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ABSTRACT

PART A

l-NÍtro-, l-acetamido- and l--bromofl-uoranLhene unlike the cor-

respondín g 2- and 3-substiËuÈed fluoranthenes all dj-bromínaËe ín positlons

4 and 9. The theoretÍcal implication of thís has been díscussed. I{íth

excess bromine and heat on 1-nitrofl-uoranthene, sÍx bromínes entered the

structure and Ëhe nitro group was completely lost. l-Acetamído- and 1-

' bromofluoranthene tríbromínaËe in posíËions 4r8 and 9. Side chain brom-

I 
inatÍon of. l-acetamidofluoranthene was accomplÍshed usíng pyridin€

ì hydrobromide perbromíde. Both l--bromo- and 1-hydroxyfluoranthene have

been synÈhesízed from the amíne through diazonium reactions, 3-Aceta.-

nridofluoranthene \¡/as found to bromínat.e ín posítion 2 in carbon tetra-

aceÈic acÍd 1¡2.
;,,i l-Nitro- and l-aceËamidofluoranthene have been niËrated to

give dinítro derivatives. A mono nitro derivative vras also obtained ln

the case of the acetamido compound" The oríenÈations of these compoun<ts

have noË been rigidly established. New amino and acetamÍdo compounds have

been derived from these. Duríng the course of this work, twenty-one ner^I

i cornpounds have been synthesized.



. .PART 
B '.:.::.:.: :::

Foll-owfng the scheme of Charlesworth and MathÍaparanam (l-) for 
i,:, ,,,,,

thesynthesísof3,6-dísubstiËutedunS)rmmeËrica1f1uorenones,thesynÈhesis

of 3-chloro-6-nitrofluorenone and 3-fluoro-6-nítrofl-uorenone have been 
j

accomplíshed. In the process, Lwelve ínterrnediaËe compounds have been 
' l

1

synthesízed. 4-Iodo-2-meËhy1--41-benzophenone and 5-acetamfdo-2-(p- '

ní.trobenzoyl)-b enzoLc acid have also been synthesized buË the above scheme

dldnotachíevethesynthesisof3-íodo-6-niËrof1uorenone.A1ËernaÈe

schemes have been proposed. During Ëhe course of this work, l-6 new 
I

compounds have been synthesized. l
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RART A

STIIDIES OF ].-SUBSTITUTED FLUORANTHENES



TNTRODUCTION

The directíve properties of substituents in the fluoranthene

nucleus have provÍded excíting though formidable research over the past

twenty years. Even as late as L964 R.D. Brown (1) in a dfscussion of

non-alternant hydroca::bons concluded that fluoranthene deserves closer

sËudy, both theoreËical-I-y and experimentally. Much work has been done

on the further substitutíon of 3-subsËíÈuted fluoranthenes. In this

laboraËory over the past five years, sínilar studies have been done on

2- as well as 3-substítuËed fluoranthenes

In l-955 Campbel-1- and Keir (2) found that 3-parboxy, 3-carbome-

thoxy, 3-cyano and 3-nitrofluoranÈhene were all brominated Ín position 9,

and that dÍrecË sul-fonatlon of fluoranthene gave 3r9-fluoranthenedisulfonic

acid. These reatíons coupled with the fact that brornfnation of 3-bromo-

fluoranthene gave 3rB-dibromofluoranthene caused them to draw an analogy

to disubstítution in monosubstituted diphenyJ-, and postulate that a meËa-

dírectíng group in ring A of fluoranthene would dlrect a second subsÈltuent

fì::l'

þrr'5r:'Èì;l

l

I



to position 9, and thaE an ortho-para dírecting group in the same ríng

would dÍrect a second substitutent t.o positlon B. This v¡as shov¡n to be

an oversÍmplÍfication sínce Kloetzel et el. (3) in 1956 found that 3-

acetamidofLuoranËhene. vras niLrated ín positíon 2 rather than in position

B. They suggested, thaË ín thís case, substitutíon occurred in the same

ring because the acetamido group is a highly activating subsËiÈuenË.

Charlesworth and Blackburn (4) further substantlated this by demonstraÈ-

íng thaË 3-aceÈamído and 3-aminofluoranthene r^Iere brominated in posítion

2.

Charlesworth and Do1-enkqlp) showed thaË 2-niËrofl-uoranthene

undergoes brominaËion in posítion 9, whereas 2-acetamidofluoranthene

bromínates in positíon 3. Recently Charlesr^zorth and Lithown(J0)showed

that níËration of 3-nitro and 3-aceËamidofluoranthene occurred in the

9 and 2 posíËions resPecËivelY.

From the foregoing it can be seen that nitr:aËíon goes Ëhe same

!üay as bromínation whether the inÍtial sub¡;tít,uents were in Ehe 3 ox 2-

positíons. Furthermore a mono substituted fluoranËhene has never been

found to substíËute ínto rÍng B of the fluoranthene nucleus.

Up to this poÍnt further substitutíon of the fínal- positÍon in

ríng A (i.e. l-subsÈituted fluoranthenes) had never been reported.

Wilshire (pers<;nal communícation) atËempted nitraÈÍon of l-nÍtrofluoran-

thene, but was unable Ëo isolaÈe any useful producLs. IL seemecl there-

fore particularLy desirable to brominate (and possibly nitraËe) l-nitro-,

l-acetamido- and l-bromofluoranthene. These substituents were chosen

because of their interesting directÍ.ve propertíes. The nítro group ís

highly deactivating and. meÈa directing, whereas near Èhe opposite end of

Ëhe actívity scale the acetamido group is highly activating and ortho-para



3

directing' The bromo group occupies a unique posiÈion in Ëhat it 1s

slightly deactivating but ortho-para dírectíng'

. As can be observecl from earl íet paragraphs (al-so Table II page 40)

much work had been done on further bromínation of 2' and 3-nLlro, 2-

and 3-aeetamido and, 2- and 3-bromofluoranthenes. somewhat less has

been reporLed on nitration of the corresponding compounds' The products

from the reactions ':f the l--subsËiËuted fluoranËhenes would be isolatedt

theír oríentations established and the results compared wíth anal-ogous

reactions of the subsLítuents in the 2 and 3 posÍtions. One might

expecÈ similar behavior in furÈher substiLt¡tÍon regardless of whether

the ínitíal substítuen¿s were ín posíËÍ.ons L12 or 3. Experímentationt

however, proved oËherwise

i'....i.-..



LITERATURE STIRVEY*

ThestructureoffluoranËhene'acolorlesscrystalllne

carbon of molecular formulu Ct.HtO and mel-tíng at 1-09'5 - 110'5'

depicted below. The numberíng sysËem in formuLa la is nor¡ used

1a

exclusively throughout the vrorLd '

accordance r¡iËh the Richter system

hydro-

is

almost

1b

The numberíng sYste¡n in lb is ín

of notatíon and untíl quite recently

discovered independenËly by FíttÍg and Gebhard

in 1877. GoldschmieCt ' obtained fluoranthene

and crystal-lízation of a mixture of hydrocarbons

wasusedbymosËEuropeanchemists.ThenotaÈioninlawil]-beused

throughouËthisthesís.IËisbothinterestingandinformativeLonote

thatthefoll-owinghydrocarbonmoleculescanbediscernedinthefluo-

ranthene structure: benzene, naphthalene, fluorene, indan,.. acenaphthene'

díphenyl and cYcloPentane'

(6) and bY Goldschmie<lt (7)

by fractional- distíllation

i: .:')

i_.; t

!.:'

t-3
10

*An
ln

excellent review of
reference (5).

fluoranthene chemistry up to L951 is contaíned
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knornrn as idrialene which harl previously been obtained by extractíon of

the mercury ores of ldria by Dumas (8) and Laurent (9) ' I'ittig and

Gebhardisolatedfluoranthenefromthehighboil.ingfractionofcoal

tar. LítËl-e interest was shown in the compound unÈil- 1929 when von Braun

and AnËon (l-0) proved the sËructure of fluoranËhene by synthesis from

ethyl-9-fluorenecarboxylateandß-chloroethyl-propionate'This,is

11lustrated belor¿'

a) crttrona

b)cl-c1i2cI1zcooc2H5 >':

a) socl,
red l-ead (heat) b)Alcl.3

Ït /cooc2lI5re
l:;ì : -__'

t- ,. -.i

i,'..,'

::1ìtl

ì:'

i

c2It50oc cH2cH2COoC2H5

II2CIl2C0oH



Additíon Compo.unds of Fluoranthene (11' L2' 1-.3) 

olone and ovrene
Fluoranthene closely resembl-es naPhthalene and pyrene in its

propensityforforroíngmolecularcomplexesr¡¡ithnitrocompounds.These

complexes,oftenusedforcharacterízatíon,includethepícrate'm.P.

185 - 186e; the 1-r3rs-Lrínítrobenzene complexr f,'P ' 205-206o; Ëhe 1'3-

dÍnitrobenzene complex' m'p' 77o7 Lne 2¡4-dínitrotoluene complex' m'p'

75.5o and several others'

Oxfdatíon of Fluo-ranthene (5)

The ProducËs'of oxidatíon of fluoranËhene vaxy gneatly with

theoxldizingconrliËions.oxidaËionwíthpotassiumchromateíndilute

sulfuricacídandchromicanhydrídeorpotassíumchromateinaceticacid. I ¡¿tr\

yíelds Zr3-fLuoxanthenequínone 
(1)

as Ëhe PrinciPal- Products' II ís

and l--fl-uorenonecarboxylic acid (ff)

alsc produced in good yíeld wíËh chromÍc

ITI

anhydrideinaceticacidorwíthaqueousPermanganateas\¡Iasfoundbyt.hís

author.Prolongedtreatment\n'íËhalkalinePe]]nanganaËeyieldshernimel].ít'ic

acÍd (III), oxalic acid' carbon díoxíde' with some 2'6-dícarboxyphenyl--

glyoxylic acid (Iv) '

f--.-i ":r;":;.:.1
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^/cooH----->[Q].00,
+ cooH

I
COOH

COOH

IIT

g1-acial acetic acid gíves

l--fluorenonealdehYde (V)'

+ coz

a mixture of i--fluorenonecarboxylic

+

IV

Ozonolysis in

acíd (tt) and

+-+

II

Reductíon of llqoranthele

Gol-d.schnrioclt 
(l-3) in L880 prepared hydrogenated derÍvatives of

fluoranthenebutwasunableËocharacterj.zetheproductsobtained.Ïn

adeËai].edÍnvesËigatíoncompletedin1930'vonsraunandManz(14)re-

porLedthaLreductionofthehydroearbonwiLhsodiumamelgamandalcohol,

orr¡ithphosphorU.Sandhydriodicacidbelowl80o'gavealmostaquantiLaLive

yieldofl,2'3,lob-teLrahyclrofluoranthene(VI).Above200"'theyobtained

an inseparable mixture of products' catal-ytic hydrogenaLíon of fluoranLhene

underpressureusing20T"paLLaciíum-charcoalascaÈalyst,gaveVlasthe

COOH



initialproduct(i1).FurEherhydrogenaLionproducedl,2,3'6b,1,8,9,

10,10a,lob-decahydrofluoranthene(vII)andperhydrofluoranLhene(vIlI).

-_->

VII vrlÏ

p;-;,i:;1fl">;f¡

VI

The additlon of hydrogen Ëo Èhe fluoranthene nucleus therefore occurs in

suchal¡IayÈhatríngAishydrogenatedfirst,thenringCandfinali-yring

B.Perhydrofluoranthene(VI_rI)isdehydrogenatedat450owíthchrome-

alr:¡nínacaË:ilysËtogivefluoraotheneastheprincípalproduct.Ëogether

t¡ithsomepartiallyhydrogenatedf].uoranthenes(probablyVIIandvI).

Recentl-y(54)anovelmethodhas'beenreporËedforthesynËhesís

of6b,10a-dihydrof].uoranthenewhíchcannoËbeobtainedbyhydrogenaLion

of fluoranthene' OxidaËion of l-a-minonaphthotriazine with lead tetra-

aceËaËe (LTA) is belÍ-eved to form a niËrene' fragmenËation of whích coul-d

f orm 1, 8-dehYdronaPhthal-ene

LTA F
-N2

i,:.'

/
N
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When Ëhe reaction

and fluoranËhenet

reaction was done

is done in benzene besides Ëhe formaLion of peryl-eie

6br1-0a-<iihydrofi-uocanthene 
Ís also found' I¡lhen this

in p-xylene 7 r10-dimethyl-f1-uoranthene 
was obtained'

Oxidation of Substituted Tluoranthenes

OxÍdatíon of substíËuted fluoranËtrenes with díchromate or

chromíc acid sorutions, invariably gives substitute'd or unsubsEituted

fluorenone carboxyl-ic acids depending on the ring broken' Thus the

naphthalene raÈher than the benzene part of Lhe structure is broken'

Electron rich ririgs are easily oxj'Cj-se<i' An electron U:""t*: t: 
:"::-

vatingsubstituenËtherefore,willfacílítattlringbreakingwhereasan

electronwíthdrawingordeactir,atíngsubstiËuenËwillhinderringbreak-

fne (5) (1e) (29)

CrO.

hE2(NIicocE3)

CrO^

(Br)
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Wíthpol.ysubstitutedfluoranthenes,thesamebehavlorisobserved(5)(24)(33).

COOH

ñnr{uncocttr)

tr{hen Lwo subsLituents are

molecule oxidatíon occurs

in

as

CrO^

NO2(Br)

(NlrcocH3)

Thus ít seems that the activating substituent

the deactívating subsËítuËent ín chromíc acid

i::a'

Although the above general-ly hol-ds

overcomes the effect of

oxidations.

true aPParenËly rvith a slightlY

,ug *'ffi

c00H

one ring of the naphthal-ene paî1" of the

foll-ows (4) (5) .

¡¡.+i¡¡t¡i.+:'.'*#

No2(Br)
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rhan ône oxidatíon Product can be
deacËívatíng group as bromine more than one

obtalned. Campbel-1- et al; (25) obrained the fol1-owíng producLs on the

oxídatíonof3,8,9-cribromofluoranthene(lX)usingdifferentoxidation

tímes

tjr.-i¿ì:i.+"!:.È14:i,+-5:ri

Br

Br
BrBr

(rx)

È.cr^0./ti-l"
aolt"î lt ì' >

H00c

l{.onosubstítuenÈs in FluÓranËhene

1) llalogens
^ cl tinable bY direct substitu-

The only mono bromo fluoranthenes obË¿

tion of fluoranLhene are the 3- and B-ísomers' t]ne 2- and 7-isomers have

beenobtaínedbyindírectmeËhodsandthel-isomer-hasnevefappearedin

theliterature.Brominatíonoff].uorantheneincarbondisu]-fÍderesults

ín the formation of two isomers' 3-Bromofluoranthene is the main producË

and some B-bromofi-uoranthene is also formed (5) ' 3-Bromofluoranthene ís

alsorqadilypreparedbythede-hydrogenaËíonof4-bromo-L,Z,3,lob-teËra-

hydrofl_uoranthene wíth chloranil in boil-Íng xy1-ene (15). 2-Bromofl-uoran-

thenewaspreParedbyCharlesworthandBlackburn(4)bothbydearnínatíon

.of2-bromo-3.aminofluorantheneandbyaSandmeyerreactionon2-amíno-

fluoranthene. 7-Bromofluoranthene (XI) and 7-chlorof,luoranthene r'lere
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íngeniously synËhesísed by Campbell and Cror¡bie (l-6) fron 

,L'2'3'10b-
tetrahydro-3-oxofluoranthene(X)byamethodtirichcoufdbeuseclfor:

ËhesynthesisofotherT-substítutedfluoranthenes.Theirworkis"

illustrated on the following page'

3-Chl-orofluoranthene \ras prepared by direct substiËutíon by

passing chl-orine through a soluËion of the hydrocarbon ín propylene

oxíde aË room temperature (17). AÈternpts at iodÍnation and fluorina- "

ËionresultedintheformaLíono'fcomplexmíxËuresofpolysuUstitut.e'l];
)61 rl-eËcher (72j" .;

products of unknoum origin (5) ' Ilowever' in 1f

succeededinconverËing3-arninofluoranthenetothe3-fluoroderivative

usíngtetrahydrofuranÍnaSchiemannreaction.3.Iodofluoranthene(18),

2-ch]-oro-,2-íodo-aldZ-fLuorofluoranthene(19)havebeenprepared

from the corresponding ¿mines by the usual methods'

2) Nitro GrouPs

The niLration of fluoranËhene has long been known Lo gÍve pre-

' (20) ' von Braun and Manz (21) proved the
dominantl-y 3-nitrofluoranËhene \zv) ' vorr D!aus

presenceofB-nítrofluorantheneinthecrudenitratíonproductbutthís

ísomerwasísolatedandcharacterízedbyKloetze].etal.(3).l-Nítro.

fluorantherreisbestpreparedbynitraËíonofL,2,3,l0b-tetrahydrofluor-
nd tr'Iílshire (33) ' Thfs w111

anthene according to the method of campbelL and wi-rsnl-re \JJ'l

be discussed in Exea.er detail on page 34. streiLwieser and Fahey (22)

obtainedfourofËhefivepossiblemononítrofluoranthenesbynitration

ineiËheraceticacidoraceticanhydride.Theirresultsshowedthat

acetícacidísthesolventofchoicewhenonlyËhenitratJ.onproduct'aE

themostreactlvepositionisdesirecl,whereasaceticanhydrldeísthe

solventtouseifonedesírestoísolateproductsofreactionatless

reactívepositíons.Asummaryof.theirresultsíspresenËedinthe

li: :: 1 iï: r-:i!>i i ì¡1î:.::{'vv+:,r)

i,,ri ï:

i{!-
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b) CuBr
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polyphosPhorLc
acid
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fo11-owÍng table'

Tabl-e I

NITRATT0N-lR(ryg ELUORA}TTHINE

Partj-al- rate factors
to a l--naPhthalene

relative
posíË1onPosition Per Cent

Acetic
acÍd, 50"

23 ! L,5

69.6 ! 2.7

5.0 11.9

23-L ! 2.7

Acetic

1

3

7

I

2-NitrofluoranthenehasfieverbeenobËaínedbydirectsubstituËionof

ËheparenthydrocarbonbutKloetzeletal.(3)obtaíneditbynítration

of 3-aceËamídofl-uoranËhene foll-owe'd by hydrolysls and deaminatíon'

3) Other Mcnc Subeti-ËucnËs

. Dírect sulfonation of fluoranthene by chlorosulfonic

aninertsolventyíelds3.f]-uoranthenesulfonicacid(5).vonBraunand
lmount of Ëhe 8-substituLed isomer \ras

AnËon '(10) showed Ëhat a snall ¿

also found. TreaÈüenË of fluoranËhene in a FriedeL-Craf'ts reaction with

benzoyl-ch]-orideinthepresenceofaltrminumchloridegivesamixture
I g-benzoylfluoranthene in approxímately equal- quantities'

;:"ïî:::r- ;" rhe presence of aluminum chloride in carbon disu'fÍde

acts o11 fluoranthene Ëo produce a mixture of 3-acetyl-' B-acetyl- and

3,9-díacetYlf J-uoranthene (5) '

RecentlyShenborGT)synthesized3'hydroxyfluoranthene

by treating fluoranuhene v¡íth ?b(O¡'c)O in acetic acid' The 3-aceËoxy-

fluorantheneobtaínedl.rastreatedr,liËhbasetogivethehydroxycompound.

anhydride, 0o

11.1- I 3.3

43.5 t 5 .8

18.4 t 3.9

27.0 t 5 .8

Acetíc
anhydride, 0o

0.7

2,9

L.2

1.8

Acetic
Acid, 50o

0.3

8.1

0.6

2.7

il::,,

ì:t:,:



15

't'-"" ..-

The 3-hydroxy compound had also been prepared from Lhe 3-sulfoníc acid

byalkal-ifusion.The3-methoxyderivativehasbeensynthesízedfrom

thehydroxycompoundbytreaËmentwiËhdimeÈhylsulfateandpoÉassium

carbonate (31) (65) '

Dísubstítuents ín FluoranËhene

1) Bromínation

An apprecíable amount of work has been done on the bromination

of mono substítuLed fJ'uoranthenes' Nothing has been reporËed' however'

onotherhalogenaËionofmonosubsËitutedfluoranthenes.Thefirst
)und whose críenËation T¡7as determined

dísubsLiËuLed fluoranthene comp(

was 3r8-dibromofluoranËhene (XII) in 1950' fhis compound' most con-

venientlypreparedbydírectbromínaLÍonoff].uorantheneínnitrobenzene,

hashadíËsstructureascerLainedbytwoindependentmethods.Campbell.

*_ù.(24)oxídísedthedibromocompoundwithchromicacídtogiwedi-
bromofluorenone-1-carboxyl.icacíd(xÏII)whÍchgavediffereoËresults

upon decarboxylation' depending upon the catalysL' Usíng copper and

quinoline,theyobtained2-bromofluoÏenone(xIV),whereaswhentheyused

mercurícoxide at l-B0o , 2'l-díbromofluorenone (XV) resulted'

i ì :': l :: :,1 ÌÍ'a¡
l:i : :+-..!'::i{':

!:ì: . I

i.':':.

i i::.''r

i'.ì

cu/Qu

Br

.2'
inol- (xIv)ine

' (XIr)

(xrrr)

(xv)
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líbromof luoranthene was independenLly
The .structure 

of 3'B-díbronorruorarrLrtçL¡ç wse L"--E

,determinedbyHolbroandTagmann(26)whosynËhesizeditf'xom2'7-

dibromo-9-fluorenemeËhylcarboxylate 
(XVI) as shov¡n on Ëhe followíng

page. 3rB-Dibromofluoranthene besides beíng obtained by Lhe direct

bromination of fluoranthene itselg (15) ' can also be obËained by

furtherbrominatíonof3-bromof]-uoranthene.(2).RecenËlyKaminska

and I'lazonskí (27) have investigated the bromination of fl-uoranthene

withdjoxanedibromide with respect Eo the effect of temperature' solvent

and molar ratio of the substrates' They isolated specific percenËages

ofthe3-brono-r3,8-dibromo-and3'B'9-tríbromo-derivativesdepend-

íng on the molar ratio of Èhe substrates'

. rn l_955, carnpbel-l and Keir (2) prepared 3r9-dìbromofluoranthene

(xwl)from3-nÍtrofluoranthenewhichwasbrominated,reduced,dj:azoËized

andËreaËedinaSandmeyerreacLíon.ALthesametÍmeËheyshowedthat

'3.cyano-(XVIIÏ),3-carboxy-(Xil)and3-carbomeËhoxyfluoranthene(XX)

like3-nitrofluoranLheneallbromínaËedinpositíong.Theirworkls

summarized on Page 18'

Charlesworth and ¡lackburn (4) showed thaL 3-amínofluoranËhene

,, in aceËic acid and 3-acetamidofluoranthene 1n pyridine both bromínaËed

Ínpositio:-2.TheproductwhíchtheyobËainedfromhydrolysisofthe

acetamidobromofluorantheneT¡Iasídentica].toËhatproclucedfromËhebrom-

inatíon of 3-aminofluoranthene' Thus' the bromine atom must enter the

samepositÍoninbothcases.oxidatíonof3-amino-2-bromofluoranthene

gavel--fluorenonecarboxylicacidprovingthatboËhsubstituents\'Iere

inthesamering.DeamínaLionofthebromo-amÍneproduced2-bromo-

f].uoranthene,identica].withanauthenticsamplepreparedf'rom2.

nitrofluoranthenebyreducËion,díazotizationandtreatmentr.Tithc:prous

i.¡

ti

i.

:
t:
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b)

HNO2

CuBr(H)
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o

Noz
Br^

Btt

I
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I
o
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1
l') urs/un,

lb) Ac20

l") nr,
l¿) non
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lt, (o)

H3OIi

rBr

Noz

(XVTI)

(xvrrr)

c00H

(xrx)

ozN

coocH3

Btz
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bromldeinaSandmeyerreaetion.Thisworkissummarizedo¡page2o

Charlesworth and Blackburn (4) and Charlesworth and l'ittrown (30)

alsofoundthacthepositíonofbronínationof3-acetamidofluoranthene

dependsonthesolvenËused.Inpyrldinebrominationoccurslnposltion

2,whereasÍnacetÍcacidbrominaËionoccursÍnpositíonB.Moreover

Kaminska and Mazonskí (27) found that 3-acetarri'dofluoranËhene bromínaËed

inposítionBinaceticacidandcarbonËetrachloride(2:1)'i
- In Lg65, Charleswor¡h and Dolenko (].9) sËudied the Ínfluence

ofstronglyactivatinganddeacËivatingsubstíËuentsinposiËio:r-2of

the fl-uoranthene molecule' They showed that 1n pyridlne 2-acetamído-

fluoranËheneþrominaLedinposítion3andthat2-nitrofluoran.Ëhene

bromínatedínpositiong.TheoríentaËíonofthesubstíËuents\,Ias

estab].lshedinthefol]-owíngway.Hydrol-ysisofLheacetamido-bromo

compoundgaveabromo-amine,whichonde.:minaLiongavether,¡ellknotm

3.bromofluoranthene,thusprovingthatbromínationofZ'aeetamidofluor-

anËheneoccurredinposition3.The2.nitrobromof].uorant'henewasalso

oxidisedanddecarboxylatedLo$íveabromonitrof]-uorenone.Thestructure

ofthíscompoundwaslaËerprovedtobe3-brono-6-nj-trofluorenone()oil)
anarn (28) wtro developed a very efficient

by Charlesworth and Mathiaparanam \¿o'' wrrv uevv¡vr--

synthesisforuns)rmmetrícal3,6-disubstitutedf].uorenones.Thisis
rËica1 work

discussed ín part B of this thesis' where some sím11ar synthe

lnthísfie].dísreported.Theproductobtainedfromthe2-nitrobromo-

fluoranLhene after reducËion, acetyl-ation and oxÍdatj-on r^ras 7-bromo-

. fluorenone-l-carbpxylíc acíd' as this was identical wíÈh an ¡

sampleofthísmateria]..Thisworkíssummarízedonpage2l.Uptothis

pol-ntnobromirrationofl.,T,otSmono-subsÈltutedfluorantheneshadbeen

done.

ir+el,1r

i

;

!

I
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Ni{cocH3

[.:-: 41'!"'¡t;i.ri:^l

1,.... 
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a) HN03

_ b)(H) >

NHz

lK'
| ') nno,
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(E)
HNO2

CuBr

a)
¡)
c)

NI1COCH3



a) (E)
b) Ac^O-¿

\', (o)

\:,

(xxr)

No2
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NHCOCl].3
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NHz

,(nit

Br

Brz
(pyr

Noz
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a) (H)
b) Ac2o

) HNoz

) H3Po2
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npbel-l tt tt' (65) found that brominatíon
Quite recentl-Y Car -

of3-methoxyfluoranËheneyie1.ds2,8.dibromo-3-methoxyfluoranthene(>orrr)'

the structure of whích follows from iËs oxídatlon Ëo 6-brornofl-uorenone-

l-carboxylicacid(XXIII),anda].sobythesyntheslsfrom3-bromof].uorenei

1g-carboxylicacid(XXIV).Theirrgorkísil].ustratedonpage23.Thus
, 

urororination of 3_methoxyfluoranËhene occur in the same positions as

diniËration(31);Theseauthorsalsoshowedthat2-nLtxo-3-meËhoxy-

fluoranËherrebromínaLesinposítÍonSanddevelopedashortmethodfor

deamination of fl-uoranËhene amines

" ï::r:::"'" and Lithown (30) reacted 3-nitron-uoranthene with

fumlngnitrícacidtoobtain3,g-dinítrofluorarithene(þw).Thiswas

verifíedbyconversionto3,g-diacetarnldofluoranthene(XXVI)whlchproved

tobethesameproductasthatpreparedfrom3,g-diaceËylfluoranËheneby

a schmídt reaction wíLh sodlunr azíde as described by canpbell- et al' Q9)'

r ,1---
Theír work is surnmarízed below'

furníng HNO 
3 4

70"-80"

lí,:4.::.:1^l

;''.r:î:r

i:i :l

Noz

a)
b)

(H)
Ac"O

\c0cI13

No2

Schmldt reacn' :

-

(xxvr)
NIICOCH3
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¡
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)
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A sirniLar atLempt at further nitration of }-tit'rofLuoranthene

producedaYexysnallamount'ofadínitrofluoranthene.Since3-nit'ro

and2-nitrofluoranthenebothbromínaËeinposiËíon9,and3-nitrofluor-

anËhene nltrates ín position g, ít 1s expected tinaE 2-nltrofl-uoranthene

willnítrateinthesamepositíonasitbromlnatedt.e.position9.

MassspectralevidencealsosuggesÈsËhisbuttheorientationas2,9-

dínítrofl-uoranthene remaíns to be rigorously proved'

.TheaboveauËhorsalsostudíedtheinfluenceofnitraËíonon
a sËrongly acËivating group ' They found *'inat Z-acetamidof l-uoranthene

.níËratesinpositíon3.Thiswasprrrvedinthefol-lowingway.I{ydrolysis

of the !-acetamLclonítro compound (X)$IÏ) gave the 2-amino compound

(xxVIII).DeaminationbydiazotLzatíonandtreatmentwiËhhypophosphoroìtS

acidgavethewel].knor,m3.nítrofluoranËheneíndicatingthatühenitro

grouphadenËeredposítion3.oxidaËíonof2-amíno-3-nitrofluoranLhene

gave1.-fluorefloI}ecarboxyllcacid,i.¡híchisfurLherproofthaËtheniËro

grouphádenteredtheAring.Catal.ytícreductionof2-acetamido-3-

nitrof].uoranthenegavetheraËhercrude2-acetamído-3-aminofluoranËhene

(xxü).AceLylaËiongave2,3-díacetamidof]-uoranthene(xxx)idenËíca].
' L et aL (3) from 3-aceËamício-2-nitro-

wíth thaË PrePared bY Kloetze'

fl-uoranthene' Thís r'rork is summarízed ot page 25'

In 1956, Kloetzel- et â1. (3) showed thaË 3-acetamido-

f'-uoranËhene \^7as nitrated ín posítion 2 rather than the expected posítíon

8. They proved the orientation of the acetamido-nitrofl-uoranthene as

follorvs. Oxídatíon of the nitro-amíne yielded l-fluorenonecarboxylic

acÍcl(yU<Xf)rthusprovingthatbothsubsËitr¡ents\dereinthesamering'

Hydrol.ysísoftheacetamido-nitrofluoranthene,deamínationandfína1.1.y

oxidationoftheresu].tantnitrofluoranËhenegave3-nítrof]-uorenone.l-
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l:fF;.i;.:-!
i. r:f1) ¡-)1,j 

1
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NI{COCH3

ltoH

NtI2

(xxü)

(cH3co) 
20

NIICOCH3

NrlC0cH3
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a) (H)
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ì
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(XXVIII)
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carboxYl-íc acíd

2. This work.ís

(XXHI) proving ËhaË the nitro grouP was fn posítfon

summarized below'

a) HNo,

b) ,fEì ==. ^"õfTcn3co)

-

Noz

HNO3

ocH3

lIOH

a) mlo,

b) 113Bl]2.+,

NIICOCH3

O COOH

(o)

(xxXI)

o

æ

NHz
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RecenËl-yAndrew,Campbell,CraígandNichol'(31)shor.ledthat

niËration of 3-methoxyfluoranthene yielded 3-methoxy-2- and -B-niËro-

fluorantheneoeachofwhichonfurthernitratíongave3-methoxy-Z,8-

diníËrofLuoranthenes' Their work is illustrated on the following page'

The orientation of 3-rnethoxy-2-nitrofluoranthene ()oCI(III) was established

bycomparisonwithÈheproductobËaínedbythea].}a]-inehydrolysÍsof

3-amino-2-nitrofluoranthene (XXXIV) fol'J'owed by methylatíon' further

nitratíon of the míxture of 3-meËhoxy-mononítrofl-uoranÈhenes or of

the2-nítro-ísomeryielded3-methoxy-2,8-dínitrofluoranthene(xxxv).
: 

nyloxyf l-uoranthene (xxxvr) occrrrrecl
NíËraÈíon of 3-tol-uene-p-sulpho

ln position B. XXXVII nas hydrolysed Ëo the phenol (rcüVIII) which

wasoxldÍs.edanddecarboxylatedtoyiel.d3-nitrofluorenone()ßxIX)

thusesËab1-ishíngtheoríentaËíonofXXXVIIÏ.3-Methoxy'B.níËro-

fluoranthene(XL)whÍchwasreadilypreparedfrom)OüVIIInitrates

further Lo gÍve 3-methoxy'2'B-dinitrofluoranthene 
(xxxv)' These

authorsalsosynËhesised3-hydroxy-9-nitrofluoranthene,3-meËhoxy-

g-níËrofluoranthene and 3-methoxy -2 r9-dínitrof luoranËhene and f ound

that 3-acetoxyfluoranËhene nÍtrated in position B'

3) Other DÍsubstituenËs

In 1-951, Campbei-l- et al' (2g) showed that the product pre-

[:á:¡""i:v;j.,{

',:::
ii.:.

pared by furËhex acelylation of both 3-acetyl-

ls'3r9-diacetyl-fluoranLhsns (XLI)' Ûxidation

fluorantheneáicarboxylic acid. The orlentaËion of the diacetyl

compound \ras proved by converting l-t to Èhe diacetamido compound using

Ëhe SchmÍdt reaction. Thls r',as ín Ëurn converËed to 3,9.dibromofluor-

anthene (XLIÏ). This r+ork ís shor'm on page 29 '

and

of

8-acetYl-f l-uoranthene

XLI gave 319-

i:ri
i:rl'
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Goldschrniedtpreparedfluoranthenedlsu].fonicacídbyheating
id' CamPbel-l and KeÍr (2)

the hydrocarbon in concentrated sul-furíc ac;

provedthístobe3,9-fluoranthenedisulfonicacidbyshowingthatthe

dinethouyfl.uoranthene corflpound prepared from it r'ras identical to the

dlnethoxyfiuorant'lrenecomPoundpreparedfrom3,g-diacetylfluoranthene.

Theyalsoprepared3,g-dimethoxyfluoranËhenefromthedisulfonicacíd

byfírstobËaíningLhecorrespondíngdíhydroxycompoundandËhentÍeat-

ing ít rvíth dinrethyl sulfate and base'

Forrest and Tucker (35) synthesízed 1'3-dimethyl-fluoranthene

as the sËartlng materials' Campbell and

using fluorene and aceËone

- romo-3-methoxyfluoranthene 
from the accessibLe

Hasan (39) synthesized B-bromo-¡-meEnoìtyrtrqvrør¡e¡¡----

7-brorno-2-methoxyfLuorene 
via the correspondín 9-fl-uorenepropionic

acÍd'

Recentl-¡za\atgenumberofT'l-0-disubstitutedfluoranthenes

havebeensynthesized.Aswasmentionedonpageg,T,l0-dimethyl.

fluoranËhenecanbesynthesizedfroml,B-dehydronaphthalene'andp-

xylene.7,l0-DimethylfluoranthenewasalsosynÈhesizedbyCampbell

and Gow (69) earlier' The fol-lowing compounds have been made by Craíg

et al. (70) whil-e they were ínvestigaËing the possibility of synËhesíz-

íng lcorannulenet' from 7'lO-disubstíLuted fl-uoranthenes'

ll.'-'.,{'1..':t{ i.i:-1r:+f
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R = C00CH3

n = C00C2H5

R = CH2OH

R = CIItBT

R = CH2C1

R = CIIrCN

= CII2C00H

= CH2C00CH3

= CH2C00C2H5

= COOII

= COCl

= 60CHN2

= COCHTCI-

R

R

R

R

R

R

R

Orientation of Dísubstftuted Fluoranthenes

.Botlrf].uoreneandfluoranthenecontainthedíphenylsystem.

bel-l ancl Keir (2) ttrat orÍenËation in
ït has been Pointed out bY CamP

the diphenyl seríes is dominated by the'phenyl- groups' To be more

specifíc, substitutíon Ín most cases occurs in the second ring in

2r and 4t posltions irrespecÈive of the natuÏe and posítion of the sub-

stltutentalreadyPresentlnthefírstring.Thethreenitrodiphenyls

forexample,undergosubstltutionlnthe2land4'posítionsbutnoLin

Èhe3l(meta)-position.IËlsalsoknornmthaL4-bromodlphenylonfurther

bromlnatíon yields maínly 4'4 t-dibrornodíphenyl-'

Campbel.landKeírinlg55observedthat3-carboxy-,3-carbo.

methoxy-,3-cyano-and3-nitroftuorantheneal]-brominateinposítíon9.
Luoranthene and acetylation of 3-acetyl--

Furthermore, sulfonaËion of fl

):r:
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fluoranthenegave3rgderivalLures'Ilowever'furtherbromínaÈionof3-

bromofluorant'heneoecurredinpositionS.ItseemedthenÈhat3.sub-

stitutedfluoranËhenesunder\,'entfurthersubstituËionmainlyinthe

orgpositíonaccordingËowhet'herthefirstsubstítuenËl''asortho-

parar or meËa dírectíng' As a possíble explanation of the above

fluoranÈhenesubsËitutions,theyconsicler.edfltrorantheneasadiphenyl

derivativecont'ainingthediphenyl.¡¡ucl-eiACorBC,andpostul-atedthe

fo1-lowing:

a)EachofËherÍngsAandBdírectsubstituentspredominantlyËothe

para-positÍon j-n rlng C' í'e' to posítions B and 9 resPectívely'

b) An ortho-para directing grouP trn ríng A increases Lhe directive

Po\,'erofthisringwíËhconsequenLsubsLitutionatcarbonS(andposslbly

carbon L0).

' '¡ -- ^-¡"- 'r ies the dírective po'''rer of
c) A meta directing group ín rlng A decreases tne ctl-rectav'

thísríngsothatringBdominatesfurthersul¡stiËuËionwhÍchLherefore

occurs at carbon 9 (and possibly carbon 7) '

The same behavior aPpears to exist. in fluorene'

posítion 7 $7a) and 2-nítrofluorene nitraËes in

sidering fluorene as a díphenyl derivative then'

substiLuËíon occurs in the para,posítion'

In1956,K1oeÈze1etal.(3)foundthat3-acetanidofluoranthene

nitratedinposition2andstatedthatCarnpbe]-]-andKeirtsrulesof

orfentaÈíonwereov"rsi*plifiedsinceitdídnottaínÈoaccounthtghly

activatingsubstitu.enËslikeacetanído,whichwouldactívatetheringto

suchanextenËthatfurthersubstitutíonr¡ou]-doccurinthesamerl.ng.

Thiswasshor,mËobegenerallytruebyseverallaterworkers(4)(19)(30)'

al.thoughBlackburn(40)foundthatbrominatioqof3-acetamidof]-uoranÈhene

2-Bromof luorene brominaËes

position 7 (58a); Con-

' it is seen that further



occurred ín PosiËion 2

acetic acici as solvent '
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wiËh pyrídine as solvent and in position B wiLh

Considering f luorene agaLn'

rated subsËituËi'on occurs mainly ín

observations.

r,rhen 2-acetamído fluorene is nfË-

posLt:Lon I (57a) agreeíng wiËh Kl-oeLzeLt s

The reactlsns of díphenyl could have predicted the behavior

of3-acetamí<iofluoranthenesince|t4-aceËamidodíphenyl,onnÍtraËionor

chlorínatíon yields the 3-nitro-or the 3-chloro-derivative' yet on

brominaËion 4,-bromo-4-acetamídodiphenyl- 
is reported to be foundr' (57b)'

ReacËíoncondítíonsarethereforequi-Lesígnifícant'inthathighly

activatí.ngsubsËiËuentsjmaydírectinthesameringorfollovltherules

of Clmnbel-l- and Keir'

et al" (1-5) prelrra-rú:d a tríbromofluoranthene by brominat-
Tobler __

ing3i8-dilrromofluoranËhene,andaËeËrabromofluoranthene-bybrominatíng
cess bromine' Campbell et al'(25) l-ater

. the hydrocarbon íËself wÍLh excess Drourl-rtço

provedtheËribromofluoranthenetobe3'B'9-Ë::iUromolluo:t"::""tbvoxida-

tíonanddecarboxylationto2,3-dibrornof].uorenone.Fíttigetal.(6)

lobtained a trinitrofl-uoranthene by treatíng the hydrocarbon with concentrated

nitricacidundersomewhaËvigorousconditions"Al.uhoughthe.orlen':::^^

\nras not proved, ít is not likely t,o be 3rBrg-trínitroflucrranthene' McBee

er a1.(32) obtaíned a good yíeld of perfluorofluoranthene (c16F26) by

'---*t^-^ .'"' íde' and ín 1-938' Gerty (5)

fluorinating f1-uoranthene with silver difluo

* isolated a tetrachlorofluoranthene

f,1..^+ôñt-14â1.ìê

SuÞstíËuents in Tetrahvdrofluoranthene 
J Friedel--

rlorosulfonatíon' bromÍnatiort âttt
ras found Èhat chlorosurronaLrurtIt r'

CraftsreactionwiÈhphËha].icanhydrídeeffecËssubstiËut1onofL,2,3,]-0b-

r.iai."iri:þ--T.r.-,1

l

It
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t et rahydro f l-uoranthene

amounËs of the B-isomer

will be noted thaÈ ali-

(XLIII) rnainlY in Position 4

(21). Iodination occurs in

Ëhe above substitutions are

together wiËh snall-

posiËion 4(5). It

ín an aromatic rlng'

(xl,rrr)

CanpbellandWílshire(33)ínanaËteÍIptËoprepareadinitrofluorarrthene

nitratedtetrahydrofluoranthenewithfumingnitrícacj.dínacetfc.'acld

andendedupwith].-nitrofluoranËhenethusprovÍdingagoodgeneralmethod

for the prepaÏatíon of l-subsËÍtuËed fluoranthenes'

IËisawellestablishedfacÈthaËinnitraË:îonofaromatÍe

hydrocarbonswíËhnitrícacídandsu1furicacd-dmixturesorwithnítr1c

acid in aceËic acíd wiÈhout sulfuric acicl' the nitrating specí6'is the

nirroníum ign (NOf). I.luoranÈhene when treaËed wíth niÈric acfd in

aceÈícacidnitratesintheexpectedreactive3posl.tion.Asr.rasnentíoned

aboveelectroplrílícreagentsnormal.lyattackthe4posítlonoft'etrahydro-

fluoranthene. The preferential nl-tration in the alicycl-ic raËher than

the arcmatícnucleus could be explained by afxeeradical mechanisn'

wilshire(34)foundthatthereactl-onoccursats5obut'no.tat50o.The

strengËhcfacidusedwasg5%.títov(36)foundthatnitricacl.dof50-

70%strengthorgreateÍcannotbesuccessfullyfreedfromnÍtrogenoxldes.

Hefoundthatpurenitricacldu¡asÍneffectiveinËhenltrationof

cyclohexane and claírneri that the nitrating specf-e was nfÈrogen tetr-oxide (NO2) '

l..1
Ll:.
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Based on thís theory then' nitric acid acLs only as a source of niLrogen

.mJ +^rr çô'

oj<ides and of NO, regeneraÈion from Ëhe lor'rer oxÍdes ' TiÈov felt that

aromat-ic nitratíon involved complex Íons or conplexes of a crypto-íonic

character.r,rhereasthenlËrationofsaturatedhydrocarbonsinvolvedfree

radicals. On thís basis, tr{ilshire (34) postulated the following mechanism

whlchÍs1]-lustratedonthefollowingPage.Becauseofaromaticresonance

of the fluorene paÏL of the molecule' the terÈiary nethíne bond is

weakened and is thus suscepÈibl-e to attack by ttre el-ectrophil-ic, monomeric

nitrogen tetroxioe to give XIIV'

Thetetrahydrofluoranthyl-radical(xlrv)lsoxldisedtoan

oxygencontainingradlcal(XLv)whichisattackedbynitríccxideandnitrogen.

tetroxidetogíveunsÈableintermediatecompoundsXLVII'andXLVÏ.These

are ühen hydrol-ysed 1n the acid medium to 10b-hydroxY-1,2,3,lob-tetTa-

hydrofluoranthene(XIVIII)whíchmayormaynotbestable'IfunsËable'
- 

,nu clihydrofluoranLhene which results 
:" 

U":t:taÈion' irrrmediatelv adds

onnitricacidËogíveJ-0b-hydroxy-1-nÍtro-1,2r3rlob-tetrahydrofluoranthene

()0,ïx)foll-owingpatha.Ifl-0b-hydroxy-1'2'3'l-ob-teËrahydrofluorantlrene

íssËabl-erthefreeradicalmechanismofpathbcouldoccur'Thusthe

oxidesofnítrogenr,lhichhinderedaromaticnuclearniËrationoftetra-

hydrofluoranthenepromotednitrat:i.onan<loxidationoftheal-ícyclicring.

Oncel-r2r3r1-0b-tetrahydro-1-nítro-10b-hydroxyfluorantheneísformed'ít

lsdeåydratedwitheitheracetícanhydrideorsulfurícacidinaceticacid

togíve]--nitro-2,3-dihydrofluoranthene.AromatizaËionoff:hÍscornpound

with chloranil gives l-nitrofluoranthene (L) '

CampbellanilI,üilshírealsonitrated4-bromo-l'2'3'lob-tetrahydro-

fluoranthene. They obtained 4-bromo-1-nÍtro-10b-hydroxy-1-'2'3'10b- 
tetra-

hydrofluoranthenewhíchwasdehydrated.andaromaticizedtol-nltro-4-bromo-

fluoranthene.Fu:therbrominationof4-bromo.]-,2,3,].Ob-tetrahydrofluor-

t-")!Ë_;l ,r-i, tJ
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anthene however occurs in position 9 (15)

rlh-TerrahvdrofluoranËheneandl-'2t3'l-ob-tetrahydro-l-t1'3-l- )213 'L}b-TetrahYdrof 
1-t

trímethylfuoranthene boLh contain in Ehe five-membered rings methine

mann (37)
grouPs suf f ic1enËly reacÈive to be alkylated ' Ilofinann and Tag

showed that in Ëhe presence of sodium amide these tetrahydrofl-uoranthenes

ïeact rvíËh Ëertrary amino-alkyl chlorídes (e'g' diethyl-aninoethyl-'chl-oríde)

togivecompoundsofthetypeshownbelow.Alsotetrahydrofluoranthene

zczEs
R = -CII2-CII2-N \ czH5

feacted wíth ac.rylonitrile to forn l-Ob-(2r-ci'enocthyl)*1-,2,3,1cL'*-"et::a-

hydrofl-uoranthene(LI).Hydrolysisgavetheacidandcycl-isationformed

the spíro-ketone LÏIr from which the parent hydrocarbon Llll couLd be

obtained by Clemrnensen reduction (38) '

a) sori
b) cyclisation Clemmensen t

crl2-CiI2-CN

(Lrr) (tIII)
(lr)
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prscussro{-or RESULTS

The purpose of this study was to invesËigate the dÍrective

propertíesofrepresentaÈivel-substitutedfluoranthenesmainlyunder

brominatingcondíLionsandposslbl.yundernitraËingcondi-.-ionsalso.

Therepresental-ivesubstítuentschosen\¡Ierenitro-ameËadírectíng

deactivaËingsubstítuent,acetamído.anortho-paradirectíngactívaË-

lngsubstituenËandbromo-anortho.Pa1:adirectíngbuts1.Íghtlyde.

actívatíngsubstiËuent.Workonbromínationand.nitraLionhadbeen

doneonalmosËa1].ofËhesesubsËiËuenLsinposj-Ëíons2and3offluor.

anthene. Table II on ?age 40 summarizes this work'

General-I-y speaking ' 
2- and 3-niËrofluoranthene bromínaËe and

nitraËeinposítiongandonewouldexpecEthesamebehaviorfroml-

niËrofluoranthene. As can be observed froin Tabl-e II' further substitu-

tíonof2-and3-acetamídofluoranthenealsqgenerallyoccursorthoËo

theinitialsubsËítuenË'However'Ëhereappearstobeasolventeffect

ÍnthebrominaËionof3-,acetamidofluoranËhene,sinceaceËi-cacid,
res thereof give a different produet to

earbon tetrachloride and míxtures Enereor BrvE

pyridíne. It is quite líkel-y that both isomers are formed wiËh Ëhe

varloussolventsandthatonepredominatesbutnoËtoËheexclusíonof

theother.ItshouldbenoËedthatpol-arityofËheso].ventcouldnot

bethedecidíngfactorhere,becauseLhesameísomerwasÍsolaLedwiËh

aceticacl-dandcarbontetrachloride.Indeed,Ítisdebatablewhether

thereactioninpyridineversusacet'icacidísoneofsolventeffector

bromínaÈingspecídeffect.ThisphenomenonisquíËefaroÍliarinorganic

l. i.r;.¡;itiù'l

ì'--: .: tl
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Table II

BROMINATION oF 2- AND 3-SIESTTTIITED FLUORANTHENES

Inítial- subsËiËuenË SolvenË used

2-nitto-

2-acetamÍdo-

2-bromo-

3-nitro-

3-acetamido-

niËrobenzene

3-bromo-

3-amino-

3-methoxY-

n te-

íde

Positíon of
entering group

Reference

(re)

(le)

Reference

(30)

(30)

(30)

(3)

9

3

not

9

2
B

8
B

B

done

trisubst
and tetr
also occ

2

2andB

lQ)I c+lI t¿olI ,,,,
I oaee ss

I trr
ítution
asubst.itution
urs. (15)

i ,o,,oo,

I .u'
I

NITRATION oF 2- AND 3-SUBSIIIUTED FLUORANTTIENEé

IniÈíal- substituent Solvent used Fositíon of
enLeríng group

2-niËro-

2-acetamÍdo-

2-brorno-

3-nitro-

3-aceËanido-

3-bromo-
.

3-methoxY-

acetic- anhYdride

acetic acid

acetic anhYdride

aceËic acíd

s(?) or 9(?)

3

noË done

9

2.

not done

2andBacetic acid
(rr¡
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synËhesis.AcetanitidenitratesioaceËlcanhydrídetoformmainly
de whereas in acetic acid the main product ís p-nitToace-

tanílide (41) . Also, naphthal-ene undergoes Friedel-CrafËs acylation

naí.nlylntheI.-posltionwíthcarbondj.sulfideortetrachoroethaneas

solvent,whereasinnitrobenzenesubstitutionoccursmalnlyinposítion

2 (42). Depending on the solvenÈ used one v¡ould therefore expect l-

acetamídofltroranthen'e to substitute in sirnílar fashion'

3.BronofluoranËhenebrominatesínposiLionSandnoworkhas

beenreportedonthebromÍnatíonofthe2-bromoisomernorthenltra-

tion of 2- and 3-brornofl-uoranthene' Up to the presenË Èime' no work

'hadbeerrdoneonfurËhersubstitutionofposÍËlon1(thefinalposition

inringA)and\^TeexpecÈedsimílarbehaviortoËheothertwopositíons.

9y:Ée9-'."--98}Il!-r"-l}"e'4"!b'"9
Ehesi zed accotdlng to Campbel-l and Wilshíre

ThÍs comPound was sYn'

(33)bynitratíonof1,2'3'lob-tetrahydrofluoranthene,(seepage64).

Thetetrahydrocompoundr^¡asobtaínedínexcellentyíeldbyreductionof

thehydrocarbonwíËh10%sodlum-amalgaminethylalcoho]..Theyieldof

l-níËrofluorantheneobtainedbythísmethodislowandtheprocesshad

to be re'peated manl' times which took several Summers Ín order to obtain

a good supply of starting material' Indeed' whenever hte susPecÈed Ëhat

,adesiredreactiondidnotgoconsLantaËÈempts,oftenunsuccessful,were

made to recover l-nitrofluoranËhene'
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Brominaf ion of l-Nitrofl-uoranthene*

Slncenitrobenzene\¡Tasthesolventusedforb.rominaËionofboth

2-.aid3=nttrofluoranËhenes,Ítwasalsotiiedhere.Atedcompoundof

M.P. 261-268" (tV) was obtained and analysís showed that Ëwo bro=íoes

riêrêþ?esehË.oxidâtionofthiscompoundwlthchromlcacldgavethe

unknovrnmono-bromoacid(tVI)v¡hichprovesthatoneofthetwobrocines

úent lnto ring B of the parent hydrocarbon' ihls ís the firsË knbr¡n

í-äãtance of a sr¡bstituent going ínÈo ring B r¿hen a mono-substituËed

fl.uoranthylcompoundinrlngAisfurtherbubstíËuted.Ascanbeob-.

Seivedfror4Tabl-eIIpage40'furËhersubsËituLionoccurseiËherín

thesameríngAorj-nríngC.ihetr-nítro=dibromofluorantheneeompound

(ív)wasreducedtol-amj-no-dibromofluoranthene(l.vtl).-bottrcataayrícaLLy

ând with ilon filíngs and concenLrated hydrochtroric acid in ethyl- alcohol'

Aithough].-nitrofluorantheneundergoescatalytiereductioncleanl.y,iË

wasfoundthatíronfilingsandconcentraËedhydrochlorfcacidgavea

betterproductwíthl-nítro-díbromofluoranthene.Theresultíngamine

(tWI)wasacetylatedÍnbenzenetogive].-acetamído-dibromofluoranËhene

(LVIII).Theamíne(LVII)wasalsosubjectedtoaSandmeyerreaction

wlthfreshlypreparedcuprousbromidetogíveatríbromofluoranthene

(tffi).TheorienËatíonofoneofthebrominesinLlXísobvÍous1.y

positlon 1-. Slnce on oxidation of LV a bromine was l-ost' then one

bromfnemustbeinringBwiththesecondbromineinrÍngAorC.The

L_amlno-dibromo compound (Lvrr) on deamination gave 3rB-dibromofluoran-

thene (Ï,X) identÍcal with thaË prepared by bromination,:t t::ttanthene

rrith bromíne and a l-ittle iodÍne 1n nitrobenzene according to Tobler et

e1.(15).Thusina].]-thedíbromocomPoundsmentionedabove,Ëhebromlnes

* the fiow scherne appears on the foll-orving page'



43

(nítro-
No2'b.rr""rr.)

(cH,co) ro

NHCOCII3

Noz

a) tiNor' . 
.

b) CuBr \.

NH2

,;'\
a) HNo,

(0)
b) IbPo2

(o)

tube)

Btz

il--:.1:l;;,i:-r:;ì
I i.l:.1i': l

(lv)

(H)

Br

H\

Px (o) \

rr)

ngO
(ee

(L]

0
ll

x

(rJ()

^)z
obenzene)

1ed

r

x r(t
nitr

Br (o)ut

COOH O

(Lvr)

(rü)

(LXrr)(Lxrrr) -v



areinPosiËions4andg.Theotientationofthetwobromíneswasfurther

proved when oxidation of 3rB-dibrornofl-uoranthene (Lx), l-amino-4'9-dibrorno-

fluoranËhene (Lvtl) and l-aceËamído-4r9-dibronofluoranthene 
(LVIII) al-l

gave the same acid, namely 2,7-dibtomofluorenone-1-carboxylic acid (LxI).

Thisacídr.¡asdecarboxylaËedwithmercurícoxideatl80oinaseaf::--::t"

as vras done by campbell et al. (24) to give 2r7-dibromofluorenone (r'xrr)

l.dentícalwíËhasamplepreparedbytheoxídatlonof'2,7-dibromofluorene

(LnÏI).Brominationofl.nítrof]-uoranthenewithiodineandheatalso

gavel-nítro-4,9-dibromofluorantheneboËhinniËrobenzeneandincarbon

tetrachlorÍde.

ThequesËlonrro\¡Iaroseastowhetherthefirstblomineentered

intoposÍtion4otgoxwheËherbothisomersT¡Iereformedtogether.An

illustration of the l-atter was found by Andrew et a1-'(31) who showed Ëhat

mononitratíon of 3-methoxyfluoranËhene gave a mixture of 3-methoxy-Z-

nitrofluoranthene (LXIV) and 3-methoxy-8-nitrofl-uoranthene (tXV) ' FurËher

nltratlotrofthelsomefsgave3-methoxy.2,B-dinltrofluoranttrene(LXVI).

This is íllustrated below' Ït would appear that in LXIV the directive

HNO^

-j 

\
(LXIV)

+

Ë,Ù.ro^.1

,/'

I i-..::i ,J.-r¡

li'iÌi'il
l¡i.-:.i
:i:::j.::1

(r)N)
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PowerofthemethoxygÏoupovercomesthedirecËivepor,rerofËhenitro

group since a second níËro enters position B and not 9 ' This Ís un-

doubtedlY so in comPound LXV'

, 
Nevert'heless in an attempt to ans\{er Ëhe quesËion of where the

fÍrst bromine enËered ín l-nítro-4r9-díbromofl-uoranthene, monobrominatíon

wastríedonl-nítrofluoranthene.Tlrecalculatedamountofbromínefor

monobromínation was added to l-nitrofluoranthene in nitxobenzene and Ëhe

solution was sEirred at 5-l-0 o fox Ëwo days " On1-y sËarting maËerial was

recovered. The same result was obtained when the reaction was tríed aË

.roomLemperaËure.Anattempt\nTasthenmadeËomonobrominaÉe].-nítro-

fluoranthenewiËhN-bromosuccínimideandpyridiniumhydrobromídeper-

bromide.

N'Bromosuccinimide(NBS)isusuallyassociatedwiththe\,trohl-

ZiegLex reaction of ally1-ic brominaËion' e'g'

:ñT"+ f5l-u' 
-t 

R.cH = cH'cHrBr + L-4.R"cH = cH.cH3 + (¿; "-

andsidechainfxeexadicalbromínationofaromaticcompounds.Itwas

foundhowever(43),thatnuclearbrominationofaromatichydrocarbons

with NBS ís possíb1.e if ce.rtain metal chlorides (alumínrrm , zírlc and ferric)

areusedascaËalysts.InrhecaseofpolynucleararomaLichydrocarbons

(44)catalysËS\¡Tereunnecessary'naplrËhaleneandphenanËhrenereactlngín

about six hours Ëo give the I and 9-bromo derívatíves' respectivel-y; with

acenaphtheneandanthracenereactíon\,Ia.scompleteinamatterofminutes'

thecorresponding5-andg.bromoderlvativesbeingforrned.I\liththisin

mind'commercía1-gradeNBsrvaspurifiedandaddedtol-nitrofluoranËhene

lncarbontetrachloride.ThesoluËionr¡asrefluxedandtheresulting

productprecipiËated.Arnixedrneltlngpòlntwithstartfnginaterialshowed

depression and it was assumed Ëhat bromination dld not occur''
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The nexË brominat,l-ng agent Ëried was pyridl-nium hydrobrornide

perbrorníde crnþîr' This compound was prepared from pyridÍne' hydro-

bromicacidandbromineaccordíngtoFieserandFieser(45).rhered

crysÈa1-1-ine solid 1s more convenient and agreeable to handle than

bromineandthereareinstanceslnwhichiLisadístincË1.ysuperÍor

brominatingagent(46).Brominationof]--nÍtrofluoranthenewlthpyridlniun

hydrobromideperbromidewasÈriedboÈhinaceticacidandnítrobenzene'

aËroomtemperatureandwÍËhheatíng.Asbeforenobrominationoccurred

and only starting materÍal \'üas recovered'

AnattemptvTasthenmadetopolybrominatel'nit'rofluoranthene

r.llththeaímofgettíng]--nitrotribromofluoranËhene.Broml.neanda

llttleiodínewereaddedto]-.nitrofluorantheneinnitrobenzeneatroom

temperature.Thisreactíonyieldedonl.y]..nÍtro-4,9-dibromofluoranthene.

The same result was obtained when carbon tetrachlorÍde wíth refl-tn<íng

wasusedinsteadofnitrobenzene.Anotherattemptwasmadeatpo].y-

bromínation in niLrobenzene' This time iodíne was also used buË with

excess bromine and the solution was refluxed for two days' A high meLt-

ingproducËwasobtainedandanal-ysísindícatedcompletelossofNo,

and the presence of síx bromÍnes (i'e' C16H4Br6) ' It is quíte líkely

thatthe-No,Brouphadbeendisp].acedbybrorníne.lhedíspl-acenentof

-No,bychlorinehasbeenshownbyHeller(48)insubsËitut'edphËhalÍc

anhydríde.InthecompoundCrUilOBrUrthereísgoodreasontobelieve

To, g

6l-')'-\.^E

l.,!r; lt ri ¡ä

t:-':

\o



that three of the six bromines

51). If disPlacernent of -No,

be symmetrÍcal (txvrI) ' This
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are 1n PoslËlons 4,

by bromlne occurred,

however, is unlikelY

8 and 9 (see P."gu

the structure could

since bromines 1 antl

ii"iì'¿ì*l,aÞ-r"ã.í"ç1

:: . ::.,a'

(r)wrrr) (LX x)

6,axemeta to bromines 3 and 4 respectÍveLy. Ttris argumenË will also

apply if brornines were in the 7 anð' i-0 posítions' The proposed structure

mightthenbeLxvlll.Thisisnotlikelysinceposj.Ëions3and4axe

perÍËoeachother.Perigroupsarec]-osertoeachotherthanorËho

groups(66),andsterichindrancewou].dpreventbrominesfrombeingin

positions 3 and 4. StÏucture LX X is faÍrly symmetrÍcal and al-l- the

bromínes are in orÈho positíons r+ith one of them occupying the displ-aced

nitro group. Thís is a p1-ausÍble structure' If a solvent could be

found to dissolve enough of this compound Ëo gÍve a workable concenÈraËion'

the NMR spectrum woul-d do much to he1-p elucídate the strucËure'

i;.ì,.1:r::i.,.



Bromination of l-Acetamídof luoranthene*

As can be seen from Tabl-e II page 40' brominatÍon of both 2-

and3.acetamidof]-uorantheneoccursreadil-yÍnpyridine.Atternptedbromina-

tíonofl-aeetamídofluorantheneÍnpyridínel,fasunsuccessfulinspiËeof

variousreactionconditíonssuchasconcentrationofbromine,reactlontlme

andvarÍationoftemperature.Sinceaceticacídwasa].sousedforbromina.

tion of 3-acetamidofluoranËhene (40) it was Èhe next solvent tried' Varying

condítions sËíI1 resulted in failure' The same occurred wíth dímethyl- su1--

foxideassolvent'.CampbellandKeir(2)successful'lybrominated2-aceta-

mido-7-nitrofluoreneincarbontetÏachloridewithrefl.uxíngtoyield2-

acet'amido-3-bromo-7-níLrofluoreneinfairl-ygoodyiel-d.Siinilarconditions

provedquitesuccessfulwit'hl-acetamidofluoranthene.AfËeraseriesof

recrystallizationswithvarioussolventsl-aceËamidoLribromofluoranthene

(L)GX)andI-acetarnídotetrabromofluoranthene(l,xxr)wereobtaíned.These

compoundswereonlyslightl.ysolubleintheusualorganicsolvenLsand

separatíon by both ËhÍn layer and column chromatography proved fruíLless'

Sincemono-anddibrominationwasthepresentobjectthereact'ionwasagain

Ëried but thÍs Líme in an ice-water bath' L-AceËamídodibromofluoranthene

(LVIII)buLnoneofthemonobromocompoundwasobtained.Whenthe,theoretica]-

amountofbrominef.oxmonobromínationwasused'noreactÍonoccurred.

since 2-aceËamído and 3-aceÈamidofluoranthàne monobrominated in the

sameri.ngasËheoriginal.substituentandorthotoÍt,íLwasexpectedthat

oneofthebromínesofl-acetamidodÍbromofluoranthenewou].<ibeinpositJ-on2.

FrompreviousbehavioroffurtherbromÍnaËionofmonobromofluorantheneandbe-

causeofthedirectivepol^reroftheacetamidogrouprthesecondbromínewould

1-ikelybeínpositionB.Thestructurewouldthenbea(page,o).

¡:., \. ¡ i:.r- r\r: ì\ .r:j:1!: ¡Ì\. '- r\!.ì

* The f lor¡ scheme aPpears on the f o1-lowing page'
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oxidaËionofashouldgive6-bromofluorenone-l-carboxyllc

acidb.However,oxidationofthel-acetamidodibrornofluorarrthene

gaveËheknor^m2,7.ð,ibromofluorenonel-carboxylicacíd(LXI).Thisfn-

dicates thaÈ bromíne is present boÈh in rings B and c. Futhermore hydrol-y-

sisgavel-amino-dibromofluoranthene(tvII)identícaltotheamínocom-

poundobtainedbyreductionof]--nitro.4,9-dibromof]-uoranttrene(LV).

Final-Ly this l-acetarnídodibromofluoranÈhene 
(LVTII) proved Èo be identical

toËheaceÈamidocompoundobtainedbyaeetyiationofthel-amino-4,9-

dibromofluoranthene, which in turn was obtained by reduction of l-nltro-

4 ,9-dibrornofluoranLhene. Therefore, l..acetamidofluoranËhene dibromlnated

inthesameposíËionsasl-nitrofluoranËheneinspíteofthevastly

different dírecting subsËituents'
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Thestructureofthel-acer.amidotfíbromofluoranthene(lxlx)was

proved as shor^rn on Èhe f ollowing page' Hydrolysís of Ëhe amlde gave the

amine(LXXII).Deaminationofthisaminegave3,B,g-tÏibromofluoranthene

(LXHII), identícal wlth a sample prepared by bromination of 3'B-dibromo-

fluoranthene (LX) according to the method of Tobler "t--"L-'(l-5)' 
1'4'B'

9-Tetrabromofluoranthene (IXXIV) was synthesized by subjecËing l-amíno-

3,8'g-tribromofluoranthene(LXXII)toSandmeyerconditions.Theposition

ofthefourthbrominein].-acetarnido-4,8,9,(?)-tetrabromof].uoranthene

(t)o(I) has not been established' rhe fourÈh 
:t"lt"" 

"":t:^":: 
be ín

positíon3becauseitismetatoaceÈamidoandalsoperitoposition4.

?osition2isreasonablesinceitisorthoLoacet'amidoandsimílarsub-

sËiËuÈionwithacetamidoínthe2ox3positionisknor,rn.However,position

5isevenmoreattracËivesinceiËisorthotoabromine,paratoabromo-

phenyl.andgivesas)¡mmeËrica].fluoreneSysËem.oxidatÍontothefluorenone

andanall'siswoul-clindicatewhetherbromine\ÁTaspresenLinringA'Lack

of material and tíme has so far prevented such an investigàtÍon' An

atËemptwasmadetohydrol-ysetheamidetotheamíne(txxv)wiËhthevÍew

ofdeamínationbutnoaminewasisolatedwiththesmal].amounËofamíde

used.Hydrolysísofl.aceÈamidobromofluoranLhenewasfoundtobeíncreas-

' íng1'y difficult as more bromines entered the molecule'

GoodNMRspectraoffluorantheneandbenzofluorantheneshavebeen

obtained in carbon tetrachloride (51) (63)' Several attempËs were made to

obtainN}4RSpectraofl.aceÈamidoÈribromoandtetrabromofluoranthenesand

also1.,4,7,!-tetrabromofluoranthene.ThesecompoundswereonlyslighÈly

solubleintheordinaryorganicsolvenËs.They\¡Tereevenappreciab].eín

sol-u ble in trifi-uoro-acetic acid' Nevertheless a supersaturated solutLon

at room r"*n"r"'rrrre was made up usíng dímeËhy1- sulfoxíde as solvent' The

Llaii!:. jfï:.L.,q

ìj::Ì

.:

i ,;1..

l:$Ì

lli:-ì

:
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NMRpeaksthusobtainedat]-30"cwereËooweak(becauseofthelowcon-

centraËion)ito deduce anything about the posiËion of the proËons' Even

scanningfortwohundredtimesrviththetimeaveragLngcomputeratl30oC

gave specÈra with high noise l-evel'

SeveralattemptsweremadeaLmonobrominatÍonof].-acetaml.do-

fluoranËhene.}lhenthetheoretíca]-amountofbromineformonobromínation

wasusednoreactionoccurredevenwíLhiodíneascatalysË.Síncewith

excessbrominereacLionoccursíncarbonÈetrachloridebutnotatall

inaceLicacid,míxLuresofvaríouscompositionsofthesetwosolvents

r.reretriedformonobromination.EÍthernoreacLionoccurÏedordíbrom-

ÍnaËion occurred. when pyridfte hydrobromide perbromide was used as the

bromínaLing agent ín aceÈic acid an impure rnonobromo compound was obtained;

SincehydrolysíSgave].-aminof]-uoranËhene,thissuggesËsthatsídechal.n

bromínation had occurred Ëo give the compound L)O(VI

(rxxw)

The bromine is not l-íkely to be on the N of LXXVI because no

h N-bromoacetamÍde from
bas.e was used in the reaction' Synthesís of boL

aceLamide(59)andN-bromosuccinirnidefromsuccinimide(60)requirespo-

tassium or sodium hYdroxitle'

BromínaËion of :-4g919*idtfltüanthene

As is seen from Table IÏ Page

inaÈed in posltl on 2 Ln pyrídi-ne and in

40, 3-acetamidofluoranËhene brom-

posiËion I ín acetic acid and in
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,:.

carbon tetrachloride: acetic acicl Ín the ratio J-:2' IL was suspected

thaËbrominationincarbonteErachlorídea].onewouldalsooccurinposiËion

'åasrorr.¿ to be so by the method of mixed meltÍng points and l-n-
8 and thÏ 

Ã-

frared comparison with 3-acetamido-B-brornofluoranthene prepared by using

,' the other solvent sYstems

Brominat ion of !-At-inof l"oranthene

BrominaËíon of 3-anínofluoranthene in acetic acid gives 3-

amino-2-bromofluoranthefie.Bromínationofl-amínofluoranthene\^IaSaËtemPted

inaceticacidandtheresu]-tingproductsubjectedtocolr:nnchromatography

followedbyseveral.att'errptsatpurificaÈionbythinlayerchro4atography.

Althoughatonestageunreacted]--amínocompoundwasisolated,Lheother

compound was quíËe tarry and unworkable ' 
'

F].etchereLal.(49)'demonstraËedthatbetteryieldsofEhe3-

bromo derivative cf 2-aminofluorenone \rele obtained r'¡hen 48% HBr and

dimethyl sulfoxi<le r^rere used rather than direct bromination'

NIi2 Î
+ CII3-S-CIì3+ HBr

NIt2

Br

+ cH3-S-cH3 + E2O

The same conditions rrere

Ilere again Purification

graphy were of no avail'

tried for bromination of

of products bY col-umn and

l-aminofluoranthene '

thin 1-aYer chromato-
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BrorninatÍo-n c¡f l-Bromgf ]:uoranËhene

l-Bromofluoranthene (t'XXVtt) was synthesized by subjecting 1-

aminofluoranthene to sandmeyer conditions with freshly prepared cuprous

bromide.l.Ïlydroxyfluoranthene(LXXWII)v¡asobËainedasaby-product.

Attemptedbrominat'ionof]..brornofluorantheneincarbontetÏach].orideand

ín nÍtrobenzene faÍled. However, when a little iodíne was used as the

LewisacidinniËrobenzene,reacËíonoccurred'Thenumberofbromines

enEeringtheríngdependsonthetemperatureatwhichthereactl-onwas

carried ouË. Onii heaLíng a tetrabÏomofluoranËhene (LXXIV) was isolated

whereas at ïoom Lemperature a tríbromofluoranthene (LIx) resulted' The

structure of these r^7ere proved as foll-ows ' The trÍbromof luoranthene (f'fX)

was ídentÍcal- with that obtaÍned by doing a sandmeyer reaction ofi' l-amino-+op-

d.ibrornofluoranthene(LVÏI).AlsotheËetrabromofluoranthenewasídentícal

withLhatobtaínedbydoíngaSandmeyerreacLiolloft]--amino-4,8,9-tri-

bromof].uoranthene(LXXII).FurtherbrominaËíonofLIXgaveLXXIV.ThÍs

work is íl-l-ustrated belov¡'

a) HNo2

b) CuBr--'.>
NII2

a) IINo,

h) CuBr-, ---_- :è
NH2

Br
(LXXIr)

BrBr

lr:.

i'a

Br

ne

,-2
iÈrobenzen
heat

n

r,B

Bx ZrTz
nitrobenzene

12

benze
I.

(lvu)
(LIX)
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SeveralatËemptsweremadetomonobromlnate]--bromof].uoranthenelnvarfous

solventswíËhandwithouËcatalystsusingtheLheoreticalamourrtofbromine

formonobromination.Ilowever,thedesiredcompoundwasnoËobtained.

Ina1lËhesebromlnaÈfonsËudies'severalmassspectravTere

obtainedwlththehopeofgainingacluetoe]-ucídatíonofsËructure.
ff the

However, it appears that on íonizaËíon' the substituents come o

fluoranthenenucleusflrsÈbeforefragmenËatÍonofthenucleuqoccurs.

ThemassSpectrawereLhereforeonl-yhelpfulínthattheyshowedthe
'oas based on analYsis' in-

number of subsËituents' Identity of compounds was based on an¿

fratre.d specËra and ¡irÍxed mel-ting poínts

I . .: .-.

i:-.-:,-: .l

I ,t: .;. .:

l.:.,:.;¡::'.1¡;

TheoreËictf ftPfi""tio"" oe I

l-BromofluoranËhene

AsummaryofthebrominaËionofthettrree]--substitutedf].uor-

anthenesisshov¡ninTableIIIonthefo].].owingpage.AttemptsaËmono-

brominaËionprovedfruitless.Dibroninationinal].threecasesoccurred

in positíons 4 and 9, írrespecËive of the directing group in positíon 1'

.Thedibromínationof]--nítrofluorantheneto'give]--nitro-4,9.
dibrornof].uoranLhenemaybeexpl-aÍnedin.Ëhefollowingway.Both2-and

3_nitrofluoranthene bromínate in posÍtion 9. Therefore on the basis of

knorqnstatedrules,l.nÍtrof]-uoranthenerníghLbeexpectedtodothesame.

AssumingËhisdidoccurtodlrectthefÍrstbromlneintoposíËion9,lt

is understandable that the bromophenyl- group of the drphenyl system formed

i.'..

': ,'

i:-

i:
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Table III

BROMINATION OF I.SUBSTITUTED FLUORANTHENES

1--Nltrof luoranLhene

Brrr nltrobenzene, room T'

Bt2t Irr nitrobenzene, heat

Br2, T2, ccL4, reflux

1-Acetamido f luoranthene

l-Nitro-4, 9-d ibr omof luoranËhene
a)

b)

c)

d)

e)

f)

NPio, ccL4 (or nítrobenzene)

?HP**, acetic acid (or nitrobenzene) heat

Bx2t Í2, nitrobetrzeîe, boiled 2 days

pyridíne, varYing temperaËures

acetic acÍd, varYing Ëemperatures

No Reactíon

Ilexabromo f luoranÈhene

No ReacLion

dimeËhyl sulfoxide, varying temperaËures

g) PHP**, aceLic acid,

l-Ac eËamido-4, 9-d ibr omo f luoranthene

l-Acetamido-4, 8, g-tribromof luoranthene and

l-Acetamido-4, 8, 9 ( ? ) -tetrabromo f luor anthene
'heaË 

Side chain bromínatlon

l--Br omo f l-uoranËhene

nitrobenzene, room T'

T.Z, Cc1-4, reflux

, nítrobenzene, heat

Ír, nittobenzene, room T'

Irr níÈrobenzene, heat

PHÈ** PyrÍdinium hydrobromide perbromide'

a) Br2t

6) Br2,

c) Br2t
d) NBS*

e) Btz,
f) Br2t

, CCL4' reflux
CC1O. cold

CC14' reflux

a) Bt2t
b) Br2t

c) NBS*

d) Bx2t

e) BT2t

No Reaction

1, 4, 9-Tribromof luoranËhene

L, 4 r8, 9-TeËrabromo f l-uoranthene

i-Jil-

NBS* N-Sromosuccinímíde



byringsBandCwoulddirecttothepara'positionoftheSystem.l.e.

to Posítion 4.

Hor^¡ever,thedibrominaËionofl-aceËamidofluoranthenealsooc-
.curredlnposiLions4andg,whereasonthebasisofknoúrnstatedrules,

onemi.ghthaveexpecteddibrominatíonlnposlËJ.ons2andB.Dfbromina-

tionof].-bromof].uoranLhenealsooccurredinpositions4and9.Itls

un1.1ke1-ythatbromÍnationof]--nitrof]-uoranthenewouldfollor¡theknor,rn

sËatedruleswhereasbrominatíonofl-acetamido-and].-bromofluoranthene

would not.

IËispossiblethen,thaËasubsÈiËuentinpositÍon].ofthe

fluoranthenemoleculedoesnotÍnfluencebrominatÍo'.'oùhesameextent

as if ít were in posiËÍons 2 and 3. For a1-1 practíca1- purposes then

brominationoccursasifthe]-positionwasunsubst'íËuted.Monobromina-

tionËhenshouldoccurínposition3.Hor,¡ever,thenlËrogroupnormall-y

preventsbrominationÍnthesameringandposÍtion3ísmetaÈoËheaceta-
,mo ErouPs ín position 1' An equivalent PosiËÍon therefore

is4.Since3-bromofluorantheneonfurtherbrominationgives3,S-di-

bromofluoranthene,thesecondbromineofthelsubstiËutedf]-uoranthenes

enteríng positiorÍ 9 is undersËandabl-e' tr'urthermoret 3'8-dibromofluoran-

Ëheneonfurtherbromínationyie1.ds3,8,9-tríbromofluoranthene(].5).

l-_Acetamí do-4r9-dlbromofluoranthene and l-r4rg-tribromofluoranthene further

brominatelnanequívalentposítionl.e.posl.tionS.InotherwordsËhe

lasË two compounds are reacËing just as if they were 3'8-díbromofluoran-

thene.

iSJr:,.-.\,>Í--, -:-a/-i:a,t + ;,4.ì-:+y-.: /-jr*¡í1i ¿.1



Nitration of l-NíËrofluolanthene

l-+Nitrofl-uorant-hene (L) was nÍtrated with furning nitric acid in

freshlydísËilledaceticanhydrideatroomtemperature.Adinitrocom-

pound(L)oilx)wasobtaíned.Catalyticreductioninethylalcohol,or

acetic acíd gave an Írnpure díamínofl-uoranthene (LXXX) ' Diacetyl-aËion of

thereduceddínitrofluoranËheneviacatalyÈicreductlon'|insiËu''in

aceËíe acid and acetic anhydride gave the díaceËamidofluoranthene (LXXXI) '

oxídationofboËhthedinitro-anddiacetamido-compoundsfailed.There-
ê -1-^ ^^^^^; i not as yet been established'

fore, Ëhe posíËion of the second niËro group hat

FrornTab]-eITpage40'íËísseenthaËníLÏogroupsínposÍËion2or3

brominateandnitrateinthesameway.Assumingthatnitroinposítion

].wí]-talsobrominaËeandnítrateinthesameway,thenthesecondnitro

group míghL be e1Ëher in posiËion 4 or 9' Because of the diffículty of

tion 4' Thj-s is í11-ustrated below' Pre-
oxÍdationt ol1e might favor posr 

wheLher subsËítutíon oc-
paration of Lr4-dLnitrofluoranthene would show

curredinposítíon4.Asynthesisofl-,4-dínítrofluorantheneisproposed

ín Recommendatíon 3 on Page 96 '

Noz

i.'-+-;t';. ; ¡; 1; À./)

Acro

NH2(?)

(Lxxx)

Noz

NircocH3 (? )

NHz

(Lxxxr)
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Nitration of !-e"tt"*i¿off""t""t

'NÍtrationofboth2-and3-acetamidofluorantheneoccursreadl-ly

inaceticacid.However,niËrationof]--acetaml.dofluoranLheneínacetíc

acidbothaËroomLemperatureandwithheatinggaveonlyminuteamounts

ofnitrationproducËsffanyatal-l.Thesameresultswereexperienced

whenaceticanhydridewasusedassolvent.Horvever,whencarbonËetra-

ch].oridewasusedasthesolvenËmoreproductsTasobtained.Reactionwith

fuming ni'ríc acid at room ÈernperaËure gave mainl-y a dínítro product

(L)offiII),whereaswhenconcentratednitricacidwasusedamononitropro-

duct(LXÐ(III)wasisolated.I{ydrolysisofl-aeeËamidodinitrofluoranthene

(L)offiIl)Ínethylalcoho].andconcentratedhydrochlorícacídgavethe

amÍnehydrochloride(T.XXXIV)anditwasanaLyzedassuch.Reductionof

l-acetamidonitrofluoranËhene(l,rugtrt)gavel-acetamidoaminofluoranËhene

(IXXXV).TherevlasnoLenoughl-acetamidonÍtrof]-uoranthene].eftLodo

ahydrol.ysÍsanddeaminaËionandLhiswi].lbedonelnthefuture.Thls

willgiveamononitrof]-uorantheneandbymíxedmeltingpointstheorien-

t4tionofthenitrogroupcouldbeestablished.Forthepresentpurpose

it ís assumed as stated on page 58 that Lhe acetamido group Ín the I

position Líke for brominaËion effects mofio nitratj-on.in posÍtion 4' 'Fol-low-

íngthroughthenetnon-directiveínfluenceofthe]--aceLamídogroup,Ëhe

secondnitrogroupshou].denterintopositÍonS.Therefore'aprobabl.e

structureofthel-acetamidodiniËrofluoranthenev¡ouldbel-acetamido.4,8-

dÍnitrofluoranLhene '

l/1ry"¿"Ì.':<+'.4'J

* The flow scheme appeaÏs on the foi-lowf-ng page'
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Conc. 
^Or/

,/""0

nor(t)

Nn, (?)

(l,locxv)

No, (? )

(rxxxrv)

furning HNO,

ccro \or{r)

loTN'coc
(?)
I (Lxxxrr)
I

l 
crnron

l ncrv
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EXPERIMENTAL

Instrument" tnd M"tttitl" U"td

HíËachi Perkin - Elmer RMU 6 D Mass SpecËrometer'

gerkin - Elmer 137 SpectrophotomeËer for i¡fxa red spectra'

^- €'tli n C-LO24 :: '-:'-
VarianA-56/60AAnal-ytÍcalNMRSpectromeLerfittedwíthaVaríanC,.Lv¿4|.:.1 ::--'::::::

. '1-

TÍme Averaging ComPuter"
i,',;,.'. ,

parr Low pressure catal-yËic HydrogenaËion Appaïatus ì't.'"

Improved Fisher - Johns Meltíng ?oint Apparatus for melting points up

to 300"

MeltingPointVanderkampApparatusformeltingpointsbeyond300o.

Adamsl caËalysË (Pl-atinum oxide Pto2) supplÍed by MaËheson coleman

i

and Bel-l.

Al-umÍnium Oxide (507-C) for Column ChromaËography (Camag) I

i

sil-ica gel (Dr-5) for Thin Layer chromatography (camag) ' 
1..,,

Analyses were done bY:

a) ChemalYtics' Inc' TemPe' Arízona

b) Gell-er Laboratories, Saddl-e RÍver' N'J'



1-)

Thiswasessentiallypreparedbythemethod(55)thaËwasused

forthepréparaÈionof5%sodiumamalgam;Thesodiumamalgamvlaspre-

paredina5O0nlflaskfittedwiËhatwo-ho].erubberstoppercarrying

adroppingfunnelanda4outleÈtube.SodÍum(9sg.¡andminera].oíl

(200 rnl-.) \^7ere p.uÈ into the flask' ÌüÍth a sLream of nitrogen passing

throughthesidearmofthef]-ask,íËwasheateduntilthesodÍummelted

and then mercury (855 g.) was added rapidly from Ëhe dropping funnel-

withswirling.HeavyasbesËosglovesvTereworntokeepthef]-askswir].-

íngsíneethevigorousexotherml-creactÍoncausedtheternperatufeto

approachabout400..AfËercoolingtheamalgambecamesolíd.Theflask
,--11 --: ^,

was broken and the solíd broken into small pieces with a hammer''The pfeces were

then stored under Petroleum ether

)_
2) Synthesís of i,2r3-,l0b-.Teqrahydrofl-uoranthene

TheprocedureusedforthisPreparaËioll\¡IaSËhatofsteínberg

et al-.(56). A solution of fluoranthene (100 g'; 0'5 moles) in absolute

alcohol- (200 ml'.) was heated to 60o ín a 4-liter flask fitted with a

Hershbergstirrer.ToËhissoluËion68]-g.of10%sodiurramalgam(equívalent

Lo68.lg.,2.g6molesofsodium)wereaddedÍnabout40e.porËions.The

temperature vras maintained between 55 - 60" ' AfËer the reaction vTas com-

pletedthereactionmixture\^IaSsËirredforfourhoursatthesalneËempera-

ture.Attheendofthistímethereact'lonmixturewasu'':.:urviLhwater

(500m]-.)andthesolutionadjustedtoplt4wiËhconcentraËedhydrochloric

acid. The warm soluËion was then filtered to remove mercury and precipítated

sodiumchloride,andpl-acedlntherefrigeraLorovernight.Thecrysta].lized

productQz*.)wasfi]-teredanddrj.edm.p.T2-77".RecrystallÍzaÈion

i.-,:

l,'
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957" elllanol gave 85 g' m'p' 75-77" '

3) Svnthesis of l--Nitrofl-uoranthene (L)

Theprocedureusedforthispreparation$IaSthauofCampbell.

and i^Iil-shire (33). Fuming e5Ð nitric acid (7'l-7 m1') was added drop-

wise wiËh stirring Ëo 1,2'3'lOb-Èetrahydrofluoranthene (20.6 g.) in glacial

aceÈic acid (200 ml-.) and the solution maíntained at B0o (external bath

Lemperature).After]-hourthesolutionwascoo]-edandpouredínËoiced

uTateÏ.TheproductwasextractedwithetheF,theextractwashedwith

aqueoussodiumcarbonate,lhenr¡iÈhwater,anddrl.ed(Na,Soo).Evaporation

gave a syruP whích when triÈuraËed with benzene yielded 1,2'3,lob.tetra-

hydro-1-0b.hydroxy-].-nitrofluoranthene.RecrystallizationfromaceLicacid

gaveeolorlesscrystals'm'P'Lgz-Lg3"'ThefiltraËeonevaporationgave

aredsyrupwhíchwasdisso]-vedinbenzene-ligroínandchromaËographed

throughacolumn.Moreofthehydroxynitro-compoundwasthusobtained

togetherwithimpure2,3-díhydro-l-nitrofluoranthene.RecrystallizaËion

from ethyl alcohol gave orange crysËals' m'p ' g2.g4" All- the hydroxy-

nítro-compoundwasconvertedtothenitrocompoundwithaceËÍcacidcon-

Èainingafewdropsofsulfuricacíd.2,3-Dihydro.2-nltrofluoranthene

(S e.) was then boil-ed in xylene (120 m1') with chloìanil (16 g') for

24hours.Thesolutionwasdecantedanddi]-ut'edwiLhbenzene,washedwiËh

5%aqueoussodiumhydroxÍde(3x200url.),oncewíËh10%sodíurnhydroxide,

andfinallywiËhwater.Thedried(Na,So4)solutíon\^Tasevaporat'edto

sma1l volume, and l-igroin (b'p' 80-i-00o) was added' The solution was'

boÍledwithcharcoalandfilteredhotandoncoolingdepositedl-nitro-

fluoranthene(4.5g.).rn.p.151-l53o.Theinfraredspectrumisshovrn

on page 105.

l¡'rì;:j..:j r

l:r:,,'
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4) S:¡nrhesís € J-Nitro-4,9-Dibronof l-uoranÈhene (LV)

,j.-Nitrofluoranthene(2g.)wasdisso].vedinnitrobeîzeT:Ie(35m]-.)

and fíltered. The solut,ion was stirred and bromine (0'B nl') r'¡as added

Ínportlons(0.1rnl.)over30minutes.After4hours,aprecipitaLewas

observed. stirring was continued for another hour fol-l-owed by filtratíon'

TheprecipitatewaswashedwiËheold957.ethanol(50mr.)inorderto

remove some of the nitrobenzene. m.p. 22L-240". rt r¡as then vrashed succes-

sivelywithl0%aqueoussoluLionofsodiumhydroxídeandsodiumbisu].fi.te

andthen\^74Ëer'IËwasËhenrecrysüal.Lizeð'Èwicefromchlorobenzene

and gave beauLiful- red crystals J-'2 e') m'p ' 265-267" ' The infra red

specÈrum is shornm on Page 106 '

AnalvsÍs

Cal-culated for CrUIlrOrNBr, :

Reductlon

Ì*:4..::".1:1lX

N, 3.34; Br, 39.27
N, S .40; Br, 39 .55

s) thesis of f-Ami-no-a, g-Díbrornof

of the Nit.ro C-ornpoglrd

Catalyticreductionof]-.nitro-4,9-díbromofluorantheneinethanol

usíngAdam|scaËalystdídnoËþiveaproductaspureaswhenironfil.ings

and concentrated hydrochloric acid lüe1re USed {-NÍtro-4' 9-díbromofluoran-

thene (1 e.) was boiled in eÈhanol- (fO0 n1') with iron powder (1 g')

and concentrated hydrochloric acid (10 ml.) nox 4 hours, during vrhích

hydrochl-oríc acid (5 m1.) and Íron porvder (0'5 g') rvere added' The míx-

ture rvas cooled, made al-kaline wiÈh ammonia, poured ínto v¡ater and extracted

3timesr,¡ithch].oroform.Thechloroformsolution\^Iasfilteredandalittle

concenÈïated hydrochlorlc added vrhich caused the separation of the

aminehydrochloride.Theaminesaltwasfilteredandadditionofammonia

liberated the impure amine r,r.p. 200-210o. Three recrysËallizations from
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petroleum ether (b'p' 60-80') and charcoal yleld

fluoranthene as líght greenish-ye1-low p1-ateleËs

The lnfra red spectrum is shov¡n on page 107 '

Analysls
3.75i Bt, 42.08
3.74; Br, 42.70

Found:

Calculated for CtUItrNBrr:

6) nthesis

1-Amino-4r9-dibromofluoranthene 
(l g') was dissol-ved in benzene

(L50 m1.) and stirred wiËh slighL wãriníng' A calcium chloride tube was

usedtoexcludemoisLure.Freshlydistilledaceticanhydride(5Orn]-.)

wasaddedfromadroppingfunnel.-Afterabout15minuËesaprecipiËate

appeared.StÍrringwascontínuedforanotherhour.ThesoluËíonwas

thencooled,fÍlËeredandwashedr¡ithbenzene.?urel-acetamido-A"9-

díbrornofluoranthene r¡las Ëhus obtained as greenish-white pl-ateJ-ets (0'a g'¡ '

m.p. 3l-6.5-31-8o. The infra red spectrum ís shor^m on page 108'

Analysis Found: Nr 3'423 Bf' 3s'84

Calculated for CrrHrrONBrr: r'f' S'fO; 3r' 38'40

D Oxídation of l.-Nitro-4'9-Dibromofluoranthene ive A-Nitro:É:-Bromr

fl-uorenone:1-Carboxylic Acíd (LVI)

l--Nitxo..4r9-dibromofl-uoranthene (1 g') was suspended Ín aceËic

;

acid (100 m1.). Chromic acid (2 e') Ín water (f3 m1') and acetic acid

(9m]-.)wasaddedÈotheco].dstÍrredsoluËíonandlefËovernighË.Next

daythesolutionwasrefluxedfor2hoursandhalfthesolventremoved
¡ras poured int'o iced waLer and exËracËed

by disLÍll-aËÍon' The solutíon I

with ether. The etherlayer was extracted with aqueous sodium carbonate and

l-aníno-4, 9-dibromo-

(0.5 g.) of m.P. 2O9-2LL" '

N,
N,

jr-

l1::1

of the Amine
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idÍficationwithhydrochloricacidgaveimpurethe carbonate extracL on ac 
'

acidm.p.238.25oo.RecrystallizaËionfromaceticacidandcharcoal

-.gavepure4-nlËro-6-bromofluorenone-]--carboxyl-icacidasyell.ow-orange
needles. (0'2 g') m'P ' 252-254o ' The lnfra red spectrum 1n shovm on page 109'

t+ i.i; it-;tir;+r:.:1ì f

Analvsis

Calculated for CTOHUOTNBT: N' 4'03;
Br, 23.09
Br, 23.00

8) Preparation of CuProus Bromide

ThiswaspreparedessentiallybythemethodofBucketa]-.(61).

Sodium metabisulfite (41 8') and sodíum hydroxide (27 g') were dlssolved

fn water (600 rnl.)' Sodium bromide (91 g') was then added to the solutíon

and s'irring was continued until everythÍng dissolved. copper suLfaLe

(l-89 g.) was suspended in water (300 m1-') and added Lo Ëhe above solutÍon

withstírrÍng..ThewhitepreclpiËatewasfÍltered,rinsedwithalíttle

acetone to hasten drying and stored in the dark ín a brovm bottle' If

Ëhecuprousbromideisnotusedthesamedayitwasprepared,Ítcou]-d

be reprecípitated fxom 487" HBr and r4Tater

e) thesisoflr4rg-Tlíbromofluoranthene(LTX)froml-Amino- '9-Di-

The proeedure for the Sandmeyer reaction used here is sÍmílar

¡nthesís of 3'8-dibromo-
to that used by Campbel-l- and Keir (2) for the s¡

!

fluoranthenefrom3-amino-4-bromofluoranËhene.SodiumniËrite(1g.)

was dÍssol-ved in concentraLed sulfuric acid (l-0 ml') by adding in porËÍons

gnd sËírring. The dibromo-amÍne (0'6 g') was dlssol-ved in acetic acid

(50 rnl-. ) and f iltered ' This was chíl-J-ed and Ëhen slowly added Ëo the

col-di (0-5") nitrous acid solution r^riËh sËirring' The bl-ood red soluËion

ì'l,
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r{tas sÈirred another hour' After that time ít r^ras added to a boiling

solutíon of freshly prepared cuprous bromide (3 e') in 4BZ ilBr (50 rnl')'

ThesoluËionwasrefluxedfot2hours,cooledandpouredintoicedwaËer.

ThesolutionwasextracLedwiÈhbenzene.Theinsolub]-eresÍduewas

boiled wlth benzene and the combÍned extracËS \^'ere r¿ashed with water,

dríed wíÈh sodium sulfaËe and subjecËed Ëo column chromatography wiËh

a].umína.Ayellowbandseparatedandonelutionvlithbenzeneyíe1-deda

l-ight yellow compound' m'p" L90-198" Recrystal-lization from benzene'

petroleumetherandcharcoalgavetíghtyellowplatel-ets(0'1g')'of

m.p. 196-198'. The infra red spectrum is shown on page 110'

Analysis
Found: Br, 54'61

f or CrUIlrBrr: Br, 53 ' 87

:::_::

¡.1,:.

Cal-culaLed

10) oxi <lat-i-on of f-¡tl"o-a ,g-¡l¡to*o¡

A solution of chromic anhydride (1'5 g') in water (2 rnl-') and

glacÍal acetic acrd (2 m1') was added over a períod of Ëen minutes to a

boiling solution of l-amíno-4r9-díbromofluoranthene (0"3 g') in glaciaL

aceticaci¿(20m1.)TheremainingoxidatÍonmixturer,rasrinsedíntothe

reaction míxture ¡¡rith a smal-l- amount Q *:') of glaclal acetíc acid' The

mixturewasrefluxedforfourhoursandthenitwasPoured'intoL'..4vlv

sulfuríc acicl soluti-on (50 mL') and aLlowed to stand aL room temperature

overnight.Theímpuresolidvlasfilteredoff,washedwíthdi]-uteacid

anddistilledwaËer,andallowedtodry.It'waspurifiedbydissol-ving

itin5%sodiumcarbonaËesolutíonandfflteríngoutasmallamount'of

insolu bre residue, and finally by re-precipitatíng the acid with (1:4

v/v) aqueoub suLfuríc acid solution' The sol-id rvas filtered and al-l-owed

to dry; Recrys taLli'zatlon from aeetic acld arìd charcoal gave 2,.7-dibromo-

i':':,

i::i.
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fluorenone-l-carboxylÍc acid as lÍght

267-269". The infra red specËrum is

Analvsís

orange needles (50 mg), of fl'P..'

shown on Page 111.

t;.L\?YCi-+>: -:)
It:+l'..r:': .'.?.J.

ì..

Found:
f.or CrOIlUOrBrr:

Br,
Br,

39.8
4L.9CalculaËed

l-1) oxidation of ljAcetânído:4'g-Dibromofluoranthene 
(LVIII)

This cornpound was oxidÍzed in the same manner as descríbed

forl-amino'4r9-dibromofluoranthene(see10page68)'Theyieldof'2'7-

dibromofluorenone,l--carboxyl-ic acid was on1-y slightl-y beËËer Ëhan thaË

obtained from the amino compound. Mixed me1-ting points and comparíson of

infra red spectra showed that Èhe two acíds were ídentical-

- /r v\
LZ) Synthesis of 3,8-Dibrolnofluolanthene (LX)

TheexperimentalprocedureusedhereisthatofTobleretal.
benzene (60 g") was added dropwise Ëo a

(15). Bromine (67 e') in nítro

stirred soluËion of fluoranthene (67 g) in nitrobenzene (360 g') at

foomtemperaËure.stirringwascontinuedfor48hoursduringwhichtime

HBrevolved.Thereactionmixture\|TasthenheaLedto].20.dissol.víng
e the lIBr ' A PreciPítate

everything, and air was bl-orrn through to remov'

The PreciPiËaËe was filtered
formed when the reaction mixture was cooled'

andsteampassedoveríttoremovethe].asttracesofniËrobenzene.Re-

crystal-1-i zajíon from chlorobenzene and charcoal gave 3'B-dibromofLuoranËhene

;;;t-ht vel-J-ow needles (48 e''' *':: 
^206-207" 

' Líterature 205o' rhe

ínfra red spectrum is shornm on page 112'

OxldatÍon of 3,8-Dibromofluorantherre (LX)
1-3)

Aqueouspermanganateoxidizesfluoranthenereadil-ytogivepink
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plateletsofg-fluorenone.l-carboxylicacid',buEaSÍmilaroxídationof

3,8.díbromofluorantheneprovedttnsuccessful.Themethodusedthenwas

essentíallythesameas\,TaSusedforl.amino-3'8-díbromofluoranthene(See

no.10page68).The2,7-dLbromofluorenone-l-carboxyl-ÍcacídobLained

, melted at 268-270". Mixed melting poínLs r'riLh the acids from the amÍno

' 
"rrd 

aceËamido compounds shor^¡ed that they were identicar-. This conclusion

was also drarnm from comparison of infra re'd spect3tr'"

1_4) Decarboxylation- of 2, 7-Dibrornof luorenone:l-Carbox lic Acid (LxI

This was essentially done by the method

MercurLc oxide (14.6 8') was freshly precipítaÈed

acetate (19.33 g') wÍth 20% sodium hydroxide and

accordíng to Dzíewonskí eL a1 '(62)

'2;7=Dibronc='9-fl-uorcncne*l-carboxylicaciS(C'¿rg')oblaincd

from Èhe oxídaLion of l.amino-4,9-dibromofluoranthene, 
freshly precipitated

mercuric oxide from above (0'3 8') and water (5 mL') were heaÈed ín a

sealed tube aL 180-l-85' for 30 hours' The tube was cooled' the tip brokên

offandthecontentsref,luxedwiËhconcentratedhydrochlorícacid(15rnl.)

for 3 hours. The residue was extracted first r¿ithether' Ëhen benzene'

andthecombinedexËractswerewashedwith5%aqueoussodiumcarbonateand

dried (NarSOO) ' Evaporation gave a solid whlch r'ras dissol-ved in benzene

and chromatographed through alumina' A yeLlow band separated and was

el-uLed wlth benzene' Evaporation of Ëhe solvent gave 2'7'dtbxomofluorenone

as yel-Low plateleËs (30 mg) rn'p' 20L-203o' This conrpound proved uo be

ídentical, wÍth 2r7-dibromofluorenone obtalned by the oxidation of 2'7-

dibromofluorene '

of CamPbell- et al-' (24)'

from basíc mercuric

washed to neuÈrality
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l_s) OxÍdation

Lr7-Dibromofluorene (O'7 g' K and K Rare fine Ctremicals) was

díssol-ved in acetic acid (65 m1') ' Chromic anhydride (1'B g') was dls-

solved in \,rater. (6 qrl.) and acetic acid (12 ml-') ald added to the above

solutfon. After refJ-uxing f'ot 2 hours' the solutLon was cooled and poured

intoicedv7aÈer.TheprecipiËateobtaínedwasfi]-teredandrecrysta].lÍzed

from benzene and charcoal to give 2r7-dlbromofluorenone as yellow

platelets(0.5g.)m.p.206.208'.Thisprovedtobeidentica].r¡ithËhe

decarboxylaËionproducËof2'7-dibromo-9-fl-uorenone-l-carboxylíc

l_6) DeamínaËíon of t'Aninoj 8-Dibromof LuoranÈhqgs (LVIÐ :!il-l 8- Dibromo-

ExperÍmenta]-detailsforËhisreactionwereobËaínedfromKornblum

(12)whousediËfordeamínatíngo-t'oluidine.SodiumnÍtrl.te(o'6g.)'was

zð.ð'eð.ceuËicuslywÍ-il.ls!irr-.!-ngËcasolutioiiofcoÍ.lgerlt.J:atedsulfuric

acid (45 rn1.) and water (3'2 ml-') at room temperature' ltrhen al-l the

sodiumnítritehadfinallydísso1.vedËhesoluËionwascooledto-5oby

mearrsofanice-sa].Lbath.Finel.yground].-amino-3,8-díbromofluoranthene

(1.0e.)wasaddedsl.owlywíthvígorousstírringtotheabovesoluËion

overaperiodof15'minuLes,thetemperaturebeingmàíntainedat-5".

Stírríngwascontinuedatapproximatel-ythesametemperatureforonehour.

Precooled50%hypophosphorousacid(65n1.)wasthenaddedtothestlrred

solution at such a rate (2 L/2 hours) that the Lemperature at no time

roseabove5o.ThereactÍonmixturehTasÈhenleftat2-3ofor6days.

After that time water (B0o in1.) was added and the eoll-oidal- precípitaËe

allowedtocoagulateandwasthenfilteredanddried.Itwasstirredin

hotbenzeneandasmallamountofínsolub]-ereslduediscarded.The

II)

i:r:l,
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benzenesolutionwaswa.shed..'Ìr1ÈhconcentratedsulfuricacidunËilthe

acldlayernol.ongerbecamecolored,ËhenwiËht0%sodiumcarbonate

solution and final-i-y with r¡later' Ït was then dried over anhydrous

magnesiumsulfate.AfterremovalofthesolvenËwithaBuchievaporator'

Ëhe residue \^7as recrysËal Llzed twice from ethanol wÍth charcoal . 3,8=

Dibromofluoranthene \^tas obtained as bríghË yell-ow needles (0'3 g') m'p'

205-207". It proved Èo be identÍcal- with authentic 3'B-dibromofl-uoran-

Ëhene synthesízed accordíng to L2) page 69 '

L7) Attempted l'tonoUromination of 1- in

NiËrobenzene

Bromíne(0.3g.)ínnitrobenzelle(1-0m1.)viasaddeddropwiseto

a sol-ution of l-niLrofl-uoranthene (1 g.) ín nitrobenzene (20 rnl-') and

the solution was stirred aË room temperaËuxe f'ot 2 days' No precípÍLaËe

formed and evaporat,íon of the soluËion gave unreacted l-'nitrofluoranthene'

18) Led Monob

commercial N-bromosuccini-rnídeìas recrystalLized from hot water

----!L ^-^ 11ã \ t''âê crrc I teËra-
and charcoal. l-Nitrofluoranthene (1g') was suspended in carbor

chloríde (50 ml.) and N-bromosuccÍnimide (l- g') added' The mixËure was

refluxedfor'4hoursduringwhichtj¡neeverythingdissolvedËogivean

orange solution. on cooling wiÈh slig,ht evaporaüion a precípitate formed'

It was:fil-Ëered and washed with a l-ittle hot water. Hor'rever, both this

rlete evaporation proved to be unreacËed

l--nitrofluoranthene. The same results were obËained with niËrobenzene as

solvenÈ

l:¿:
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19) prepararion of ?yridine Hydrobrornide Perbromide (C5H5ÑHBr3)

This conpound roas prepared according to the method of Fieser

et al-. (tt5).Pyridine (15 rnl') r^ras mixed w¡itn 487' hydrobromic acid

(30r01.)andthesolutionwascoo]-ed.Bromine(25g.)wasslowlyadded

withsÈirring.TheprecipÍtatewasfilLeredandwashedwithaceticacid.

RecrystallizaËionfromacetlcacidgavebríghtredneedlesß2".)m.p.

L32-L34".

20) A!! ted Monobroninatíon of 1-NiËr

Iivdrobto*id" Ptrbrontifu

l-Nitrofluoranthene (1 g') was áissolved in acetic acid (60 n1')

bywarmingonthesteambath.PyridirÊhydrobromideperbromide(1g.)

T,ras suspended in acetic acid (15 m1') and added Lo the above soluËion

ontheSLeambath.Thesolutionwasrefluxedwithstirríngoverníght.
- ^1^,

Ne-.tt da;- the soluiic-:¡a= ccoleC ::1' evapcr3-'eC i3 c:':c h:l-f eÍ iis';ciune'

acted l-nitrof luoranthene'
A precipiËate appeared but iÈ proved to be üorêo----

When niËrobenzene üIas used insËead of acetic acíd' the same results rter'e

obtained.

2L)

Stage

l-Nítrofluoranthene (1 g') was díssolved in nitrobenzene (25 nl')

and a small amount of iodine added' The soluÈion was stÍrred at room

ÈemPerêtureuntileverythÍngdlssolvedandthenbromine(2rnl.)wasatlded

droprn,íse.Theso]-uËíonwasleftstirringoverníghtandnextdayapre-
r ^ l-Þ^] çil trat{on and recrystallfzatLon from

cipitatewasobserved.Afterfiltrationandrecrystallfzatl.onfrom

clrlorobenze:;te,ítturnedouttobel-nitfo-4,9-dibromofluorantheneidentical

wiLhasamplepreparedrvithouttheuseofiodine.(see4page65).The

i1.:-!¡, !:#

i.,.

Ì1:::;
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reaction was al-so tried wiLh carbon

at room temperaÈure and with reflux

resulted.

22) ?ol-

teËrachloride as the solvent both

but once agaín the dibromo compound

brominaÈi

(L-x: x) 
-tz-^1-^ao¡

l-Nitrofluoranthene (1 g') r'ras dissol-ved in nitrobetLzerte (30 ml-')

and a smal-l- amount of lodine added' The solution was stirred at Toom

temperatureuntileverythingdissolvedandthenbromine(3m1.)wasadded

dropwise.Thesolutionwasthenref].uxedfor2days,cooledandthepre-

cipitatefiltered.Recryst.aLLLzatíonfromchlorobenzeneandcharcoal

gavebrighËyellowcrystals(0.8e.)m.p.3]-0.312.'Anal.ysisindicaËed

complete loss of the niËro group, and suggested the presence of slx

bromÍnes. The infra red spectrum is shoum on page L!4'

i'::ly;is Found: c, 27 '3; H' o'42i Br' l-?'21 N <0'1- if any'

cal-culated for crou+utOl c" 28'4i n' 0'58; Br' 71'0

23) S.¡nthesis of l-Aminofl-uofanthene

ThíssubsÈancewassynthesizedaccordingtostreitwieser.:."1.
cding to 3) Page 64 was

(22).l-Nitrofluorairthene(1g.)preparedacco:-.
. unt of Adamrs 'catalYst'

suspended in ethanol- (l-50 rnl') with a small amot

The soluÈion was shaken on the hydrogenaÈor for 2 hours duríng whlch tl¡e

ítchangedfromyell-owtogreen.TheamlnewaspreciPitatedwiËhwater

anà fil_tered. Recrystallization from hexane gave l--aminofluoranthene as

greenish.yelJ.owneedles(0.2g.)m.p.131.-133..Thelnfraredspectrum

is shorvn on Page 115'

Anal-vsis

iç=O'AOCalcul-ated for Ct.HltNt N = o'¿lo
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.ThissubstancewassynthesizedaccordÍngtostreitr¿ieser

et aL.(22). l--Aminofluoranthene (1 g') was dissol-ved ín benzene (170 ml ')

"*-to" 
solutíon filtered. Freshl-y distí1led acetic anhydride (30 m]- ')

}TasaddedandthesoluËionstirredwíthslightwarming.Afterabout15

mínutesaprecípitateappeared.ThereacËionwasconËinuedfor].hour

andthesolutionthencoo].edandfilÈered.Theprecipitatevraswashed

withalittlecbldbenzeneandsuckeddry.].-AcetamídofluoranËhene

v¡as thus obËaíned as greenish-white crysËals (0'B g') *'p ' 258-260" (1íË'

257-258'). The infra red spectrum is shovm on page 1-1-6'

The method used was that of Charl-esworth and Blackburn (4)

forthebrominationof3-aceËamidofluoranthene.Bromine(0.5m]-.)was

addedwithstirring,toasoluËíonof].-aceËamid.ofluoranthene(1g.)in

pyridine(70m1.).ThereactionwasallowedtoProceedatroomt'empera-

ture for l-0 hours' The producL was precipitaËed by addition of vlater

(200m]-.),fílteredoff,andwashedsuccessivelywÍth10%aqueoussolutions

ofsodiumhydroxideandsodiumbisulfite.AfËêrrecrystalLjzatiorrfrom

pyridineandcharcoal,unreaeled]--aceËamidofluoranthenewasobËaíned.

Thereactionwasthentriedr^¡ithhigherconcentraÈionsof

bromíneaLe]-evatedtemperaÈuresbutnoaceLamídobromocompoundwasob-

Ëained.

26) ted Bromin"tion of l-Aceta*idofluoranth

ThemethodusedwasthatofCharlesworthandLiËhown(30)for

thebromínationof3-acetamidofluoranthene.Bromine(0'5rn]-.)inacetic

t.11i{-_-.} /-.- _::. 
"L 
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acid (12 ml.) was added dropwise over a. period of 15 minutes to a stlrred

solution of l-acetamidofluoranthene (1'O g') in acetic acid (100 ml-') at

Boo. stirring rnras conËinued at this temperature for 3 hours during which

ËimenoprecípitaËeappeared.EvaporationofthesoluËlongaveunreacted

l-acetamidofluoranLhene.ThereactionwasalsoËriedunsuccessfull.ywith

hígher concentrations of bromine'

27)

(150 rnl.) and bromÍne (2 m1') added dropwise' The soluËion was sLirred

aÈ.roomLemperatureoverníghË.Nextdayl'Iaterwasaddedandaprecipitate

formed. After Lhe usual work up it turned out to be unreacted l-aceønrá.-

fluoranËhene.ThereacËionwasrepeatedwiËhhigherconcenÈratíonsof

bromine and at elevated ËemPeratures buL r¡ithout success'

28)

l-Aeetamídofluoranthene (0.s g.) was suspended in carbon tetra-

chloríde (20 m1.). Bromine (5 m1') in carbon Ëetrachloride (10 m1')

wasaddeddropwisewithstirríng.Thesolutionr.laslefluxedf'ot45

mÍnutesandthenevaporaËed.Theresidue\¡raswashedsuccessivelywith

10%aqueoussolutíonsofsodiumhydroxideandsodíumbisulfiËeandthen

wíth water. The rnel-ting range at this point was quite broad (300-360")'

several aLËempËs were made at purification by passÍng through a column

ofaluminaorwÍthLhinlayerchromatographywithsÍlÍcagelbutthecom-

pounds were not sufficiently solu ble in the usual chromatographlc solvents'

The residue on the filter paPer $Ias treaËed with hoË pyridine (300 nL')

i.:,-1¡-."r-!.¡:,¡;:_a

l',,::'
i:;,,

tedBrominatioqofl-AcetamídofluorantheneinDimethylsulfoxide

]..AcetamidofluoranLhene(1.g.)wasdisso].vedÍndimethylsulfoxíde

SvnËhesís of 1 -Acetamido-4 r8' 9-Tribfomofluoranthene

Acetamido-4, 8, 9 (?) -Tetrabromofluoranthene 
(LXXI)

/Í.Ë:.*"



and the.insol.u b1-e parË díscarded. Recrystallization yielded a compound

of melting'poinË 340-360'. This vlas treaËed vrith hot xy1-ene (150 m1')

and Ëhe insolu bl-e residue wil-1 be dealt \'¡1Ëh later ' charcoal- was added to

thexylenesolublesubstance,andthesolutionfiltered.oncoolingl.lght

green platelets (o.1 g.) of l--acetamido-4rBr9-tribromofluoranthene formed

m.p. 323-325". The infra red spectrum is shovm on page i-17'

Anal-ysís

ti:À:.? t-,i>;_r,r:-irl:,<s
Y,""!r.+i 2..-..-l!,\l

Calcul-ated for
Found: N, 2.99; Br, 48'50

CrrHrOoNBrr: N, 2.83; Br, 48'49

N, 2.441 3r, 55 .Lz
N, 2 "44; Br, 55 .70

leneínsolubleresiduerneltedat355-365o.ItwaswashedThe xylene insoru Dre f,csruu= '¡ç!

with warm benzene and Ëhen recrysÈalLized from pyridine twÍce' to glve

l-acetamidotetrabromofluoranthene (50 mg) quíËe similar Ín appearance -^'

ro Lhe rribromo compound. m.p . 370-372o (estÍmated) ' The infra red Spegtrúm 15

shown on Page 1-1-8.

Analvsis
Found:

Calcul-ated for CttIlnONBrO:

2e) BrominaËíon of l-Acetamidofl-uoranthgne to Give l-Acetamido-4 9-

Dibr orno f l.goranthene ( LVIII)

l-AcetamÍdofl-uoranthene (1'5 g') was suspen{ed ín carbon Ëetra-

chloride in an ice-water mixture (approx' 0")' Bromine (2'5 m1') was

added Ëo the s.irred suspension over a period of 30 r'linutes ' Af ter 1

hour a reddish precípitaËe formed; horvever, stirríng h'as continued for

ano.therhour.Theprecipitatewasfi]-teredm.p.2oo-2go".Itwaswashed

successivelyivíth10%aqueotrssoluËíonsofsodiumhydroxide.andsodium

bisulfite and ühen wíEh water. The precipitate \¡ras recrysLall-ízed twice

frompyridine(charcoal)'l-Acetamido- ,9-dibrornofluoranËhenewasthus

obtainedaslighËgreenplatel.ets(0.7g.)rn.p.3]-4-316..Itwasfound
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to be idenËícal with the aceÈylation product of l-amLno-4'9-dibromofluor-

anthene. (see 6) Page 66)'

l-Acetamido-4r9-dibromofluoranthene prepared ttris way was

oxídized according to (10 page 68)to gLve 217-dibromofluorenone-1-carboxyl-ic

acid.

30) Hvdrolysi
l-Amino-4 

' 
g-níbromc¡flugranthene (LVrr) 

charlesworËh
The experimental procedure Ís similar to that used by

and Blackburn (4) for the hydrol-ysis of 2-bromo-3-aceËamidofl-uoranthene'

l-Acetamído-4r9-dibromofluoranthene (1.5 g.) was dissolved in pyrídíne

(60m1.)andsodiumhydroxide(3.5e.)dissolvedinmethanol(70m1-.)r

added. The solutj-on which immediately changed from yellow to orange riras

thenrefluxedfor].2hours.Aftercool.ingËoroomLemperaÈureasmall

ano,\rnË of insol-u ble ÏÌìaterial was filtered al'f' a¡â iliscarcle'i' Tlie e-ri¡'1e

product was precipitated by diluËíon wiÈh water (600 ml')' The collecËed

materialwaswashedwith\,Tater,driedanddisso].vedinboílingpyridíne.

A smal-l amount of insolu b1e material- was fil-tered off and the filtrate

was heated wíth charcoal . Sufficient l('IateÏ was added to cause crystal-líza-

tionwhenthesolvenËcooled.l.Anrino-4,9-dibromofldoranËhenewasthtrs

obtained,as greenish-yeL1ow:p1-atelets. (0.6 g.) m.p.208-210o' This com-

poundprovedtobeidentj.calwitht-hereducËionproductof].-nitro.4,9-

dibrornofluoranËhene (see 5) page 65 ) '

[',ij:i ,,f i

Ì.:l:::ì
ì,jì:;:1

31) nthesisofl-Amino4rBrg-Tribromofluoranthene(LÐ(II)b
IÍvdrolYsís

of the Anide (LXIX)

The experimental procedure for this reaction is

used by Charlesworth and Slackburn (4) for the hydrol-ysis

simíIar to that

of 2-bromo-3-
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aceÈamidofl-uoranthene. l-Arnino-4rBrg-tribromofluoranthene (0'B g') r¡as

dissolved ín pyridine (45 ml.) and sodium hydroxide Q'S e') dissolved

in methanol (50 rnl.) added. The solution whích immedíaËely changed from

yellowtoorangeandlatertoal-ighËred'I.TasrefluxedforL6hours.

It was then cooled, filtered and diluted wíth \ttater (400 ml-') to give a

ye1-1-owflocculentprecipi-tate.RecrystalLizatj'onwithcharcoal,pyrídíne

and water gave a precipitaËe m'p' 180-l-96"' This was díssolved in

benzeneandchromatographedthrougha].umina.NocleanseparaËioll\¡7as

observedonthecolumn,however,'eluËíonwiËhbenzeneleftalightbrornm

residue in the column. Evaporati.on of the benzene lefË c¡ystals whÍch

melËed aE 206-220" . A further recrystalLLzatLo¡ from pyridíne' charcoal-

and water gave l-amíno-4rBr9-tribromofluoranthene as f-ight green needles

(0.3 e.) m.P. 227-229" '

TheinfraredspecÈrumisshovmonpagel.l9.

Analvsís

Calculated
Found: N, 3'09; Br, 52'65

f or CrUIlrNBrr: N, 3 ' 09; Br , 52 ' 81-

32) AË ted Hvdrol-ysís of l-Acetamido-4' B' 9' ( ? ) -Tetrabromof luoranthene

(LXXI to l-Amino-4,8,9, (?)-Tetrabromofluoranthene (LXXV)

The merhod of charlesworËh and Blackburn (4) who used pyridíne'

sodiumhydroxideandmethanolforthehydrolysisof2-brorno-3-acetamido-

fl-uoranthene\^TastriedbutnotetrabromoaminewasisolaËedevenafter

severalatËemptsatpurÍfícationbycolumnchromatography.}Iydrol-ysis

wasalsotríedr¿ithconcentratedhydrochlorícacÍdandethanolaccording
r-J1---^ T{- 4ññêt

to Kloetzel et al.(3) but thís also met wíth failure' It appears as though

the more bromines there are ín the acetamidofluoranËhene' the more difficult

it ls to hydrolyse the amide and obtain a pure amine'

i.
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33) s thesls of 3;g;g-triblo*ofl"otanth"te B-Dibromo-

fluoranËhene (LX)

TheexperfmentalprocedureusedlrasËhatofTobleretal.(15).

3rg-Dibromofluoranthene (3 g.) (ror synthesis see i-2) page 69) was dis-

sol-vedinnitrobenzene(25ml')rafer'¡grainsofíodineaddedandÈhe

solutíonstírredandheaËedtog0o.Bromine(0.8g.)wasaddeddropwise

andt'hesolutionstírredat90-g5ofor20hours.Itwasthenallowed

tocoolËoroomtemperaËurewhereuponayell.owsolidprecipitaËed"Aír

wasblor.rnthroughtogeËridofHBr.TheprecipitaËewasfilteredand

washed with a Iittle nítrobenzene and then eËhanol-' RecrystalLízatíort

fromnÍtrobenzeneandcharcoaltwicegave3,S,g-tribromofluorant'hene

as yellow needles Q.L e.) m.p , zOB-zLOô. (lÍteratute 208-2L0'5) ' A

mixed melËing point rfiËh 3rB-dÍbromofluoranthene m'p ' 206-207o melted at

Ll3-L93".

34) Deaminatíon of l-Arníno-4,8,9-Tribromofl-uoranthene (LXXII) to Give

3., B, 9-Tråbrornof l-uoranthene (LXXIII)

TheexperimentaldeËai].sforËhisdeamínaËionareslmílarto

1.6)pageTluptothedryingsLagewithanhydrousmagnesÍumsulfate.The

amount of 1-amíno-4r8r9-tribromofluoranthene used was (0'5 g') and the

amounËofsodiurnníËriËe,sul.furicacid'slaterandhypophosphorousacíd

used was varíed correspondíng1-y'

Afterdryingoveranhydrousmagnesíumsulfate,thecrudeproduct

hTas recrystal-lized twice from ethanol and charcoal to gi've a yellow pre-

cÍpiËate180-]-90".ItwasdíssolvedinbenzenespotËedonathinlayer

chromatography plate (silica gel) and developed wíth 50% petroleum ether-

benzene.Abrightyellowbandseparated.Thís\ÁTasscrapedoffandeluted

with benzene. Evaporatíon gave 3rBr9-tribromofl-uoranthene as yellow needles

(30mg)rn.l.2o4-2o7".AurÍxedmeltingpolntconfirmedthatthiswasthe

:::i .

t.'.¡;;,:,
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same as auËhentic 3rgrg-tríbromofluoranËhene prepared accordlng to 33)

page 80

35) Svnthesis of 1r4, g rg-Tttrabromoflffi XIV) From f:¡eito-

Theexperimentalprocedureusedhereíssímilarto9)page67.

sodium niLrite (0.8 g) was díssolved in concentraËed sulfuric acíd (B ml')

by adding ín porËions and stirring' The tribromo-amine (0'5 g') was

dissolvedinaceËicacid(45m1.)andfi].tered.Thiswaschi]-ledand

then sl-ôwly added to the cold (0=5') nitrous acid solution with stirríng'

Thereddish-brovmso]-utíonwassËirredaË'thatËemperatureforanhour

andthenaddedtoaboilingsolutíonoffreshlypreparedcuProusbromíde

(2.5g.)ín4Bî"uBr(45m1.).ThesoluËíonr¡asrefluxedfot2hoursand

thenpouredinËoicedwaÈer.ThesoluËionwasextractedwíËhbenzene.
and the combíned extracts

The ínsol-uable :residue was boiled with benzene

were washed with \n'aËer, dried wiËh sodium sulfate and passed through an

alumínacolumn.EvaporaËionofËhesolvenLgavethelmpureteLrabromo

compound.Tvrorecrystallizationsfrombenzeneandcharcoalgavel,4,S'9-

teLrabromofluoranthene (0.1 g.) as green-yellow pi-atel-ets m'p' 243-247" '

TheanalysísofthiscompoundaËthisstagevlasunsaËisfactorysoitwas

subllrnedunderreducedpressure.Green-ye1].owneedles(50rng)were

obËained m.p. 248-249". The infra red spectrum ís shornm on page 1-20'

Analysís Found: Br, 60'62
for CTUHUBTO: Br, 6L'72

F>;-+v.>>z¡

r:.:t.

ir.
r.l

il:r,

Cal-cul-aËed
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ny¿rotrornide Pe-rUromide t

--t ,-o"etamidofluoranthene (0.5 g.) r.ras dissol-r'ed in acetic acid

(70 m1.) and heated to 90o. Pyridinê hydrobromide perbromide (0'62 g')

(preparedaccordingtolg)page73)wasdissolvedlnaceticacid(5m1..)

and added to the above solution' After abqut 5 minutes the bright orange

colorchangedtoastrawyellow.Aceticanhydrlde(3rnl.)wasadded

andËhesoluËíonheatedforabout2hoursmore.Àfterstandíngatroom

temperatureoverníghtacreamcoloredprecíplËaLewasobserved.The

reaction mixËure r¡/as neverthel-ess poured inLo water (300 ml') and filËered'

RecrysËal]-izaLionfrompyrl-dineandcharcoa]-gaveayellowcompoundof

meltingpoÍnt207-224..Purificationthroughanalumínacolumnproved

unsuccessful. The compound was finally recrysËalLízed tr¿ice from pyridine

andcharcoal.EventheníLç'asnotquiLepurem.p.2LT-224".Theínfra

'- 31ic--'= on ?Lge !2L'r e.l s n oe t'!^llrl-' I s

AqalYsi-s Found: N, 4.05; Br, 27.9?

cal-culated for CrrHrronnt: N; 4'15; 'Br' 23'65

:tempt aÈ purífícaÈion was made by hydrolysÍs of the bromo-

amidewíthconcentratedhydroch]-oricacídandethanoltoËhebromoamine

follor^redbyre-acetylatlon.However,on.hydrolysis].-aminofluoranthene
. ¡l - -:t^

was.obtaíned.BrominationthenmusËhaveoccurredinthesidechain.

\.: :.

L.: :, .',:

i. . . :.:,'

37) Btoo,io"tioo of 3-A""Jatidt

chl-orÍde

:, : 3-NiËrofluoranËhene \¡7as prepared according to the rnethod of

GarasciaeËa1.(64),reducedÈo3.aminofluoranthene,andacetylatedto

Lhe 3-acetamido <ierivatíve by fo1-1-owing the directions of Kloetzel et al-' (3)'

iiiil
f{
it+
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chloride,bromine(0.8gr1.)addedandthesolutionstirredovernightat

roomËemperature.NextdaythesolutíonwasfílteredandtheprecípltaËe

washedsuccessivelyr,¡ith10%aqueoussolutíonsofsodiunhydroxide,

sodíum bisulfite and then water' It was then recrystalLízed from chl-oro-

'l ^'^ ^t.ao .ft¡n ?ê.rvsxaLLl.zations from pyridine
benzeneandcharcoalm.p.24o-24S".TworecrysxaLLlzatlonsfrompyridin(

and charcoal gave 3-acetamido-8-bronrofluoranËhene as yellow crystals

(O.2 e.) m.p. 247-249"' This proved Ëo be identical with a sample bro-

.'mínatedinaceÈícacÍdaccordingtothemeËhodofBlackburn(40).

Attempted Bromination of l-AminofluorarrËhene

a tr{ith bromine ín acetic acid

l-Alninofluoranthene (0'5 8:) was díssolved in acetic acid

(20m1-.)andbromine(0.2m1.)inacetj.cacid(10n01.)addeddropwise

¿Lfoo¡¡¡LelupeiaLur*..'ThereacÊiorrmixture!i'asscirre<iior3nours.¿\

reacËíonapparenÈlyoccurredbecauseaprecipiËaËesettledouÈ.IËwas

filtered,washedwíËh10%sodiumhydroxideandwaËeranddried.Purifica-
lde salt and liberation of the bromoamine

with anmonia was fruitless' The compound was dÍssolved Ín benzene' spotted

on thin layer chromatography pLates (sílica gel-

tionusíngavarietyofso]-ventb(e.g.benzene,chloroform).Several

differentcoloredbandswereobtained.Elutiongavecompoundswíthr.lide

urelting ranges

b !üith 48% HBr in dínethyl sulfoxíde

l-A*irroffuoranËhene (0'5 g') r'ras dissolved in dimethyl sul-foxide

(20rr1.)and48%l1hx(6rnl.)addeddropwisel¡ithsËirring.ThesoluËíon

was .heated to .about 10Oo 'for 3 hours and then al-lor¡ed to cool to room

another 3 hours' The reaction mixture was
temperaËure wíth stirrl:rg for

':. + 1t.':a -)

38)
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dilut.ed \rith h7aËer (200 ml-') and Lhe precipitate wbícb forrned filtered'

Itwasre9rystalLLzed'successivel-yfrompyrídine'benzene'hexaneand

eËhanol- but Ëhe melting .range of the precipitate vtas still quiLe wLde'

SublimatíonimprovedthemeltingrangesomewhatbuËiËwasstillun-

acceptable.

othersamplesweredoneandpurÍficaLionattemptedbycolumn

and thin layer chromatography buË still to no avail

(I,XXWII)

'*experinrent'a1'procedureissímilarËothatusedbyCharlesworth
and Bl-ackburn (4) for Ëhe synthesis of 3-bronofluoranthene' l-Arnino-

fluoranthene (2 B') was dissolved in anhydrousether (150 m]-') and filtered''

ConcenËrated sulfuríc acid (2 rnl') was added with stirring Ëo the amine

scluiic::. 'The'-a:ninq 'se1i t'¡e's fLLiered off '-a1lc*eC 
'^ lt'it end finely

ground.Thesaltwasthendissolvedinavigorouslystirredsolutíon

of sulfuric (75 ml') and acetíc acid (75 m1-') with gentle warming' The

sol-ut,ion r¿as cooled and íce and \'laLer (150 g') were added rapídly-with

stirringËoprecípitatetheaminesaltinafinelydivÍdedcondltion.

The sart was diazo tizeð.at 0-5o by addition of sodíutr nitrite (1 g')

ínwater(6rn]..).Thediazoníumso]-utionwaspoured,withstirring,

into a soluËíon of freshly prepared cuprous bromide (15 g') in 487'

hydrobromicacid(B0m]-.)andvTater(25m1.).ThemixËure$Tasheated

slowly,withsËírring,tog5o.SLirringI¡TascontinuedaËthistemperature

for 3 hours after whích the solutíon was cooled to room Ëemperature and

leftovernight.NextdaythereacËíonmixturewasdilutedr,rithr¿aterand

theprecipitatefilreredoff.Thedriedmateria].wassËirredwithhou

benzene(]-50ml.)fourtimesandche'insolubleresiduedíscarded.The I ;:. ".{/i::l



filtrate from above lras also extracted with benzene and Lhe benzene

extractscombinedandwashedwiËhl0%sodiumhydroxídesoluËion.QuÍËe

anamountofyellowsubstancedíssolvedintheaqueousbaseandthiswill

bedea]-tvliËhbej.ow.Thebenzenelayer\,rasseparatedandwashedfurther

with].0%sodíumbisulfite'concentraËedsulfuricacid(untílfurtherex-

tracËÍon gave no furËher coloratíon of the acid layer), 10% sodj-um car.

bonatesolutionandfina].lywiËhT¡Iater.Itwasthendriedoveranhydrous

magnesíumsulfaËeandthesolventevaporatedoff.Theresidue\,Iasre-

crysLallízed Éwíce fxom 957" ethanol Ëo give a yellow precípíLate m'p' 90-

102". Thís was dissolved in benzene and chromaËographed through alumína'*

E]-uËíonwithbenzenegaveacompoundofmeltingpoint103-106".Sub-

vacuum gave l-bromofluoranËhene as yellow needles (0'1 g')
lÍmaLion under vacuum gave r-Dluur('rruvrq

m.p. 1-06-108". The infra red spectrum is shown on page L22'

ifí:ç.i$i:,'iiirri.¡._:,ii#

Analvsis

CalculaËed

Cal-culaËed for

Found: Br, 28'03
for CrUItrBr: Bt, 28 '45

The1.0%sodiumhydroxídeso].utíonfromabovewasmadeacídic

wíLhconcentraLedhydrochloricacid.TheprecípitatelnTasfi]-teredand

recrystalLizaEionattempËedboËhwithbenzeneandethanol.Thestillim-

pure compound was then sublimed to give crystals of rneltíng poinË L42-L45" '

Theanal.ysisaËthisstage\¡IasnoËsatisfactorysoltwasresublimedto

give 1--hydroxyfluoranËhene as.straw colored needles (75 mg) m'p' 145-

L47o. The infra red spectrum Ís shor^m on page 123'

Anal-vsis
Found:

ct6Htoo'
c,
c,

86.4; H, 4.7
BB.1; H,4.6

40) AtËempted Brominatíon of l-BrgmofluorânËhene

1-Bromof]-uoranËhene(0.2g.)wasdissolvedinniËrobenzgng(].5ml.)

andbromine(0.2ml.)addedI^TíËhStÍrring,atroomLemperaËure.SLirríng
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^7as evaporated to give
was conËinued overníght' Next day the solvent was evaporaLetr Ll

unreacted]--bromof].uoranËhene.Thesameresultswereobtainedíncarbon

tetrachlorideatroomtemperalure'andíncarbonËetrachlorídewithiodine

under reflux.

41) BrominaËioo of f;gronoflúora 9-Tetr abromo f luoranthene

(Lxxrv)

I-Bromofluoranthene (0'5 g') was díssolved ín nitrobenzene

(35rnl.)anda,littleiodineadded.Bromine(0.2mL.)wasaddedandthe

stirredsolutionwasheatedatl00of.ot2ohours,duringwhichtímea

precÍpítaËe formed. It. r¿as filÈered and recrystalLLzed from niËrobenzene

twíce but was stil-l impure. It was dissolved in excess benzene and poured

on an alumina column. Elutíon wiËh benzene appeared to cause everything

to pass Ëhrough the column. Two recrystallízatíons from benzene and char-

coa1gaveL,4,B,9-xettabromofluorantheneasgreen-yellowneedles(0.1e.)

m.p. 247-248". This compound proved to be idenËical Ëo.1,4,8,9_teËra-

bromoiluoranËhene synthesízed from l-amÍno-4 r8, g-tïibromofluoranËhene

(.35) page 81).

42) Bromination of f-¡to*off"ott"th

l-Bromofluoranthene (0.5 g.) was dissolved in níËrobenzene (35 ml')

and a little íodine added. Bromíne (0.2 mL.) was added and Ëhe solution

stirred at room temperaËure for 20 hours, during whích Ëime a precipítate

formed.ItwasfilteredandthefiltraËeevaPoratedËodrynesstogive

a residue which melted c10se to that of l-bromofluoranthene' The precipiËate

from above r¡ras recrystalLízed once from nlËrobenzene and once from benzene

togive1,4,g-tribromofluorantheneaslighLyellowplatelets'(0'2g')

rn.p. 194-Lg6". Thís cornpound proved to be identical as L'4'9-txíbromofluor-

t:.!:¿+i¡\Ì-1+a\:,(:./-*i+:
l.'.,:1.:_ :....': .
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anthene synËhesized from l-amino-4r9-dibromofluoranthene ( 9) page 67) '

zene and
1 14r9-Txíbromofluoranthene was brominated in nitroben:

iodinewíthheataccordingEo4l)page36togivel'4'8'9-tetrabromofluor-

anthene-.

43) Svnthesis of 1,(?)-Dinitrofluoranthene (L)OilX)

Funingnitricacid(1.5¡[]..)wasaddeddropwiseËoasolution

of l-niËrofluoranthene (2 g') in freshly disËil-led acetic anhydride (300

then a PreciPítate forned'
n1.). The solution at f irsÈ became c1-oudy and

stirríng was continued for 4 hours at room temperature and the precipitate

filtered. It r^ras washed r¡íÈh a l-ittle cold aceËone and then recrystallized

from acetic acíd. The still- lmpure compound T.ras sllspendecl in benzene

andput'onana]-umínaco]-umn.Alargevolumeofbenzene$fas,usedËoget

most of the:qompound Ëhrough the column' Recrystall-izatíon from acetÍc

."tU rqu" ir(?)-dinitrofl-uoranthene as brl-ght yell-ow needles (0'5 e') n'p'

301.-303..TheÍnfr.aredspectrumísshownonpageL24.

Analysie
9.59
9.59

Found:
Calculated for C'6H'O4NZt

N,
N,

L:-li;4_+ "Êd-:.:i-ãc.l

( ? ) -D i aminqll ugI an Ëhgne
4,4> ReducËion of 1r'(?')-Ðinitrofluoranthene to 1

SeveralatËemptsweremadeatthísreductionbuËpurediamino

compoundl¡Tasneverobtained.Reductionwasfj.rsttriedwíÈhironpowder

and concenËrated hydrochloric acid but purÍfication of product formed was

fruiÈless. Reduction was then done in eÈhanol with Adamrs catalyst and

hydrogerr-. Here again purifícatÍon Ì¡tas.unsuccessful' Catalytic reduction

r¡íth acetÍc acid as solvent úras also unsuccessful'

lrxxx)
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AcetylaËlon of the ímpure diamine was also unsuccessful'

45)

fluoranËhene (LXXXI) "in sítu"

l--Nitrofl-uoranthene (1 g') was suspended ín a mixture of glacial

acetic acid (150 ml') and freshly distilled acetic anhydríde (75 m1')

and Adamrs catalyst added. The reaction mixËure r'Ias shaken on the hydro-

genatorfor3hours.ThesoluËionI^Iasevaporatedandtheresiduere-

crysca1.lízedtwícefrompyridine,charcoalandwater.l'(?)-Diacetamido-

fluoranthene rüas obtaíned as light green plaÈelets (0'6 g') m'p' 32O-

322o. The infra red specËrum is shovm on page L25'

AnalvsÍs -r - \r a ?q

CalculaËed for CZOH'.OZNZt N' B'86

46) Ëhesis of l-Acetarnido-Mononiirofluoranthene 
(LXXXIII)

l-Acetamidofluoranthene (0'5 g') was suspended in earbon xetra-

chloride,(25ml.)andsËirredinaníce-waËerbath.ConcentraËednitric

acid (30 drops) was added sl-owly and the reactíon míxture stirred aË this

Ëemperaturefor2hours.Ayel.l.ow_1íghtbrornmballforrnedinthecolor-

l.essl.iquid.Theprecipitatewasfiltered,groundfineandwashedsuc-

cessivelywiËha].ittlehotbenzene'acetoneandaceËÍcacid.Recrystall-

ízajLonfromaceticacidgavel-acetamido-mononítrofluorantheneasorange

crysËals(0.rg.)m.p.315_3lT..Theinfraredspectrumisshovmon

page L26

Analvsis -,--r. * o ô?

CalculaËed for CtgHtZO3NZt N' 9'21

r:;
l:.:.:

l' ..:!

i;::

'..

i:i.t ;
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47) thdsis of l-AceËamido-Monoaminofluoranthene 
(LXXXV

l-Acetamído-mononitrofluoranthene 
(O'Z g') was suspended in

ethanol(200mI.),Adam'scatalystadded,andthe'reactionmixËureshaken

onthehydrogenatorfor3hours.Thecolorofthemixturechangedfrom

yellowtogreen.Thereactionmixture\¡IasfilteredandthesolvenËevap-

orated.IËwaswashedwiËhcoldbenzeneandrecrysËalLizedfromhexane
^..^*+Lanaâcâ, Pitate

togivel-acetamido-monoaminofluoranLheneasadarkg,reenprec]-

(50me)rn.p.195_2O0o.Theínfraredspectrumisshor^mortpageL27.

Analysis Found: N, 9.60

Calculated for CtgHt4ONZ! N' 1-0:20

SvnLhesis of l-Acetamido-Dínitrofluoranthene (LXXXII

.: ... -.

r.-.:.

4B)

l-AcetamídofluoranËhene (l g.) was suspended ín carbon ËeËra-

chloríde(40mr.)aËroomËemperaËure.Fuming(g57")nitricacid(50

drops)wasaddeddropwiseto'thesËirredsolutíon.ThereacËionmixture

wasstirredatthisËemperaËureforl0hoursduringwhichËimeíËappeared

asaredstickymasssuspendedínaclearsolutj-on.AfËerfiltration'

thesolid.\¡Iêsgroundfineandwashedsuccessivetrywithhotethanoland

hoL aceËíc acíd' l--AceËamido-dínitrofluoranthene was Ëhus obtaíned as

.bright orange p1-atelets (0'1 g') m'p ' 335-337' ' The inf ra red spectrum

ís shovm on Page 128'

Analysis Found: N, 1l'79
Calcul-ated for CtgHtlOSNgt N' 12'02

Èo Give the Ìisitroamine

I

l::'

4e) rolysís of l-Acetamido-Dinitrofluoranthene

ltydrochloríde (LXXXTV)

l-Acetamido-diniËrof luoranthene (0' 5

ml.), conceriËrated hydrochloric acid added

g.) was susPended ín eLhanol

(30 m1.) and the reaction
(30



mixture refluxed for

IË was fíltered and

crysËals (75 rng) of

rn.p.347-350". The

Analvsís

90

20hours.Duringthistime,aredprecipitateformed.

recïystalLizeð' tr¿íce from chlorobenzene' Brick red

the diniËroamine hydrochloride were obËained this way

infra red spectrum is shovm on page L29 '

Calculated f or CtO"gO4*g-'11C1:
Found: N,12.23

N, 12.23

l. .:: I . :',: :',:
ì-::..":t-. : .,1::
):::r'::l:'ir':

:;:::;.::-:)Ì:
:r: :. :1.:.'
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SUMMARY. *

a)Brominatíonofl-nitrofluoranthene(t)innitrobenzefleorcarbon

tetrach]-oridewithorwÍthouËíodínegavel-nitto-4,9-dibromofluoran-

thene (f,V). Reduction of the nitro compound gave l-amíno-4'9-dibromo-

f].uoranthene(l,vtl).Acetyl.ationofttreaminegavel-acetamido.4,9-

dibromof luoranthene (Lwrr). A sandmeyer reaction with cuprous

brornide on Ëhe amine gave 1 
'4'9-ExlbromofluoranLhene 

(LIx) '

b) oxídaËion of l-nítro-4r9-dibromofl-uoranthene (LV) gave 4-niËro-

6-bromofluorenone-1-carboxylic acíd' This índícaËes the presence

ofabromineinringBofthef]-uoranLhenemolecule.Thisísthe

fírstreportofasubstiËuenËbeingdirectedËoringBbyaninitÍal

substituent in ríng A'

TheorientaËionofthetwobrorninesinl-nitro-4,9-díbromofluoranËhene

(i,V) was shorm bY two methods '

a)Deaminatíonof].-amino-4,9.díbromof].uoranthene(l.vtt)obtained

from the correspondíng niËro compound gave 3'B-dibromofluoranthene (lX)

lr et al- '
identicalwithanauthenticsampl.eobtaÍnedaccordíngtoTob].e

(15) .

b) oxj-dation of l--amino-4r9-dibromofluoranËhene 
(lvII)' l-acetamido-

4,9-dibromofluoranthene(LVIII)and3,B-dibromofluoranthene(LX)a11"

produced 2,7-dibromofluorenone-l.carboxylic acid (LXI). On decarboxy-

lationthisacldformed2rT'díbromofluorenone(l'xII)ídenticalwith

L)

2)

* For numbers l-8 see Page 95'
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3)

LhatobtaínedbyoxídÍzingcommercial.lyavall-abLe2,7-dibrornofluorene.

BrominaËíonofl-nitrofluoranthenewithiodÍneandexcessbromine

innitrobenzeneandwithheatingfortwodaysgaveacompound(i,xrx)

forwhÍchanalysisshowsthepresenceofsixbromínesandËhecomplete

loss of the niËro group' The oríentaËion of the bromines has been

suggested but not establíshed'

BromÍnaLionofl-acetamldofluorantheneíncarbonËeËrachloridein

theco]-dgavel-acetamido-4,9-dibromof]-uoranthene(l.vIII).This

compoundisídenticalwiËhtheacetamidocomBoundobtaÍnedfroml.

nitro-4,9-dibromofluoranthenevíatheamíne.FurËhermore'Ëheamíne

producedbythehydrolysisoftheaceLamidocompoundísidentica]-

withthatproducedbythereducËíonof].-nítro-4.¡9-dibromofluoranthene.

Theoxidatíonproduct'ofthisl-aceËanrido- ,9-dibromofluor¿nthelrewas

aLso 2.7-díbromofl-uorenone-1-carboxylic acid (LXI)'

5)a)Brominationofl-acetamidof].uorantheneincarbontetrach]-oride

wíthref].uxinggaveamixtureofl-acetamído-4,8,9.tribromofluoran-

thene(LXü)andl-acetamído-4'B'9'(?)-tetrabromofluoranthene(LXXI)'

The orientatíon of the latËer compound häs not been establ-ished'

b)Theorientationofl.aceËamido-4,8,9-tríbromofluoranËhene(lxrx)

$Ias esËablished as foLl-ows' Ilydrol-ysis of Ëhe amide gave l-amino-

4rBrg-tribromofluoranthene(l'xxu)'DeamínaLionofthisaminegave
LL^-^ al wiËh a samPle PrePared

3rBr9-tríbrornofluoranthene (txxIII) ídentical rrirn a samPrc

byfurËherbromínatíonof3,8-dibromofluorantheneaccordingtoTobler

et al. (15).

4)
::''|':
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6)

c) A SandmeYer reactlon nith

tribromof l-uoranthene (LXXIT)

cuprous bromide on l--amíno-4 r8 19-

gave Lr4rB r 
g-tetrabromofl-uoranthene (LXXIV)'

BrominaËionofl-acetamidof]-uoranthenewiËhpyrídiniumhydrobromíde

perbromídeinaceticacidatroomtemperaËureeffectedsídechain

brominaËiononthemethyl.grouptogive]--bromoacetamÍdofluoranthene

(LXXW)

a) l-BrornofluoranËhene (r,>xvtr) .was synth'esized by doing a Sandmeyer

reactíon with cuprous bromíde on l--amÍnofluoranËhene' l--Ilydroxy-

fluoranËhene (ïJ(XVIII) was also obtained as a by-producË of the reaction'

b)BromínaËionof]--bromof].uoranthenewithíodíneinniÈrobenzene

lnthecoldgave:-,4,g-txibromof]-uoranthene(LIX)identícalwiththat

'n ÍIith cuprous bromide on l-amÍno-
prepared bY a Sandmeyer reactio

4, 9-díbromof luoranthene (IVII)

c)BromínaËíonof].-bromofj.uoranËhenewithiodineinníËrobenzene

and }íeat gave 1-,4,8,9-ËetrabromofluoranËhene (L)o(il) Ídentica]- wíth

thaËpreparedbyaSandmeyerreac!íonwiËhcuProusbromídeonl-amino-

4, 8, 9-trÍbromof luoranthene (LXXII)

rmínatíon of 1,4,9-txibtomofluoranthene (LIx) gave 1,4,
d) Further bromÍnation or rt.+

8, 9-teËrabromof luoranÈhene (LXXN)

Regardless of the nature

brorno) in the L'Position

positions 4 and 9. '['lhen

they direct sím1lar1-Y to

posf-tion.

of the substítuents (nitro, acetamido'

of fLuoranthene, díbromination occurs in

these subsËituents are ín the 2 ox 3 positíons

each other buË quíte different tã tne t

7)

I ,.:

B)



9) Nítration of l-nitrofluoranthene in aceÈic anhydríde wíth fumíng

níËríc acíd gave 1, (?)-diniËrofluoranthene (LXXAX)' Catalytlc reduc-

tion gave an ímpure diamino compound r'rhereas aceÈylaËion ttlft situtt gave

1-(?)-diacetamidofluoranËhene(Llo<Xf)'TheposiËionofnitratíon

has not been established'

10) Nitration of i--acetamídofluoranthene Ín carbon tetrachloride wiËh

fumíng nitric acid gave rnaínly l-aeetamido-(??)-dinítrofluoranthene

(LxxXII).IlydrolysiswíËhconcenËratedhydrochlorícacidinethyl

alcohol gave Ëhe dínitroamine hydrochloríde (txxxlv) ' The orienta-
= 

L¡¡9

tíon of the two nítro groups has noË been establíshed'

1-1) NíËration of l--aceËamidofl-uoranthene ín carbon ËeËrachloríde wíLh

concentratednítrícacidgavel-aceËamído-(?).nitrofluoranthene

eductionofwhíchgavel-acetamído-(?)-alninofluoranËhene(lxxxrtr) rr
(l.xxxv).TheposítíonofnitraËionhasnoËbeenestab].íshed.

L2) BrominaËion of 3-acetamídofluoranËhene wiËh bromíne in carbon xetxa-

:ch].oridegave3.aceËamíde-B-bromofluoranthene,justasitdídin
carbon teËrachloríde: acetic acid, l-z2, and ín aceËÍc acíd alone'

1.3) In the course of thís research, Ë\.IenËy-one ne\¡¡ compounds have been

prepared,afewofwhichvlerenotpurifiedsatisfactoril.y.Theorien-
t t"Ëion of ten of these compounds has been rigidly establíshed'

ì

L

rrì1ì:l
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RECOMMENDATIONS FOR'FUTURE WORK

1. Nitration of l-acetarnÍdofluoranttrene in carbon t.etrachloríde r¿iËh

concentrated nitric acíd to give the mono nitraËÍon product shoul-d

be carríed out again. The acetamÍdo group could be hydrolysed to the

amine. Deaminatíon mÍght be expected to give either 3-nitro- or B-

niËrofluoranthene if substÍtuents ín positÍon l- nitrate in the same

positÍons as they brominaËe as they do for 2 and 3-acetamídofluoran-

thene.

2. NiËration of l-acetamidofluoranthene ín carbon ËeErachl-oride r,¡ith

furníng nitric acíd to gÍve the dinitration produet shouLd also be

again. Hydrolysis and deaminatíon might give 3r9-diníËrofluor-

anthene as T¡ras dfscussed on page 60. 3r9-Dinítrofluoranthene was

synthesízed by Charlesworth and LiËhown (30) and would be avail-abl-e

for comparíson.

3. Nitration of l--nÍtrofl-uoranthene in acetic anhydride wíth fumtng

niËric acid to gíve the mono nítraËion p.roduct should be redone. It
is predícted that this compound rnight be 114-dinitrofluoranthene.

rf the strucËure ín (1) above is proved, then eomparÍson of their

diacetarnido compounds r¡ould show whether mononitratíon occurred at

the same posiÈions in both compounds. Otherwise the preparaËion on the

fo1-lowing page might be attempted. Thfs synthesis, simllar to that of

Campbell, Gow and llang (68) could probably be used for 1-nitrofl-uor-

anËhene as well- as 1r4-diníËrofluoranthene.
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4) The st,ructure of l-acetamido-4 rBr9, (?)-tetrabromofl_uoranthene has

not been e.stablÍshed. 0xidation of this compound followed by an

elemental analysis of the resulËing fluorenone carboxylic acid would

show r¿hether all four bromines vrere ín ríngs B and C. An NMR spectrum

of this acÍd would undoubtedl-y be of great value.

5) It woul-d be ÍnteresÈing to attempt brominaËion of l-aminofluoranthene

agaín eíther by the conventional methods or with HBr in dimeËhyl-

sulfoxide (49). sÍnce the amino group is so intensely acËívatÍng,

brornínaËicn in the same ríng míght be expected.

6) 8-NÍtrofluoranthene has been isolated by Kloetzel êt a1. (3) fronr thq-
nitration míxtu::e remaining after the nitration of fluoranthene.

To date no further substítuËion of B-monofluoranthenes has been done.

Directíon ot bromínacion anci níLraÈion by substituents in t,he benze-

noid part of the fluoranthene molecule would prove inËeresËing.

7) 7-SubstítuËed fluoranthenes have been synthesized by Campbell.eË al.
(16), Stubbs et al"(50), Tucker er al.(5 ), Kl_oerzel er al.(52) and

Bergman et al-. (53). As aboverbrominations and iitrations on 7-

substítuted fluoranthenes would prove interesËing. FurÈher substitution

of the two monosubsËituents in Ëhe benzenoid ring (i.e. points + "od
5) would compleËe the study of at least some kind of substitution

of alL five mono substituÈed fluoranthenes.

B) Andrew, Carnpbell et al-.(31) found that 3-nrettroxyfluoranthene nítrated

f,n Ëhe same manner 
1s 

the acetamido compound. l--Methoxyfluoranthene

il

ì-
I
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should be prepared and both brominated and nitrated to see whether

it behaves Ín a símilar manner to l-acetarnidofluoranthene.

9) MonobromÍnatÍon in the l--substituted fluoranthenes would be desirable

to experinentally show the positíon of monobromi¡ration.

10) As can be seen from Table II page 40, bromínaËÍon of 2-bromofluor-

anthene and nÍtraËion of 2 and 3-bromofluoranthenes have not been

done. These reactíons should Þe carrÍed ouË to verify predíctíons

about thern.

11) It might prove interesting Ëo see how 2r3-ðLhydrofl-uoranthene (a)

(a)

and l-nitx o-2 13-dÍhydrof luoranthene

The latter Ís an Ínterrnediate in the

One would expect addítion across the

(b)

(b) would bromi-nate and nítrate.

preparaÈíon of L-nitrofluoranthene.

double bond Ín the alicyclic ring.

L2) Bromination of 3-arninofl-uoranthene in acetic acid gives 3-ainíno-2-

bromofl-uoranthene (4). Bromínation should be tried wíth. IlBr in dimethyl

sulfoxíde (49) to see if there is any effect in this drastíc change

of condítions.

1-3) l--Ch1-oro, fLuoro and iodofluoranthenes can be made from l-aminofluor-
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anthene vía dLazoníum reacËíons.

L4) 6b, lOa-Dihydrofluoranthene has recentl-y been synthesized by Rees

et al. (S+¡. NitraÈíon and bromination of this compound would un-

doubtedly give novel compounds.

L5) l--NíËro-4-bromofl-uoranthene has been prepared by Campbell and l{ilshire

(3S¡ 6, nítrating Lr2,3r10b-tetrahydro-4-bromofl-uoranËhene. More of

the nitrobromo compound shoul-d be synthesized and further bromínated.

Further bromination wouLd mosË l-ikely occur ín position 9. The nitro

group could also be reduced and acetylated Ëo give 1-acetamido-4-

bromofluoranthene. Further brominaËíon on thís compound would show

which group dírected the second íncomÍng bromíne

16) l--Acetamiclofluoranthene has been mononitraËed (page 60) but the

oríentation has not been proved. Bromination of this l-aceÈamÍdo-

mononíËrofl-uoranthene might prove interesting.

i.._.

I j--..
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PART B

SYNTIIESTS 0ï SOME 3,6-DISUBSTTTUTED FLU0RENoNES
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" INTRODUCTION

Fluorenone is closely related to fluoranthene and the synthesís

of subsËituted fluorenones ís often the only means of provÍng the oríenta- 
,::,,

tion of substituents ín the fluoranLhene molecul-e. Oxidation of sub- : :

sÈítuted fluoranthenes with dichrornaËe or chromíc acid soluËions, ínvariabl-y

give substítuted or unsubstiËuted fluorenone carboxylic acids depending .:.:" 
..,.i','on the ring broken. As was mentÍoned in part A of thÍs thesis (page i-9) :i.,;

Charl-esworth and Mathiaparanam (1) developed a very efficient synthesÍs i,,,,
-l.il

for uns5rmmetrícal 3r6-disubstíËuted fluorenones usÍng m-acetotoluidide

and p-niËrobenzoyl chloríde as starting materíaIs (see page l-54).

lTheir work \das necessitated by the desire to prove the identity of 3-

bromo-6-nÍtrofluorenone which r¡zas the oxidation and decarboxyl_aËÍon pro_

duct of 2-nLtro-9-bromofl-uoranthene synthesízed by Charlesworth and ,

l

Dol-enko (2) 
I

Ït r¡7as discovered that very few uns)rmmetrícal 3r6-dísubstiËuËed 
l

i

fluorenones T¡/ere reported in the liËerature, so it appeared thaË app1ica-

tÍon of diazonium reactions to 4-amíno-2-methyl-4t-nitrobeizophenone 
i,,,,,,,,

i,''(an intermedíate in the reactÍon scheme; page 154) to produce Ëhe analogous ,,,,,,',,.

tt"t t"t'chloro-, fluoro- and iodo- compounds should be possible. Cycliza.tÍon- -J

to form the corresponding 3-halo-6-nitrofluorenones would be both worth-

while and ínterestÍng. Furthermore ít would provide good pracËÍce for 
;:,,j.,.,:,

l:'ì-:i: li:the anticípated synthesis of simílar disubstítuted fluorenones rvhich rnight i:'ìr:'i:::

have been required in connection wÍth elucidation of structure on Ëhe

bromínaÈÍon and nÍtration of l-substituted fluoranthenes. Indeed, they

could be used noË only to establish identity of Lhe oxidized and de-
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carboxylated fluoranthene compounds, but also as sËarËing materíals for

synthesízíng substituËed fluoranthenes. These seríes of reactions \¡/ere

undertaken when bromination of l-acetamidofluoranthene (see part A page

48) was proving to be quite diffÍcult and there r.ras even doubt as to its

suecessful- completion.

: :::t1ì:i,.'
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LITERATURE SURVBY

trrlhile worlcing on the pyrogeneËic hydrocarbons in l-867, Berthelot

(3) isolated a nev/ substance from the fraction of crude anthracene oÍ1

boiling betneen 300 and 310o. on recrys taLLizatLon from ethanol a

whíte fluorescent solid melting aÈ l-l-3o vras obtained. Because of the

fLuorescence"Berthelot named it ttFluorenett. However, Ín 1-BB3 Hodgkinson

and Mathews (4) showed. that the fluorescence rnras due to Ëhe presence of

some ímpurity whích was removed by recrysEaLLization or sublimatíon.

Fl-uorene occurs ín coal Ëar, and ís obtained commercíal-ly from

that source. rt, forms a sodio derivaÈive, (c6H4)rcHNa, on heatíng vüith

sodÍum or better wiËh sodamide at 120-1-50' (5a). By means of thís com-

pound ít can be separaËed from other hydrocarbons in coal tar fractions (6).

The discovery of phenanthrene(VI) in LB72 by I'ittig and Oster-

mayer (7) and independentl-y by Graebe (B) played a major role Ín the

el-ucídatÍon of the structure of fluorene. FítËig and ostermayer (9)

camÍed out the following degradation, leading to the known dÍphenyl (IX).

(o) 
>

lime

i"..;,i,,ì

(vr)

i::::i ' l i

(vrr)

1,".
co

(vrII)(IX)
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The ketone (vrrr) produced from the then unknown diphenic acid (vrr)

was rightly Ínterpreted. as dÍphenylene ketone¡ Fíttig (10) dÍstilled

the diphenylene keËone rvíth zinc dust and found that it was reduced to

a white substance melting at 113-114o. This he calLed diphenylene methane.

Barbíer (11-) observed that the compound obtained by the oxidation of

fluorene was ídentical with the diphenylene ketone of FÍtËig and OsËer-

mêyer.

In LB7B, Fitrig and Schmirz (12) reporred Ëhat rhe diphenylene

methane previously obtained by FiËtig from the dÍphenylene ketone was

Ídentical lríth fluorene obtaÍned by Berthelot and BarbÍer. Hence the

structural formula of fluorene could be represented. as:

Evídence seems to ÍndÍcate that the benzene rings are bent away

fron the coaxíal diphenyl bond wiÈh a di.stortion of the val-ence angles

from the benzene ríngs by I2", to give x a planar structure as pÍctured

by PÍnck and Hilbert (1V)rwhere the five membered ring is nearly a regular

pentagon. This formula is probabl-e from dípol-e measurements (13), (14)

and X-ray studies (1-5) and is further supported by the failure of fl-uorenone-

4-carboxyl-íc acid to close a fourËh ring (l-6), the dÍsËance being Ëoo

great to be brídged.

(x)
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Such a planar confíguratÍon as X would be in a staËe of strain and has

beeniused (fZ¡ Ëo account for the ready enlargement of the fíve membered

ring:in the SÈiegLitz rearïangement of the amínes of the type XI to

yÍeld phenanthridines .

^,/Ru-H

i-%
i9! -rI

(xl)

Oxidatíon of Fluorene

Fluorenone is the maín oxidation product of fluorene and has

been obtained wíth a variety of oxídizing agents. lüif:h sodÍum dichromate

in acetic acid Huntress et at.(1g)obtained fluorenone in good yíelds.

This nethod is suitabl-e f or 1-arge scale laboratory preparations, CoUrtot

(60) "f"" obtaÍned almost quantitative yisfd of fluorenone using potassium

pennanganate as the oxÍdizj:ng agent at room temperature. This author

found that 217-dibromofluorene can be oxidized to 2r7-dibronofluorenone

wi-th chromic anh,vdrÍde in acetic acid (see No. 15 page 71-) in good yield

and would expecË the unsubsËituted fluorene to be oxídízed .to fluorenone

as easily

c00H
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' Gutman, Butl-e and Fenton(6f) studÍed the oxídation of fluorene,

2'acetamídofluorene and'2-nÍÈrofluorene by a1ka1i4e potassium persul-fate

solutions. They found that fluorene and 2-acetamÍdofluorene r¡rere re-
sistant to oxidatíon v¡hereas 2-nitrofluorene r¡ras attacked at the meÈhy-

lene carbon to yíeld 2-nitrofluorenone and 212r-dinitro-9r9r-difluoryLidine.

Kzszog

oH-

ozN

Noz

Since of the three fluorene derÍvatives investigated on1-y 2-nitrofluorene,

which has a strongl-y el ectron attracting substítuent on the nucleus \¡ras

attacked, íË appears that successful oxidaËion of fluorene compounds by

persuLfate depends upon the formation of an anÍon.

rn 1965, ogara _9!:!.(ra) in thefr invesrigarion of peraceric

oxidaÈíons of polynuclear aromatíc compounds, found that fluorene on

oxídation wÍth peracetic acíd gave a díhydroxy fluorenone. The positíong

of the two hydroxyl groups are stil_l uncertain.

rt Ís ÍnËeresting to note that fluorenone itself ean be further

oxidízed to fluorenone peroxide wÍËh a possible srructure of (C6H4)ZC=ð-õ.

When acetíc anhydríde and sulfuric ag1¿ &T€'present, ùhe lactone of 2-
hydroxydiphenyl-2r-carboxylÍc acld is also obtained (5b).

':']:

ozN æ

offi
OH

NO

o

C

o

oX



Synthesis of F1ucre-nones

1) I oxidation of'Fluorenes

L36

Heat

Fluorenones may be obËained by the oxidatíon of fluorenes by

methods descríbed ín the prevÍous secËion. Thus Èhe methods of forrnation

of fluorenes could be exÈended as a synthetíc route to fluorenones, by

includÍng the oxidatíon step. Hence, the formation of fluorenes is

consldered fírst.

Adaur (L9) in 1886, showed that diphenyL and methyl-ene dichloride

when subjected to Friedel-Crafts condiËions yielded fluorene. The

reaction Índícated the close relatíonship of diphenyl to fluorene. The

synthesis of new dÍphenyl derivatíves has led to Ëhe successful prepara-

tíon of fluoienone and fluorene derivatíves wíth substítutents ín the 3,

4 anð, 6 posiËíons (20).

Fl-uorenes are also obtained by cyclodehydrogenation, usually

by heating to a hígh ternperature in the presence of a catal-yst, of dlphenyJ-

meËhane and of ortho methyl- díphenyls QÐ QL) (22) .
;j i ,r:::ri1

$ l; i:l:i

i':';:",
i:::Heat

cHz
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Utilízing this Íclea Longo (23) et al. r¡rere able to synthesíze l-nethyl-
fluorene and 116-diurethylfluorene from Ëhe correspondÍng diphenyrs.

Another synËhesis of fluorenes involves a Diels-Al-der reaction

wiËh addítÍon of 1r3-butadiene tã índene to give a Èetrahydrofluorene (24)

which on dehydrogenaËÍon gives fluorene.

Ilarradence et al-. (25) prepared a few fluorene derívatives by applyíng

the Manních reacÈíon t.o.<,indane derivatives.

2) From PhenanËhraguinones

One of the most reliable methods cf prepcring substituteci

fLuorenones ís by conversion of phenanthraquinone derivatíves. PhenantÏr¡a-

quinone bearíng structural- simílariËy to open chaÍn <-díkeËones undergoes

benzílie acíd rearrangemenË gívíng diphenylene glyco1-lic acid. Thís beíng

an <-hydroxy acíd, oxidized readily to fluorenone.

HO COOH

The passage from phenanthraguinone dírectly Ëo fluorenone without the above

íntermediate has been accomplished using alkaline permanganate (26). Thís

method of fluorenone synthesís rras once límited by the fact that many of

the desired phenanthraquínones rüere not knor^m. In 1958, Bacon et al .(27)
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díscovered a new rouËe tophenanthrenes from substituLed díphenyl-Z12'-

díaldehydes, by reductive cyclization using hydraz-íne. They extended the

applicability of this reductive cyèIízatíon to the synthesis of 3,6-

dínítrophenanËhrene Ín the- fol1-owíng manner startíng from 2-amíno-4-niËro-

toLuene.

W,ffi'-"*î'Q;.

ffi--*2'à&*2affi

3) From Dåphenic Agids

Huntress eË al; (28) obtained fl-uorenone by heating dÍphenic

acid at 360'. The transformation may occur ín three ways. This is illusËrated

bel-or¿. 0

"*3 
I

I

I

Noz ozN l-- ,-,No2 or#

lcoz -Hzo
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Huntress et al.(29) succeeded in preparÍng a number of dichlorofluorenones

from various dichlorodiphenic acids and Ëheir anhydrides by pyrolysis.

For example 3r6-díchlorofluorenone \^ras obtained from 5r5t-dichlorodiphenic

anhydríde, and lrB-dichlorofluorenone was obtained from 3r3r-dích1_oro-

díphenic anhydríde. Hovrever, when 3r3r-díchlorodípheníc acíd was heated,

the product hlas 1r6-dlchlorofluorenone-5-carboxylíc acÍd, from whích L16-

dichlorofluorenone could'be obtaLned by further heating. The last two

syntheses are íllustrated below.

_H2or//

o\.-o-"/ o /

c1

co2H

Huntress et a1. (30) further ínvestigated the action of concentrated sul-furíc

acÍd on 3,3r-dichlorodiphenic acíd. They found that aË L25o r 1r6-dÍchloro-

fluorenone-5-carboxylÍc acÍd formed whereas at 170o, 1r6-díchlorofl-uorenone-

4-carboxyl-íc acid formed. FurËhermore, the þtter acid can be obtained

from the former at L70o. A migration of halogens has been proposed.

i:iì¡ii:+Í
;'l:::::

l-..,
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F"*-ffi
co2H

The decarboxylation of 1r6-dÍchlorofluorenone-4-carboxyl_íc acid in

sulfuric acíd gave 3r6-dich1-orofluorenone. Further experíments showed

that both 1-rB-díchlorofluorenone and 1r6-dichlorofluorenone rearranged to

3r6-dÍchlorofluorenone on heating in sulfurÍc acid at 185-200o. These

results emphasize the danger in the use of high temperatures in the

synÈhesís of fl-uorenones

4) From OrËho Carboxy Diphenyl- Derivatives

' The dehydratÍon of ortho carboxy diphenyl derÍvates constiËuËes

another method of fluorenone synthesis. The ring closure is usually effected

wÍth concenËrated sulfuric acid, A distínct disadvantage is encounËered

ín this method if the substítuenË in the second ring ís ín the meta position

as on ring c1-osure tr¡ro compounds are possible. However, no compl-ications

are involved íf the substÍtuents are in the firsL ring or in the orËho and

c1

"ffi-rï20->
para positions of the second

Miller and Bachman

Z-br omo-Zt -carboxyd iphenyl in

acid.

ring.

(31), strrËhesized 4-bromofl-uorenone from

quantitative yields uslng concentraÈed sulfuric

co2H
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Br

RecenËly [liemann et al . (32).(33) , showed that compounds of

the general formula RTCH,CH = C.R.CHO condensed with cinnamaldehyde at

400" Ín the presence of magnesíum oxide Ëo yÍeld 2r4-substituted diphenyl

aldehyde with traces of cyclohexadiene. The diphenyl aldehydes were

oxídízed to acíds, which on cycLLzaËíon gave fJ_uorenones. They prepared

several- 2r4-disubstituËed fluorenones wíËh dífferent R and Rr.

-/.tr(cno
**@

5) From 2-SubstíËute-9*Penzophenones

Fl-uorenone may also be synthesízed from ortho

phenone derivatíves. As Miller eq el. (31) have pointed

cHo

R-C

\.f
cH-cH^

\Z
Rr

-Hzo

r.:

halogen benzo-

out, this method

lt

0r,p -HBr



possesses dísadvantages in that yiel-ds are small, the intermediates are

difffcult to prepare, and rearrangement is possible because of the high

temperature required to effect eliurinaÈion of halogen acíd. A ferv years

latero hor¡ever, (34) fluorenones were obËained ín faír yield by heating

diaryl ketones r¿ith an ortho chl-orine wiËh metatrlic iron in a rotating

bomb.

A sírnilar method to the one above consists of Ëhe successíve

diazotízatíon and internal coupling of derivatives of ortho amÍno benzo-

phenone.UllmarmeË al. (35) prepared 3-methylfluorenone by the pschor:r

cyclizatíon of 2-(p-rnethylbenzoyl) aniline. This method has found r¡íde

applicatÍon for the synthesis of substÍtuted fl-uorenones. For example

MilLer et al-. (31) used the method for the synthesis of 3- and 4-bromo-

fl-uorenones starting with commercially avaíLab1e chemical-s. This work

Ís shown on the followíng page.

6) From Fl-uoranthenes

l: l:.:lr.:::.:

The oxidation of fluoranthene r,rÍth potassium chromate, chromíc

anhydride or poËassit* pernanganate ¡rie'lds I-fluorenonecarbo:ç¡r1ie, acid
one of Ëhe príncipal prodrrcts (see ParË.4 page 6). Oxidation of substituted

(o)

as i:'':

:,:.:llì

t::ìrlì
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fluoranthenes wiËh díchromate or chromíc acid soluËions, invaríably

give substituted or unsubstiÈuted fluorenone carbo.xylic acids depending

on the ring broken., (see ParË A page 9). Decarboxylation gives the cor-

respondíng f1-uorenones. Ilhen the oxidation works, thÍs is a conveníent

way to prepare substituted fluorenones from fluoranthenes. Quite often,

however, the yíelds are quite low. For exarnpl-e, Campbell et al.(36)

oxidi.zed 3-nítro-9-bromofluoranthene and got 28% yi,eld of 6-bromo-2-

nÍtrofluorenone-l-carboxylic acíd. After decarboxylation, however, onl-y

a 4.5"/. yield was achievedc. Sometimes several products rníght result from

- .the oxidat,ion. For example, Campbell et al-,(37) oxidízed 3'8,g-trÍbromo-

fl-uoranthene and isolated Ëhree products; 6r7-dibromofluorenone-1-carboxyl-ic

acÍd, 2r6.17-tribromofluorenone-l--carboxylic acíd and 4r5-dÍbromophthalic

acíd (see Part A page 1-1). OccasÍonally the oxidation yíelds no fluorenone

aarboxyl-ic acíds. Lithor,m (38) was unable to oxídize 3r9-dinítrofluor-

anËhene. Tþis present author experÍencedthe same díffículty wíth a

l-, (?)'dinitrofluoranthene (see ParË A page 59) 
"

D Direct SubsËitution

The most actÍve site for electrophÍ1-ic substÍtution

position 2. In most reactions a further substiËuent enËers

The following examples il1-usËraËe this (5C) (39).

in

at

fluorene ís

position 7 (5C) .
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Ì^fhen a highly acËivaËing substituenË

occur ín the same' ríng (5c) (36) (40).

and bromínaLíon below.

ís present, further substítutíon can
j

This is íllustraËed wiÊh nítratíon

mal-n isomer

NitraËíon of 2-aminofl-uorenone gives Ëhe

c1-usively çSc). However, bromination of

the 3-bromo derívative (41).

ffi-" HNO^

0^N
uHcocnr'

-L
No2 '

t{HcocH3

7-nitro derivaËíve almosË ex-

2-aminofl-uorenone gives mainl-y

ozN

ffi*'"fiäu '@p
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Apparently Íf Ëhe 7-posítion ís blocked, nítratíon of an actÍvaËíng

group r,ril-l' occur ín the same ring (40¡.

Br ocH3
HNO^

Noz

=ruËed 
f l-uorenones starËíngBarker et al-.(42) synËhesízed some 3r6-disubstil

from 2r7'diaceËamidofluorene and 217-díaeetamidofluorenone. Both these

compounds behaved ín a símilar manner in many respects. The dínitratíon

of. 2r7-diacetamídofluorenone gave only one compound , namely 217-díacetamido-

3, 6-diníÈrofluorenone. Thís compound was converted to the dínÍtrofluor-

enone by hydrol-ysing Ëhe acetamído groups followed by deaminatíon. Thís

work is ill-ustrateci on the foilowing page. The orientation of the nitro

groups was confírmed by converting the above dinítrofluorenone to the

díbromofluorenone which was shoum to be identical- with 3r6-dibrornofluor-

enorì.e obtained from 3, 6-dibromophenanthraquinone

8) From Míscel-l-aneous Compounds

Colonge eË al. (43) reported that condensatíon of cyclohexene-

I-carbonyl chl-orÍde wíth benzene, in the presence of aluminum chloride

gave 1-r 21314r1-0r1-i--hexahydrofluorenone. Dehydrogenatíon wiÈh sulfur gave

fl-uorenone. They also prepared several methyl subsËiËuted fl-uorenones

by condensing cyclohexene-l-carbonyl chloride r,¡íth toluene' p-xylene and

m-xylene.

l.'r
:.;.a

l:1i_: :1r:r:iÌ_:

:,ì:ì'Ì:,ì.ùì:

cocl
+ -*ffi

i 1' _:'i'j i.l
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a) (H)
b) (cH3co)20

a) (H)
b) (c%co)20

NHC0CH3

l1:..i: ì,,:.lf
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Tn L962, Fuson eË al. (44) reported that nhen the di:nethyl eËher

of 2-duroyl resorcínol -was dernethylated wíËh hydrobrornic acid or alumínum

chloride, the phenol may undergo further reaction. With hydrobromic

acid, the cleavage oroducts r¡rere resorcinol and duroic acid. Production

of phenol had been accomplíshed with aluminum chloride, buË long heating

a1-so produced 1r 213r4-tetramethyl-B-hydroxyfluorenone. The isomedizatíon

AlCl-3 H3c

H3cheat
1..-,':- j
L. _._...

of the dúry1- radícal Ëo Ëhe corresponding prehnityl group had been ob-

served earl-ier (44>.

OH
9Es

Ib$*-(cH3 Hgc )--cH3
(O) Ar.cl3-;"r'(O>
\-J H^.LJ

H3C CH3 5

Duryl- gtoup PrehnítYl group

The sËrucËure of L12 r3r4-tetramethyl-B-hydroxyfluorenone was established

by en independent synËhesis of Íts methyl ether (44).

9) Method of Charlesgoglh and Mathiaparanam (1)

In l-935, Mil-ler and Bachman (31), reported the synthesis of 3-

bromofluorenone by a Pschorr cycl-ization of. 2-(4-bromobenzoyl)-anil-ine.

He reported that the above amine could be synthesÍzed in trnro r'lays. In

the first, he used phthalic anhydrÍde and bromobenzene as the starting

i 
t,-;.,.,,

;.'.r-.
i': : . ':--'

i:rr.:,: r:t:

t'1

o\ -¿.
o
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materíals. lle Ëhen follov¡ed the sequence shovm belor^¡.

PC1.))
Br

o

@
(r)

I

l*,
tt
o

Br

1gA1

c20
0

too

In l-965, Campbell et al-.(45) repeaÈed the above synthesis and found

some inconsístenci-es. Mill-er.and Bachman sËated that the acid chloride

I and amíde II melted at L62-L63o and 183o respectÍvely. However, Campbell

eË al . found that the producËs with the same meltíng poínts \^7ere ímpure

starting material and the ammoníum salt. The acid chloride Ëhey found

to be an oil and the amíde mel-ts aE 2L3-214" (+5) ' They noted that Miller

and. Bachmân must have prepared some amide, since by the Hofmann reacËion

they obËained an amine III wÍth Ëhe correct melting point. Campbell eÈ al'

al-so observed thaË Míl-l-er and Bachman used twíce Ëhe theoretical quantity

o¡ bromine requÍred for Èhe llofmann reaction. Under Ëhese circumstances

Campbel-1- et a1. found thaÈ Ëhe product was not the amíne III, buË 3-

(4-bromophenyl)-anthranil- (IV) Ëogether wiËh a sma1l amount of a díbromo-

anthranÍ1- probably 5-bromo-3(4-brornophenyl-) anËhranil. The structure of

: the.anthranil was confirmed by Ëhe formation of a mercuríc chloride com-

' pound, conversion -to 3-bromoácridone (V) by Ëhe acËion of sulfuric acid

, êfld-sodium niËrite,..(47)'and reductíon wiËh zinc and calcium chloride

0

(n¡



soluËion Lo the arnine III.

(IT)

IIof mann

Br

o(Y¡
\ ': (w)

l.l necr.

l;í 
;;;{/nwo,

.1,

o
.1,

0

co2Il
PCI-5 , >

Mz NHTs.*

Ts* - cll3. c6H4 . S0Z-

ffiu#'zæ
(rrr)

Míl1er and Bachrnan (31) also synthesized 2-(4-bromobenzoyl)-aniline(fff)

starting with anthranílic acíd and following Ëhe scheme shown below.

co2H rs*cl

@;;:.

l'u""'
þrcr,
o

r:-rt.r.

not Ísolated
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Mathlaparanam (48) attempted to synthesÍze 3-bromo-6-nÍtrofluorenone

accordíng to this latter scheme as shown by the sequence of reacLions

bel-ow.

(VTI)
(vr) I

PCl-

t)
tr'O

1",
{,ol
o

c0cl-

NHTs*
(rx¡

C-H-Bro)
A]-C13

,,-ffi*tr
 -NÍtroanËhranilíc acid (VI) Ì,rras pr,epared accordfng Èo PrysÍasniuk (49) t

and was then tosylated to give VII. The. tosyl- derÍvatíve was then converted

Ëo the acid chloríde IX r^¡hich was subjected to Friedel-Crafts conditÍons

ln bromobenzene- Subsequent hydroJ-ysis of the tosyl group fatled and forced

the author. -to seek another scheme of synthesÍs.

Ts* - CH3.C6H4.tOr-

0
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l'lathíaparanan Ëhen deciCed to begín by synthe sLzLng 4-acetamído-2-rnethyl-

4t-nitrobenzophenone (Vflf) from m-acetoËoluidide and p-nÍtrobenzoyL

chloride according Ëo Mehta et al-.(SO¡. Excess al-uminum chloride was

used to form a complex wíth the earbonyl group of the benzophenone and

thus prevent any intermolecular condensation Èo form a ttdypnonett Èype

producË as shornm bel-ow. The acetamído ketone VIII was converted to

^Ît ^^l¡1u:¡3'eui;i

."r.0*ffiro, cII3COHN

5-bromo-2-(4-nitrobenzoyl-)-benzamide (XI) by the'-rsual reactions. The

Hof mann reacËion on this amide failed to give the expected amíne X. In-

stead a yellow acÍdic compound of m.p. 232-233o I^Ias obtained.

a) ltott
b) Sandmeyer
c) (o)
d) socl

r;.. 1:.:
r' ..ì.-r

of

':: i:: i

i -.:..

cHg

(VIII)
clr3coHN

.' -->¿l
Ore) NH, ,l

(xr)



It is unlikelY

bel-ow. BhatË
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that thís acidic comPound would

(51-) ín L964, suggested a Pseudo

Æ

(xrr)

(p-bromobenzoyl-)-benzamide based on infra

basis, Charlesworth and Mathiaparanam (l)

ing pseudo amÍde structure of thefr acidic

possibl-e reason

No2

(xIrr)

for faílure of the Hofmann reactíon. They therefore decíded to prepare

the amine X by the Curtius method. Theír compl-eÈe reacËion scheme appears

on the foll-owing page. CycLization of 5-bromo-2-(p-nitrobenzoyl-)-aniline

by the Pschorr nethod not on1-y gave the desired product 3-bromo-6-nítro-

fl-uorenone (XIV) buË also 2-hydroxy-4-bromo-4t-nitrobenzophenone (XV)'

be the anthraníl XII shown

arnide structure fot 2-

red spectral studíes.

considered XïII as the

compound and suggesËed

0n Ëhís

correspond- .

thís as a

Br

i. i,: ..

0c-NII
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H2N

Noz
CuBr

H:

o
,\

He

c

c
#

t'WNoz

NH¿

(x)

1:,

r'
o

-\
CON.

5

) HNoz

) Boil

Boí1
KOH

o)

i.i..¡
i: r:

NaN^
€-J

Noz
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DISCUSSION'OF RESULTS

As stated ín the introduction ít was decíded to employ Ëhis

method (see prevÍous page) for Ëhe synthesis of 3-chloro-, 3-f1-uoro- and

3-Íodof l-uorenone.

Svnthesís of 3-Chloro-6-Nitrofluorenone (xxff)

The starËíng compound for Ëhis synthesis I¡fas essentiaLLy 4-

amino-2-rnethyi-'4t-nitrobenzophenone (XVI). The synthesis Ís almosL

ídentical to that of Charlesworth et al,. (1). Cuprous chloride instead

of cuprcus bromÍde was used ir, anuãlteyer reaction. The curtius re-

arrangement did not work well ¡¿ith benzene, Ëoluene or dinethylforrnamide

as solvenË. T1owever, íË worked guite l¡ell in dimethvLsulfoxíde. Seven

ner^r compounds were thus synËhesized with the last Ëwo beíng 3-chloro-6-

níËrofluorenone (XnI) and 4-chloro-2-hydroxy-4t-níËrobenzophenone ()O(III).

The reaction scheme is shornm below.

t'

a) HNo,

b) CuCl (o)Ð

EzN

(xvrr)

(xrx¡

I"Ng

a) HNO,

b) BoÍl-+-NOz cl

co
2H

(xvrrr)

f,0.,,
0

Ì]:r:-::t|: .,:
i:.:.:.

(xw)

(xxIr) (xxt)

a) ot"tso 0
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Svnthesís of 3-Fluoro-6-Nítrofluorenone ()O(IX) 
'

The starting coi':pound fo:: thís synthesis was l*-âminO-2-meth¡f1-

4r-nitrobenzophenone (XVf). ThÍs rvas subjected to a Schiernann reaction

wíth nítrous acid and fi-uoboric acid. After thàt the sequence of reactions

fol-lows the pattern of Charlesworth et al. (.1) excePt Ëhat dimeËhyl sulfoxide

instead of benzene rnras used as the solvent for the CurËíus rearrangement.

The fÍnal- products r¿ere 3-fl-uoro-6-nitrofluorenone (XXrx) and 4-fluoro-

2-hydroxy-4r-niËrobenzophenone (XXX). Seven'netr comPounds ¡,'ere synthesized.

The reaetion scheme ís shoÍI'n below.
a) rnso,

b) HBF,' 4>
c) Iieat

HzN Noz Noz

0

,ffi*0,
Mz

(xxvrrr)

a) DMSO

b) KoH

No2

(xxvr)

l-*,
(xxx)

+
0

. a) mro,
#-b) Boil 

F

,ffi..,
(xxIX)

(rcrvn)

etterpte¿ Syntttssis of

The initial plan was to make 4-iodo-2-rnethyl-4r-nitrobenzophenone

and foll.ow the reactíon sequence of Charl-esworth. et al. (1). 4-Amino-2-

nethyl-4t-nitrobenzophenone (XVf) ¡vas dÍazotised *-tt"taed wiËh potassium

(XVI) (xxrv) (xxv)
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iodíde to form 4-iodo*2-methyl-4r-nitrobenzophenone offixl). oxidation

of XXXI to the acid XXXIL with a varieËy of oxidizing agents caused a

loss of íodine ín the molecule. With subsequent steps to 3-íodo-6-

nÍtrof l-uorenone'even more íodíne rvas lost.

Hahrr et al-. (58) in an aLtempË to synthesize 2-(4-iodobenzoyl)-

benzoic acíd by a Friedel-Crafts reaction with phthalic anhydride and

iodobenzene found that large {uanËities of íodine Illerte- LOSt in the PI!e-

paration. They separated the iodo-subsËiËuËed aeÍd from the unsubstituËed

acid by preparation of the íodocbloride derivative using chlorine gas in

-ehl-oroform. Thís procedure might separate the iodoniËro acid (nfXtt) fro¡n

the acíd frorn which iodíne was lost. -

a) tlso,
(o)

b) Kr > (r:iry/ctos'V/No2 r
(xw) (xxn) (xÐgu

An attempË was then made to substÍtute iodine after the oxlda-

tionofthe'meËhyl-groupasshownbelow'However'theint'roduction

of iodlne by dfazotfsaÈfon and potassium lodlde 
.

l::::.
Lr: -:-?

(o)
:'::.-::'

clr3coHN

a) HNo,

b) KI

(XW)

(VIII) (xxxlrr)

()offv)
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on the amíno acid )üXIV Ëo gíve 5-iodo-2-(p-niËrobenzoyL) benzoic acid

(¡ç1¡ff) \¡ras unsuccessful . An atËempt \nlas then made at synthesLzing 3'

acetamido;6-nítrofluorenone (XXXVI) with ttre object of h-ydrolysing it Ëo

3-amino-6-niËrofluorenone (XXXVII). If this couLd be. achieved then any

,l 3-hal-o-6-nitrofluorenone coul-d be made by diazotizaËion of the amine xxXVI 
1.,,..:-:::....:. .....:.--...
:ìri : r: r::'.-:

fol-l-ovred by the appropriate reactlon. Anai-ysis of the compound XXXVI

a) (o)
b) soc12

e) Nan,

d) Curtíus
e) Pschorr

Noz

'I r:.:'.':

cH3coHNffi
(r)

HzN

however, showed l-oss of nítrogen

point the reactíons in Part A of

and ít was decided to leave the

future work.

cH3coHN

(XXXVI)

Noz

somewhere elong the sequence. At thls

this thesis were much more Ínterestíng

synËhesis of 3-iodo-6-nÍtrofl-uorenone to

(ÐoryI]')
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p rop o s egjjyn tfre s iS o t I g - r o¿ o- 6:lq i- Ë t o f tgót enone

The fol-loving schemesmight prove fruitful

the desíred compound. /r-Itritroanthranii-Íc acid is

r_)

C.n the synthesis of

availabl-e commercially.

c02H

M2

troz

CuBr

a)

b)
ozN

socl2

ozN

c0c1

Br
ozN

UllmanDi

Cu

a)
u)

c)

HOH

Noz
KI

t1%



No3
(sz7

ozN

Separate (53)

NHCOCH^
3

¿-Q

"rt;
\o

a)

b)

c)

d)
o

soc12

NaN,

CurËius reacn.

Pschorr

Arcls

2)

c40
)o

C\o

HOH

ffioz

KI.

and

0

l,."r.o, ro

I 
(s4)

+

NHCOCH3



L6L

3)

0

Diel-s Alder

+

0

(o)
socl-2

NH3

li
[::

#orN@cä,

)
)

)

b

c

oz-fficoNrr2

'r-oJÖ
\

)",

a) mso,

b) Kr

B¡f,mar¡n;
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. 
EXPERTMENTAL

1) isynrhêóis :óf 4iÆñinój2:Me¿hylj4'iNitrÖbénzÔÞhénonê (XilI)

The method used was sirnil"t ,o thaË of MehËá et al. (50) and

Charlesworth et al.(1). In a ËÌá7o liter three necked flask, equípped

wiÈtr a Herschberg sËirrer, a reflux condenser wíth a cal-cíum chloride tube

and a droppÍng funnel were placed anhydrous aluminum chloride (75 g')

and dry carbon disulfide (50 m1-.). The suspension was cool-ed ín ice and

a solution of p-niÈrobenzoyl chloríde (25 g.) in carbon dÍsulfide (100 rnl')

was added slowly wíth stirring. After Ëhe additÍon was compleÈe, stírring

r,ras contínued for anoËher l-5 minutes. AË the end of thís tÍme, a solution

of m-acetotoluidide (25 g.) in carbon disulfide (100 ml-.) was carefully

added wíth cooling. The mixture \^las allowed Ëo stand for an hour and then

refluxed on a water baËh f.ot 4'hours' IË r""as cool-ed in iee, then ice cold

concentrated hydrochlorÍc acid (200 ml.) was added carefully to liberate

Ëhe ketone. Most of the carbon disulfí¿" tt" distílled off using a \^7ater

bath, and the residual solution was fíltered Ëo isolate the ketone' The

ketone htas recrystallízed from eËhanol and vlater' The aceËamÍdo ketone

was then hydrol-ysed r.rith concenËrated hydrochloric acid (100 rnl-') on a

srater bath for 6 hours. The solution was cooled and made a1ka1-ine by the

additíon of sodiurn hydroxide (Lo%). The amino ketone was fíltered and

recrystalLl:zeð. from benzene. The 4-amino-2-methyL-î'-nitrobenzophenone

was obtained as red el-ongated prísms (20.3 g.) of rn.p. L64-L66". This

compound was ídentical Ëo that synËhesízed by Charl-esworth et al' (1) '

The ínfra red spectrum ís shornm on page l-BJ- '

' Founds N, l-0.6
Calculated for CI-4H'2O3NZ, N' l-0.9

Analysis:
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2) Synthesis of 4-9hlojlo-2-Meth:il-.4r-Nitroberreopþenone (XlV)

4-Amino-2-mettryl-4 r-nitrobenzopiner,;e (XIff) (16 g.) r¿as dissolved

Ín hot concentraËeC hydrochl-oric acid (80 rnl.) and the soLution was cool-ed

to 0" by adding ice to it. A solution of sodium nÍ-trite (6 g.) in water

(30 m1.) was cool-ed to 0o and added sl-ow1-y to the wlrite suspensÍon.,of

the amine hydrochLoride r,riËh vígorous sËi;ring. The color of the sus-

pension turned from rvhite to brownish-yellorr as the dLazoniurn salt was

formed. Once the additíon was complete, the diazonium salt solution was

alLowed to sËand i-5 minuËes at 0o" and was added to a boíling solutíon of
I

cuprous chloride (SZ t ) ín concentrated hydrocÈloríc acid (2OO url.) aË

strch.a,raËe that the boíling üras not sËopped. ifr. solution was boíl-ed

for 30 mínutes r,rhereupon a ptrrple solid precipitated. The solÍd was

fíl-tered off , dríed and díssolved in benzene. The benzene solution r^Tas

washed successively with sodium sul-fíte solution iJ5iÖ ^ sodium hwclroxi<1e

solutíon (LOi¿) and water. The benzene rÂras evaporated off , and the crude

product recrystallízed from aqueous acetone as brovmísh-white crysËals

(ff t.).of rn.p. 98.5-101-o. The Ínfra red spectrum is shornm on page 182.

Analysis:
Found:

3) Sy_IrtÞesis of 5-Chioro-2-(p-Nitrobenzoyl-)-BenzoÍc Ac_íd (XV)

4-Chloro-2-Methyl-4r-Nitrobenzopheuone (XIV) (8.5 g.) was dlssolved

ín gJ-acÍal- acetic acid (25 m1.) wíth heating. A soluËion of chromium ÈrÍ-

oxide (6.6 g.) in a mÍxture of water (1-5 rnl.) gJ-acia1 acetíc acid (25 m1-.)

and concentrated sulfuric acíd (8 m1.) was added sl-owly from a dropping

funnel aË such a raËe Ëhat the temperature of the reaction mixture remaí¡ed

Cal-cul-ated f or CrOIIrOOrNCl-:
![" 1_3,05;
l{,' 12 . go;

Cl,
C1,

4.93
5.10
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just bel-ow the boíling point. The mtxture was refluxed for 3 hours and

then poured into excess l¡IaËer. The precÍpitate \n/as fil-tered and vrashed

with waËer. The solid r¿as then dissolved in hot poÈassium hydroxide
:

sol-ution (LO%) and filtered througtr a sintered glass funnel. Acidification

gave a white precÍpitate of m.p. l-90-196'. RecrystalLLzatüon from g1-acial

acetic acid (charcoal-) gave 5-chloro-2-(p-nitrobenzoyl)-benzoíc acíd as

ye1-1-owish-whÍte crystals (5.2 g.) of n.p. Lg4-Lg6". The ínfra red

spectrum is shornm on Page 183.

Analysís:
Found: N, 4.54; Cl, 13'1

Calcul-ated for CrOHrO5NCli N, 4.63 CL, LL'6

s-Chl-oro-2-(p-nÍËrobenzoyl)-benzoic acid (XV) (S g.) was p1-aced ín '

a fl-ask fÍtted wíLh a reflux condenser and a calcíum chloride tube. Ben-

zene (40 m1.) was added and the reactíon mixËure was made into a suspensÍon

by stirring. Thionyl chloríàe (10 m1.) was added to the suspension and

the reaction mixture refluxed for one hour. Benzene and Ëhionyl chl-oride

Ì¡rere removed by vacuum distÍllation and the. residue r¡ashed rnrith anhydrous

ether and dried Ín a desíccator. The 5-chloro-2-(p-nítrobenzoyl)-benzoyl

chloride was obtained as a f-ight bror,m amorphous powder (2.S g.) of m.p.

144-L46.5". Tt. irrrt" red spectrum is shor^m on page 184'

Anal-ysís: -

- 
Foundl N, 4'20; cl, 2l'36

CalculaËed for Cr*HrOONClr: N, 4.32; Cl, 2L'82

5) Activatíon of Sodium Aeide

,The procedure used rvas that described by Srníth (56) in Organic

Reactions. Commercially available sodíum azide (.20 g.) was moistened wiÈh

4) rhesís of 5-Chl-oro:2-(p-NiËrobenzoyl-)-Benzoyt Chlotíde ()tVI)
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hydrazine hydraËe (857"1 0.5-l-.0 ml-.) and ground in a mortar untll homo-

geneous. AfËer standing for twelve hours the maËerial was díssolved in

the minimum amoltnt of hoÈ water in a beaker. Excess. acetone was.added

to the cooled solution and the mÍxture was alLorved to sËand for one hour.

The precipiËated sodíum azLde was collected, washed with acetone and dried

(13 g.). Sodium azLde thus activaËed.begíns to lose íÈs activity afler

a day, buË the activiËy can be regeneraÈed aÈ any tÍme by dissol-víng the

azide in water'and reprecípitatÍng it with acetone

Activated sodium azide (4 g.) was díssolved in water (11 n1.)

and added to a chil-Ied solutíon of 5-chl-oro-2-(p-nltxobenzoyl)-benzoyl

ch1oríde (7.ø ¿.¡ in acetone (l-00 m1.). The reacËíon míxture T¡las stirred

for 3 hours and the precipítate fíltered off and dried in a vacuum

desi-ccator. RecrystalLízation from absoluËe eËher gave 5-chLoto-Z-

(p-nitrobenzoyl)-benzoie acíd azíde as a whiËe powder (1.8 g.) of m.p.

LLz-LLs". The ínfra red spectrum ís s,hown on page 185.

AnalysÍs:
Found! N, 16.81-i Cl, l0'47

Calculated for CTOHTOONOCI: N, 16.90; Cl' l-0.71-

7) nthes is of 5-Ch1o r o-2- (p-Nitr ob enzoyl ) -Anllilg III) via a Curtius

Reaction

a) S'-Chloro-2-(p-niËrobenzoyl)-benzoíc acíd azide (l-.3 g.) in benzene

(25 m1.) was boíled for 2 hours and cooi-ed. PoËassíum hydroxide solution

(5O"/", 15 n1.) was added and the mixture warmed, whereupon a r¿hite solid

separated. Thís proved Ëo be 5-chloro-2-(p-nitrobenzoyl-)-benzoic acid of

m.p. 195o. Thus Èhe above reactíon merel-y hydroLyzed the azLde to the acid.

6) Ëhesís of '5-Chloto-2-( Ërobenzoyl)-¡erreoic'Acid Aeide (XVfr)
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More acÍd .azLde v¡as treated ín benzene and an attemPË to 1sol-ate

tËe Ísocyanare proved fruitless. 'C'OnVerSlon Of the a.ld azide to the amine

via a CurËius reaction ín xylene and Í¡ NrN-dímethylfornamide also neË

b) 5-chloro-2-(p-nLtrobenzoyl)-benzofc ací:d azLde (2 g.) was dissolved

in dimethyl sulfoxide (50 m1.) and sÈirred aË l-00o for 5 hours. Additíon

of r.rater (300 m1-.) to Ëhe cooled soluËion caused a precipitaËe to form'

This was filtered, dríed and taken up in benzene (40 rnl-.). PoËassium

hydroxide solutíon (507", 25 m1.) was added and the míxture warmed on the

ìr""* bath. The benzene r,7as dístílled off under vacuum and a yell-ow pre-

cÍpitate formed. After fí]-tering and dryíng, the solid $tas treated with

hot concentrated hydrochloric acid and the sol-ution fLl-tered through a

síntered g1-ass funnel. The fÍl-trate afËer coolingr 'b7as made alkallne

by adding sodium hydroxide solutiofl (LO%). Recrys taLLi-zatíon of Ëhe pre-

cipítated amine from ethanol (charcoal) gave 5-chLoto-2'(p-nitrobenzoyl-)-

aníline as bril-Liant yel-l-ow crystals (0.8 e.) of m.p. 203-205" ' The infra

red speetrum ís shorrm on Page 186.

Analysis:
Found:

Calculated for C.,-3H903N2C1,
N,
N,

1-0.1-8; Cl-' 1-3.17
10.1-3 i C1, L2.84

8)

5-Chloro-2-(p-niËrobenzoyl)-anÍl-íne (XVIII) (0.8 g.) was dissolved

in concenËrated sulfuric acid (2 m1.), and a few.drops of water added to

the solution. The amine sulfate whictr separaËed as a yellowish r¿hite sus-

pensÍ-on was cooled to 0o in an íce bath. An ice cold solution of sodlu¡n

nitrite (0.2 g.) ín l^Iater (2 rnl-.) was added slowl-y to the cool-ed suspension'

nthesis of 3-Ch]-oro-6-Nitrofluorênone ;4-Chloro-

4 I -Nitrobenzophenone (>Of)
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The solution was allorred to stand for 30 minuËes afËer"which it vras placed

on the steam bath for t hour. The precipitaËe which formed was filËered,

rnrashed with sodium hydroxide soluËion (10%) and then with ruater. The

dried 3-chloro-6-nitrofluorenone recrystalLLzed from nitrobenzene as gold

platelets (O.2 g.) of m.p. 329-331-o. The infra red specËrum is shornm

on page 187.

Analysis:
Found! Nr 5.03i Cl, L3.L7

for CTUHUO3NCI! N, 5.40; CL, L3 -64

The sodíum hydroxide washings from above on acidificatíon wíth

concentrated hydrochloric acid gave 2-hydroxy-4-chloro-4t-níËrobenzophenone.

RecrystalLizatkon from aqueous ethanol gave lighË yellow needles (0'2S g'¡

of m.p. L48-L4g". The infra red spectrum ís shown on page 188.

Found: N' 5.2L¡ Cl, l-3 ' 59

Calculated for CrrHrO4NCl: Nr 5.05; Cl, L2'85

e) nthesis of 4-Fluoro-2-MethyL'4t -w¿lqqlsry herrorre ()o(I) vÍa a

Schiemann ReacËion

A solution of fluoboríc acid (HBF4)(B ml-.) and waËer (10 m1') was

added ro 4-amino-2-merhyl-4t-nitrobenzophenone (XIII)(1-.5 e.) dissol-ved in

tetrahldlofuran (20 ml-r) r and the reactÍon mixture cooled ín ice and water

wÍth sËirring. A col-d soluËion (0-5") of sodiurn nitrite (1 g.) in waËer

(5 rnl-.) was then added dropwíse. The reaction mixture \^las stírred for'

30 minutes duríng whích tjme a white precipitaËe of diazonium fluoborate

formed. The salt r¡as fil-tered and washed successivel-y with cold fluoboric

acid solution (5%), methanol and anhydrous ether'

The diazonium fluoborate salt was decomposed by refluxing in

xylene (40 url-.) for 2 hoúrs. Thís was done in the fume hood because pun-

gent, fumes of boron trifl-uoride were given off. The solution was evaporated

Calcui-ated
l: t:; ::

L ri-.j

i:lliii

Irr'::.
i rr:il
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to dryness under a be1-1 Jar

from ethanol (charcoaL) to

as pearlish platelets (0.9

is shornm on page 189.

Analysis:

overnight. The resídue rvas tr^rice recrystalLLzéd

gLv e 4 - fLuo ro - 2-methy 1-4 t -ni tr ob enz ophenon

g.) of m.p. 101-l-02o. The infra red specËrum

Calculated for
Found: N, 5.38; F' 7.L5

CTOIITOOTNF: N' 5.48; T, 7.44

10) SynthesÍs of S'fft:,qro'Z'(

4-Fluoro-2-meËhy1-4 t-nitrobenzophenone ()üI) (2.5 e. ) was díssolved

in glacíal acetic acÍd (20 rnl.) with heating. A solution of chromíum trl--

oxÍde (1.8 e.) in a míxture of hTater (10 ml-.) g1-acíal- acid (l-2 m1.) and

concenËrated sul-furic acid (2 nl.) was added dropwíse. The solution was

refl-uxed f.or 4 hours, cooled and added to an ice-water míxture. The

whíte precipitaËe which formed was filtered and washed with water' The

solid was then dissolved in hot potassíum hydroxide solution (10%) and

filtered through a síntered g1-ass funnel. AcídÍfícation gave a f-ight

brovm precipitate of m.p. 175-180". This was recrystall-ized first from

ethanol (charcoal) and Ëhen benzene to gÍve 5-f1-uoro-2-(p-nitrobenzoyL)-

benzoic acíd as white crysËals (L.2 g.) of m.p. 1-87-189". The ínfra red

spectrum is shown on Page 190.

Analvsis:--:-' 
Founds N, 4.72i r, 6'39

Calculated for Cf4HA0SNF: N, 4'84¡ F, 6'56

The experimenËal procedure used here vras similar to ËhaË used

for the synthesis of 5-chloro-2-(p-niLrobenzoyl)-benzoyl chloride (xvl)

(No. 4 on page 164). 5-Fluoro-2-(p-nitrobenzoyl-)-benzoic acid (XXfI)

i-r,r;;



(5 g.) yie1ded

pink crystals

shown on page

Analysis:

5-fluoro-2-(p-nirrobenzoyl-)-benzoyl chloride as s1-ightly

(2.3 e.) of rn.p. I54-L56". The infra red specËrum is

191.

Found:
Calcul-ated for CTOHT0ONFC1:

Calculated for

N,
N,

4.4L
4.s6

L2)

Activare{ sodium azide (see No. 5 page 164)(1 .2 g.) was díssol-ved

in water (4 n1-.)'and added Èo a chilled sol-ution of 5-fluoro-2-(p-niËro-

benzoyl)-benzoyl chl-oríde (2.L e) ín acetone (30 ml.). The reacËj-on

mixÈure \ras stirred for 2 hours. I¡Iater (30 m1.) was added to dÍssol-ve

any excess sodium azide and precípitate the organLc aziðe. An oi1 formed

which crystallízed on cooling and stirring. Recrystall-ization fron

absolute ether gave 5-f1-uoro-2-(p-nitrobenzoyL)-benzoic acÍd azide as

a white powder (0.8 g.) of m.p. 120-L22o. The infra red spectrum ís

shown on page 192.

AnalysÍs:
Foundl N, L7.82; T, 6.36

Ct+HZOA*+tt N' L7.82; F, 6.05

13) Svnthesís of S-Fluoxo-2-(p-Nitrobenz 1)-Aniline (xXV) vj.a a CurËíus

5-Fluoro-2-(p-nitrobenzoyl)-benzoic acid azide (1 g.) was díssolved

ín dimeËhyl sul-foxide (30 nl-.) and stirred at l-00o for 5 hours. Addition

ofwaËer(200rn]-.)to'thecoo].edsolutioncausedaprecipiËatetoform.

This r,ras fil-tered, dríed and taken up in benzene (30 m1.); Potassium

hydroxide solution (s)i¿, 25 m1.) was added and the. mixture warmed on the

sËeam bath. The benzene I47as distilled off under vAcuum and a yellow pre-

it:: r i:

Reaction
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cípiËate formed. After filtering and drying, the solÍd tnfas treated with

hot concenÈrated hydrochloric acid and Ëhe solution filtered through a

sÍntered glass funnel . The filtrate after coolíngr Ì^Ias made aIk¿line

by adding sodíum hydroxide solution (LOí"). 5-Fluoro'2-(p'nitrobenzoyl-)-

anll-íne precípitated out of solution as gol-den yellow platel-ets (0.4 g.)

of m.p . 205-206". The ínfra red spectrum is shorrm on page 1-93.

Analysís:
Foundi Nr 9.91; Fr 6'36

Calcul-ated for CrrHrO3N2Fs N, LO'77; F, 7'31
li:.:.'

::'i'l

14) Synrheqis of 3-F1uoro.6-Nitrofl-uorenone (xxvl) ar¡d 2-

Fluoro-4 t'Nii!:oÞenzophenone (xxvrr)

5-Fluoro-2-(p-nÍtrobenzoyl-)-anil-ine (xxv) (0. 6 g. ) r¡as áissoi-ved

in concenËrated sulfurÍc acid (2 m1-.), and a few drops of water added to

the solut.ion. The amine sulfate suspensíon \¡/as cooled Ëo 0o, and a col-d

solutíon (0-5o) of sodium nitríte (O.Z g.¡ in water (2 rnl-.) was added drop-

wise wÍth stírring. A brovrn sol-ution formed and this was stírred in an

ice-water baËh for t hour. The reactíon mixture was then heaËed on the

sLeam baËh for 2 hours. The ye1-1-ow precipiËaËe r¡hich formed was fílËered'

washed vrith sodium hydroxÍde solution (IOil) and then wiËh water' The dried

3-fluoro-6-nítrofluorenone r{as recrysLal-l-ized from nÍtrobenzene as brlght

yel1ow plarelers Q.2 e.) of m.p. 2B:L-283": tn" ínfta red spectrum is

shown on page 194.

Analysís:
Foundi Nr 5.70; F' 8.1-i-

for CrrHUOrNF: N' 5.74; F, 7.86

The sodiuin hydroxide washings from above on acidification with con-

centrated hydrochl-oric acid gave 2-hydroxy-4-fluoro-4r-nitrobenzophenone'

RecrysËallizaÈíon twice from aqueous eËhano1- gave yelJ-ow needles (0'l-8 g')

Calculated
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of m.p. 107-11_0.. The infra red spectrum is shornm on page 195.

Arralysis:
Found! N, 6.26i T, 7.40

Calculated for CrrHr0ONF: N' 5'37; f , 7 '28

15) Synthesis of 4:Iodó¿2:Methylj4r:NittÓbênzÖphenÓûê ()il{XI)

4-Arnino-2-nieÈhy1-4 t -nítrobenzophenone (Xf ff) (1-0 e. ) was dissol-ved

in hot concentrated hydrochloríc acíd (70 m1.) and Ëhe solution was cooled

to 0" in an ice-salt bath. A solution of sodium niÈriËe (5 g.) in waËer

(25 rnl.) was cooled to 0o and added slowly Ëo the white suspenslon of the

amine hydrochloride wiËh vigorous stirríng. The col-or of the suspension

turned from white Ëo brovmísh-ye1-1-ow as Ëfre diazonium.salt was formed.

After sËanding at 0-5o for about 1-5 minutes, Ehe.díazonium solution was

added dropwíse to an ice cold solution of potassíu¡n iodid e (25 g') in

hrater. A reacËíon takes place irnmedíately and some íodine vapor was gíven

off.. The reaction mixture was stirred aË 0-5o fot 2 hours and then slowly

heaËed to about B0o in a water baÈh. Soine iodine sublimed on the cool-er

portíons'of Lhe flask and ín the condenser. On cool-ing, a cake forned

at the bottom of the flask.' IË r¡as separated, washed with water and dis-

solved in benzene. The benzene extract was washed successívely with

sodium sulfite solution (57"), sodíum hydroxíde solution (L}iL) and water

The benzene r¡ras evaporated off and the residue recrystalLized from aqueous

acetone to give 4-iodo-2-methyl--4r-niËrobenzophenone as 1-ighË red crystals

(7 g.) of m.p. 106-108'. The anal-ys.is at thÍs stage $7as not satisfactory

so Ëhe compound l¡7as recrystal-l-ized Ëwíce from benzene (charcoal) to give

light red crystals (5.5 g.) of m.p. 108-11-0'. The ínfra red spectrum is 
:

shor,¡n on page 196 .

Analvsis:
ry Foundi N, 3,75; r,-31.q1

Calculated for CTOHTO0TNI: N' 3'80; T, 34'54

,: .:l:: i. l



16) 'AËËêmptèd OrtidatiÖn Óf 4¿IÓdÓ:2:Mêthy1;4trNltrobenzophenone'(Ðil(l)

4-Todo-2-rnethyl--4t-niErobenzophene cB e.) was dissolved fn glacial

acetic acid (25 mL.) with heating. A solution of chromÍum trioxide (6 g')

ín a mixture of water (15 m1-.) glacial acetic acLd (25 n1') and concentrated

sul-furic acid (g ml-.) was added s1-owly from a dropping funnel at such a

rate that the temperature of the reaction mixture remained jusË below ühe

boiling poínt. Iodine was evolved and sublírned on the cooler porËions of

the reaction flask. The míxture was refluxed for 3 hours and then poured

into excess üTater. The precipitate'was fil-tered and washed wiLh water'

The solid was then dissol-ved ín hot potassíum hydroxide solution (Loi¿)

and fÍltered Ëhrough a sintered_gl-ass funnel. Acidificatíon gave a r¡híte

precipitate (2.5 g.) of m.p. 301--303". As was expecËed analysis indícated

loss of iodíne. PermanganaÈe and dichromate oxidations yíe1-ded the sane

resulÈs.

@: Found:
Calculaüed for CtOII'OTNI:

N,
N,

3.621 Ir L9.40
3.53; I, 31.99

l-7) Svnthesis

4-Acetamído-2-meËhy1-4 
r -niLrobenzophenone I^Ias prepared accord ing

to the procedure used for the synËhesís of 4-amino-2-methyl--4t-nitrobenzo-

phenone (tto. l- page 162) but without the hydrolysís step' The procedure

used for the oxidatÍon is similar to thaË used by LeggaËe and Dunn (57)

for the oxídation of 2-methyl-4-methoxyacetanil-ide to N-acetyl--5-meËhoxy-

anthranilíc acid. 4-Acetamído-2-methyl--4r-nitrobenzophenone 
(10 g')

l¡r acetone (500 rnl-.) was treaËed with poLassium permanganate (27 g') and

magnesÍumsu]-fateduring3daysatroomtemperaËure.Sodiumsulfitewas
^-^!J ^- -iv+then added to destroy excess permanganate and the reaction mixture \¡Ias

'ro 5.Iodo-2;(p-Nittobênzoyl) ge"zti" A"id'
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fíltered. The filtrate was evaporated to 100 n1-., dil-uted with \^taËer'

and extracted r¡ith chloroform to remove unreacted starting nateríal.

Acl-dification with concenÈrated hydrochloric acid yielded 5-acetamído-2-

(p-nitrobenzoyl)-benzoic acid as v¡híte crystals (4.5 g.) of m.p. 23L-233o '

The infra red specËrum is shornm on page 197.

Anal-ysfs:
Found: Nr B.l-8

CaLculated for Ct6Htz06Nzt N' 8.54

i. :i,

iì!l!:¡ijì.::.:
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SUMI'ÍARY

1) The synthesis of 3-chloro-6-nitrofluorenone QO(Itr) has been accomplíshed.

2) Whíle achieving this synËhesís the following new compounds have also

been prepareds

i 4-Chloro-2-meËhy1-4t-nitrobenzophenone (XVff)

/.-.?-+ \

iÍ 5-Chloro-2-(p-nitrobenzoyl)-benzoíc acid (XVIfI)

1íi 5-chloro-2-(p-nitrober.rzoyl)-benzoyl chlorÍde (xIx)

ív 5-Chloro-2-(p-nir.robenzoyl)-benzoic acLd azLde (xx)

v S-Chl-oro-2-(p-nitrobenzoyl)-aniline (XXI)

. ví 2-Hydroxy-4-ehloro-41-nítrobenzophenone (>OCfff)

3) The synthesis of 3-fl-uoro-6-nitrofluorenone (nffX) has been accornpl-Íshed.

have also4) lfhile achíevíng Ëhís synËhesis the fol-lowing new compounds

been prepared:

I 4-Fluoro-2-methyl--4t -nítrobenzophenone (:OCfV)

. ii S-Fluoro-2-(p-níEtobenzoyl-)-benzoic acid (XXV)

iii 5-Fluoro-2-(p-níLrobenzoyl)-benzoyl chloríde (xxvl)

iv 5-Fluoro-2-(p-nítrobenzoyl-)-benzoic acLd azíde (xxvn)

v 5-Tluo ro'2-(p-nitrobenzoyl)-anil-ine (XXVfff)

vi 2-Hydroxy-4-fluoro-4r-nítrobenzophenone (nfx)

5) The synthesís of 4-iodo-2-methyl--4t-nitrobenzophenone '(yJo(I) and 5-

acetamido-2-(p=niËrobenzoyl)-åenzoic acíd Qoülll) have also been ac-

compl-ished.

i i::
.i.:.;

i::';lL
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The synthesís of 3-iodo-6-nitrofluorenone was not accompllshed using

the reactlon scheme of Charlesr¡orth and Mathíaparanam because of

loss of iodine in the oxidaËion sËep.

7) Several- alternate methods have been proposed for the synthesis of

3-iodo- 6-nitrof l-uor enone .

6)
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,RECOMMENDATIONS FOR FUTURE IIORK

1-) 3-Cyano-6-nitrofluorenone coul-d be prepared by Charlesworth and

Mathíaparanamrs scheme or by some varíation in the reaction sequence.

2) By reducËion of the nítro group in 3-hal-o-6-nÍtrofluorenone, a variety

of other 316-dÍsubstituted unsy'mmetrical fluorenones could be synËhesized.

3) Barker et al,(42) synthesízed 3r6-dinitrofluorenone by nitraÈion of

2r7-díacetamidofl-uorenone follor¿ed by subsequent hydrolysís and de-

aminatíon (qee page 1-46). In Lg68, Andrew, Carnpbel-L et ?l-. (55)

achieved thelfol-lowing reductíon. The same coul-d'be tried wiËh 3r6-

tr-æ NOz (NIi4) 2s 
=_02*

c2H5oä

dinÍtrofl-uorenone. By díazoníum reactions on the subsequent nitroamíne

a variety of 3r6-disubstítuted uns)rumetrical- fl-uorenones incl-uding

3-iodo-6-nítrofluorenone could be synthesized.

4) Separatíon of 5-íodo-(p-nÍtrobenzoyl)-benzoic acid frorn the non-íodo 
:r , ,

substituËed acid rnight be done accordÍng to the method of Hahrr etlal. ii;f.:

(58) as discussed on page 157. If Ëhis can be achieved, synthesis of

3-íodo-6-nitrofluorenone fol1-owing Charlesworth and Mathiaparanamrs 
,

:

scheme might be possible. Alternatívely the separation of the iodo



from the non-iodo compound could be l-eft to Lhe last stage of the

above scheme,

5) The prgparation of 3-iodo-6-nitrofluoTenone night be achieved by

one of the synthes êSouËlined on Pages L5}-J6I.

ìj-"lrÌ:,
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