-cwing manner. OR corLplet.ion of the

reactlon volatile solvents, sueh as d.lmetho>eyethane and

ammonia, were ::e¡noved e-nd water added to the :îesiclue.

The orr¡anic material wa.s e>ltracted j-nto chloroform and

the ext,ract filtered and evaporated. High boi.ting soh¡ents

such as piperldine anri dirnethyl sulphoxicie, rø,hÍ.ch would

interfere with thel e?rromatoclra¡rhic sepa::atj-on, \.^¡€jre removecl

at O.OJ.iturrÏJgo The resiclue was dissc)lvecl in chloroform or

chlorofc,rm-etharrol and macle up to a suitab.le volume ir: a.

volumet r: l.c f Ia sl." o

The prodr-r.cts t,'rere characterízed by gualítatj"ve

thln la.yer ehromatoç¡raphr,r by compar"tson wi.th stantjards and

e>rarninatlon of fJ.uorescence. Ioclopia.tfnate sp::a]r89 w¿.s

often found usefu.l in assístlnq ldentifÍcat,lon as many of

the subs'L.Ítttted acridones gerve ch¿rrecterisl!ic eolours v¡fth

this ::eagento ln cases of ciou]>t of ident:ity of a proc}.rct

t-he fuli- r-trvc-visible spect,::um of thc.: elutecl material was

determinc:d and in sone casos the iden'tÍty vras confirmod by

isolatio¡r and clr¿lra.cterri.zation by rníred rrìrpo
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the acìsorbent layer and solvent. system used for

analysis is described in each experiment. Sclvent systems

based on benzene wlth variours amounts of ethyl acetate to
inerease the po-larlty had the best resolving properties

with aerÍdones.

To determlne the yleld of each product an aIj-quot,

of the product soLutÍon (1O J-OO4I), measured with

Drunmond rmferocapr mÍcropipet,tes, was appi-ied as a strlp

to the base of the thin l.ayer pl-ate and the plat.e developedo

The products \dere located and, after dryínq, v/ere removed

with a small glass rvaeuum cleanerr with water-pump

suct.ion, the adsorbent being col-l-ected on a síntereci glass

disc. The compound was eluted with 95% eth"rnol directly

fnt,o a 5m1 volumet,rfe flask. A blank plate was treated

in the sarne mannc;r and the eluent from the same area of

adsorl'rent used as the spect,roscopj-c reference. The yíeld
r,lras determlned from the absorbance at tr**r. (ta¡le 7) of

the eluted compound" Each analysís was car.ried out in

duplicate" The accuracy of this technique 1s generally

quoted as t IO%.



UI'TRA.V.tOLET SPECTRA -]43-
oF soI4E

SUBSTTTUTED ACRTDONES

The u.v. spectra rnrere determined in g5% ethanoln
Those absorbance maxima marked wlth an asterisk (*) \Árere

used 1n the quant,ltatj.ve analysis and for these absorbanees
log € hras determfned from a Beer I s law pro.L which was found
to glve strafght lÍnes for all compounds in the absorbance

range câe O,O5 - ca, Ir?n

TABLE 7,

Acridone Conditfons Abso::.bance maxima (nm) (log t )

Unsubstltuteci 25O (4"764), 254(4,78a),

294(3. 334) , 306 ( 3, O5a) ,

3zB(3.934), 392(3.954)

262(sh) ( 4,73) , 267 (4.76\ ,

326(3.5t.), 341(3.60),

390( 3.92',), 4O9(4"O0),

434(3.86)

255 (4.7 4O)" , 2g3' (3 , 434 ) ,

304(3"Oga) r'384(3" g2a),

4O2 (3 . g8a )

neutral

alkallne

neutral10-Met.hyl-
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Tj\BLE 7 (conr" )

Àcrldone Conditlons Àbsorbanee maxlma (nm) (Iog t )

1-Bromo-10-
methyl-

2-Bromo-1O-
methyl-

3-Bromo-lO-
methyl-

4-Bromo-LO-
methlrl-

L-Nitro-

2-Nltro-

3-Nitro-

neutral

neutral

neutral

neutral

alkallne

neutral

aikalíne

neutral- 259(4.638)

406(3.86)

*
3 g9 ( 3 

"7'1'.) ,

neutral 253 "s (4.632)x , z€,I (4. 63 ) ,

,

268(sh) (¿.s3), 276(4.47) ,
388(3"80), 4O'7 (3.85)

263(4.7r4)t' , 26e(4"69) e

382(3"77), 398(3.88)

258.5 (4" 623)* , 4O2 (3 . 75 )

255 (4.59',), 382(3"79),

4Oo(3.81)

237(4.55), 294(4,17),

352 ( 4.14) , 394(3,97) ,

246(4.50) , 318 (4 .24) ,
376(sh) (4,06), 390( 4.Og) ,

481(3.94)

263(4"54) , 42O(3" 67)

?.97 (4.51), 3l"B(4"o9),

382(3.72) , 474(3 
" 
52 )

244(4.6r) , 263 (4,30 ) ,
336(3.67), 428(4.O0)

4-Nítro- neutral
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TABLB 7 (COtqt.)

Acrf cìone Cr:nclftj-ons Absorba.nce maxima (nm) (Ic'g € )

4-NÍtro-

I-Nitro-L0*
methyl-

2-Nf tro-.I0-
methyl-

3-Nftro-10-
methyl-

4-Nitro-10-
methyl-

1-Amino-I0*
methyl-

2-Amino-l-O-
methyl*

3-Am:lno-J-0-
methyl-

4-Amino-10-
methyl-

aIkaIlne

neut,ral

neut,ral

neut.ral

neutral

neut.ral

aci-dl-c

neutral-

neutral

252(4,57),r" 27 3 (4.50) ,

45Od3"Bo)

259 (4'"5O¡ , 395 ( 3.-17 ) ,

4O9 (3 .82)

24I(4.54) e 257 (sh) (4.35) '
2s7 (4o13), 358(4.L6),

395(3"94)

26e(4.53) ' 2.75(sh) ( 4'49i s

434(3.69)

249(4.55), 337(3'57),

4I2(3,eI)

25O,5 (4.661) 
*, 

27O(4.4g'),

323(4"05), 430(3.91)

255 ( 4.69) e 259(4.69) ,

4r2(3. 84)

258(4,64.4)* , 285 ( 4.47) ,

4.38(3.88)

255 (4.648)r' , 27 5 (4.44) ?

285(4.49Jr 358(4.18)
*

268(4.631-) 
-, 319(3"77),

423 (3 
" 
5e)

neutral
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TABLE 7 (CO¡.q:r. )

Acridone Conclitions Ab"qorh¡ance maxima (nm) (1og € )

trl-Pfþeridino-
J"0-methyl-

2-Piperidino-
J-0-methyl-

3-Piperidlno-
l0-rnethyl-

4-Pípe::1ciÍno-
10-rnethyJ--

I,2-Methylene-
dioxy-3 r 4-di-
methoxy-10-
methyl--

Melicopioine

ÞIelícopine

NormelÍcopicine

25O(4.54) , 26I(4.611)

320(3"44) e 422(3.74) '

*
262 (4. 609) , 29/+(4.46) ¡

430(3,64)
tc260(4"634), 2BO(sh) (4.36),

289 (4.51) , 37O ( 4.29)
*

267.5 (4.625) , 4r4(3.67)

neutral

neutraJ-

neui:ral-

neutral

neut,ral

neutral

neutral

neutra.l-

t

al-kaline

2-Hycìrox1¿-1., 3, 4- neutral
trimethoxy-10-
methyl- alkaline
3-I{ydro>q¡-I, 2, 4- neuLral
trimethoxy-l0-
methyl- alkal.i-ne

277 (4"644)

4.24 (3 . 84 )

* 3o5(sh)(3,t19),

*
277 (4"668\

27O,5 (4"668f

24g (4.36a'), 273 (4, 63a),

309 (4.,O24), 42r(3"764)

25O(4.43) e 276(4"45) ,

323(4.O2), 434(3"79)

274(4o60), 4.I4(3.83)

2g7 (4.50) , 460 ('3.67)
I

272 (4 "54) , 392 (3.70 )

253(4.4].), 275(4,38),

29I(4"20) , 368( 4.12)
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T/\BI,I¡ 7 (CONT. )

Acridone Condi.tlons Absorbance maxj-ma (nm) (1og € )

4-Hycìroxy-L 12, 3- neutral-
trimethoq/-10-
methyl-

alkaline

27O (4" 93 ) ,

4ro (4" 13 )

253 (4.65 ) ,

330 (4.36) ,

305 ( 4,23J e

283 (4,7 6) ,

456(3"e4)

a) These values of log Ê v/ere taken from reference 105.
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I Preparat j-o¡:r of f -Brom.o*J"O-rnethrTl"aerÍdone

-148-

a

I.1 3 t*Bromodi,r:'henvlamino-2-ea-rbov;yl"J-c aelrj

Anhydrous potassiurn carbonat:e (52,5q) was adrled to

a hot meeha.nicalty stlrred soluLion of 2-ehlorobenzoic

acid (39" 39) in lsoamyl alcohol (75m1) . so]"r¡ent was then

distitlecl over until the ternperature of the vapours reached

1260. 3-BromoanilÍne (65"4ø) n precipit,ated ""p1r*t90 
(-t"Cg),

and cupric oxide (0.5g) vze.re lnt.-roduced anc] the mixture

Ìreaterl uncler reflux r,vith s;tirri-ng for 5 hr. Solvent ¿rnd

excess 3-bromoanlline v/ere remov'e<l b1z steam dÍstlllation and

the ho{- residue filt,ered ancl acldj.fiecl. The precipit.:te

vüas extracted w:Lth botling water.' Ieatvit'rg insoluble 3 r-]:-roino-

diphenyJ.arrrlne-2-e¿irboxy'-tic acj.d (43.5lg , 60%) ¡ ITtopo I7O^1-720

(ex aqueous ethanoL) (Ift.57 rrcpo I72o),

1.2 Prerra.rat,lon of a rnl.>:tnre of I - ernd 3-J:::c:mo¿lcrÍdones

A. ¡nixt.ure of 3 | -broinodlphenyl-¿rtnine-2-earboxylíc

acÍci (4.3 
" 
5g) and phos¡r)roryÌ chlorirle ( J.50rn1) ruas heatecì uncler

ref -lux f or 1" 5 h:: in cLn oil,-bath at I'2Oo. ì4ost of the¡

excess phosphoryl chlorfde was removed uncJer reducecl pressiur€ì
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and lN-hydr:oehloric acid cautiously added. The sittspension

was vlgorously stlrred fox 1.5 hr on e bollfng v¡¿lter-Ï¡ath

ancl f1Ib.e;red gfvlnq a mixture of 1- anci 3-brornoacriclones

(41. 
" 
5g, tOO%) .

1"3 É\ aLi ofami of- l- and 3-bromo-.1-0-meth 1-

a.er i"done s

.Themj.xt.trreofl-and3-brornoacri<]ones(3"89)was

slornly adcled t.o a srrspension af. socl.iutn hydride (1'99 of

l- ¡ I dÍspersion \r'lth oil) fn cifinethylformaml-cìe (40m't),

when evolut^íon of hycirogen ceased dirnethyl sulpha't'e (5"Oml)

v¡as lntroduce<l clropwlse so Lhat the temperature of tire

mixture clfd not ríse above about 5oo" Itlhen the re¡lctÍon

was complet,e excess sodi.um hy<]rlde v¡as destroyecl wÍth acet'íc

aclci a.nd the sol-ut'1on conceiltrated urrder reclucerJ pl:essu.relq

water r^ras added ancl the p::ecipitate filtered, drfecl and

r¿ashed v¡iti"r light pet^roleum (to remc¡ve oll f::om t'he sodj'um

hydride dí.spersfon) givÍng a mfxture of 1- anci 3-ir¡:omo-IO-

metlrylacriclones (3"4g, Bs%i in the r¿ttlc¡ 61 : 39 (by

quanti"tai:ive thirl layer ch-romat'ography on síLj'ca gel

r5eveloped wtth benzene - ethyl acetaten 4 g I)o

1-Bromo^J-0-rne lacrldone fr om the

l"- ancl 3 -brono-J-0-met Ia cr ic'ìone s

r.4

l-Bromo-},O-met,hylacrÍdone was obtaitred pure Í¡.om t.he
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nìlxtr-rre of 1- ancl 3--bromo-1O-rnethyl¿terldr:nes by fractional

crystallj"zation. 1'h+: m:Lxture of 1- and 3-bromo*I0-methyl-

acrfdones (475) was crystaltized three ti¡nes from benzene

givÍng purîe (one spot i>y thin layer chroma'Lography) l"-bromo*

lO-methyl¿rcriclone ( 11" 9E ) , rne pe 221-221..5o (l'ounci ¡ C, 58.8 i

Hi 3,6i N, 4n7, C'4HI-OBrI'IO ::eqrri.res; Co 58"4; I-I, 3.5i

N' 4.9%). The mass .rpectrum showed the rnolecular l.on at,

m/a 2e7/289n Notnor, speet.ruunr sr3r3"66, 1il-cH=); ue 6,

6"9-7.-l , (.r.nomatic H) t d of do I, 8.30, (H-B), 'll1z, 1.SFIz.

1o5 Preparation a-nd s<rlrara.t-ion of c:)- mi>,;ture clf

1- ancj 3 -brorrro- 9-eh1o::oa-cr :Lcl l-ne s

3 | -Bronodiphenylarníne-2*ca.rboxylÍc acid v¡as cycJ"ized

wfth phosphoryJ- ch.lorÍc.le as described in section I"2 aboven

After renrovÍng excess phosphorlrJ. chlorí<ie the r;esj-due was

dissclved i-n chloroform. The chlorofo:"'m solution was

slorvJ-y poure<^r into a vÍgorously stirred mixture of dllute

arnrnonJ.a ancl cru-shed f.ce kept, basic to pheinol¡rhthalei-n by

adclltion of eo¡rcentratecl a-rnmonj-a" Stirring was coirtinur:cl

f:or "45 r,rÍn. The crtrde product rvas reco¡,"ered f::om the

chl.oroform ancl partially purifie:cl by extractj-on u¡j-th l-ictht

petroJ-eum i.n a Soxhlet apparatus gi-vÍrr.q, 93i'6 yfel-d ol-' a

míxfure of 1- ancl 3-T:romo-9-chloroacrfclJ-neso The mi.xtu.re

(2o0mq) vrats separate.i by thÍck la"yer chrometography on

sj-lica qel (2O x 20 x Oo2cm) <leveloping r.qith J:enzene - ether
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(9 3 l). Two prlncfperl fr¿rctions v¡ei:cr obta.ined' 'fhe Llpper

band wit-.h grey fluoroscênCÊ \,irâs 3-bromo-9-chloroacrlclin.J

(65rng)¡ flop. 1.75-1?6C) (ex llqht pÉitrÕletrm)(1it.o9I o,"p. 170-

I7O"50). The -lower band wíth yellclw flu.orr-:scenee rlTas l--

bromo-9-chloroacridine ( lOOng) , rìr po 138 
" 
5-14Oo (ex ethanof ) "

The remaj.ircler of the mÍxture of 1- cattd 3-bro¡no--9-r.:hl.oro-

acrfclines had undr=r::gone hyclrolysÍs to the acrlclones,

1.6

1. 6 (a)

PreTrar¿rtlon of 2 r6-clibrornobenzoie acici

4-Ämino-3,5-d-f br ornol>enzenesu-Lnhonie acid (barir.rln sal-t)

This compound wa.s prepared from sulphanÍlle acid

by the method of l{ei.nf.ll"n92 using the mocJ:Lf.tcat-i-on of

orton and Pearuon93,

1. 6 (b) 2 
" 
â-DibroutoaniI j-ne

This v¡a,€ ¡:repared Ín 76% yLeLd by desr'rJ-phonagj-on of

the J:arÍtrm sal.b of 4-amino-3nS-di.bro¡.notrelrzenesulphonie acid

accordj-ng to the methocl of Ort.r:n and Pearuorr93"

l-,6(c) 2, 6-Dj. broinobenz on ítr i".l-e

'Jlhis r"¡as prepared ir¡ 72% yíeLd from 2r6'dLbtomo-

aniline ty the methoci of olivier94"

r" 6 (d) Hvrlrol.ys ís of 2. 6-dib::otnobenzonÍtrÍ1e

This hydrotysis was car:rj-ed out by the ntethod of
OÊ

SudborotLgh'- uslug sulphuric acid and sodium nitrite.

llydrotysis of the ¿rnricie fornied was fncomplet,e an<ì bot.lt 206-

cìibromobenzarnicle a.ncl 2, 6-dlb:roinobenzoic acld vrêre obtaineci
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J-n an ove::all Yletd of BO%n

L.'l s tc> ¡â te 3-J:ror¡oclí R l_ lne-2--ear: -'l-ie

.esæ

A number of atternpts v¡ere rrlä,cle to prepalre 3-bromÖ-

cìlphenyi,amine-2-carbo>q¡-t-ic acj-d by the ullrnann condensat'ion

by the general method descr:ibed in secLlon 1"1 above usinq

2n6-d.ibroinobenzoic acid and anllínen The solvents u'sed

vrere n-butanol, water and clfrnethylformamíde (ttle last wíth

N-ethytpfpericline as ]:ase)' Bach of these react'i"ons gave

a large number of compounds on chromatoqraphlc separat'ion

a-nd examlnatiop of the Í"r. spectra (in chloroform) of t'hese

products shor^¡ed none to be the requS-recl ,3-brono-diphenyl-

amine-2-carbor.yl-j.c acfd¡ âs none of the products showed a

carbonyl stretchj.nq band. only startj-ng rnate::1al was

recovered in an attempt to carry or-rt tþe reaction rvlth 2 16'-

dibromobenzamide c]od aniline ln isoamyl alcohol. 
"

2" PreÌralîa Lion of 2 -Rromo--10 -met-hr¡I¿teridone

2,r 4.r "-B inlrenr¡ -l-amine-'2-car 5e-çy-1-fc ¿¡cful

Thiswaspreparedfron2-ch].orobenzoicacj.dand

4-bromoanillne by {:he procerlure r.Iescri.T¡ed fn sect'ion 1,1

above, the stj-rreci rûf>ibure i:eing heat'efl uncler refl'ux for

3 hr. 'Ihe c¡'u<le proclUct v.ra.s chromatographed on siJ':tCa ge}
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elut,ing wfth chloroform glvin g 4',-bromodiphenylamlne-2-

carbolq¡Ilc acici (51%) e rtopo 184-1860 (ex aqueous ethanoL)

(1it." 96 *.p. 1860) .

212 2-Bromoacrldone
o

This $Ias prepared fn 91?á yielcl, ïropr >360 by

cyclization of 4 | =bromodiphenylamÍne-2-carÏ:o>q¿Lic acj-d wit'h

phosphoryl chloride by the procedure cleserlh:'ed Ln sect"ion

I,2 above.

2,3 2-Bromo- J- O-me't hvlaer Í done

This rvas prepareci ín 98% yietd from 2-bromoacridone

by the method deseríbed in section 1"3 above glving 2-bromo-

]O-methylacrlclone¡ ¡¡.P" I99-t99o50 (ex betrzene) (¡'oun<13 Cr

58"2t Hr 3 o l. i Nr 4,8, ct4IlIOBrNTo requires; C , 5B,-4i

H, 3 . 5 i N, 4"9'/o) o The maSS SpeCtrUm included peal<s at

m/e ?.e7/2Bg (100%) (M+) and 272/274 (17) (14-cIí3) " NoIIì¡r. o

spectruma s, 3, 3.75r (N-qI'I3); rlc 5r 7.o-7,8t (aromatic

H); d of o', Ir 8"40 (n-A), BHz, '217""i dr L, 8.50, (H..I) t

2Hz.

3' Prr:para tion of 3-Ilr omo- I 0 .-m.e thvl,acr i <lonq

3-Brom.oacrídone

,

3.I
This rqa-s preparecì in 37% yíeld from f-nÍtro-
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benzaldehyde anci brotnobenzene by the method of Lehmstedt

Recryst.allization from nitrolcenzene \,'ras omitted and

purifi.cation was carried out aft,er N-rnethyiatíon.

97
a

3 o2 3-Bromo-.10-methylacr j-done

This met.hylation v.¡as carîríed out aEi clesc::lbed in

sect-ton 1r3 abover the temperature of the mtxtu-re befng

maintained at lOoo The crude product rvas purifiecl by

column chromat.ography on algmina eluting wlth chloroform

giving 3-bromo-IO-methyJ-ac.riclone (95%), rtrpe 157-158o

(ex ethanol) which v¡as raísed to I77-].7Bo after heat,ing

for several days at 11Oo (Fou.nd: Co 58.3i tl, 3.7i Nr 4,7,

CrnI-IrOBrNo reqr-rires ¡ C , 58.4i Hr 3.5 i Nr 4'9%). The

mass spectrum fncluded pea](s aE nt/e 2F7/2Bg (1009¿) (M+) and

272/274 (6) (M-cH3). Norerrc spectrum: s, 1, 3"67, 1tt-cnr);

m, 5, 7 oO-7.8, (aromat,ic IÌ) i tÃ, 2s 8.1-8.5e (H-I and H-B).

3.3 3-Bromo-10-methr¡-lacri cione t ronì 3 -bromo-9-chl-oroacr i" dlne

3-Bromo-9-chloroacridÍne (A.87g) anci

su}plrate (10mI) were heated for 45 rnin in an

1400. After cooling the mÍxture r^las poured

sodiuin hyclroxÍcle solutiotrn Extraction with

purificatÍon by chromatogra.phy as above gave

methylacr-l<lone (0"349 , 4O%l ¡ mrpr I56-15Bo"

dimethyl

oil-bath at

i-nt,o dilute

chloroform and

3-brorno-10-
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4. Prepe.rat. lon of 4-l3romo-l-0-methvlac::l-done

4.1 2 t -Bromodiphetr.¡laml.ne-2-carboxvlic acÍd

This was preparecÌ fro¡n 2..bromoaniline ancl 2-chloro"

benzolc acÍd using the procedure described ín section 1.L

above. D-Butanot was used as solvent and the mixture heated

under reflux for 4 hr. The tarry c¡:ude product was purífied

by column chromatography on sillea gel eluting v;íth chloro-

form, chlc¡roform - ether (4 ! 1) glvlng 2r-bromodiphenyl-

amÍne-2-carbo>q¡Il-c acfd (L7%)e nope i-91-I93o (ex aqueous

ethano]-) (Ift,"58 *.p. -192-1930), The use of 1,ryr-amyl alcohol

as soLvent qiave on-'l.y 15% yield"

4.2 4-Bromoacridone

This was prepared in 86% ylelrl by cyclization of

2 | -bromodtphenylamine-2-carboxylic acld rvith phosphoryl

chloride as described fn sectfon I.2 above"

403 4-Br omo-.l 0 -m"e thvlacr f dr:n e f rom 4-b:: omoa cr i done

4-Bromoacridone was N-me'EhylatecJ as descril¡ed Ín

sectlon I"3 al¡oven The dimethy-l. sul¡:hate was introduced

dropr.rì.se over 1.5 hr and stír.ring eont,LnuerJ for a further

2 t.r" Iìxtraction of Lhe erude product with chl.oroform

left insol-rrbre 4-bromoacridone (2o2/"). The chloroform-

soluble materj.al rvas chromatographed on alumlna eluting wf.th
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light petroleum - chloroform (+ :1) givÍng 4-bromo-IO-

methy-lacrÍdone (4L%l ¡ mrpr 9I.5-930 (ex benzene light
petroleum) (Found: C, 58.0i H, 3"8i N, 4,7, Cl4IIlOtsrNo

requires: C, 58,4i H, 3.5i N, 4,9%). The mass spect,rum

lncluded peaks ar m,/e 2a7/2Bg (too%) (¡r*), 27z/274 (25) (¡4-cH3)

and 2OS (.13)(tq-gr). Ncrnc.r¡ spectrums s, 3, 3,I4, (ll-cHr);

mr 51 6,I-7..2e (aromatic H)¡ d of d, 1, 7,52 (n-a), 9Hz,

2Hz¡ d of d, 1, 7.58, (l¡-l), BHz, 2Hz,

4.4 4-Broruo--tO-methylacridone from 4-amino-1O-methvl-aeridone

4-Amino-1O-methylacridone {2,Og) was dissolved in
a sol.utlon of 46% hydrobromLc aciel (3"3mI) in water (40rn1)"

After cooling to 20 sodium nitrlte (0.669) in water wa.s

slowly lnt,roduced with st,lrríngr the tempera{:ure belng

maintained at. 20, A bright red solution of the diazonium

saLt was procJuced. Thls solutlon was slowly atldeci wlth
stirring to a solutlon of euprous bromide (1.3g) ln 46:/"

hydrobromic acid (I2ml-) yÍeJ"ding a brown precÍpit.atêo Vthen

the addition was cornplete the mixture was heat,ed on the steam-

bath until evolutlon of nitrogen ceased, Ext,raction with
chloroform and purlficatlon by chrontatography as descríbed

above gave 4-bromo-10-methylaeridone (2.Ig, B2%) ¡ rTìrpr and

mlxed rnapr g}-g2o'
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5o Prepa-ration of 1-Amino- I 0 -methvlaer i done

5.1 3 r -Ni-trc,dÍ ohenwlamine-2-carboxvlie acíd

This was prepared ln 36% yletd from the sodir¡m salt

of 2-ehlorobenzoÍc acíd and 3-nitroanÍ1irre by the method of

A1bert and Ritchle98o

5.2 Prer¡aratLon ot a mlxture of 1- and 3-nitroacridones

3 | -Nltrodlphenyl-amine-2-carboxyllc acÍd was

cyclízed with phosphoryl chloride as descriÏ¡eC by Lehmstedt'

and Schr.d.t56. After removal of the phosphoryl chLoride

the mixture v¡as hydrolyzed wÍth hydrochloric acid as

described ln section Io2 above to a mlxture of the l,- and

3-nÍtroacridones.

5.3 1-Nftro-I0-me'Lhylacrldone

A mixture of 1- and 3-nft'roacridones (4.4'l) was

added t,o a stirred suspensÍon of sodium hydride (O.B1g)

in dimethylformamide (lOQmI) givlng a deep red solution.

Dimetl"ryl sulphat,e (3"4m1) vras introduced in portlons over

15 min. The deep red solutlon slovrly facied to deep yellow

wíth formation of a yellow precipitate. After a further

15 rnÍn the precÍpftate was removed and v¡ashed with chloro-

form giving 1-nitro-J-0-methylacrldone (3,2g, 7O%1, yellow

needles Íropo 3OB"5-3o9o (ex dimethyl sulphoxide). sublim-
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ation at- 27Oo/O.O]min¡Ig raj-secl the rîcpo to 310-3LIo (i-rouncl:

cr 66"0, H t 4'2t N¡ 10,7" Cl4lltoNzos l:eguil:eÉjt c' 66.I;

H, 4 "O ì N ? II. 0î¿) " 'Ihe ma ss s¡re c'trutn incLr-rdeci pêcìì<s at

m/<-, 254 (rOO%) (r"i{"¡, 2.24 (7) , 2OA (60), 196 (1}), 180 (18)

and I52 (37) " ThÍs compound was too insoluble for ibs

n¡ìn cfo spect-rum to be det,ermi"ned" '

Additlon of water l:o the dlmei:h1'lformami'de filtrate

gave a precipitate (1.5g) wh-ich on c¿xtra.ctioir rv:Lth chlclro-

f orm gave chlorof o.rin*so.l-u]:1e 3-nit.ro-IO-methylacrídcne

(o,7g, 1-5%) r Inop¡ ârrd mir:ed rftrpo 2L',i-216o ¿rnd a chlo::of onn-

insol.ubl-e fractlon (O.8g) rvhieh appeared to l:e impure 1-

n it-ro*1 0 -methylaer Í done o

5.4 1-Amino-1,0*m.ethr/_l,o.c:lidone

1-Nitro-10-rnethylacricìone (O"5Og) roas; added to a-

hot soluti.on of stannorrs cl:l1oríde (1.8g) Ín concentrated

hy<irochl-orl.c acÍd (2"0m1) and the mÍxture heat.ed on a steam-

bath for L hr" vlater lncìs aclded ancl the slurry poured into

dilute soCiunr hyclroxicir: sol"Lltiono E:xtrac'clon wj.th chJ-oro-

forin gave 1-amino.-l-O-nnethyl.acrlcione (0.29g, 66%) ¡ rløpo

l-9Ì.5-193o (ex benzene) (Iround* C n 74"9i ll, 5"4i \1, !2.5,

C'¿l-llZNZO rec¡ui.res: C, 75.0t IJ ,' 5"4t N, I2.5%) " The

mass spectrurn incl-udecl pea.tcs a'E m/e 22à (100t/") (lt+), 2og (f 3)

(¡'I-crT? ) and IB2 (13 ) (pl-cH3-I{cN) " Nernctlc s¡rectrum: s , 3,

3.70, 1t't-ct-tr); d, 1, 6"33, (H-2), BHzì d, 1, 6.53, (n-4) o
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gH;zì rne 6, 6.9-7nïe (H-3r Il-5, H-6, H'7 r NH2); d of dr It

8,42, (n-g), 7Írz, z\z, The l'ÌH2signal, partly under the

aromatlc multiplet., disappeared on exchange wiLh Dzo,

6. Preparat, ion of 2-Amino-10-methvlacrldone

6.1 4 r -Nit rodlphenlz1amine-2-carboxyl ie acid

This v¡as prepared in 857á yield from 4-bromonit'ro-

benzene and anthranLllc acid by {:he methocJ of Gol.dbetg99"

6 r2 2-lVit roaer iclone

4 t -Nitrodiphenytamine-2-carboxylf c aci.d was eyclizeci

to 2-nftroacridone ir, 95% ykehcl by the method of Albert and

RiÈchie 98
o

6.3 2-Nitro-f0-tnethylacriclone

Thís v¡as prepared from 2-nttroacridone by the methoC

descrÍbed in sect.ion L.3 aboveo The clÍmethyl sulphate vras

introduced over 40 minr the temperature befng kept below

4Oa, and st,lrring continued for a further 1.5 hro The

crtrde product was purlflecl by extraction with benzone in a.

Soxhlet apparatus l-eavfng benzene-ínsoluble 2-nitro-IO-

nethylacridone (81%) e rrìcpr 282.5-2t'40 (l1t" 6 *np. 276o').
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6n4 2 -AmÍn o- I O -methvl a er i".Jone

This was prepared Ín 91% yleld, Iltrpr Ð-3-2I4o (Iít"6

rnopo 2O5o), from 2-nÍtro-10-methylacridone by the procedure

descrlbed ln sectlon 5.4 aÌ:ove.

7. Pretra::at lon of 3-Amino-Io-methvl-aerÍdonq

7rI 5-NitrodÍphenvlami-n e-2-earboxvlic acÍd

Thts was prepared Ín 71% yielcl from 2-Chloro-4-

nÍtrobenzoia acid anci aniline by the method of ALbert and

Gledhill-Ioo.

7r2 3-Nítroacridone

5-NÍtrodíphenylamine-2-earboxylic aclci was eyclized

w-tth phosphoryl chtoricle as descrlbed in section I"2 aÏ¡ove.

The m1>lture vras heated uncler reflux for 30 min" ËIydro1ysÍs

gave 3-nitroacrÍdone ( f OO%) ¡ rrtr po ) 3 600 o

7.3 N-l'lethvIat: lon of 3-nitroacrí done with sodÍum

hvclrl"de and dfmethwl.. sul.phate i 11 cìimethvlformamide

Thls methylati-on was carried out. as described Ín

sect,ion 1"3 above and proceeded v¡e1l on a one-grarme scalÉ!

givlng 3-nitro-10-methylacrldone (97r/") r orange needles¡ ltlrpc

216-2]-7,5o (ex benzene) .

Hovrever¡ orr a fifty-gramme scale in two separate
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experitnents f-he'bernpe::ati-rre rose uncouLroll-abJ-1' ¿¡¿1- cculcì

not Ì:e lorvered by coo.li-ng 1n ieen .A r¡iol-ent react,ion ensueclo

714 lV-Methr,'l-at.ton of 3-n,rl.tro¡,r-cr: j-¿ione rvith sodÍutrr methoxlde

ancl rnei".hv-l- iocllc-ìe i-n ethrrno"l

3-Nitroacriclone (30q) ancl sodium methoxide (7Ornl of

2"J-14 NaOI'ie Ín I'feOI{) we::e heatecl uncìe+r ref.lux in ethauol (800

mI) cTiv-ing a cìeep red sol-r-rtion" lvlethyl .i.ociide (32mI) w¿rs

lnt.rc¡cjuced dropwise. After I hr a further port,ion of socij.u.ln

methoxide sol-ut.Íop (2Oml) and rnel-hy1 iodÍde (l"Om}) vras int.ro-

duced ancl hea'btng eontj-nued for 2 lnr. After coneeni:ratj-on

v¡ater was addeci gÍving cL pÍoCj-pj-tate (3}q) " Extractíon

r^rith chlorofo¡'m ln a Soxhl.et appatratus gave ehf.orcrf.-:rrn-

so1u.ble 3-nitro-J-O-methyl-acrldone ( 14. Og, 4C'/") e IIle pe 21"5-

2160 (ex chlorof orm) (r'ound: C, 66o 3; H' 3"7 ì I\T¡ 10" 9.

ClrrIIlOl{2oS requires: C , 66.Li H, 4,Oi N, 11"0%). Nclrle f,ç

spectrurn (on a saturatecl solution i-n C.DClr): s, 3' 4n0¡

(N-Ci{3)l m, 7, 7.2-8"8, (aromatic If). îhe Inass spectrum

included pealcs at r¡/e 254 (100%) (u+), 224 (5) (¡¿-No), 2oB

(a7 ) (m-WOr) and 180 (tS ¡ " The chl.o::oform-Í nsolubJ"e fract j"on

appeared t.o be unchanged 3-nítroacridr:neu

"7 "5 3-Ä;nj-no-10*rnetbyl-acridone

This was prepa.i:ec1 in BB?á yield from 3-nitro-10-

meLhylacricfc¡ne by the ¡-:r'ocedure clescril:ed in sectfori 5,4
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abover 3-Amino-I0-methylacridone was obtained as orange

prisms¡ rnopr 2BB-2g3o (ex ethanol) (Found: C ' 75,Lî Hr 5.3i

Nr 12"3" Cl4HtZNZo reqrrlres, c, 75.Oi Hr 5,4i Nr 12"5%),

The mass spectrum ineluded peaks at rnle 224 (1OO?¿) (lr+) and

2A9(e) (M-cH3) 
"

8. Preparation of 4-Amino-lO-rneLhvlacridone

B. I 2 | -trÏitro-N-methvldiphenvLamine-2-carboxylic aeí d

This was prepared Ín 931á yíe-ld from N-meLhyl'-

anthranflic acid and 2-bromonítrobenzene by the method of

Burton and GibsonS3"

8,2 4-l.Títro-l-0-methyla.cricione

This was prepared by cyclization of 2r-nlt,ro-

dÍphenyla-mine-2-carboxylic acid with phosphory-l chloride

using the proeedure described in sectlon LZ above. After

removal of excess phosphoryl chlorfde the resLdue was poured

Ínto water and neut,ralfzed g-tving 4-nltro-10-methyÌac::fdone

(go%) e rïrcf)¡ 174-L770 (lÍt n 
6 *.p. 1680) 

"

8"3 4-Amino-J.O-methylacrtdone

This was prepared 1n a4% yiel-d from 4-nitro-10-

methytacrJ"done by the procedure described in sectÍon 5,4

above. The product was extracted with chl.oroform in a



-1 63-

contlnuous extraction apparatusn 4-Amino-tO-met'hylacridone

was obt.ained as yello$7 neeclles (ex benzene) ¡ loop. 166.5-

168.50 (nound¡ C, 75.Ii II, 5"3i Nr 12'7 ' Cl4H12N2o

requíres: cr 75.0¡ H, 5.4; N, L2"5iá)" 'rhe ma'ss spectrunr

j-nctuded peaÏ<s a.E n-¡,/e 224 (BO%) (M+) anci 2Og (]00) (i"t-cH') '

8.4 2t-Nltrocii phenvlamíne -2- rbo:cr¡lie acid

Thls v¡as prepared fn 96% yielcl from anthrantlic
ì

acid and 2-bromonitrobenzene by the method of A1berttn'

Bn5 4-Nítroacridone

Thíswasobt.ainedingT%yieldfrom2|-nitro-

diphenylamtne-2-carbo><y1l-c acid by the method of All¡ert
.r o]and GLeclhill- ,

8,6 Unsuc sful. at, sto t 4-ni roa ldone

with sodium hvclride an rl díme'chvl sr:IPhate ln

dinlethyl-f ormami.de

'TheseexperÍment'svJefeperform'edasdescrfbedin
section ln3 above both at l-ower temperat'ures (be'low ca' 4Oo)

and also by heaLi.ng at lOOo. In each case a red solution

of the anion was formed and the red colour very sJ-owly faded

on addit.lon of dirnethyl sulphate. However, examination of

the product by thin layer cl-rromat.ography on sillca gel

(benzene - ether, I : l) showed only 4-nltroacridone to be
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pr:esent o

8.7 Unsuecessfu]. at t o I'd-methv.l-ate 4-nit¡:oac::-tdone

v¡ith sodirrm methoxi cle an<l methw1 lodirJe i.n eth;:noL

This was carrÍed out as descriÏ:ed in sectíon 7,4

above. A red solution v¡as obtained on a<lding sodium metli-

oxlde sol.ution to 4-nltroacridc¡re in ethanol. However,

thin lays¡ ehromatography shorved the procJuct, t.o be entfrel.y
4-nitroacridone.

9. Preparation of the PÍporicif¡ro-.J,0-methvlacri.rjones

These were prepa.red by heatlrrg the respeetirre amlno-

IO-nLethylaeridr:ne (5Omg), arrhycìrous sodirm carbonate (5Omg')

and 1r S-dibromopenf:ane ( 1" 0m1) in a mêtal-bath at L7O-lBOc)

for tlre tfme specified J-n each pre¡:arationo Aft,er cooli-ng,

li9ht petro!-eum was added anci 't.he product purÍfied l;y colurnn

chromat.o9ra.lrh1z, elut.ing firsL v¡ith light. pe'troleum to remove

excess 1, 5-<iib-rornopentane.

9" I 1-Pipericlino*1O-met.hvla.c.rlclone

Heaterj f.or 10 mín, Pu.rlfied t'y colunrn chrornato-

greiphy on alum.lna el.uting first. wlth liçfht, petroleum crhd

then wíth light peLroleuni - benzenc- and benzene - ethyi
aeetate (ag ? t) givfng first J.-pr'.periclino-_lo-methylacriclo::le
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(28",/") and then 1-arníno-lO-methyla_ericlone (621/"), meÞo and

mixecl r0opo L9l-193o" 1-pipr*ridino-l.o-methylacriclc¡ne

c.rysta-llizecl frorn ¿ìglreous etharro-l as )'elloiq prisrns¡ rûopo

I59.5-161"5o (Found: C , 77.9i H, 6"Bi l{, 9"Bo CtgHZONZO

l:equi-res: Cr 7B.0i ÍIn 6,gî Nr g.6%). N.Itìor. spectrums

(b), 6, I"5-2.1, (a1iphat1c CIir); t (b) , 4, 2.9-5.2,
(aLiphatic l$*C[{r) r SHz,e s, 3, 3"66, 1x-ctrr); m., 6, 6.6-
7o7, (arom.etic FI)¡ d of cl, l, 8.45, (H-g), BHz, Zfilz. TÌle

mass spectrum incluite<J peat<s at m/e 2g2 (1oo%) (r<+¡ , 277 (17)

(M-CH3)r 275 (+O¡, 273 (I2), 263 (64), 24s (25'.), 25s (33),
223 (++7 n z:t-O (67), 2O9 (slo¡ ancl 2OB (24) 

"

9o2 2-Pfperidino-l0-methr¡la<-"r idone

Heated for 10 min" Chromatographed on silica gel
eluting v¡ith ltght petroleum, chloroform and chrorofo::m-

ethanol (.f0 ! 1), The crude product e-luted with chlor:oform-

etiranol was furli.her purifled by thick laiyer chrorna_tography

on s-tlj-ca gel (benzene - ethern 1 : l) giving 2^piperldj-no.-
lo-methylacriclone (100t1), olranqe p.ci-sms rTrcpo 138-]¿+3o (ex

benzene J."Lght petroleum) (r'ound: c i 77.7 i H, 7 nl-g N, 9o4u

CISIIZON,O requires: C, 78,ût H, 6ngi tq, g"6%), The mass

spectrum showc+d the moLecul.a.r lon at m/e 292 (l_o0%) and very
l" ittle fragrnent.r.t j-on 

"
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9"3 3-PÍperidj.no-1O-methvlacrídone

Heate<l for 30 min" Purifiecl by thiclc layer

chromatoqrapÌry on silfca gel (benzene - ether, I s 1) giving

3-pÍperidino-10*methylacridone (54%)r pale yellow plates'

rnrpr I9B-202o (ex ether) (pounci z C, 7t. I9 Hr 6" 9i t{r g.7.

CIgHZONZO requJ.res: C, 78.0t LI e 6.9t N e 9,6%). The

mass spectrum lnclucled pealcs aL m/e 2g2 (1oO%)(Þi+) and 2gI

(63).

9,4 4-Plpericiino-10-methylacridone

Heated for 4 hr. Partially purifled by chromato*

graphy on sillca gel eluting with lÍght ¡:etroleum then

chloroform - ether (3 t 1)" The yellow fractlon e.luted

v¡íth chloroform - ether v¡as purÍ.fied by thicl< layer chromato*

graphy on sj,l1ca gel (benzene - ether, 9 : -t) givlng two

fractÍons. The upper band was 4-piperldino-10-methyl-

acrfdone (++lt), yeIlow prisrns mopo 94-g7o (ex tight.

petroleum) (Found: c, 78o3¡ He 6nB; N, 9n4" CITH2CINZO

requÍ.resa C,78.0¡ He 6o9i Nr 9,6%)c N¡rrloEo speetru.ms

s (b), 6, 1.6-2"], (aliphatic cH) î two s (b) 
' each 2' 2"3-

2.9 and 3. o-3.5, (aliphat i-e N-cHr ) ; s, 3, 4"I e (N-cHr ) ;

m, 5, 7,7-^7 "9, (aromatic FI); d of dr Lr 8.50r (ti-l) ' BHz,

J"'Í{zï d of d, 1, 8.55, (il*8), 'líz, 2Hzu The marss spec{:rurn

showed the molecu-lar: ion at, m,/e 292 (l-00:¿), The lower

banci was 4-piperfdinoacriclone (28%), rflrpr and mixed m,pn
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lBr-L820.

9n5 4-Piperidinoacrldone

This was prepared from 4-aurJ-noacridone as described

above, heating for 2,5 inr" îhe procìuct Ìüas purified as Ln

section 9.4 above giving 4-FrlperÍdinoacridone (43%J, yellow

cubes rfìopr lBI-lB2o (ex benzene J-ight pet,rol.eum) (Found¡

cr 77.6ì Ht 6.5i l{, 9.Bo ClgHIgNzo requlres: e, 77,7 E

Ht 6.5t Nr 10.1%). NoIIìof,' spectrum: s (b) r 6, L,5'2.2e

(aliphatic CHr) i s (b), 4n 2.7-3,2, (al-lphat'Íe N-cHr); m'

5, 7.O-7o9¡ (aromat,ic H)¡ d of dr I, 8.30, (H-1), 6Hz, 2Vzt

d of d, 1,8.55, (H-8), THzn LHz¡ s (b)r I' 9'15, (N-H)"

The mass spectrum Íncluded peaks aU m/e 278 (100%) and 22I

(os¡.
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REACTTON O}' THE TSOMËRIC

BR OI{O- ]" O -S,]E THYI,ACR T DONE S

WTTIJ POTASS.AI'ITDE ATVD !VTTH TTTHTUM PTPT'RTDf DE

SECTTON A z REJ\CTIONS I^ITTH LTTHIUI{ PTPERf DTDE AND

PIPERÏDÏNE

1. General

Dimetho>q/ethane was purlfj-ed by heatÍng with calcÍum

hydride ullder reflux and r/'/as then distilled ftom calcíum

hycìrlde.

Tnltially the plpericlÍne was drled over potassfum

hydr:oxlde, clfstllLed and fur-,-her drieci o¡/er aetivat'ed

alumina. However, j.t. appears that. thís method does not

remove lasL traces of water. Solutlons of lithfum

piperldíde in thls pipericline were found to be somewhat

opaque ag coneentra,t.ions af On5l4r due possibly t'o separati-on

of lithium hydroxÍde. Uslng thls .lÍthium plper-tdide the

react,ions with the bromo-lO-methylacridones were sl-ow and

the resurlts inconsfstent Íncilcatlnç' that a proportion of the

phenylJ-i-tìriu,m was converted to Lithiu¡n hydqoxicle instead of

IÍthíum piperÍdíde. 
,

The p.tperi.clfne was flnally obt.alned completely dry

by standing over BDH molecular sieve type 4An Using this

pÍperíd5-ne 1"Ot{ solutlons of lithium piperídÍc1e were quite
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c-lear ancì the ::eact.j.ons wít,h the hromo-lO-methylacridones

very much f asLer and rep::oducible.

The sltqhtly \r'ee plperidine v¡as u.qed .tn early trial

erçer.iments usLng lftlifum pÍ.perj"ditle and pipe::j.dine in

dirnetho:<yethane" Tn the reactions in dirLrei:hoxyethane, r+here

c¡nly small, a-rnounts of ptperi<iine were usecl, the t,race of water

r,'lõrs of lit'cLe eonsequonc@o However, 1n pÍperfdÍne as sol-vent,

tlris trace of water wa-s some\,\,hat more siç¡niffcant. t

Pheny1J-ithium in ether was prepared by the usual

method from bromobenzene anci l.ithíum i.n eti',"r102 in an

apparatus in whlch the solu'Líon could be fÍlterecl wi-thout

exposing to the atmosphere.

Lith.tu.m pÍperidide iri pÍperidfne, was prepared by

acldÍng a calculated arnount of stande-rdÍzed phenylJ-ithÍum in

ether to piperfdine and removfng the ether throu-gh a short.

fractÍona.ting coJ.u.mn u.nder an atmosphere of clry nj.t-rogen.

The yields of the products r./ere determlned by

quantit.atlrre thin layer chromat.ography.

2, ReactLon of 1--tsromo-1.0-metlrrrlaerl.done r'¡ith l,i,t-"hi.rrni

Pi rlciirle i.n f, thane v¡Íthor-r excess Pi -icìinr¡

Lj-thlurn pi"pei:idÍc1e (0-1mg, '! "Orn{.ole) r"zas p:repared by

a-drJing 2o03M butyllith:Lum in hexane (0.501n1, 1"Omrno-i"e) to

a soLut j-on of p-ì-perÍ.dine ( B5mçf ¡ 1" Ornmole ) in dimethoxyethane 
"

Solvent was removed in a stream of d¡:r¡ ní'Lrogen leavlng soli.d
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1ÍL?rlum plperlciideu 1-]frorno-IO-neth1'lacrfclone (¿Smgr On 16

rrunole) in dimetho.xyethanc (30m1) was -i-ntroduced and the

mixtu::e heated uncler refltrx for t hr under an atmosphere of
nitrogen. Solvênt was removed ancl vra.ter a.clcled t,o the resf-
due gírrinç¡ a precipj-tate of l-bromo*l-0-methylacridone (4-5mg,

rcO%)¡ Inopo and mixecì m,po 222-223a, Bxtractíon of the

filtrate with chJ-oroform gavel a tr.ree of lO-rnethylac¡'icìone

(ldentlfi-ecl by thln lcalzer chromatography and mass spectro-
scopy) 

"

3. Reaetlons v¡Íth l,ithiurn PiperÍd-i-rje anci Pír¡ericl:Lne

-tn Dimr:LÏro:.¡¡ethane

The reactj.ons wJ-th 1- and 3-trromo-1O-.nre'Ehy1a-crj-done

were psrformed bofore the pfperidfno-IO-methylacrfdones \dere

available ¿ls referenees and vzere carried ouL ou a preparative

sca1e. the reacttons wÍth the 2- anrl 4-l:.romo cornpounds

vJere performed .ifter the plperidino compou-nds rrTere avaii.abl.e

as references anc'l were carr-ied out on an ana.l1Êical scaleo

The reac'Lions wlth the 2- and 4-bromo compor,rnds were merery

exploratory and quantltati.ve results vr€Jre not obtainecj v¡hen

piperidine wa.s fou.nci to be a superior solvepto

.[n these experiment.s the lithÍum ¡:ípericlide was

preparecl i.{r sålrs by addition of phenyLl-ithir:m in ether to a

solutfon of. the bromo eornÞound and piperidine in dirne.Lhoxl,-

ethancsn Tn tho reactions of the 2- ¿rnd 4-bromo compounds,
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v¡herîe the phr:nyllithirrrn rvas adcercl raptcily, a tror:bl-esorne

procuct wít-h green fl.uoreseence r,.¡hich st,reaked the l.ength

of the thin J.eyer p.lates; was also formecl" 'rhis by*procluet

was not formed r.¡hen (a) the phenyllithlum rvas a-dded s1c,rvly

and (b) tl-re Ii'¿hium pi¡:eridicle l.,,as prepared ex'teqnally and

v¡oul-d stlggcst that it r¡¡"r.s due to -react.ion of the bromo

compound wj-th phenyllithiumn This subst-ance prevent,ed

quant-.it.ative analysis being carriecl out, b'.lt the anrount of
prodr:ct coul-d be estírnatecì qua-1Í.t.atively from spot siz;eo

3 o J" l-tsromo*l,O-rnethv.l.acrl clone

Pheny1T-ithiunr ln ether (40mI of O"3giut soluti.on,
lSriuriole) wa"s added cìropr,rise over 40 m-in to a refluxinq
solut.fon of 1-bromo-I0-rnethy-lacricione (23Brrrg, O.B3rmnole) and

pfperidine (2.Omt, 2Orn-mole) 1n ciime{:hoxyeL}rane (5Oml) under

an atmosphere of nftrogen" A transÍent recl corour was

produced on aciding the phenylJ-ithium a-nd this colou.r became

perm¿ìnent after abc¡ut one-thircl of the phenyllithiunr had

t¡een Íntrocluced. '.lhe rnixture slovrJ-y darlcc:ned to brown and

after 75 rnín no starting materfaL remained (by thin J.ayer

chromat,ography) n Exce$s reagent, was destroyed rvith vr¿rter

and the yerlovr solut.ion evaporatedn The products v¡er:e

separated by thiclc layer chromat.ography. on silica gel
develop-ing with chlorofr:rm - ethe;r (3 : r) giving l-pfper-
fdino-lO-met1rylacrÍdone (187mg, 77%)r mop¡ är1d míxed rftepc
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I59-1,61o, and J-O-met,hyla.cricione (26mg, J,5i/"1¡ fir,lg. ãïìd mixed

rnr pr 198-200o"

3 "2 3-Brorno-10-m.ethy-la-erj-clone

TT"lls was cü.rried ouj; as clescrilæd ln section 3,1 aboveo

on addrf-ng phenyllithíurn the solutj-on became orÐ-ng'e anr3

darkened to deep pr.rr1:Ie. After ref luxing for 3 hr water

was added gi-vlng a-n orançJe solution" The solvent hrõrs lîê-

moved a-nd the m.i-xture e>rtraete<l r.¡lth chloroforrno The

prociucts were separ:at.ed by thÍck J"ayer chrom¿r'Eography on

s1llca ge1 developing rvith ehl-oroform - ether (3 : 1) gi-vi.ng

two mafn fracLionso The upper yellow band wj.th blue fl-r.lo-

rescence was lO-rnethylacriclone (5Bmg, 2B%) ¡ firopo ancl nrixed

rhopo 2O2-2O3o. The lor.ver yellow band v¡íth oranga fluo-

rescence rn'as 3-pi¡:erJ-dino-10*'metiryl.acridone (190ürg, 65%),

rTropo 197.-2000 and icler:Lical nomof c ancl mass spectra 'to a

later synthetÍc sample.

3 n 3 2-,B::omo'-1O-rn ct".hvl.rcríclone

PhenyllÍthi-u.n in ether ( 2. 6mI of 0 
" 
BI'i solution n

2.Ommol.e) vras rapfcl-ly addecl to a ref-tuxÍng solut5.on of 2-

bromo-lO-rnethylaericlone (29mg o 0. ImrnoJ-e ) and piporidlne

(l."Ornl) in dfunetho>',yethane (5.0m1). The solution rapidly

tu::ned brov¡n. After 30 min water wæs addeci ancl the yellow

solut.lon extract,ed with chlor:oform" Tl"re proclucts we.re
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identified by thín layor chromatography usíng r:eference

corLrpoundso Tl¡j,n layer chl:omatography on alumina (benzr:ne

ethyl aceLate, 49 e 1) sÌ:ov¡ed the presence of 2-bromo-I0-

methylacridone (minor compolent), IO-nrethylacridone (minor

compomemt ) , 2-pipe::ldino-1O-methylacriclone (nra.jor cornponent ) ,

3-plpericjino-I0-rnr:thylacrldone (rnitrc¡r component) and possi,bly

a small amounL of 1-piperÍdino-10-methyJ-aer j.done. Thin

layer chromdtogri.lr:hy on s-ì-i-Íca gef devel-oping wi"th ethyl

aceeate eonfirmecì the presenee of the l-pÍperirJ-i-no eompottndn

The subsb,ance with green fluorescence rnentÍoned above \^Ias

also obser:vedn This materi.al. streal<ed the J-enqf-h of the

plate and so quantÍtative arnalys{5 v¡as not car:ried outn

3,4 4-Ðrorno-1O-methyi-acriclone

This reaci:iou wers carr:Led out as described ln

secf:ion 3 n ll al'rove, Tire mi>lture was heated uncler ref lux f or

13 hr and v¡orked up in the same manrrel:o The procìuc'ts v¡ere

characterizeci by thin l.ayer chromatog::a.phy on al-umina

(benzene * ethyl aceta"r-e ¡ ô"9 ! 1) ancl sillca gel (benzene

ethyl ac<.:tate, 4 : 1) by comparíson with referelnce coml:ou.nclso

T'he compounds deLectecl were 1O-rnethy.l.¿-rcrj-done (major cöItìpo-

nent) anrl 3-pipe.r:iclino-lO-ntethylacridone (majo:: component)

{:ogethe:: v¡ith the subst,ance with greelì fluorescenee m.ent:Loned

a-bove. bTo start:Lng mater:i.al- remained and no 4-¡riperidÍno-

10-methyl.acrl<ione !Jä.s o1>served. Quantita-tive atrarlys;is rvas



-L7 4-

not earrled out.

4, ReactÍons \,¡Íth Lithi-urn Ploeridide Ín Pipericilne

4oL Reacti.ons in v¡hich the ph¡eridine mav ha.ve containecj

traces of v¡¿lter

These reac'tfons were typÍfie:d by the necessity for
long reaction t.Ímes at reflux temperature and Lhe forma.tfon

of large amounts of }O-methylacridonen The method is

descrÍbed for Èhe reactÍon of 2-bromo-10-methylacridone a.nd

the results of a1i- reaetions arê recordec-1 1n TabLe Bo The

stabilities of the products.Ìüere determined rr,ncJer median

conditions and are recordecl Ín Table 9. The guantitatÍve

analyses were cartîied out usíng the chromatographÍc systems

descrlbed Ín sect,ion 4,2(d) belorv.

2-Bromo-10-methylacridone (120m9, 0.417mmote) in
plperidÍne (4,2mL) v.ras acided 'bo t.OI4 lithium piperidide in
píperlciine (4,2m1-r. 10 equív) and heated under ref Iux for

12"8 hro IÁiater was addecl and the ¡n1><ture extracteci v¡ith

chloroform and prepa.red for quantitative analysis as

previously deseribed" Analysls was carrled ou{: as deseribed

ln sect,ion 4.2(ð) below.
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T.¡\BLh- B,

Compouncl
and

condltlons

,/o

reactn 10- 1-
Þle FÍ

Ylelcis (%)a
2- 3-

P PiP I'lp
4-
Pip

1- 10-me lacrÍdone

10 equiv T,fPip(0. 25¡1)
20 mln reflux
2-Bromo-lO-rnethvl- icione

(1) 10 equlv LlPi.p(O.sr'f)
5 hr refLux

(ii) IO equfv Lipip(0,5¡f)
12,B hr reflux(Í1Í) as ln (iÍ)

3 Bromo-10 acridone

10 equlv LÍPip(0.25M)
5.75 hr ref lux
4-Bromo-]0 -me thy1 a er idone

trace 7,3 I.1 O

trace I7 I.2 O

trace 5.4 2 0

100 B.l. e7 000

60

53

46

64

6I

7L

(1)

(iÍ)
10
L2
10
15

equfv LiFip(0.5M)
. B hr ref -lux
equlv LiPip(0.25M)
hr reflux

45 1"5 0 0830

77890 0 I.7 0

100 94 0 0 traee O

a) Yiel-ds basecl on unrecovered startíng material.
Abbrev"iat,lons: Lipip lithÍum piper j-<iÍ<ie

10-Me lO-methylacrídone

1-Pip 1-plperidlno-lO-methylacrldone

ete n
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The stabfl-ities of the products under the reaction

conditlons v¡É:re examj-ned by heat.lng the compournd under reflux

in 0.25¡4 llthium pipertdÍde fn piperidine for the specÍfied

tÍme. The reeovery was determined by quantÍtati-ve thin

l-ayer chromatography and the results are collected in Tabl-e 9.

TABLE 9.

Compound Reflux t,Íme
(hr )

Recovery
0e¡

10-methylacrfdone

I -ptpe rid lno-10 -me thylacr ldone

2-pÍper -i d j-no-l- O-rne t hyLaer f done

3-pÍper Í d ino-1 0 -methylacr idone

4-piper i d ino- I 0 -methy.l.a cr i done

6.25

0.33

6.25

5.25

7.5

90

70

87

99

93

4.2 Reaeti-ons ín r,vhich the pfperidine was eomplet.ely dry

fn these reactlons the plperidine r¡Ias dried lvlt'h

BDI-I moleeular sfeve type 4l\, The procednre used Ís

descrlbed for three examples. The results of all reactions

are collect.ed ln Tables 10 L3.
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4.2(a) J"-Brorrro-LO-nethwl- acr-idone ( ar. 27Ö)

Li-th-i.um piperf dÍde i,n pi-perlcji-ne ( o 
" 
B6mr of o. 25M

solution, 5 equiv) vras aqded at roorn tenrperature (27o) to
1-bromo-10*riiethyracricjone (r2,2raq , o ,o4zsrnmole ) giving a

transÍent deep red sorution which faded aft,er a fev¡ seeonds

to an orange solution. Aft,er lo mfn wat,er rvas acided and

the mixtu.-;e prepareci for quantitative anal_ysfs in the usual
V/ô-|e

4"2 (b) 2-Bromo-l-O-methvLacrj-clc-¡ne (at 75o)

Lithíurn piperfciicìe in plper:fdlne (1o.Smr of o"2sM

sorut.iono 5 equiv) ltras added slowry o\rer ro min to a sti::recj
so.lutlon of 2-bromo;10-methylacridone (tsomg, o"520mmole)

1n piperldÍne (15.oml) maintained at 7so in an oll-bath"
A transient red colour was produeecì during adcjitlon of the
first two-thlrds of the lithíum piperici.tcie but no r:ed colour
v¡as pro<lrrced during arlditlon of the remaining one-thircl.
After 30 min water was aciclecl to the deep oranqe solution and

lihe ml-xture prepared fo:: quantitati"ve arralysiso

4"2(c') 4.-i:ìromo-.lO-m.ethv.lo.erj.done (at 1060)

Lithiurn piperi<Jicle in piperÍdine (o"52mJ- of o.sir{

soluti.onn 5 equiv) was adrJed arr at onee to a refluxing
solution of 4-bromo-.lO-methyl_.¿s¡idone (lS. lmg, O" 0523nunole)

in piperi-di.ne (o"5rn1) pro<lucrng a transierrl- re<l co-'Lour"
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The mi-xture v¡as heat-.eiì uncler reflux for 5 mi'n under an

atmosphere of nitrogr:n clrrring v¡hich i-1: l:ecame cleep green.

Aciciítion of wa:ter gave a yeI1ol.¡ sol.ution whích v¡as preparecì

for analysis 1n the usr:-al way.

4,2 (d) Cl-lromatoqraphi. c sr¡stems for quatrtit'-at-ivt¡ attarlysis

(i) Rea.ctj-ons v¡ith l-J:romo-1O-rnethylacridone : Tl.re com-

pounds to be separated and cletermíneci were 1-bromo-1.0-methyl-

acrÍdone, 1-piperlcïtno-lO-methyJ-aeri.done anci lO-methyl-

acridone. The sepa::ati.on \^/as ccarrÍed out on siliea gel

first developj-ng twice with benzene - ethy-t aceta'be ('l : 1)

and then once, to Just ]:elow the 10-methylac-rj-cione ba.nd, vrith

benzene - eLhyl acet.ate - <iiethyj-amlne (4 t 2 å 1) t-"o move

the l-pipericlino--10-methylacriclone from Lhe Ïrase lineo

( 11) React.ions r+ith 2-Jrromo.-10-methyl-aerÍdone : The coln-

pou.nds to be separ¿¿ted and deter¡tined in these reaetj.ons

\{ere 2-bromo-, J--, 2- ancì 3-¡:iperídino-10-rnethyJ-acrj-dones

and .10-methyl.aerLclone" The 2-brorno-, 2- and 3-pipei:idíno-

10-methyla.c::.j-clones and J-O-methylacridone were cìetermj.tred on

.tLuinina (Ì:enzene - e+:l"ry'J- acetate, 99 , l) " l-Piperidino-

I0-methyJ-aeríclone was more ciiffíeul"t 'tc¡ cletermine. Th-ts

produc-'t. was formed only Ín very .l-ow yi-e1d and, sinee it

does rrot fS.uorescen was difficul.t t.o observe on thín leryer
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platesn On al-umlna it runs betr,veen the 2- and 3-piperi-':lfncr

compoun<ls buL, coulrJ not be o?:servecio On s.ilica gel it
reqr-rired very polar solvent mixtures to ma]<e it movc,:n In

orcler to obLa.Ln aceuratê analysies of 1-piperÍcìino-10-methyl-

aerídone it was first necessat:y to remove all other pro<ft:.ets

v¡hich would contaminate the l-pípericl-tno eoürpound by streak-

Íngo The ma_jr:r product.s h/ere first remcved by thlck layer

ehromatoqraphy on silica geI, /.,¡r aliquoì: (as la.rge as

possÍble) of the reaction procluct r,ras appÌ1ed to tl're thick
layer plate ancì the plate developecl twiee v¡lth benzene

ethyl acetate (+ ¿ I) and then once r,¡.tth benzene - ethyl
acetate - diethy.lamine (4O a 1O â 1). The yellorv ba-nd

movi.ng adjacent. a referenee spot of lEhe l-piperidino compouncl

v¡as rîemoved, eluteci with chl.oroform - ethano-l (3 : 1)(l-00mi-) n

evêporat-ed and made u1r to one ml with ehloroforrn" The 1-

pipertdino compouncì in this soLution was then determined on

alumina (benzene - ethyl acetate , 49 a Ì).

( lif ) Rea.ct j-ons wi 3-. -l-0-meth 1 : The com-

pouncls to be separated in these reactlons were 3-bromo-1,0-

methlz]¿sri.done, 3-piperíciino-Io-methylacrlclone and 10-

meLhyla.cridoueo Theise \^/ere all cleterrn-rj-rre<l on sil-ica gel

develo¡recl wlth benzene - ethyl. acêtate (q !. l.) 
"
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( lv) ô fons with 4-bromo-10-met l-acridone I The com-

pounds to be separa{:e{ and determine$ ín these reactfons

Ì^iere 4-bromo-lO-methylacridone, 3-piperidíno-IO-methyl-

acrldone anc¡' IO-methylaCrÍdone" These hTere all deternined

on sillea geL developed wÍth benzene - ethyl acetate (+ : l).

TABLE 10.

ReacÈlon of l-bromo-10-methylacrldone
wlth Llthium plperidlde ln plperídine

Conditlons Temp
oc

Relative yields (%)

10- 1- 2- 3- 4-
Me Pip 'Pip Pip Plp

7o

ReacLn

5 equiv LfPip
(0.IM), I0 min
reactn ti-me

27 65137400 o
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TABL¡: 1I.

ReacLicns of 2-brotno-l0-methylacridone
with lLthfum piperldj-de in pl-peridÍne.

Conditfons %

Reactn
Temp

oc
Re]-atlve yfelds ("1")

10- 1- 2.- 3- 4-
Me Pip Pi.P P1P PiP

l0 equÍv T,íPip
(1.0M), t hr
reflux
2 equiv LfI'ùp
(0.lt'r) , 2 hx
reflux
5 equiv tiPip
(O 

" 
25M) , 15 min

reflux
5 equlv LíPip
(o.25M), J- hr
reflux
5 eqrriv LiPíp
(0"lYr), 30 min
5 equlv LiPip
(0. lM) ,
5 equiv
(o 

" 
1r4) ,

min
Pip
min

106 lOO 5"2 (O.7) 25 0.9 O

106 '52 7I a

106 IOO 73 (o.B) 6.9 l-"1 o

to6 100 69 0"6 9,6 0.8 o

75 60 7.L O,4 74 3n5 0

3.6 I O

-a72too27 918
10

L1
30

27 16 tl <1 67 6.6 0

a) Not determined"
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TABLE T2,

Reaction of 3-bromo-.10-rnethylacrl-done
wlth lithium piperidlde in pfperidlne

CondftÍons lo

Reactn
Temp

oc
Relative yíe1ds Ce¡

10- 1- 2.- 3- 4-
Me Pfp Pip Pip Plp

5 equirz LfPip
(0 

" 1¡{) , 10 min
27 391200730

TABLE ¿3.

Reactions of -4-bromo-lO-methvlacridone
with lithium piperidide in piper'idine.

Conclitf ons Temp %
oC Reactn

Relative yields (%)

10- 1- 2- 3- 4-
Me Plp Pip Plp Plp

I0 equS-v l,iPlp
(1"0ti) , I hr
reflux
5 equ.iv LiFfp
(0"25I\,I), 5 rnirr
reflux
5 eqr-r.fv LÍPfp
(O.I¡4), 1o min

1061001900340

106 100 21 0 0, 58

27 46 25 0' O 31

0

0
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4 "2 (e) sta.bil.it:Les af the nroclu ets fn .t íth ium plper i-cl i.cle

ln piperj-clj-nt:

The pro<lucts from the previous reae{:ions s/ere breatecl

with O.I8ll1 l-ith-ium pÍperlciide in píperídinen those at' 27o

for 1O min arrcj t.hose at- reflu>c't.emperature for 5 mÍn" The

eompouncls l^Iere analyzec.l as a}¡ove ancl the regovêries recorrJeci

in Tallle 14.

TAEL-Í' 14 
"

Conrpound Recovery $)
274 1O6O

l. 0 -ltte thyl ercr i done

1-1. ipe r Í d ino- I O -methylacr i d one

2 -P i1:e r i o' lno- l-0 -methylacr i clone

3 -P ipe r I d ino- 10 -methy'I acr j- d one

4-P iper i d ln o - 10 -methyl ¡rcr i done

93

E3

57

a

Blr

77

(a

a

6B

76

a) Noe deterrnined, cnf" TaTrIe 9n

5r Reaetíons r¿itb Pi.t:erj.cl j-ne

T'he bfomc:--lO-nlc:thytaericlOnes \^/ere heat'ed under reflux

wj-th pf¡reridine. The product !'ra,.s pre¡-:ared for guantitative

analysis In the usual r'ra.y anci analyzed using t.he ehromato-
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graphfc systems described above.

ln Ta]:le 15 
"

The results are collected

TAI]tTJ 15 O

Reaction of the bromo--lo-met?ry.'Lacrj-cJones'
wlth refl.uxÍng plpertcjlne

Compound React.n ,,4,nalysfs of product y1eld Oa¡
time
(hr)

1-Bromo-10-
methylacr-idone

2-Bromo-.10-
methylacr.trlone

3-gromo-10-
methy.lacridone

4-Bromo-10-
methylacr.i.done

I-t¡romo-10-
trrethylacrÍdone

1-plperidino-I0
nethylacridone

1O-methylacrfdone

2-bromo-10-
methylacrldone

3-bromo-1.0-
methylacridone

3-plperidÍno-10-
methy-lacridone

1O-methylaeridone

4-bromo-I0-
methylacrl.done

4-piper-l-d1¡ro-l-O-
methylacridone

1O-methylacrldone

0.33

6

5.3

o

6

B1

602

100

94

5'-7

trace

B6

o

2rB
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6. Reactions rnl th Li-thirrm HvdroxÍde in PÍperidine

6.-l 2-Bromo-LO-methylacrldone

2-Bromo-10-methylacridone (5.02m9) 1n piperidine

(1.0mI) røas heated under reflu>< for 6 hr with lithÍum

hydroxide ( 20rng) " Quant.j.tative arralysÍs of the product

gave 2-bromo-ro-methylacrÍdone (98?6). No lO-met'hyLacrÍdone

was observed"

6.2 4-Bromo-10-methylaerldone

Thís was carrLed out as above and qualltat'íve thin

layer ehromatography shor^¡ed that J-O-methylaeridone v¡a.s

formed slowly.

SECTIONB¿REACTIONS'I¡¡TTH POTASSA}'f IDE TN LTOTIÏD

AiU}4ONÏA DTMÐTHOXVETHP$TB

t Generala

Dimethoxyethane was puri.fied by distÍl.latj-on and

dried and stored over BDFI molecular sieve type 4A'

2, Apparatrls for ana-J^ytlea.I seale reactions

Analyti-cal scale react,lons were carrÍed out ln the

apparatr:s l.llustrated in Fig. 5 
"
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Before use the apparat.us was flame-cirled wl'rilst

flu.shfng v¡lth dry nitrogenn funmonia r"'as rli.st.illed from a

cylincier into flask An where lt was drfed wfLh potassiurn

metal and then dist,illed.into flask ts. The requirecl amount

of ammonia was forced under nitrogen pressure irrto the
graciuated funnel E" (por the reactlons irr whlch potassarnide

&/as added to a solutÍon of the bromo-l-0-methyracridone j-n

nitroqua
,lt I

t

FIG. 5
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arruïon,ta - clj.rnethoxyethanc o arnilclnia eouJ-cì br: f orced f nto

funnel G by means orl an acldiLional- 'b.u-be)" 'Ihe potassamÍde

solutj-on wa-s for¡ned j-rr flask C Ì:y a,dding a measurecl amount

of IÍquici ammonia t.o a rveighed amount of potarsslun meta.l. ancl

dÍ-metho><yet'hane v¡ith ferrl.c nitr:at--e as catalyst fn t-he flaslc,

The requÍred amonnt of- potassamide solution \,üas forced irrto
the graduated funnel F ancl rulr into thê .react-i-on .v<+ssel.

3u Chrc"¡matoq::aphic SjvsLems for Or-rantit.at-j.ve Anal-v'sis

3 
" I Rtqacfions v¡it.h 1-bromo-J-C-mr¡i--hr¡J.ac-ri"done

The coinpounds present in these react.l"ons'viere 1-

b::omo-10-rnethylacrlclone, I0-methylacridorre and 3 | -arni"no-N-

rnet:-hyldipìrr.:nyla.mfne-2*ca.rbonamicie o The last eorn¡:or.:nd vras

nc.b recognÍ.-ze<i as a- procluct at the t,irne the analytÍca.l

reaetlons lvere performecl ancl w¿rs not determ-tned. f\na1ysÍ.s

\rrc-ì-s car-ried out on s;i.LÍca gel devel"opfnq vrith benzene - ethyl-

¿rce'ca.te (9 ¡ L)" In ea-eh case the last compoun<1 vras present

a-s a colourless spot at the base lfne a-ircl st¿rined yellow

r,,¡Íth lodine 
"

3"2 Rea.ctlons vrith 2-bromo-lO-methylacrl-ijone

IO*ì.tethylacrÍclone and I-a-mfno*l.O-methylacr j-clone \'¡ere

rletermfned on sllÍca çïel clevelr-rpeci wj-th Jronzene - ethyl
acet¿ltc (9 3 .l)" 2-.\mÍno and 3-amtno--1,0-met.hylacri-clone
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were clet-ermine<l on sll-iea ge1 develo¡.red rvith beriuene - ethyl

aceta'ce d.iethylamine (Z t 2 : l)"

3" 3 Rea.ct.ions witlr 3-brc¡mo-J-0-methyl¿rcridone

The productn 3-amino-10-rnet?rizlacridoner v¡as not. very

soluble in chloroform so that the prodt:"ct mixttlre \'ras

riissolve'J 1n 2 ¡, l- chloroforrn - ethanol (25mI). Ana1ysl,s

was performed on s5-J-i-ca. geÌ cìevelope<i with benzene - ethyl

acetate dleLhylamine (7 ¿ 2 t 1).

3 . 4 Re¿.rctions wil:h 4-b¡:or¡o-1O-me L.hvi-¿rc-ridone

Since the rnajor proäueL r^¡as 3-arnino-10-rnethylacrÍc'lcne

it v,ras neeessary Lo ¡rrepare the reac'Uion rnixture for anarlysis

as ciescribed in section 3.3 aboven 3-Amfno-1O*rn-ethyl-

acridone was determj"ned on t,he same sysi:ern. ]0-¡4ethy1-

acrfdone and u.nchanged 4-bromo-IO-methylacridonê $rerê cleter'-

mfned or') silica gel cievelopeci with l:enzene * ethyl ¿rcet.ate

(q t 1).

4. React.ions of the l¿romo*1"0-methyl.acrfdones r^¡:i,th

Potass:amide fn L íd Àmmoni.a Dilnet É¡

The proceilure is illust,rated foi: a typ1cal reacti.on

wÍth 2-b::orno-10-rnethylacrldone. The reactíon$ rì/ere all

carrfed out aÈ the tempera'tur:e of refluxing amnouia.
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The pot.assarn.Íde solution \./ãs prepared ín flask C

(FÍg.5 ) by adding llquici anmonia (50rn1) to po'b,assltxn motal

(O.9BOg) suspendecl in dimethoxyethane (30mL) wfth ferrlc

nftrate as cat.alyst. An aliquot (13mL, 4.Ommo1e of KNHr)

of this solutÍon was transferred to 'the reaction vessel.

2-Bromo-10-methy-lacricjone (56.Omg, 0" J-95mmoLe) fn dimet'hoxy-

ethane (2Oml) was acldeci dropwÍse over 10 mln to the stirred

pot.assamirle so-lution gÍving a Ceep recl solut,lon. /\fter 15

min excess potassamlde was destroyed with ammonium nitrate

and the product prepared for anaì-ysis in the trsual way.

The results of the reactions are collect'ed in

Tables 16, L7, l-B and 19n

TABLE 16.

Reactfon of J.-bromo-.10*methylaer j-done
wlth potassamide in ammonia - dimethoxyethane.

Condi-tions Reactn
time
(min)

/o

Reactn
Relative yi"e1cìs (%)

10- 1- 2- 3- 4-
Me NÌI, NHZ I.TIJ2 MZ

5 equiv KNH2.

KNII2 added to
Br-actî. soln n

6322000060
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TABIJ' T7 N

Reactfon of 2-bromo-.1"0-methylacrj.done with
potassamicle in ammonia dimethoxyethane.

Condlt.ions Reaetn 74

t.lme Reactn
(mln)

Relatfve ylelds
10- 1-
MC NI{

øJ
4-
NH

¿-
tlH

3-
NH

2 2 2 2

LO equiv KI'TH2.

KNH2 added to
Br-acr" soln.

lO equÍv KNII2.

I(NH, added all aL 0"5
once t.o Br-acr.
soln. I'

30 100 12 33 3,4 7.L O

100 1.I 56 23 3"3 0

1C0 2.5 49 tB 3.3 0

2 IO0 4,O 54 12 3.3 0

5 100 3.6 53 14 3 07 0

15 100 9.5 39 l. B 4,3 0

T5 100 9.5 42 1.9 5.0 0
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T}\DLE IB.

Reaction of 3-bromo-1o-methylacriclone v¡it.h
potassamicle fn ammonj-a dimethoxyetheine 

"

Condit,lons Reaetn %
t.tme Reactn
(min)

Relatl-¡e yields
10- 1-
Me TU-I

3-
IlH

2 2 2

2-
t{H

(%)
4-
t\ÍH

2

1O equiv I1.¡TIì2,

Br-acr added t.o 6

KNII2 soJ.n " 6

100

I00

o0o 93 0

00 oo92

T/\BLE . 19.

Re¿ret Lon of 4.-I¡romo-1.0-methylacrÍdone r"ritÏr
potassamíde ln amrnonÍa díme1:hoxyethaneo

Condltions Iìe¿rc{:n
t^frne
(min)

/a

Reactn
Relatlve yj-elds O(')

10- I- 2- 3- 4-
Me NHZ NHz NH2 NH2

5 equirr I(N1f2.

I0íl{2 addecl t<:

Br-acr¡ soIDr

10 eqniv Ki.!-Il2 
"

Br-acr, added to
i(NH2

10 equív li.tdll2,

Br-acr. ad<Jed to
KNlr2

35 Loo 9

_1"5 100 12

15 100 10

00630

00660

006€¿0

0.5 gg 1"5 0 0 BB 0
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5. Stal::'-1i.ti-es of tller F-rodr-rcts

The stabflj.ties of: the product.s were cJetermj-ned urncier

median conciitions br,z stirrir:g the compound (20-3OLng) in
dÍmetho>r.-yethane (10mI) vr-luth O.141,i potassamiiJe in arunonia

dimetiroxyetharre (3 â 2)( l.Srnl) for 15 mino The mj-xLure v¿as

worl<e<l"-up and anaJ.yzed as descrj-]:ecJ above. 'Ihe resu.lts ãre

recorded in 'Ia,ble 20"

T,¡\BLB 20,

Compotrncl An;rlysis of ¡>roduct Yield (%)

10-uethylacr iclone 10^rnethl'Icecr i clone 92

l--Arnf no-10-
methylacricione

2-Amirro-10-
methylacrf clone

3-l\mino-10-
methylaericlor:e

.i.-.r\m.ino--l-()-
nretby.lacrf cione

J--arni.¡ro-l-0-
methylacrido¡-le

2-ami¡ro--l-0-
rnethylacridone

I0-raethy1acr j.rlane

3-a.rnino-lO*
methylacricione

4-amtno-1O-
rne'LhyIcr.Cri done

6

6B

22

82

oa

a) No otl'rer proclucts vrer€: identffled" Thfn layer chromato-
graphy' showecl a large nu_mber of- fl.uoresclent. spots.
About Ïral-f of the starting materiar v¡as recovered ã.s a
clark green unicjentifiecl soLid r,¡hi-ch was insolubre Ín
chl.oroform.
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6" Prepa-rat Íve Sca1e P.r-åa(--ition of. 1-,'::fomo-'.1-0

æ,erçienelÈ,gh-Bs,t.ÈåE3nri"i-g-t¿-êa$-e*å1-ag'$"9*gæ!L'g-ng

Liqulc) arn-rnonia (-l5oml) was fntroducc':cl Ínt.o a Soonrl.

2..neclc fl-ask fj"tted with arnmonia conrlenser, soda lime guård

t,rrÌ:e ancì magnetf c stírrer n The alrrmonla hras <ir j-ed with a

smalIl a-tnount of. po{-asslum metal" Ferric nÍt'::.r'¿el (a ferv

crystal s ) and potarss ir..r_m metã.1 ( 3 
" 
l_2g, Bomlnole ) \./ere intrr:*

cltrcecì and when formatíon of. potassamide was cornplete dry

dÍme.hhoxl¡ethane (9OrnI) wa-s aclded" Irinel.y powclered l-]:romo-

tO-methyl.acridone ( I ' 15g I 4. O¡mo]e ) rva s atideC in portions

over t0 rnfn to the st,lrred ¡:otassatrni<le sol'utíon. 9tÍrring

v¡as continued for a tota.l of 20 min dr-rring wh-ich lro íntense

colorrrs v/ere observecl" Excess pot,aßçjarnl'de r+as decompose<]

with ammonium nftra{:e and the arnmorria and dirne'b.hoxye'chane

removecl. !.Ìater was adciecl ancl the mixture extracteci v¡i-Lh

chl.orof c¡rrn" Evaporation yiel-<ied a pa-1'e br:ol'¡n 5¡e1 j-d (0" 925g) o

rfrcpo I7A*I75O. E>',amj-natj.on of the procjuct by thin la.yer

chr:omatcrgraphy on s:tl.iea gel develo¡:inq with benzene - et'.Ì'iyl

aceLate (+ s I) ancj ethyl acet¿te al"one showed onJ-y traee:

amounts of J--brono-10-methyla.cridone aurl lO-methlzla.crtdone

and no 1- or 2-amj.no-f0-rnetl-rylacrídol:e Eo þe present" A

veryla-rgenon-fluo:iescentsLlotofRr,0o6¿-¡'rlclavelîysmal'l

spot. with slight,ly hfgher R" i.n ethyl acetate h¡ere observed

on treatíng the pJ-ate v¡ith Íocìlne vapour. . The produci¡ wa.'s

purÍfi.ecl by thfck layer chromatography on silica gel
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deveJ-o¡¡ing with etþyt acetate. Tþe band correspouding to

tire spot stai-níng v¡ith iodíne was retnoved gíving 3 r-amino-

N-methyJ.diphenylamfnc,-2-carbonanj-de (67% recovery) vrhichr 
.'

after sublimetj-on at 0"O5nr-mHg, gave pale yellow crystalsn

ttr.p. anr] nrixecl m"p. 185-1860" T'he i.f . spectrum of the

crude procluct vras J"denticaL with that. of the purified product

so t^l-rat the crude yielci was 96%" The+ loss on purifj-cat,Íon

was due to st.reaking and the dÍff ìeulty j"n locat,ing the

product on the thíck layer plate"

7o P aticn of 3 r-A¡ri ldi l.anine-2-

carbr:nam1<Je

7 "I 3 ¡ -l.TÍt"rodiphenr¡-lermi.ne-2".carbÕxyl-ic ac.i"rJ

RftchÍe

This lvas prepared by the ¡net,hod of i\lbert ar¡cj

98

7 . 2 2-liÍetho::yeal:bonyl*t{-nretl'ryl.-3 | -ni.trocl -'r-phenr¡lamÍ"ne

3 t -Nitrodlphenylamine-2-carborry-lic a-cíd (2 
" 

6g ) was

d:[sso]"vecì ln dinrethy'Iforrn¡rnrlcie (20m1) and sodium hycirlde

(1"09 of I s 1dís1:ersf.on 1n oil) aclclecl gíving a deep green

solutiono T{hen evolution of hlrd¡çn.rn ceased dimethyl

sull>ha'Ee (5.0m1) was added wlfh st.irring over 10 mfnn

After a furt,he::5 min wa.t.er was added, the soi-ution aefcllfled

an<1 extraeted with ethe::o The ethereal ext.ract rsas washed
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seveiaal tj-mes v¡ith water ¿rnd chromatographed on .r.lumitr.t

eluting with llght petro-leum and l1çht pe'L,roleum - ethelr

(4 : l) giving 2-methoxycarbonyl-lñ*met,hyl-3'-nitro-

diphenylamlne (2 
" 
4g , g7%), orange cu.bes e rrtr pe 91-g2o (ex

petrol.eum bnp" 60-"800) (¡'ouncj: C , 62o7 i H, 5"0; N, gn6,

Clslil4I{ZOO reqr-r.lreçi: C, 62"9t It t 4o9t N, 9.8%J. The

mass s',¡ectrum showeci the molecurar ion at rn/e 286 (Loo%)"

NcIIrof¡ slroct.rurn; two s, each 3,3.35 and 3"65, (o-C}t= ancl

Ì{-CII3) t d of d of d, I, 6uB, (l"l-e ), 7IJz, 2TIz, lFIe; m, 6}

7,O-7,8, (aromatic H) t d of d, -:t-, 8,95, (H-3) o 7IIz,, 2IIz,"

?.3 3 | -/.!m i n o * 2 -me t-"ho>rv a ri::c¡nv I -N -nre Lh r¡l clj-r:henvla.rnf.neC

A mixt,ur:e of. 2-methoxycarbcrny.i--bt-.mettryl-3 | *nii-,ro-

dipheny.l.aninc¿ (2" 39), st¿lt)nous chlorl-de (5 "Og) and

concen{:rated hyclrochloríc acici (5.0m1) was hea-red on cr"

st.e,rm-bath for .1-5 rnino l¡iater r,'ês e.dded, thc+ soJ.ut,loir

neutralizerl vziLl: arnmonj-a and extracted wi{:h ethero Evapo-

ration of the ethereal ext::aet gave õrn orange oÍ1 (1"8g) vrh:ich

was pur:j-fied by thj-clc layer chromatoçIrcaphy on s.íli.c.e çiel

deveJ-o1:ing r¡ith Ï>enzene - ethyJ- acetate (A â 1)o Tr^ro pa]_e

yellorv bancls separateo', The upper bano' rvas 3r-ami.no-td-

meth]¡.l.clj.pheny-larnine-2-carbo:ryJ-1c ac:Lcl (0,4cf , 2r%), a 1¿erlov,'

oÍ.1. The ioro speetrurn (J.i.quid fiJ"nr) incluclocl absorptíons

at 3420 (m), 3320 (s) (w-Hst.r) a.nd I682cm-I (s) (c=osrr),
The nr¿rss spectrum fnclurjecl peaks at m,/e 242 (BZi/") (b{) and
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2l-o (1oo) (il-'cllron), Il"rn'nr" spectrurL (in cclo) I s (b) '
2r 3"450 (t"ur); sr 3' 3'85, (ll-cttu)i lTr¡'7t 6"I-'In4t

(arorna.tie H)! d, l-, 7.85, (t.l-g), BT{.zi s (b)' l-' 9"3t

(eorfl) o Tl're lolqer Ï¡.rncl rva-s 3 r-aml-no-2-methc.rxyce-rrbcnyl-l'Í-

methylcllp?renyì-amine (LAqe 687i) r a yellow viscr:us oil v¡hj'ch

$/ðrs further purified by distil.tation at IôAo/O,O2rtmLTg (Found:

c, 70"4; lÍ , 6,4¡ N e IO,7 n Cl5Hl6NZoZ regui'r:es e C, '7O"39

He 6.3 i Ni, IO" 9%). The .io1. c spêctrum (.tiquicJ f ilm)

Ínclucled abscrptions at 342O (rn), 3350 (nr) (m-llgtr) arrrJ

172gcm-l-(C=Ostr) " The rnass speetrun. j-nc_LucJed pea-*s aL

m/e 256 (75rö (lq*), Lg7 (100) (iii-corCllr) an<l LB2 (24) (M-Cc2cI{3-

CH?). Nanìrf . speetrum (in CCJ-,) : s (broa<i a'b br.rse), 5 t

3,20, (ct-t, and \TIir); sr 3r 3"55, (cH.) t lne 3r 5n6-6'1'

(tl-2tr rf-A', H-6t); fiir 5r 6o6-7nBr (ot'her aromatfc iJ)n

7 .4 3 r-ArnÍno-|l -me t hv.ldi.phenv I amí rro - 2 - car bonant.i. dr+

r,iquid ammoi¡ia' (3Oml) r'vas dls{:ill"ecl i"trto a 250m1

2-neck flask fltted r.,?itli am¡rior¡ia concleirserr pl:essure equa-I-

izing <lr:oppíng funnel an<I rnagtletic st-trrer' 'Ihe a"mmonia

\das dríecl rvith potasslu-m rnetal .ind, rvhen the bh:re col-orrr

persistecì, ferrj.c nit.raee ( a few crystal"s) a-nd ¡rot'assirrm

metal (1.0q) r.¡ere Ín1-rodueeci. When fonna"tion of potassarmide

wc=r s comp le t e 3 t -a¡n ino - 2 -me tho>q¿ca rboiryl'-N -me thyl <J i phe nylarni ne

(0,50q) in dimethoxlzêttrane (10m1) vras irrtrodr-tcecl over 3 min

ancl the mixturr: s{:irred :L'or 3O mj-n" Ilxcess poL;issamide lvas
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des'b,royed with am¡nonium nj.trate ancl the ammonia ancl

dimethoxyetirane evaporatecl" Water was aclded to the residue

and the mÍxture extra.ct,ecl wfth chloroform gtving 3 r-amino-

N-methyldiphenylamine-2-carbonarnide (O,379, 79%) äs a brown

o11 r,¡hfeh si-owly crystallized. The product wr*s purffÍed
by thlck Ia"yer chromatogrcf.phy on sit-Íca get devel-oplng with
etlryr acetate (recovery, 74%). subrimatlon at 160o/o.olmmHg

gave 1rel-low crystals¡ rTrrpr 184.5-186"50 (rourncir C, 6g"Bi

Hr 6u2i Nr 16"9. cl4Fllslïao requlres: c e 69o7, H, 6,3;
Nr I7"4?/"). The mass specLrum included peaks at m,/e 24I
(8s%) (m+), I97 (10o) (m-rltlrco) and IB2 (27) (i"r-rqu2co-crrr)

with met.astaJ:Ie ions at m/e 161 and. 169. Nrfiìnre spectrtrm:

s,3, g"25, (N-cHr); s (b), 21 3.5r (wnr, exchangedrvlth.

DZo); three m, 3, 5 and 2 ¡:rotons respect.fvely, 5.9*6"4.,

6.9-7.6 and 8.2-8.4, (aroma-t,ì.c II and CONH2) .
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IìE/\C1'T ON OF T}IÐ TSO}1IlR TC

BROMO*10-METHYLACRTDCI{ES I.VTTI{ SODIUI4 I.,ffi'TI{OXTDD

ÏN I\iBTT{ANOL AI\TD TN DTMEII-]YI, SUI,P}IOXTDiJ

I, Prepa:rat j-on Õf I anci 3- thoxr¡- -l O -met,hr¡I a er i <i one

1n I 3 r-l.let1roxvcl t- r)nê nvlami-ne-2*earbo,.cr¡l i- c acid
Thi,s v¡as preparecì in l9rl" yield by the method of

r,ehmste<lt. anci schrader56, rnopo r43-l-44o (tfeo r,ropo 1320).

Iuz Preparaiion ancì ser:a rat-i"r-:n of 1- a n<J 3 -rnetho.:r,'ecr Ìdone

3 | -l"iethox¡rC i.p)re nyl am:L ne - 2.-car borryzl ic c:c f cl v;a s

cycl.izecl with phospho.ryJ- chroricje as <iesoribecl in part r
sect.ion J."2 above ancl v¡orked up to gÌ.ve a mixtu::e of l- ancT

3-me'L.ho>q¡-9*clrl.oroacric¡'ine as ciescrj"'bed j.n pa.rt r sectL.on r

l-"5 above. The l.- and 3-metho>qr-9-chl-o-roacrÍdinos \,¡ere

separert,ed in poor yield according to nll:er.e,lP and hydrolyeeri
to i:he metho>q¡acridones wi"th clih.rte acicl.

1" 3 l"-l"ie'L.ho:<v-tO*m.e.bhv.t.a ericlone

'rhis was prepar"ed by N-rnetÌ:y-ration df r-met.ho>qz-

aeridone lvfth sodium hydricle and climethl,¡l suJ-phate in
dimethy'lformami-cle as des;c:ribed Ín part, r section l.o3 above

ancl '¡as ol:ta.irred as yellovr needlese ncpc 166*1680 (lÍt.55
rncpe i.640).
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f-. 4 3-l'4<lthc.,x;r--'1.0*ir.et: hyl acr:-tdone

!'JAy AS

yel.Lovr

'Ihis t¡as .r:re¡:ar:e<1 f-rcyn 3--metho><lzacricione Ín thr: sfi.me

l-tnethoxy*10.-methylacriclor¡e a-nC r,ras ol:'ca_ínc+cl es

neeclle:s 3 ï'r1o p. :l-86.-lB7Õ { Iit o m, p" 55 lBso) .

2" Reac':t:i-on-q of thcl -1 ;: r:mo - -1" O -;"n e t--?rv J- a e r J- cl o nc s r.,¡ :i- tl r

Sorl i"rrirr ÞIet irc¡:ei rìa i.n I'ietTranc:J-

2 "L J--¡l-r,'orno-lO.-methrzl_ a-cr i cl r.¡ne

i-B.romo-J-O-rnethy-l-¿rcr-"-i-,loire ( l-1 . Smg ) r.rots ref luxed Lìrrder

nitrogei: f,ar .18 hr in 0.5Ì,t sodir-lm mr,:thoxide :1n met-ha-nolo

T'he SOJ-Ve:nt v¡as fentcr.rzed, Water ac-lcjed anci the mj_:itu1.c-. e-:>ltgaCt-

ec-l wit,h chloroformo pu..ri.fic,¿tl.on <:f. the ¡rro<luct by thícl<

laYçs' ehronatoç¡::a¡-rhy on sll-ic¡" gel (ì:ernzeire - c+thy-l eLcctate,

4 s L) g¡ìve l0-m.e'Lhyla.criclone: (t).omg, 96%) , rncpe ¿r-ncl mi><e<l

ïtì"Fo 2o2*2o.4,L' " Quall.ta.tive th-in ta.yeÃrrromertography of
the proclutct s]:Õv¡ecl only traee aloui"rts of 1-b::oino-lO'.rnethyl...

acridone and .l--¡net}roxy-'J_O-rnet)ry,1-acridone (b)t conrf¡aÌ:j-sr)n with
standarcis)' Samples rerrrovêd dur.'inq t.he rg:action sho¡,¿tld no

m,ore t-h¿nn {:.rðice a,rnount-q of l-nrethoxy-J-o-rnet}r}¡lacriclono at
any staqre.

2o2 2-F::omr:-10-methyJ-aerj^cjon

Thls r,¡as ca::rie,J

after 48 l'rr, c;r:alltatlve
ouL as in sect-ion ZoJ. aÏ:ove and,

thin layc-r: ch::r:matography shorçed
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mai.nly starting material 'together wj.th Lrerce a-mounts of

l0-meLhylacr.idone 
"

2.3 3-Bronro'*l"O-rnethr¡J-ae-ridor¡e

ThÍs r,¡a.s carried out a-'s in sect--j-orr 2,L a-bover the

rnixture Ìreì-¡q heat.ecl undr:iî refLu.x fr>r 20 hro An¿tl]¡sj-s of

the procluet by qttant,fta-b.ive thin layer chrortra"t,c"rgra.¡rhy gavc

IO-rnethylaerj-done (85%) toge'hher with a srnal1 arnount of

3-Ì¡romo-10*rnethylacridone e¿ncl tracr: amounts of 3-me:thoxy-IO-

methylacridone,

2.4 4-Bromo-l-0-nietbyla.c::i done

This vra.s carl:Íed out as in sec'L.ion 2"7.- a-J:ove" The

react-ton was complete Ín 3.5 hr glvj-ng 1O-met"Trylacriclone

(1Oo%) e fire po ¿rnd mixecl m.p" 2.O2^2O4o.

1 tr 1.0-metht¡l-ac.riciorle r'¡-i-1.:h sodj-rrnt¿..J

methoxi-de i-n meth¿rno-l-rl l-
(ct;-on)

**-J*--

4-Rrorno-.1-O-methy.!.acr.idone (1Smg) was heated under

reflu>'.. v¡ith l-"014 soclíum met-.hoxide in tnethanol.-d, (cltron)

fo.r 5 hr" lrlat,er \,üas; adcied givS.rrg lO-methylacricione (10mgr'

92?6)¡ rÌrcpc ancl in:lxecl mopo 2O2-2O3o, The mass speet::urn

inclr:ded ¡xca.lce at r¡,/e 2Il- (2%), 2.Lo (-16) ' ancl 2Og (1.o0) 
"
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3" Kinet:Lcs of iìeactions of J-- clnd 3-Bromo-l-O-met-h yl--

aci:idone; wi-th Soclium I'iet_ho>:icie Ín Di-met h',¡1 SrrlphoxÍde

3 
" 
I Sodir-m methox:Lc'le 1n nrethanol-free dimethvl sul-phox:Lile

Slnce sc,dium metho><j-cle is very Ínsolul¡le i,n

climethyl su.lphoxÍde only very dílu'Le soltltions couLcl be

prr:par<lcl 
"

Anai-ytÍcal gracle methanol was clrj.ed with BDi-Í

molecular sier¡e type 3Â'. SodÍum methox-i"cle rrias lrrepared from

sodLu,m anci dry metTlanol. and e>:cess methanol removed under

reduced pressureo Last traces of methanol r^¡ere removed

by prolonged ¡2umping at, O. OhirrùIg'o

Redistj.lÌed dfmethyl- sulphoxide ivas c1riec.r v¡ith BDII

molecular ç;ieve type 4An

Solut.Íous of sodJ.um methoxicie in dlmethyl su.îphoxide

v/erîe p.repa:led by heartirìg excess socJíum methox-tde in dímethy-1-

sr-r.ll¡hoxiclc ai: loo*12oo for several hours Ín a flask closecl

rqith a ru'bber serum capo 'rhe mixLtrre v¡as equtfibrated at
4oo a-nd ther solutiorr separated from the excess solid and

s:t¿rndcrrrliz^;ed v¡ít'h sf:andard hycirochloric acj-ci. Tt. was founcl

nclcessêrIy to use thls solution as sooR as pOssible aft.er
preparatlon sínce, f.:E left t.oo long, sqclÍ.un niethoxfde appear-

ecl to sepa::ate" solu.tlons veirying in eoneentrat.ion from

0 
" 
O02 {:o 0 

" 
04I.f v¡ere o}¡t.af ned 

"
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3 "2 l2roee<lu.re f or kinetÍe lneËtstl .rements

I(inetic runs v¡ere carried out Ín a corrstant temp-

era.ture wat,er-.bath maint.a-ined at ¿oo t ouroo The reaqents

were ectu^t-libraLed ín flasl<s sealed v¡-ith rutrber serum caps

atrd sol-u.t-i"otrs transfe.rred and sampJ-es removed wíth graduated

syringes o

The p::ocedure is fllustrat.eci for the react.ion with
L-l:ro¡no-10-methylacriclonen socj.ium metho>ride in dinrethyJ-

sulphoxide (t0.0ml of- o"ooTotu solution) war.; aclded to a

solu'L.ion of l.-bromo-l.o-rnethylacridcne (9. gLnrg) Ín clíme,ctryl

sulphoxide (5"Ornr) and sampJ-es rer,roved after s, roo rs, 20,
30, 40 ancl 50 minn The ::ea.cÈion \^¡¡ls quenched w,i.th ciilute
aeicl crnd the organfc materíal ext::acted j.nto chloroformn
Each sample vras prepared for ana-lysfs by guant-ltat.fve thin
J-ayer chromat.oqraphy a-s; cìc-;scri Ì:ed pretv-ioursJ"y ¿inc1 the cc,ncen-

trat,ion of J-*hromo-lo-nrethylacri<jone deLermj-ned oì-r s.tl.ica
ge1 (benzene - ethy-l acr+t.ate, 4 r f) 

"

The second order: rate constants rnTere <letermined from
the integ.ratecJ ra-te eqrrat,ioir foi: a second orcjer leact"ton
v¡hl.ch is firsit order wÍth respect, to each reactantro3a, anrj

arîe recorcleci in Table 4 (page 94 ).
r¡or bot-h J.- ancl 3-bromo-J-o*methyracrirlone the

re¿rc'L,ic¡n hras very cleann the products Ï:eing entrrely the
re spe ct, ive me thc¡xy-l 0 *rne thyl acr i cìone 

"
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RE¿\ETTON OF SOI4D

POT,YÄLKOiTr_1 O*I4iITI-IYLACRTDObTES V¡TTH

SODIUM I.4ITTIIOXTÐE IN ]4ETI-TANOL AND

rN DTI4ETI{YL SULT)HOXTDE

at-ton of. 3 4-Dirnet-ho;.. I 2-met l-enedi _to-

metlwJ-a<:r: j-done

1.1 2-Hydroxv-J-"3. 4.-tri.methoxrz-10-¡nethvlac .riclone

This \^¡ä.s prepared in B7i6 yield by t.he methocj of crow
and PrÍce'12 ancl or¡tai.necî as yelrow neerlres, rnopo l.zo*l-7ro
(ex ether) (lite rïìepo l6S--l-66o).

I.2 J- o 2-Dj.hr¡rJ::oxr¡-3 
" d.-di-mr¡thoxv-. J"O-methr¡laer i-done

ThÍs ruas; prepared in BO% yÍ.eld from 2-iryclro.xy^r1314-

trÍrnet,hoxy-10-rnethyraer:j.clone by trre rnef:hod af crow ar¡<l

Pricel2 e rrìe pr 2os-zola (ex ethano j- ) ( lit o nr¡ !)3 L62-J-63Õ) .

The procluct gave a dark green*brown co-lour rvith fe::r:Lc

chlol:iceo 'r'he mass spectr:unr inclucecl pealcs aE m/e 3ol (6r/.),

300 (9), 2e9 (64) (14-H2) 
' 2t-4 (1OO), 27s(Ie) n 254 (26) and

I4e (69) 
"

-l*3 3"4-Dtrnol:ho:o¡--1.2-met -'l.cnecIi- l.o t. -taeri-cione

A rnixturre of l, 2 -ci ihyclr ox\¡- lJ, 4-d 1mc:t ho.-<v_ l. O :rnethy-ì. _

acrÍdone ( 1" 5çi) u dj.-ícdorncthane ( J.Oml ) and airhr,¡<lrorrs
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potassiutn carbonaì:e (2"09-) r"sas heated undr¡r reflux iu

acetone (5Oinl) f or 2,4 1'¡t" T'he soJ-r-rt-i.on rvas eon'cr:ntrated'

wate,r aclded alrd the mixtrrre ext,racted wÍth chl'oroform'

column chromat:ogr;rphy on silica 9e1, eluting with chlorc:f oT::n,

gave3o4-dÍmet,hoz¡¿*l,2-met.hylenediox4r-1O-methyla.cric]one

(0,BOg , il.%) e rTtof)¡ 217,5-223"5c (ex ace'tone) o Sublima'E:Lcln

at 21oo/o'ohnmÊig gave yellow cr]Ist'alsr rû'P ' 219-22LC)

(,qound ¡ C , 65,4i Hr 4,8, Nr 4o4 ' Cl-ZFl'Sl{oS requires e

C, 65"?.; i{ ¡ An}i tlr 4,5%). Tlhe ¡na$Ë spectrttm incl-tr-cle<1

peat<s a.t m,/e 31.3 (76rÖ (¡¡+), 2gB (l,OO) (t't-enr) anci 17S (28) 
"

I'f.ÌTto:r:o spÊctrtritt : three sr each 3t ?'75' 3n92 and 4"2'Ot

(N-Cil, and trvo O-C}I3) t s, 2, 6" 18 o (O-Ctlr*C) ; I0r 3 e 7"0'-

7oB¡(U-srÍ1-6rI"I-7);dofdrIrB'38r(i-l-s)'71'l'2',',2T1"2"

a
/-c ¿ì- i"c¡ns of the l) thtr .l-errre cl i 1,0*.me''c-h l.*

acri"dones v¡t'i:h soclium inetho,xi-do in metha"trol

2,1 3 -Dímeth t. 2, t1l rredÍ .1.0-m.e: tl'lvIac:: J-clone

3 , 4-Dimet-'ho:<y-1 , 2 -rneLtrl'k:neci:Lo>ry".Io-.rrrethylacri done

(24.omçr) in t,ol,1 sodium methoxide in nethanol- (20rnl') v¡as

gently reflu:*ed uncler an at-"mosphr:re of. nitrogerl on a rvatc-:r-

ba'bh fo:: L4 day-s, v,'hen thj'n Iayer chromatog::aphy shov¡ed

only t::ace amounts of starti-ng material ren'rairlecl" Solveni:

hra.s removed¡ the resiclue acidif.led ancì ev.tracted vrith

chlorofclfmn The products \.¡cire separate<i by tTri'c)< -la'ye-r
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chromaLoqr:a-phy on s:j-l-ica gel rievelo¡:i.ng r"rith Ï:enrene - ethyl

acetaee (2 : I)" Four orange or yellorv Ï¡ands separated and

are descr-'r-i;ecl in or:cler of clec.reasing Rru

(a) 3n4-Dimetho>qr--1.-?rydro>qr-2-(o(-nethoxy)rneLho:'1¡-1.0-niethyJ--

acriclone (36mq, 13r{) ¡ r.rrpo lOO-l-O2() (ex chlclroforrn - 1ig1rt

petro'leum)(Forrnd¡ Ca €"2,89 H, 5o5t N, 3"9. C'BHtgl{06

requ-ires: e, 62,6t Ii, 5o6i ITr 4.A%) " U¡v¡ grpectrum ( j-n

95% etha¡rol), X *r* (ner-rt-ra-l solutÍon) 24g, 273, :ì09 t 4J-9r

(arlkaline solu.tÍon) 252, 275e 322, 433nrr'r* 'Ihe xrass spectrum

fncludecl peal<s at rn,/e 345 (2.5%) (u'F) a-ncl 3oo (l.OO) with a

¡treta-sta]:Le ion at rn,/e 26I. Ncft"ro spectrurm : four s,

eclch 3, 3.67, 3"75, 4"05 a-nci 4"1.5 (t'l-Cll' ancJ thr<¡e O-CFI3)f

s, 2, 5"24, (Cl-CUr-O); m, 3, 7.O-7o9t, (I-I^5, FI-6, H-'l)i

d of cl, I, 8,4O, (ll-g), 7\12, 2ï-t¿t s, 1, 14o5, (o*il,

excharngeci r^¡i'Lh D20)" tiethylation of this compound rvlth

diazomóthane gave a non-erys'Lallíne oj-1. icient.ica-l- (by thin

layer chromat.og::a-phy) v¡Íth a s"rrnple of 2-(e*metho:q¡)nretho>qr-

1r 3,4-t-rirne'Li-ro><y--ì.O-methylacri"done Ë\r:É)pa.recl from 2-hydror¿'-

I r 3 ,4-trirne'bho:<y-1O-methylac::lciorre and chl-orodinethy-l ether i

rìornsf c s¡rectrum : f ive s, each 3¡ 3.56, 3"73, 3o85r 3" 90

and 4..00, ( N-Cn, anci :lonr O-CI-I3), s, 2, 5.05, (O-CI-T2-O) ¡

m, 3, 6,9*.7 u'7 e (II-5, II*6, Ê,-'l) 3 d of d, -1, 8.17, (it-B),

Bllzr 2llzo

(b) 3, 4*Dimet'ho;cy*1 n 2*methylenedíoxy-1.0-methyi-acrldone

(7rn-q , 3iL) , rûop3 at:cl nrixed mnp. 22o^22lo,
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(c) 2-tIyc1::o>ly-1r 3 r 4-t:cj-me¡¡6¡.¡-10-rnethyl-acridotle ( 95mg , 39%) ,

nrr pr a.nd rnixecl mu p. t7O-l-7 to.

( d ) 3 -I{ycir oxy-4 -me tho><y- 1, 2 -rno thyle ne d i o><y- 1 0 -me t'hyl a cr i d on e

(59mg¡ 25,/,), nrrp. 244-2460 (ex aqueous etha.no]-). The rnass

spectrum lnclucled peaks aE m/e 2gg (63i/") (¡l+'), 284 (1OO) (r\,r-

cFI3) ancl 254 (24) rvith meta-stable íons at' m,/e 27O and 23O.

Uovo s¡rectrum (in 95?/. ethanol) t tr *** (1og € ) (nerrt'raI solu-

tion) 2BO (4,52) , 4l8nm (3"65) ¡ (.rl)<a-J.ine so-lu'Líon) 252

(4,4O), 28g (4",37), 37onm (4"04)" Itethyl-at:Lon rvith di*

cleutero<liazornethalre gave deuterat,e<l 3, 4-dimet'hoxy-1, 2-methlr-l-

enedioyry-l-O-methylacriilone, rropc and mixed tn.trr" 2L7-'2IBo i

the map;s speet¡:in included peaks at m/e 316 (58;%) t 315 (ZS¡'

U.4 (6e) o so-]. (74), 3oo (-ro0) and zes (100) 
"

2.2 t4e:L j-copl"dinc

Melieopicìine (gg6rnçl) rvas heated under reflux ín

I"OI\4 sodium methoxicle in rnethanol (50pr1) for 6 <iays and

vùorked up as describe<l in sectíon 2":L aboven Sel¡aration

by tlilck iayer chromatography on siJ-ica gel (benzene - ethyl"

acetateo 2 â 1) gilve normelicopÍdirre (2Brnq, 3%) ¡ Ílcp¡ â.rld

mj-xed ne pe ZIL-1IZO, and 2-hydroxy-1, 3 r 4-tÈímetho:cy-10-

methylacriclone (96Omg, g|'/,)e IIlcpc and lnixecl mopn 170-1710"
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2 o3 tqe.llqc¡g1.ng

t4e1ícop.lne (1..05q) v/as refi-r-rxed uniler nitrogen in

lnOFr sodj.urrn motho.:.:iCe i-n methanol for 14 cìays and was

worked up as ciescribed in sectÍon 2.I above" The e::ude

procluct (-1.If'g) was se,oaratecì into it,..; colrstituenLs by

repeated thlch layer chromai:.ogra¡rh1z ¡1¡1 sil-j-ca gel" cievelopín.-¡'

with benzene - ethy] acet.ate (2 å l.) " All p::oduets ¡rresent

rtrere isolated and a::e cles;cribed itr order or' decrea.sing Rrn

(a) t{ormeLlcopine (65mg, 5'/¿') e nìrpr and rni:cecl m.p. 234"-235()"

(f)) plef ícÕpine (45mg, 4?'")¡ fitapo ancl mj-xecl mn¡:n J_76-]-78o.

( c) 4'-lIlrç1¡62O'-J-, 2, 3-trírne'cho><y-1o-methylacri-done (41-Omg t

39%), ldentícal- v¡Íth a sarnpl.e prepar:ed by 'bhe methcd of

crorv and Pric"]2.
(d) An unidentif ied fractic¡n (38Orng) which appeared to be

a mÍxttrre of several- conr¡:ou.nds.

(e) A fur'b,her unj.clenbÍfiecl product. (l.Sng)u The rltass spec-

tru.m of this eompou.ncl incl"u.decl peaks a'e m/e 322 (ZI"i'ù , 327-

(BB), 307 (30), 306 (10o), 292 (37) a.nd 262 (31) 
"

(f ) J- r 2-Dirnethox.-y-3-hy<iroxy-4-(o{ *rnocho>,y)met}roxy*10-inethyl-

acridone (15m.g, L"3?¿). '.Ihe mass srpectrum of t-hls coinpou.t:cl

includecl peaks ¿rt m/e 345 (33;%) erncl 3O0 (l-00) rvith a. nreta-

stable ion at, m/r: 26)-.

( g ) 2 -Llydr o:ry- 1. -me tho)<l¿- 3 r 4-me t-h1r-Le ne cl i o>ry- l- 0 -met.hy J- a cr i ci otre

(25mg, 2oa,l|.) " The n¿r.ss s;y.:ctrum o:f: t:hj.s conpouncl j-nc-Lrcle<J

¡rea),;s at rnle 299 (]-0o?¿) , 2.84 (55), 2Bl. (90), 28o (47), 27O
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(1.7), 256 (1.5), 254 (3-t ) a.nd 252 (22) " I'iethylation of

th.is compolrncl "vith clideu.Lerod.iazornethane gave ntel.icopine

(lrlenti.caL by thin Layer chromatography) of -",¡hich the mass

specLrurm inel.ucled pealcs at m,/e 316 (2O'/") ' 315 (30) 
' 3I4 (41),

313 (32) anci 298 (lOC) 
"

(h) 3 r 4-Jìlinrethoxy-10-inr+t1'ryla-cr.j-cJone-1r 4.-cir.l. j-none (5Srng o 5,5%) o

rrì e p o an cl nr j-.-=.<e cl m n ¡: " 22!;o .

3 o Ki.neti.cs of React.l-on of: I.iel"i.copicli.ne ¡.¡i.th Sodi-um

l"íethox.icle i-n I¡et--hano-l-

t'telicopi-cl-i.ne (25Omg¡ O" B0Ommo-k;) \ç/as reflux.ed under

nit.rogen vrj-th t. OOti soclir-im methoxide in ¡nethanol ( 25m1. ) '
Sarrrpl.es (5mI) viere rc:rrìovod a:i{:er 2"5, 6"75, -l-3u8, 23.2 a.ncì

30"6 hr arrcl the reactic¡n quenchr:d with .lì-t.rt.* hvriroc:h1o::ic

acido The product. was ext.raci:eo' with chloroform, the

exi:i:act eva.porated and t?re resiilrre <iÍsso-Lved iu deutero-

chlorofori¡. (0.7¡nI). T}:e reactj.on r,¡¿is f:olIor¡ed by rro[1¡ro

spect,roscoçry by cornpar.i"son of Lhe integratecì intensÍties

o'f. the niet,hyle:neclf c¡xl¡ Trêsjorrp.ncê (a si-nglet at 6 6"1) and

the I{"-B resonance (a <loul>let at 6 8,4) wh-ich -is present in

]roi:h rnelj-co¡:-i-<iine an,C -in the produ.ct^, 2-hydro>iy-I, 3r4-trí-

rnethoxy-lO-methylacrícìoneo Frorlr this,ratj-o the concentration

of melicopj-cline in the .reactlon mixl-ure r.¿as deberrni-nerci and

the Þserrcio-first orcler ::cate const,antl03b obtaj-lredo Frorr

tlris the seconci orcler rat.e const-.ant rvas fou-ncl to be 4"O x
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-6 -I10 1. mole -1 at 650.e SlêC)

4" I(i-netics of the Reactions af_ the Dimeth OX\t..

me thl¡ -l e ne d :L oxv- I 0 -me ehv lcrer :Î.dones r,¡ítl-l Sodi-um

Itíethoxide in D-Ì"methr¡l Sr.rl rrhoxirie

The technique used for det,ernrlrratíori of t?re ::ates
of open:Lng of the methylenedioxy r5.ngs of the dÍ,rrethoxlr-

methylenedioxy-IO-methyracrlclones \,,/ith methoxide fon in
dime,:Lhyl sulphoxide was essentÍalJ-12 the sdme as that, used

for deterrninaLÍon of the rates of sul-.¡stttu,c.ion of L- and

3-bromo-10-.methyl.acridones wÍth rnethoxj-cie j^on in cìlmethyl

sulphoxide descrÍbed j-n pa-rt rrr above. The methorj is
Ì:rlef J-y clescril¡ed for the reacLion with rye1icop.i-clíne u

The reactÍons v,rel:e perforrrrecl a.E 4Oa 
"

sodium methoxi-de in dirnethyl sulphoxicie (0.042¡.I,

10.Oml) vras addeci to melieopidine (lo"Omgr o.o64.mmo1e) in
äj-rnethyl sulpho>iide (3.0m1). Samples were removecl after
on5r J,r r,5r2e 3 and 4 min and the reactlon cluenched v¡Íth
dilufe acj-d. The organic materi¿rl was extra.cted wÍth
chlorcrform ancl the ex'bract prepa-r.ed for anal-ysis by quan.bit-
ative th:'-n -l-aye¡: cllromatography. The reac,ci.ons \^iere follow-
ed Ï,ry the decre¿r.se ín concentration of ,the me'thylenedioxy

compound which was detenni¡:ecl by quantit.ative thin layer
ch.ro:natography on slricar ger (benzene - ethyl acetate, 2 ! l)"

Th<-' second order rat.e const.ants are recorcled in Tab1e
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5 (page 114 )"

FJ. AI: o lleasu.-re the of hoxi.de Il

of l'leIi.eor¡i.cinr': r'¡J-th Soclíum 'í:hoxi-clc in

Dilnethvl- Sulphoxi.de

Tritium labelleo sooÍurn rnetiioxj-de w¿i.s prdpared from
i"04

socllum and trÍtfum labellecl tnet-hanol, CH2TOI{ ( cì.ppf ox.

1"3 mC,/rnmole), A sol'tttlon of IaÌ:ellecì sodium methoxide

in methanol-*free dimethyl. su-lphox1<le was propa::ed as

a.eserj.becl in part, TII sec.L.j-on 3uI abor¡e. The reaction v¡as

carried out at 4Oo as <iescri.bed in Þart ITI section 3"2

above o

Tritia{:ed sodiun nethoxj-de irr dlmettryl sulphoxJ'cle

(sgml. of o"oo2l-14 solu.tíon, oo llmmol.e) tJ= aclclecl to

mel-icopicj-ne (21, B¡ng, 0. o66rnmole) Ín cllmethyl sulphoxícle

(3.0m1) " SarnpJ.es (5.0m1.) were rernoved at In{:ervaLs ¿rnd the

reactj-c¡n quenched v¡it'h dilute acid. t'te-licoptcÍne was

e>ltra-ct,ec1 in'Eo chloroform ancl the e.xe.raet erzar:o::ated under

recìucecl pressure, dimethyJ- sulpho><íde beÍng removed at

O.O-lmnJïg" The residue r'¡as rnarle up to S"Ornl in toluene a-nci

2.0m1 0f thls so]-tition aildecl to t5.om1 0f scintill¡rtor

sol.ut,i"on and the raclÍoactívity deternrined" The resul'ts

are recorded in Table 2L" ThÍn layer chr<lrti,¿tograr¡:hy of

each f_raetion showed no c1remÍcal change Ín the meli-copicÍnen
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TABLE 2L.

Time (min) I

Counts,/lOoo sec*

4

6

B

184001

I68286

1.7e524

a) Corrected for background count.

6" Preparation of 2,3-Dlnrethoxv-.tO-methvlacrfdo ne-I.4-
gu.ínone

6. I 41l'lydroxy-l- , 2 , 3-.t.rlmethoxv-10-methvla_cridor:e

Sodium (0,79) was dissolved in methanol (10m1) and

dÍrnethyr surphoxíde (30m1) and mellcopine (2. og) added.

The mixb,ure rva.s heated on a steam-bath for 30 min ancl then
pou.red into water and neu{:ra1i"zed. The preci-pitate was

renove d gtvÍng 4-hydro>q¡-.r, 2, 3 -trlme thoxy-Lo -me thylacr j- cìon e

(1.6g, BOî()¡ r'rtrpc 193-1940 (ex benzene J.ight petroteum)

(L-1t,12 *.p. lgo"s-Igl"50).

6nZ !, 3.-D:i.net,ho>¡¡*"1O-methvl¡.icrir:lone-I o 4-ciulnone

This was prepareci by Èhe actlon of nitric acid on
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4 *lrydr oxy -I, 2, 3 --tr i me thoxy- 1 O -rne tl'lyI¿ìcr i done accor cl ing to

crow and PrÍcul4n

7, Acii-on of Sod:Lum Etho><i-de i-n Ethar:o-l on

2 . 3 -l)irne tl"r o,..¡.¡- 1 O -rne thv]- a. cJî I d one .. l- " 4 -ou j"n one

The climet,ho>iyquinone (¿.Omq) was ciÍssolrrecl in l-lvl

sodium ethoxide 1n ethanol (2.OmI) at room ternperaturr: gÍv-
j-ng a red soluti-on r,¡hích tr:rired reddish-b.ror^¡n" After 2 min

the soluti.on was acfdifÍed ancl extr¿rcted with chloroform

givi.n g 2 , 3-diethox-y-l.0-rne{:hy.lacridone-I ,4-qrrinone ( 44mg,

l-oo:/.), recl neeclles mopc 155"5-156"5o (ex ben:zene) (Forrnd:

cr 65.93 Ht 5,2; I{, 4o3. cIBH-lZi{oS requii:es; c,66.1.;
Hr'->o2i I{, 4,3:/")o .. 1{¡trte]î. sTlectrurn: t, 6, L.42, (Cltr-

cES), Trlzi s,3,4.OOn (w-cur); {:wo quarteLs,4,4o25
anð 4o45, (cH2*cIï3), 7tî.2¡ m., 3, 7 "2-7,8, (li-s, II-6, il-
7)i d, L, 8.360 (u-B), BTrz,

8. Re¡.rctl"ons o:f: 2 3- 1.0-¡ret.h lac-riclon.e-1 _l_n e

r,¡ith allca 1i

B. -1 }lot Aqrreot-r.c sodiu¡r ca.rl¡onate

The dinretho>q¡c.,uinoire (Attorc,ct,) r';as dissclved in hot

5?á aclueous soclj-u¡n car]¡orrate (3ml) arrd heatecl on the w¿rl-er-

bath givi-ng a cleep reci so-ì-uticn. AcÍ<lificabion gäve a

re dcl i sh-bro'r¡n pre cipitate of 2 ^hydrox¡r-3 -motho>qz-]O -rnethyl- .

t
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acridÕne--lr4*.quinone (36ng) ¡ rltopo 23o-232o (f-i-t,o -t-o4rn"p.

231--2330)" The i"1. . sjrlec¡rr.u. shoired the o-Hstr band at.

321-Ocn-1r t'.he C=Cst.r ba-nd at.l-66gcm-1 alld a st,rong band at
-ì 14

L598em-*, vzhieh is consístent rv|th tþat of Crow and PrJ.ce-'"

Extr.r.ct.ion of the fj-ItraLe lvÍth chLoroforrn giave a further

Brng of 2 -hyc)i:o>ry- 3 -me thoxy-l O -methylacr j. ci one -1, 4-qu in one

(i.dentical. ÍuI. speetrum t.o tl're preeipitat.e':) " The yÍeld

\^Ias quantit.aLi-ve.

ÕaL)a ¿. Cold aqìreous l-14 sodj-um l-ryclro;<:i.de

The clÍmet.hoxyquinone (52mg) i^¡a.s ciissolved in 1t4

aqueous sodiurn hy<ìroxj.q'e (3ml) at soom temperattr.re giving

a cieep ::ed solution.. After 30 rnin the soh,:tion was acidifÍeri

giving an orange solut:lon whiclr slow1y depositr¿d a yellow-

qreen 1:recip-i-ta'b,e, of 3-hlrclroxy-2-metho>'1¿*lO-methylaclriclone-

1r4-qu-'r-none (34rng, 69",/") o Tfte Í.1." speqtrum showed tìre C=C)

str banr-l at 163Ocm-1 and the Cl-ïlstr band .et, 325Ocm-l' '¿hieh

is consisLênt with that of Crorv and Pri-cel4. Ilx'Erclction

of the fÍlfrate r,¡ith ch].oroforrn yieLded a bror'¡n oil (13m9')

which could not be positively j-<lentj-fj-ed from 1-Ïre inr" .

sIJeci-rumo

B" 3 FIÕt ä.-Tueou.s Il,1 fìoc.líurn hvc.l::oxl.cle'

Itl Sodfum hyclroxlde (3rn1) was he.rted itr a boiling

r.¡ater-]:ath and the <iÍmei:hoxyquinone (74mg) added gíving a
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cleep red solut.i.on, Acl,d.'r-f lcation gave ca precÍpÍtate ot

2 -hyciroxlz- 3 -metTroxy- J- O -methylacr i done - 1, 4 -qu inone ( 2 6mg )

(identieal Í.r. spectrurù) " Extraction of tire fÍltrate viith
chloro:form giavê a further 29mq of the 2-hydroxy-3-metho>ry-

quÍnon<+ (ir3entlcal i"r" spect,-rum) " Total yield 78i,".

B 
" 
4 Colrj 0. 05M â-q¡-lectu.s sorlf um ]r.¡iJroxirle

- The <iimet,hoxyquinone (65rng) vras shaK-.en lvlth t),05M

sodium hy<ì::oxide (SmI) aL room ternpe.rature for I"S hr

givinq a rJeep red solution" AcJ-diflcation gave 2-hyo'roxy-

3-me-'thoxy-J-o-me b.hyracridone--1" ,4.-quÍrrone ( 5omg t Br'!o) ( icientÍcal
f , r. spectrurL) 

"

8.5 Hot acTu-eous 0"II4 socllum iryciroxj,<je

The dimethoxyquinone (53mg) I.ias acjdecl to hot 0"1¡4

aqLreous sodj-rrn hy<lroxí<le (5m1) and heated on a boi.ting

wate::-bath for 5 mfn givfng a deep reci solu'tion. Acid-
ification gave a precipitat,e af 2-hydroxy-3-rnethoxy-10-

methylacridone-lr4-quinone (4Omg, 79"1{) (icientj-cal -i.r. spec-

trum) " A fr-r..rthe-r 7mg of brown solfd rvas obtainerJ on

extraet-ion of the filtrate with chlorofo::m but the i.r.
spectrum was incorrcl-us1ven
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