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THE CHROMATOGRAPHIC ADSORPrION OF 9-CYCLOHEXYL1\NTHRACEt'1E .AND 

THE SNYTHESIS OF SOHE ·• .3 '· . SUBSTITillED 0-BENZTIJlEtlZOPHENONES 

INTRODUCTION 

In 1940, Bradsher (1) introduced the o.ethod of aromatic 

cyclodehydration of ketones of type I to the corresponding sub-

stituted anthracenes of type II, This.method provides the most 

generally useful method of• synthesizing meso substituted anthra-

cenes. This general method was extended in subsequent 

papers (2, .3, 4, 5, 6, 7) and attropts were later o.ade to present 

R ., alkyl or aryl group, 

R 

II 

the mechanism for this reaction (1, 5, 6, 7, 8, 12), In 1944 

Berliner (9) presented a o.echanism and also explained the effect 

of changing R on the rate of reaction, Vingiello (7) in testing 

the validity of Berliner's theory obtained what appeared to be 

a mixture when he attempted to cyclize a ketone of type I, where 



R = cyclohe:xyl, to the corresponding substituted anthracene of 

type II. It is the purpose of this investigation to attCI:1pt to 

resolve this mixture by chromatographic adsorption analysis and 

isolate the cyclized ketone. 

A second purpose of this investigation is to prepare 

certain ketones of type I where R is an o.ryl group substituted in 

the meta position. It is desirable ·to prepare these new ketones 

so that later investigations of the effect of the various meta 

substituted groups_on the rate of cyclization nay be carried out. 



HISTORICAL 

While engoged in the synthesis of certain orgonic acids 

CH 
2 5 

Bergmann (10) had need of 0-benzylbenzaldehyde. The 

last step in the preparation was the hydrolysis of the acetal of 

the 0-benzylbenzaldehyde in boiling hydrochloric acid. He observed 

that when the acetal was hydrolyzed in boiling hydrochloric acid, 

a small om.ount of anthrncene was formed along with the expected 

aldehyde. 

c.o 
I 
H 

The anthrncene, probably formed nccording to the above 
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equation, is unusual in that it takes place at the 1011 teo.perature 
0 of' about 120 , Bergt,.ann regarded this cycllzation as a modification 

of' the Elbs synthesis of' llllthracerie derivatives, and although no 

further investigation was attempted, he did propos e • the following 

mechaniS!:l: 
H H 

/ " - II -- I 

' \ / ~· / / 
C-OH 
I H OH 
ll 

In 1940 Bradsher (1) saw in this f'o=ation ot ®thracene a 

new possible nethod of synthesizing meso-substituted·®thracenes. If' 

the hydrogen in the 0-benzylbenzaldeb,;rde could be substituted by an 

alkyl or aryl group, it might be possible to synthesize 9- alkyl tllld 

9- aryl anthracenes. Several 9- substituted anthracenes (IV) were 

prepared in good yields starting with the corresponding ketones (Ill). 

c.() 
I 
R R 

III R = alkyl or aryl group 

Bergraann had pointed out in his proposed mechanill!l that 

" /. 



+ +H 

r=° 
R 

GH.ARr I 

CH 

I 
R 

• ' 
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enolization vas necessary for the reaction to teke place. Smith 

(11) found that the cyclization occurred with 0-benzylphenones where 

enollzation was mpossible. This shwed cleal:ly that Bergi:iann1s 

proposed mechanism vas not correct. The Elbs reaction is a pyrolysis 

taking place at a.bout 500°, but the cyclodeb;rdration reactions con-

sidered are acid catalysed reactions taking place at a relatively 

lov temperature. Later vork (7,9) has shovn that the steric and 

electronic effects of the substituted groups mwt be considered 

in the cyclodecydration reaction. 

In 1943 Bradsher and S:iith (5) proposed a mechanism 

for the cyclization that would account for the fact that the reaction 

was acid catalyzed and did not involve enolization. This mechanis::i 

is show in Chart I. As later eXpressed by Vingiello (7a), "the 

first. step is the addition of a proton to the oxygen atom of the 

• carbonyl group, This leaves the carbon atom with an electron defi-

ciency wbich is satisfied by an attack on the ortho position of the 

benzene ring, Following elimination of a proton, the anthrol under-

goes transannulla:r el.il:lination of water," 

In 1944 Berliner (9) published wrk shwing the influence 

of n-alkyl groups on the rate of cycllzation of ketones of type 

V to the corresponding disubstituted anthracenes of type VI, He 

observed a decrease in rate with increasing 1en.,171;h of the alkyl 

chain and assumed that the intemediate cydrol lost water very 

easily• 
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C-0 r 
R R 

V VI 

R = methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl, phenyl, 

benzyl. 

It was pointed ~ut tl"J Vingiello (7b) that a comparison of 

the rates of cyclization of the ketones VII, VIII and IX would ap-

pear interesting. By such a comparison the effect of steric hindar-

VII VIII IX 



Cil.ARI.' II 

CH 

X 

HBr 

Acetic acid 
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ance can be observed. The carbonyl group in ketone VIII is less 

hindered because the phenyl group has been removed from its :i=e-

diate proximity. A comparison of the rates of cyclization of ke-

tones VII and IX would give infornation regarding the ef£ect of 

the double bonds in the benzene ring. Here the steric factor was 

kept fairly constant and the electronic effect was changed. 

In the cyclization of 0-benzylcyclohe:xylphenone, it was 

noted by Vingiello (7d).that the hydrol postulated as an interme-

diate could lose water in two ways, yielding· two• different compounds, 

an unsaturated compound (XII) and 9-cyclohe:xylanthracene(XIII). This 

is show in Chart II. It appears that this did happen since the 

product of the cyclization had a 64° melting range. Repeated re-

-crystallizations from 95% ethanol did not give a sharply melting 

solid. An attempt toresclve this llixture by chromatographic 

adsorption annlysis would appear to be an interesting problem. 

Bradsher and Vingiello (12, 7c) in an attempt to gain 

more information about the cyclodehydration reaction prepared ketones 

of the type XIV and studied the rates of cyclization of these ketones. 

CH2 

X 

XIV 

X: H, CH3, F, Cl and Br 
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It voul.4 aw•azo izl'tel'NtiAg t-o PNP&N oert.a.tn Mta-

au.batituW pbmyl ket.olMa of t7" rt in the hope u..t 1«t-er 1.D-

v.at.iga.\iou 1n the rat. ot e,roU~ v1ll pNNDt. intonnation 

I: mi,, cr3, r, Cl, and Br 

which om be ootftl.atecl v1th tat~ obt&1.De4 to 82-4 light OD 

tM ot .. l'M01don.. 



DISCUSSION OF REStmrS 

Having decided to prepere ketones of type 'rl whsre: 

X : CH3, CF3, Cl and Br, the next step vas to scythesize them. The 

B811le procedure as that used by Bradsher (l) and Vingiello (7) ves 

used in preperlng the ketones of type XVI. 

R ,. Cyclohe:xyl or m-subst. phenyl 

XVI 

A Grignerd reaction between o-cblorobenzaldehyde (XVII) 

and phen;yllliagnesium bromide gave a 77% yield of o-chlorobenzb;rdrol 

('rlIII). This hydrol was reduced with red phosphorus and iodine in 

acetic acid solution to o-chlorodipheeylmethane (XIX) in 84% yield. 

A von Braun reaction on the chloro compound gave an 85% yield of 

o-cyanodiphen;ylmethsne (XX) • This ni trile was allowed to react with 

the appropriate Grignerd reagent and than hydro~ed to the ketone 

(XXI). This procedure is shown in Chert III. 

The o-benzyl ketone of type m were, R = m-bramophenyl 

vas prepared according to the following procedure. A Sandmeyer 
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reaction was used to convert anthranilic acid (XXII) to o-bromo-

benzoic acid (XXIII) in 63% yield. This acid was converted to the 

acid chloride (XXIV) in 94% yield using thionyl chloride. A 

Friedel-Crafts reaction between the acid chloride and benzene ga:ve 

o-bromobenzophenone (XXV) in 87% yield. This ketone was reduced to 

o-bromodiphenylmethane (XXVI) in 7/$ yield using red phosphorus and 

hydriodic acid. The Grignard was then prepared from this halide 

and allowed to react in a reverse Grignard reaction with m-bromo-

benzoylbromide (XXVIII) giving 2-benzyl-31-bromobenzophenone (XXIX) 

in 46% yield. This procedure is shown in Chart IV. 

Although the m-flurophenyl ketone was not prepared, a syn-

thesis has been outlined as is shown in Chart IV. This method is 

based on the oxidation (13) of m-flurotoluene (DX) to m-nurobenzoic 

acid (XXXI) in hot chromic acid and sulf'uric acid solution. Thia 

acid can be converted to the acid chloride (XXXII) using thionyl 

chloride. A reverse Grignard reaction between o-diphenylmagneaium 

bromide (XXVII) and m-flurobenzoyl chloride (XXXII) should give 

2-benzyl-3 1-flurobenzophenone (XXXIII). 

Since no suitable halide could be bought for the synthesis 

of 2-benzyl-3 1-trifluromethylbenzophenone, Shields and Vallerstein 

(14) prepared m-bromo benzotrifluoride follov.Lng the procedure 

used by Simon and Ramler (16). 



Br 

CuBr, HBr 

CF 
HJl,.=.:,lO~ ___ .,._ 

3 

XX/JV 

A ~nar1oy1;r rec_etion 'WM run on :m-mJ,nooonzotrifluoride (mlV) 

ond :m.-bromo bonzotrifluoride (XXXV) ve.s obtainod in 63-t yield- ':he 

Grignorc ro~cnt or this hn:icc '-'llS nllwcd to ree.ct with o-cy-onoci-

phonyl=ethane (XX) and 2-benzyl-3'-triflurccethyloon~ophen~ne vas 

obtaine( in 44.-; >1,el<l. 

::;yclohe>cyl.cl.'-~csium brcni.de vo.s allovetl to re~ct with 

o-eya.nodipheeylm.ethano (XX) and 2-benzylcyelohexylphcn·.me {:C:l'Vl) 

w~ obta.i.ned i:1 8~ :yield. An s.ttru:i!.>t t;:i cyclize tr..13 ketone re-

S\U te~ in h'hat :.,0orecl tv bo a ru.:>:ture 'Iii th a 64 ° mcl tino r.:mge • 

.An oapirical chl"~tographi¢ adsorption on&lrsia 'W'ru: e~ried out to 

dct,·mino the proper worbent a.n<l e) uo.nt using J.-54l./2 Adsorption 
0 

Alum.ino su1,~)1icd by Fishor ~eietitific Co. a.r..~ hoXCJ.."le, b.p. 65-67 • 

Th1e e!Q.piricnl ac~sorption analysis incliev.tol. that about 'J7'/, of the 

::dxturc obtaincc from the cy-cllza.tion ot the }:etone (XX:,..'VI) waz 

con::;t:..nt nolt.in.:; solid, ::i.p. 1.)6-1:n°, vhich va.s thought to bo 

9-cycloh~l.em,;.rs.cene (mvIII) . 

.Another- o&orption analysis ..,M u.si?iG the crude mxture 

obtained !'rOt1 & second cycllx~tion experir.ont. The adsorption column 
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was vet paclced with lr-~2. .ldaorption .Utllline. "1d he%.IID8, b. p. 
0 65-67 vas w,ed as elw:int. Thoe crude cycllza.tion prodllct vu 

partially dissolved 1n hex.one ttnd poured onto the column. The 

eluaut vas illowd to tlow through the col\1111 an<l collected dropw11e 

in fif'tcen fractions of 40 ml. each. FJ'action& 5, 6 nnd. 7 vere ccm-

bilted and the :solvent OYaporated off. The residue vn.s rccry&tallized 

!'ran 95% ethanol. It vas found tt:.at ;tr; ot the o.llr<:Dltographed 

materiel vu a conutant 1:1elting solid, ::c.p. 1~1)6.5° 1 which vaa 

thou&}lt to be 9-eyclohelcy'lanthrs.cene (XXXVIII). The residue !ran 

the othor rrnctions had v1de nelting r~os an( recryst.allizatioa 

!'rec 95:.; ethanol gave no pure products. 

It htl.3 been pointed out that vb.en 2-benzylcyclobexylp~e 

(DJ:VI) is cycllzed, an un.atable b;rdrol is postulated as an intemodi•te. 

It is possible for this biYd,l"ol to lose vat.er irt two wqs anc1 give two 

compound.a, 9-,eyclobex1'lantbrace:ne (XXXVIII) and an unsaturated oca-

pound (XXXVII). S~e the cyellzation oocperiment is ca.rried out in 

a. strongly lv<Irobroetic o.cid solution, it is possible for the a<!dition 

or ~on bro!.ude and bror:dne to take place at the mis•turo.ted 

link~e. It eppcr.rs thnt the c0?1p0Ullda XXXIX, IL and ILI oould alao 

be in tho mixture. 

In an off ort to c otabllsh vhetter tJnY' of thoce e01:1pCW1ds v~ 

being f'omed u a re3Ult of tho addition of bromine to -ate 1.U'laature.ted 

llnkag•, another cyclization experir.:lent was made. 'the crude mixture 

obtained fron Motber cyolization exper~t was disaolved 1D other, 
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washed three times with sodium carbonate solution to remove ell 

traces of the eydrobromic acid, and :finally washed with vater. A 

Beilstein test on the ethereal solution of the cyclization product 

vas negative. This would indicate that no free bromine present in 

the cyclization mixture had attacked the unsaturated linkage if it 

:formed. 

The ether vas evaporated off and the residue vas chromatographed, 

again collecting the percolate in :fractions. It was :found that 32:% 

of the chromatographed material vas a constant melting solid, m.p. 

135.5-136.5°, which vas thought to be 9-cyclohrucy-lanthracene. 

A liquid appeared in certain :fractions. Attempts to crystal-

lize this liquid :from 95% ethanol vere not successful. It vas thought 

that this liquid may have been same of the unreacted ketone vhich had 

passed through the sintered glass funnel used in :filtering the cyclized 

product. An attempt to prepare the oxime derivative vas not successful. 

Recrystallization of the residue contained in the other :frac-

tions :from 95% ethanol gave no products in quantity or pure enough 

:for analysis. 

l'!ov that 9-cyclohexylanthracene (XXXVIII) was thought to have 

been resolved :from the mixture obtained :from the cyclization of 

2-benzylcyclohexylphenone, it seemed necessary to attempt to prepare 

it by some unequivocal snythesis. 

The only method :for the preparation of 9-cyclohe:xylanthracene 

to be :found in the literature is that of Willemart (17). A Grignard 
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~on between ~tbroD• (ILII) md cyclo~Jmaposi• brcnide .;iv.a 

111 int.eniodiatu k(rdrol (JLlll) vbloh 1• deeydratod. by hea~ vit.h 

acetic acid cont-,Jn1ng a little S\ll.turic ad.d to give a 000St.ant 

XLIII 
XLII 

· ~ 

7' 1K2 
/ t , 2 

c\ /¾ /(;H2 
CH2 

XLV XLIV 
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9-eyelohe:x;rl!il1\bracene. The pqint that Jf1 lJ,-.niert ob'l;lqus~ idsseii 

is that this intel'llleiliate ~l can al.sq .lose water in. two wa;rs to 

g;l.ve two enttrely ditterent C9ll!Pound$. It would be expected that the 

..,.J:l:!li1nat,2.on or water le~ to the f'~ation of 9-eyelolievlantbra-

cene. would be i'avore.d. Willem.art• s (17) &Tf.icle was no1; c9ll!Plete 

in that ·l,10· exp~tal w:rk was in.eluded, lie tU,d l,lOt give solvent, 

t8Jl!Perature or nacti011., or the yi!!ld he obtainild. A ~.d me-ltj.zjg 

point of the eompalllld obtained i'rom tbs c;yclization BJIP&rlmeat 

and tl:lollght to be. 9-cycloh~lanthrMene and the eam;pound obtained. 

by the metho.d of llillernart f!;EN.J no depres.sion in melting point .. 

The low yield is probabq due to the formation oi'· a 

loge llll101lnt or bicyel~l aue to a c~ling reaction. A.tt8111pts 

to decrease the degree of eoUf>:ling were without 1mceess, and in 

later ~r:!Jaents the :,1.eld. wllil not ilU)l'eased.. 

It is possible that a .-ebrom.a.tograpbing of the bieyclohslQ!'l• 

9--cy¢lolievlll!ilth:racene, mixt;ure would g:l.ve a. 1110re complete 

tion than ccystallizatiOD f:rom. 95% etlianol • 

.An attEl!llPt was me.de to prepare 9--eyclohelcy'l..a.nth:racene from. 

9-bromomth:racen.e (XLV) $1ld. ayelohex,ribrOllli® in 11. 'Nu;rta,-f:tttig 

r.eaetion. J. procedure analagGus to that of Be1"1U!tt .and. Cook (l.$) 

was Ujied in prepanng 9-brolno!il1tbrl!Cene (XLYI) , .Antbraca11e was 

bl'!Jlllinated by a .ftolutiOll or brdmii:l.e. in ca;L"b;>n d.illUli'ide to g;I. v11 

9,lO-mibromo--9,10-dib;ydroantbracene in 86'/, yield. The ,dibl'omide was 

suspemied in ~droua toluene tor five ~s 11¢/l then heated with 



Br 

XLVI 

the evol·.ition ot eydro~enbraude givint; 9-br«toa.ntliraeene (XI.VI) 1n 

yield. A vv.rtz-Fittig react.ion betwen the 9-brocoonthracene and 

cyeloho}cy'lbrau&, eave an orqe oil containing som.e cr;rstallin.e 

ma~r1al. This crude product vas obr<n.ato.grsphed and the percolate 

collected 1n ti TO tractions. The eluant was svaporated orr end a 

mlting point taken of the reaich.te 1n e~ fraction. No crystalline 

=aterie.l vas obtoJ.ned tbnt had a melting point. near that ot 

r,-cyelohooey-lantbracMe. 

It iD pos&ible thnt coupling took place imc1 'the la.rp 

~unt of orange oil vea biqelo~l. Sa:le resin .romed \dlich 

1ncl1ee.t.d polynorize.tion takillg pla,ce in the reaction mixture. 

The l~t a.t.tecpt to prepare 9-aycl~lcrt.hracene was 

the a.Tuylat1<>n or an.throne usine esaential.ly the ~ecrure Hall.cart.en 

(19) . Thia proc«lure i~ a~ in Chart VI. The pota.ssi\l:l mt or 

mt.hranol v~ all<Ned. to react vitb the c:,cl~lbr<cide gi~ e. 
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'bla:k reaidUe, cyclohex;r~ant.hrone (XLIX) in 81" yield. Tbs 

Nduetion ~r substit.ited 1111throne vit.b rod phosphorus and 

~iodie w:,id g«H a brow oil in yield. Sevexlll c17stalli-

1ations tron 9-S:.' ethanol gave vhitc ~eedles, •·P• 77-78° in J.&' 
yield. t'his product. ob\'1.oualy is not the desired product. 

to the larse .::»l(fCUJ..a.r veigbt ot tbe oycloho:ql grou:,p, w 'W'OUl.d 

nQt &:x:,pe,ct d.ialq'lat.ion to take pace in the anthrSllOl. 



EXPERIMENT lJ.., 

Snythesis of o-Benzylbenzonitrile (1. 7dl, 

o-Chlorobenzohydrol .! .(;I.. 7e), A Grignard reaeent was 

prepared from 37 g, of ma.,"llesium, 242 g, of bromobenzcne, 400 ml, 

of anhydrous ether, and n crystal of iodine. During the nddition of 

the bromobenzene, the reaction was vigorous and coo°ling with ice-

water was necessnry. The mixture was stirred and heated under re-

flux for one hour. The mixture wa.s then cooled to room temperature 

and a solution of 109 g. of o-chlorobenzaldehyde in 100 ml. of 

anhydrous ether was added dropwise with stirring. The mixture was 

heated under reflux for one hour, then cooled to room temperature 

and decOI:Iposed Yith ice-<:old 20% =oniUI:1 chloride. The ethereal 

leyer was separated, The residue was washed twice with fresh ether 

and the combined ether extracts were dried over anhydrous calcium 

sulfate and concentrated. The residue wa.s distilled at 5 mm. 

pressure, and the fraction boiling at.163-176° (Lit. (7), b.p. 163-

176° (5 I:llll, )) wa.s collected, This viscous liquid crystallized on 

standing; yield 130 g. (77.5%). 

o-Chlorodiphenylmethane II (1. 7d), A mixture of 11$,4 g, 

of o-chlorobenzohydrol, 24 g. of iodine, 24 g. of red phosphorus, 

11$4 ml. of glacial acetic acid, and 11$.4 ru. of water was heated 

under reflux • Yi th stirring for thirty hours. The reaction mixture 
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was then cooled to roOl!l temperature and the exceGs red phosphorus 

was -filtered off with suction. The solution was care:fully neutralized 

with sodium carbonate and then poured on ice a."ld extracted twice 

with ether. The combined ethereal extracts were washed with ice-

cold 10% sodium hydroxide solution until the free iodine was removed, 

The solution was washed with water, dried over anhydrous calciUI:1 

sulfate, concentrated, and fractionated under reduced pressure. 

The fraction boiling at 138-142° (5 mm,) (Lit. (1), 144° (5 mm.)) 

weighed 92,5 g, (84%). 

o-Benzylbenzonitrile III (1 1 7e). A mixture of 92 g, of 

o-chlorodiphenylm.ethane, 48 g. of cuprous cyanide, approxillately 

0.01 /:j• of anhydrous cupric sulfate (20) and 47 g, of anhydrous 

pyridine (21) was heated in a metal bath at 250°. The pyridine 

uas allowed to boil off slowly over a period of twenty hours, The 

reaction I:J.ixture was cooled to room tCJ:1perature and a crude separa-

tion from the residual raass was accomplished under 8 mm. pressure 

using the von Braun distillation apparatus. The distillate was 

cooled and poured into dilute =oniUI:1 hydroxide, The solution 

was cooled and extracted several tiI:les with ether, The combined 

ethereal extracts were washed with cold 2 ll hydrochloric acid, then 

with water, and finally dried over anhydrous calcium sulfate and 

concentrated. The residua was fractionated under reduced pressure 

a."ld the fraction boiling at 153-154° (3 mm.) (Lit. (1), 160-164° 

(4 mm.)) weighed 74.8 g, (85,5%). 



27 

Synthesis of o-Benzyl-cyclohe,;ylphenone from o-BenZ"rlbenzonitrile. 

o-Benzyl-cyclohexylphenone IV i1tl..,_ A Grignard reagent 

was prepared in anhydrous ether from 42.2 g. of cyclohe:xylbromide, 

b.p, 101-103° (120 mra,) and 6,3 g. of magnesium, Most of the ~ther 

was distilled off end a so_lution of 20 g. of o-Benzylbenzonitrile 

in 200 ml, of anhydrous benzene was added dropwise with stirring, 

The solution was heated under reflux overnight and then decomposed 

\lith 86 ml. of ice-cold 2aJ, =oniU!ll chloride solution. The benzene 

layer was separated from the residue .. This layer was then heated under 

reflux with 150 ml. of 2 N hydrochloric acid for ten hours, cooled to 

room temperature end washed t\lice with Yater. The benzene layer vas 

conce~trated and tho residue fractionated under reduced pressure. The 

yellow oil obtoined weighed 23,8 g,, b.p~ 202-203° (3,5 mm.), (Lit, 

(?f), b.p. 194-196° ( 3 =.)). (82.5%). Attempts to crystallize this 

product from 95% ethenol and from petroleUIJ ether were not successful, 

Cyclization of o-Benzyl-cyclohe,cylphenone. 

Experiment #1. 

A solution of 5.0 g. of the above ketone (IV) end 200 ml, 

of acid mixture vas heated under reflux for forty-eight hours. The 

mixture was cooled slowly to about 1 °, The crude crystals which 

formed were filtered with suction and dried in a vacUUIJ dessicator. 
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Two recrystallizations fron 95% _ethanol gave 0.8 g. of yellow 

crystals, m.p. 13(}-181°*, (17%). 

Experiment #2. 

A solution of 3.0 g. of the above ketone (IV) and 100 ml. 

of acid mixture was heated under reflux for fifty-two hours. The 

IJixture was cooled slowly to l O
• The c:r-.rstals which formed were 

filtered with suction, washed with 10 ml. of water, ond dried in a 

vacuum' dessicator. Yellowish-green crystals were obtained, m.p. 

120-187°; yield, 1.2575 g., (45%). 

E::::periment #3. 

A solution of 2.0 g. of the above ketone (IV) ond 80 r:tl. 

of the acid IJixture was heated under reflux for forty-eight hours. 

The mixture was cooled slowly to about l O • The crude crystals which 

formed were filtered with suction, washed with 10 ml. of water, ond 

dried in a va.cuun dessicator obtaining a gramny, brown mass weighing 

1.0705·g., n,p, 103-160°, (57.3%)., This brown mass was dissolved in 

ether, washed three times with sodium carbonate solution, then with 

water and finally filtered. Beilstein test on the ethereal solution 

was negative. The ether was evaporated off and the residue dried in a 

*All nelting points were talten on a calibrated Fisher.Johns 
Melting Point Apparatus. 
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vacuum desiccator. Braim crystals were obtained, m.p. 90-120°; 

yield, 0.941.4 g, (50.5%). 

Resolution of 9-Cyclohex:ylanthracene by the Chronatogranhic 
Adsorption Analysis of the Hixture Obtained Fron the Cyclization 

of o-Benzyl-cyclohexylphenone. 

Experil!lent #1. 

9-Cyclohexylanthracene Y... . A 10 X 160 rn •. adsorption 

column was wet-packed using A-54:J./2 Adsorption Alumina, 80-200 =•, 
obtained from the Fisher Scientific Co., and Celite Analytical 

Filter Aid made by Johns-Manville, The mixture obtained fron Experi-

ment #1 of the cyclization e~-periment was partially dissolved in 

hexane,b.p. 65-67°, roi.d poured on to the adsorption column. The 

eluant wc.s allowed to flou through the column and the percolate was 

collected dropwise in four fractions. The column uas we.shed doi-m with 

acetone roi.d this elumit collected as fraction five. The eluE!Ilt was 

evaporated. After drying in a vacuum desiccator, the weight of the 

residue in each fraction was obtained and the melting point was tnken. 

This data is sho.m in Table I. 

Table I 

Fraction Wt. of Residue EluEIIlt Color :ra.p. 
No. in rr. 

l --- Hexane ---- ---
2 0.4 II Wt. cry. 129-134° 
3 0.1 " Yel-ut.cry. 126-179° 
4 0.05 n " 11 " 179-207° 
5 0.1 Acetone Broun cry. 188-204° 
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Fraction 2 was recrystallized fron 95% ethanol and filtered, 

giving white needles, m.p. 136-137°, (Lit. (17), 135-136°); yield, 

0.3 g. (37%). 

Fractions 3 and 4 were 'combined and recrystallized fron 

95% ethanol, giving a s::iall amount of yellOlT powder, ra.p. 189-212°. 

Fraction 5 was recrystallized from 95% ethanol giving 

o.061 g. yellow pouder, m.p. 181-204°, uith SOJ:le melting at 265-275°. 

Experinent #2. 

9-Cyclohexvlanthracene V. A 2 X 22 =· adsorption column 

uas wet-packed as illustrated in Figure 1, using 44,5 g. of A-541/2 

Adsorption Alum.ina, 80-200 lllm., obtained frora the Fisher Scientific 

Co., and Celi te Analytical Filter Aid raade by Johns-Manville. The 

1.2575 g. of yellowish-green crystalline r.iixture obtained in Experi-

raent #2 of the C,yclizntion of o-Benzyl-cyclohexylphenone (IV) 

Experiment uas partially dissolved in hexane, b.p. 65-67°, and 'poured 

on the col=. The eluant was allowed to flow slowly through the 

column and the percolate was collected dropwise in 40 ml. fractions 

in weigherl Erlenmeyer flasks. ColllI:lencing uith fraction flask #12, 

a 2% solution of 95% ethanol in hexane was used as eluent. The 

adsorption column was washed down ui th acetone and the percolate 

collected ns fraction #15. The eluant was evaporated off and the 

flasks were dried in a vnc= desiccatot". The flasks were again 

weighed ond the weight of the residue collected in each fraction 



TABLE II 

Frnction Wt. of Residue Eluant H. P• 
no. inne. 

1 3 40 
2 4 • :, 6 n 
4 161 a 89-1.22° 
5 190 n 134-135.5° 
6 143 n 135-136.5° 
7 110 • 134-135.5° 
s· 89 45 124-134° 
9 62 40 122-133° 

10 JO n 114-204° 
11 40 ff 172-194° 
l2 32 • 179-197° 
13 27 II 169-179° 
l4 270 ·• part oil 
15 79. .. " • 

Total - 1246ng. (99% recovery) 



33 

obtained. The data is collected in Table II. 

Fractions 5, 6 and 7 were conbined and recrystallized 

from 95% ethanol, m.p. 136-136.5°; yield 0.3285 g. (26.5%). Two 

nore recrystallizations from 95% ethanol gave white needles, 1:1.p. 

136-136.5°. (Lit.(17) 135-136°). 

Anal. Calcd for c20 H20: c, 92.26; H, 7.74. 

Found: c, 92.00; H, 8.10. 

Fractions 14 and 15 were conbined and recrystallized 

from ethanol ond water obtaining what appeared to be a broyn mx-
ture of solid and oil, n.p. 129-193°; yield, 0.1375 g. A solution 

of this residue in 95% ethanol gave a positive Beilstein test. 

E."qJeriment #3. 

9-Cyclohe:xylanthracene V. A 2 X 22 cm. adsorption column 

was ·wet-packed ,as in the preceding experillent using 30 g. of A-541/2 

Adsorption All.ll:lina and Celite Ji.nalytical Filter Aid. The 0.9444 g. 

of bro,m crystalline llixture obtained in Experillent #3 of the 

Cyclization of o-Benzyl-cyclohexylphenone (IV) Experiment was partial-

ly dissolved in hexane, b.p. 65-67° ond poured on to the adsorption 

column. The eluant was allowed to pass slowly through the col= 

ond the percolate was collected dropwise in weighed Erlenr.ieyer 

. flasks. Commencing with fraction 25 a 1% solution of 95% ethanol 

in hexane was used as eluont. The adsorption column was washed dm-m 

with acetone and the percolate collected as fraction 28. A Beilstein 

test was nade on each fraction and in each case the result was 



TADLE Ill 

Fraction Wt. of Residue Blusnt E111Bllt Colar tloP• 
Do. in I:lg. Vol. 

in ml. 

l 0 lle=e 40 Colorless . 
2 66 • II fl 101-127° 
.3 26a " n a 117-13.3° 
4 147 " n I\ 121-129° 
5 81 " • n 121-1.32° 
6 45 I 11 " n 167-18$0 

7 Z7 11 11 n 152-196° 
8 1.3 I • II " 177-20.3° 
9 13 n n n 15C-l8.30 

10 9 If n n 149-19.3° 
ll ,6 11 I " n 159-187° 
12 1 I II a n 159-182°· 
13 0 n II Yellow 
14 5 fl n • Yol. oil 
15 12 fl • n n p 

16 14 11 n n II u 

17 14 II 100 n II II 

18 8 n 40 Faint Yol. n n 

,19 19 n n H " n n 
•-~ ' 

20 . . 7 • ll Colorless Clear liq. 
21 6 n n •• II· n 

22 5 If " II " p 

2.3 11 n n If • n 

24 13 tt n 11 n n 
25 44 l$ EtOH-IIex. 20 Yellow SOJ:1e cry. 
26 78 n n Brown a II 

Z7 Z7 n 40 n n M 

28 10 Acetone n Colorless n " 

Tota.l - 947 mg. (100% recovery'). 
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negative. The eluant was evaporated off and the residue dried in a 

vacuum desiccator. The weight of the residue in each fraction was 

obtained. This data is collected in Table III. 

Fractions 2,3,4 and 5 were combined and recrystallized 

from 95% ethanol, m.p. 134-135; yield 0.3063 g. (32.4%). Two more 

recrystallizations from 95% ethanol gave white needles, m. p. 135.5-

136.5°. (Lit. (17) 135-136°). 

Fractions 6, 7 and 8 were combined and two recrystalli-

zations from 95% ethanol gave white needles, m.p. 169-199; yield 

0.0247 g. 

Fractions 9, 10 ,11 and 12 were recrystallized twice from 

an ethanol-water mixture obtaining 0.0085 g. of yellow crystals, m.p. 
0 

184-216. 

Fractions 16, 17, 18 and 19 were combined. Attempts to 

crystallize from an ethanol-water mixture were not successful. 

Fractions 20, 21, 22, 23 and 24 were combined. Attempts 

to crystallize from an ethwol-water mixture were not successful. 

Fractions 25, 26, 27 and 28 were combined Olld recrJstalliz-

ed from 95% eth~ol, m.p. 59-91°; yield 0.007 g. Water was added 

to the mother liquor. until it became turbid. A brown oil separated 

from the solution •. 

Synthesis of 9-CyclohexylMthracene from 1\nthraguinone. 

Anthrone VI~ In a 2-liter round-bottomed flask equip-

pe d with a reflux condenser, 104 g. (0.5 mole) of anthraquinone, 
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:c.p. 251-255°, was cixed with 100 g. (0.86 atOl:l) of :cossy tin, 

and 750, ml. of glacial acetic acid wns added. The :cixture was 

heated to boiling and in the course of two hours, 250 ml. (8.2 

:coles) of C. P. hydrochloric acid (sp. gr. 1.19) was added in 

10 :cl. portions to the boiling mixture. All of the anthraquinone 

went into solution. The liquid was filtered through glass wool 

and 100 :cl. of water added. Crystals began to fem on cooling 

the solution to 10°. The crystals were filtered with suction, wash-
i 

ed with water, and dried in a vacul.llll desiccator, yield 92 g.; n.p. 

152-153° (94.8%). On recrystallization from a 3.1 mixture of 

benzene and petrolel.llll ether, 70.6 g. (72.8%) of enthrone was ob-

tained, m.p. 154-155° (Lit.(22), :c,p. 154-155°). 

9-Cyclohexylenthracene Y.. A Grignard reagent was prepared 

fron 16.3 g. of cyclohe:x;:rlbro:cide and 2.5 g. of :cagnesi= in 100 ml. 

of anhydrous ether.- The mixture wns heated under reflux for one 

hour with stirring and then cooled to room temperature. A solution 

of 9.7 g. of enthrone in 350 :cl. of_anhydrous benzene was added 

dropwise with stirring and the excess ether was allowed to distil 

off. The mixture was heated under reflux for twelve hours and then 

cooled to room temperature, The :ci~-ture was deco:cposed with 16 :cl. 

(equivalence point) of cold 2C/J, ai:t11onil.llll chloride and the benzene 

layer separated from the residue, The residue was washed with fresh 

benzene, The co::ibimdbenzene solutions were concentrated and the 

residue crystallized frora an ethanol-water I:lixture. The impure bydrol 
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was obtained as a mixture of yellow and white crystals, m,p. ll0-

230°; yield 6, 7 g. The impure hydrol in a solution of 100 I:11, of 

acetic acid and 1 ml. of sulfuric acid was heated gently for one 

hour. The trl..,-tl,ure was poured into 200 I:11. of water and neutraJized 

with sodium carbonate, The solid gum which separated was extracted 

twice with ether, The conbined ethereal extracts were washed with 

3% sodiui:i hydroxide solution and finally with water. The ether 
' 

solution was dried over anhydrous calcium sulfate, and concentrated, 

The residue was recrystallized froo 95% ethanol, yi~lding grey 

crystals, m,p. 122-130°; yield 2,9 g, Four recrystallizations 

from 95% ethanol gave slightly grey needles, m, p. 134-136°, (Lit, 

(17) 135-136°); yield 1,02 g. (7,9%), A mixed melting point of 

this product and the 9-Cyclohe:xylElllthracene fron the chroraatographic 

analysis sho1:1e'd no depression, 

Attempted Snythesis of 9-Cyclohe:eylanthracene fron Anthracen~ 

9, 10-Dibromo-91 10-dihydroanthracene VII.(l~ A solution 

of 5 ml. of bronine in 100 I:11. of carbon disulfide was slowly added to 

18 g, of finely powdered anthracene suspended in 200 I:11, of carbon 

disulfide, while being cooled in an ice-salt mixture, After one-half 

hour, the solid was filtered and washed with cold carbon disulfide 

and then with cold ether. The product when dried, weished 29,5 g, 

(86.5%). 
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9-Bromoanthracene VIII. (18). Ji. suspension of 29.5 g. 

of anthracene dibroraide in 150 ml. of dry toluene containing 0.3 g. 

of phenol was maintained at roora temperature for about five days in 

a flask provided with a calcim chloride drying tube. The flask 

was then heated slowly to 50° roid maintained at 50° for four hours. 
0 The temperature was then raised to 98 for one-half hour. The toluene 

was removed under reduced pressure. The yellow residue ui.s recrystal-

lized from 95% ethanol using a little charcoal, yielding 13.9 g. 

m.p. 97-99°. An additional 2.0 g. was obtained froo. the concentrated 

mother liquor., m. p. 97-99°, (Lit. (18), m. p. 98-99°). Total yield: 

15.9 g. (71),). 

9=cyclohe;ylanthracene V. A dry, 3--liter, round-bottoraed 

flask was fitt_cd with a Hopkins condenser, a calcium chloride drying 

tube, a dropping funnel roid a thermometer. To.2.1 g. of sodium ribbon 

in 100 ml. of anhydrous ether, a solution of 9. 7 g. of 9-bromoanthracene 

and 6.2 g. of cyclohe.."'cy"lbror.tlde in 200 ml. of anhydrous ether was 

added dropwise over a period of one hour. The reaction r.tlxture was 

maintained at a .temperature between 20-25°. The flask was alloued to 

stand four days with occasional shaking. The ether layer was poured 

off and 200 ml, of methanol was added to the residue in the flask. 

This alcohol r.tlxture was heated under reflux with a 100 watt bulb 

heater for four hours, then cooled to roo::i temperature and poured 

into 500 ml. of water to dissolve the salt. The alcohol solution 
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was extracted with ether. The ether extract and decanted ether 

solution were conbined, washed twice with water, filtered and 

finally dried over anhydrous calciUD sulfate. The solution was 

concentrated giving some crystalline material mixed with a heavy 

orange oil, 

A 2 X 22 cm. adsorption column was wet-packed using 45 g, 

of A-541/2 Adsorption Alumina, 80-200 =•, and Cell te Analytical 

Filter Aid. The crystal~il mixture was partially dissolved in 

hexane, b,p, 65-67° and poured on to the column. The eluant was 

allowed to flow through the adsorption colunn and the percolate 

was collected in five fractions. The elumit was evaporated off and 

the weight of the r.esidue obtained, The data is shown in Table IV. 

Table IV 

Fraction Wt. of Residue ml, Solvent Residue 
No, in :og. 

1 --- 100 ----
2 6535 n cry.-orange oil 
3 2142 II cry,-yellow oil 
4 674 n white cry. 
5 243 n white cry. 

An attempt to crystallize fraction 2 fron 95% ethanol gave 

orange oil with ro::ne crystalline naterial, 

Fraction 3 was recrystallized from 95; ethanol and gave a 

l:lixture of yellow resin and white powder on standing, m.p. 95-152°; 

yield 274 mg. 
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Fraction 4 was recrystallized from 95% ethanol and gave 

yellow crystals, m.p. 179-186°; yield 65 mg. 

Fraction 5 was recrystallized from 95% ethanol and gEtVe 

yellow needles, ra.p. 183-219°; yield 84 mg. 

The adsorption column was washed do\m with a 50% acetone-

hexane mixture and the eluant evaporated off. The residue was 

recrystallized frOl'l 95% ethanol giving white needles, m.p. 193-

197°; yield 10 J:Jg. 

Attempted Synthesis of 9-Cyclohe;qlanthracene fron Anthrone, 

Cyclohexylhydroanthrone IX 112h A mixture of 10 g. of 

!lllthrone with 10. g. of potassiun hydroxide in 50 ml. of water, and 

45 g. of cyclohexylbronide was heated under reflux for four hours. 

The reaction mixture was cooled to room temperature, poured into 

200 :cl. of water and the organic material was extracted with ether. The 

ethereal solution was washed twice with water, dried over anhydrous 

calciwn chloride and concentrated. The unreacted cyclohexylbromide 

was distilled o·ff and 11.5 g. (81,%) of black residue remained. 

9-Cyclohe;cy-lanthracene V. The black residue from above, 

15 g. of red· phosphorus and 15 :cl. of 50% hydriodic acid were heated 

under reflux for fifteen hours. The flask was cooled to room tempera-

ture lllld the organic material was extracted with ether. The ethereal 

solution was dried over anhydrous calcium chloride and then concen-
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. trated giving a brown oil ,dth some crystal formation. This bro~m 
' 

oil was crystallized from 95% ethanol giving white crystals, m.p. 69-

73°; yield 5.9 g., (54.5%). Three recrystallizations gave white 

needles, m.p. 76-77°i yield 2.3 g. (21.2%). 

Sn:vthesis of Some o-Benzylbenzophenones from o-Benzylbenzonitrile. 

2-Benzyl-3 1-chlorobenzophenone X. A Grignard reagent was 

prepared from 3.7 g. of ma.,"llesiUI:1 and a solution of 39 g. of 

m-chloroiodobenzene, b.p. 103-104° (14 =•) (23) in 100 ml. of 

anhydrous ether. The reaction started in, about one minute.· After all 

of the halide had been added, the solution was.heated under reflux 

for one hour. Most of the ether was distilled off, the solution 

cooled to roon temperature and a solution of 10 g. of o-BenZ'Jl-

benzonitrile in 75 ml. of anhydrous benzene was added dropwise with 

stirring. Ho reaction was evident. The mxture was then heated 
' under reflux for eighteen hours. The ni.xture was cooled to room 

temperature and decomposed with 25 ml. (equivalence point) of ice-

cold 20% ommortj.UI:1 chloride. The benzene leyer was poured off and 

the residue was extracted three times with fresh benzene. The com-

bined benzene extracts were heated under reflux with 200 ml. of 

2 N hydrochloric acid with stirring for eight hours. The benzene 

layer was separated, uashed with water and concentrated. The residue 

was fractionated under reduced pressure. The fraction boiling at 

222-224° (5 mm.) weighed 9.4 g. (59%). Attempts to crystallize this 
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viscous oil frOJ:l ethanol, petroleu::i ether, ond chloroform failed. 

This product was refractionated and a sample was taken which boiled 

at 222° (5 =•) 

Anal. Coled. for C2c,H15ocl: C, 78 • .30; H,4.9.3. 

Found: C, 78.50; H, 5.09. 

9-(-m-Chlorophenyl)- anthracene XI. A solution of 2.6 g. 

of tho above ketone (X) in 100 ml. of the acid mixture wns heated 

under reflux for forty-eight hours. On cooling slowly to room 

temperature ond then to o0 the product came out of solution as an 

oil. The reaction mixture was heated under reflux an additional , 

twenty-three ~ours. On coolin& slowly to o0
, the product crystallized. 

The product was filtered, washed with 10 ml. of water and dried in a 

vacuUJ:1 desiccator, yielding 1.8 g. of greenish crystals m.p, 128-1.30° 

(7.3.5%). Three recrystallizations fron 95% ethonol gave O. 77 g. yellow 
0 

crystals m.p. 1.3.3-1.34 (.31.1,%) • 

.Anal. Calcd. for c2a1113c1: C, 8.3.19; H, 4.5.3. 

Found: C, ; H, • 

2-Benzyl-3 1-netlJYlbenzophenone XII, This ketone was pre-

pared in a monner analogous to that enployed in the synthesis of 

·o-Benzyl-cyclohexylphenone. A Grignard reagent was prepared from 

.3.7 g. of magnesiUJ:1 and a solution of 26.6 g. of m-bramo toluene, 

b.p. 65-69° (16 mm.) (24) in 100 ml. of anhydrous ether. A crystal 

of iodine wns sublillled in the reaction flask before adding the 
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ethereal solution of the halide. After adding approx:i.Dately 50 ml. 

of the ethereal solution the reaction mixture was only slightly turbid. 

The reaction mixture was heated under reflw: with a bulb heater for 

five minutes. The reaction proceeded smoothly during the addition of 

the rei:iainder of the ethereal solution. After all the halide had been 

added, the mixture was heated under reflux for one hour. Most of the 

ether was distilled off.ond the solution was cooled to room tempera-

ture. A solution of 10 g. of o-Benzylbenzonitrile in 75 ml. of 

anhydrous benzene uas added dropwise with stirring. A slight amount 

of heat was evolved. The mixture was heated under reflux for f'ifteen 

hours. The IJixture was then cooled to roon .temperature and decompos-

ed with 25 ml. (equivalence point) of ice-cold 20% a::nnonium.ehloride. 

The benzene layer was poured off and the residue was e;...-tracted three 

times with f'resh benzene. The conbined benzene extracts were heated 

under reflux with 200 ml. of' 2 N hydrochloric acid with stirring f'or 

eight hours. The benzene layer was separated,washed with water and 

concentrated. The residue was f'raetionated under reduced pressure. 

The fraction boiling at 205-206° (3 !El.) weighed 10.l g. (6S.~). 

Attempts to crystallize this yellow liquid f'rom ethanol and water 

were not successful. .An analytical sample was obtained at 205.5° 

· (3 Dlllo) 

~al. Calcd. for c21H18o: C, SS.0S; H, 6.33. 

Found: C, 87.9$; H, 6.46. 
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Attonpt to Cyclize 2-Benzyl-3 1-methylbenzophenone, A solu-

tion of 2,1 g, of the above ketone (XII) in 80 ml, of the acid mix-

ture vas heated under reflux for forty-eight hours, The reaction 
• 0 mixture WE.S cooled slovJ,y to room teDperature and then to about. 1. 

lfo. crystals famed so the mixture vas heated under reflux for on 

additional tventy-four hours. After cooling at 1° for about thirty 

deys, onJ,y a heavy black oil had separated froJ:1 the solution, The 

acid solution vas carefulJ,y neutralized vi.th sodium carbonate ond 

the orgonic material vas extracted vi.th ether. The ether extract 

was dried over anhydrous calciun chloride end concentrated giving 

a black, viscous oil. Attempts to crystallize this residue vere not 

succesaful. 

2-Benzyl-3 1-trifluror.iethylbenzophenone XIII. A Grignard 

reogent was prepared froJ:1 3,0 g. (0.125 mole) of magnesium end a 

solution of 28.1 g. (0.125 r.iole) of J:1-bromobenzotrifluorido (14), 

b.p, 151.:.152° in 100 J:11. of anhych'ous ether. The rea~tion started 

without aid .in about tw r.iinutes and proceeded sr.ioothly. After all 

of the halide had been added, the reaction mixture vas heated under 

reflux for one hour. The reaction mixture YE.S cooled to roOJ:1 ter:ipera-

ture and 8,0 g, (0,04 r.iole) of o-Benzylbenzonitrile in'75 ru, of 

anhydrous benzene ·vas added dropwise vi.th stirring. The excess ether 

was allowed to distil off. The r.iixture vas then heated under reflu..-c 

for fifteen hours. The r.iixture Yas cooled to rooJ:1 ter.iperature and de-

coDposed 'With 21 ru, of ice-cold 20% amnonium chloride (equivalence 
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. point). Sane heat was evolved. The benzene layer was poured off 

and the residue extracted three times with.fresh benzene. Tho con-

bined benzene extracts were heated under reflux with 100 nl. of 2 N 

hydrochloric acid for fifty-five hours. The benzene layer was separat-

ed, washed with. water, dried over anhydrous calcium chloride. and 

concentrated. The residue was fractionated twice under reduced 

pressure. The fraction boiling at 176-178° (2 mn.) weighed 6.2 g. 

(44%). Attempts to recrystallize this yellow, slightly fluorescent 

liquid frc:o 95% ethanol failed. An analytical sanple was taken at 

177° (2mm.). 

Found: • C, ; H, 4.44. 

9-(m-Trifluromethylphenyl)-,mthra.cene XIV, A solution of 

0.64 g. of the above ketone (XIII) in 50 ml. of the acid mi:i..--ture was 

heated under reflux for seventy-two hours. The mixture was cooled 

to about 5° and the crysttls were filtered off and washed with 10 Ill. 

of water, m,p. 113-116°; yield 0.35 g. (58%). Two recrystallizations 

fro:c 95% ethanol .gave bro.m 'crystals, :c:p. 116-117°. 

Anal. Calcd. for c21H13F
3

:. C, 78.18; H, 4.07. 

Found: C, ; H, 

Prep·aration of o-Bro:codiphenylmethe,ne ( 10 1 7h) • 

o-Bromobenzoic acid XV (7h:). A mi:i..--ture of 31.2 g. of cupric 

sulfate pentohydrate, 25. 7 g. of sodiu::i bro:cide, 148 Ill, of 48% hydro-
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bromic'ncid and 17.5 g. of fine copper turnings was boiled until 

the solution becll!:le clear. This hot solution was then filtered 

throueh glass uool into a boiling solution of 50 g. of anthranilic 

acid, 115 i:u. of 48% hydrobromic acid and 900 I:J.l. of water. The 

solution was stirred continuously during this addition. 'l'he tempera-
o ture was lowered to 96 and a solution of 50 g. of sodiUI:1 nitrite 

in 250 ml. of water was added dropYise uith stirring. After addi-

tion of the sodium nitrite solution, ths reaction mixture was cooled 

to room tE:I:1perature while being stirred. The solid was filtered off 

and recrystallized fror.:1 hot uater using a little charcoal. The white 

crystals were finally dried in a vacuum dessicator, m.p. 146-148° 

(Lit. (25), 149°); yield 45.8 g. (62.6%). 

o-Bromobenzoyl chloride XVI i.7hh A J:J.ixture of 65 I:J.l. of 

stock thionyl chloride and 87 g. of o-bromobenzoic acid (XV) was, 

heated under reflux for three hours. The excess thionyl chloride 

was distilled off at atmospheric pressure ond the residue wes fractionat-

ed under reduced pressure. The fraction boiling at 131 ° (22 =•) 

(Lit. (7h), 132-134° (22 =.)) weighed 89.5 g. (94.5%). 

o-Broniobonzophenone XVII i'.z!1h This ketone has been 

previously prepared by Bergt1onn (10). The procedure used has been 

changed to so::ie extent (26). • A J:J.ixture of 30 g. of onhydrous aluminum 

chloride and 210 I:J.l. of onhydrous benzene was cooled in an ice bath 

and stirred. A few drops of the o-bromobenzoyl chloride (XVI) was 

added innnediately to prevent the _benzene from freezing. To this cold 
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solution, 40.9 g, of the above acid chloride (XVI) uas added dropwise, 

The mixture was stirred overnight and allowed to wam to rom te::ipera-

ture. The reaction mxture uns heated under· reflux for three hours, 

then cooled in an ice-salt bath and decomposed with ice and 140 ml. 

of concentrated hydrochloric acid, The benzene layer was separated, 

washed with water, then with sodium carbonate solution, and again 

with water. The benzene solution was concentrated and then 

fractionated under reduced pressure, The fraction boiling at 

180-183° (7 llllll.) (Lit, (5), 151-153° (0.05 =•)) weighed 42,2 g. ·· 

(86.5%). 

o-Brol'lodiphenylmethane XVIII ·i1iJ.... This compound was pre-

viously prepared by Bergnann (10), Vingiello (7i) found that the 

hydriodic acid, red phosphorus reduction described below gave a high-

er yield than the Cler.u:i.enson reduction used by Bergt1ann, A mixture 

of 42,2 g, of the above ketone (XVII), 42.2 g. of red phosphorus, 

and 42.2 g, of 50% hydriodic acid was stirred and heated under reflw. 

for forty hours, The reaction mi.."dure was cooled to 15° and made basic 

to litmus with 10% sodium hydroxide, The excess red phosphorus was 

filtered off with· suction and the filtrate uas· extracted twice with 

ether, The combined ether extractions were washed twice with water and 

dried over anhydrous calcium sulfate, and finally concentrated. The 

residue was fractionated.and the fraction boiling at 175-177° 

(22 r.llll,) (Lit. (10), 175° (22 mm.)) weighed 29.7 g. (74,5%) 

2-Benzyl-3 1-bro::iobenzophenone XIX. A Grignard reagent uas 
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preptired from 2,4 g, (0,1 mole) of magnesium, a crystal of iodine, 

and 24,7 e, (0,1 mole) of o-bromodiphenylmethane in 150 ml, of 

anhydrous ether. The reaction mixture was stirred and heated 

under refl= for fourteen hours, The Grignard reagent was siphoned 

with nitrogen pressure into a septiratory funnel '3lld added dropwise, 

with stirring, to 25 e. (0,09 mole) of 1:1-bromobenzoyl brollide in 

400 ml, of o.nbydrous benzene. The benzene solution was maintained 
' 

at 40-50° during this addition. The Dixture was heated under reflux 

for two hours allowing the ether to distil off. The reaction r.rlxture 

was decomposed with ice and ice-cold hydrochloric acid, The benzene 

lcyer was separated and the aquous leye~ was extracted with fresh 

benzene, The combined benzene layers were washed with water, then with 

10% sodium hydroxide, and finally with water. The benzene solution 

was dried over anhydrous calcium chloride and concentrated. The resi-

due was fractionated twice under reduced pressure. The fraction 

boiling at 220-221° (J J:llll,) weiehed 15,4 g. (46,2%) .. .Attempts to 

·crystallize fro::i 95% ethanol were not successful. An analytical 

sa1:1ple was taken at 222° (J mm,). 

Anal. Calcd. for c2a1115oBr: C, 68,39; H, 4.31, 

Found: C, 67,98; H, 4,42, 

9-(n-Bromophenyl)-onthracene XX, A solution of 2,5 g, 

of the above ketone (XIX) and 100 ml, of the acid DD..-ture was hented 

under reflux for seventy-two hours. The Dixture was cooled to nbout 

5° and th~ crystals were filtered off and washed with 10 ml. of water, 
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m.p. 135-137°; yield 2,18 g. (92%). This product was recrystallized 

three tirn.es fr= 95% ethanol, m,p. 139,5°. 

Anal. Calcd •. for C2crll3Br: C, 72,0S; H, 3,93, 

Found: C, ; H, • 



SU!~MARY 

1, The mixture obtained fron the cyclization of 

0-benz,Jlcycloheicy-lphenone has been succe:3sfully chromatographed 

and 9-cyclohe:xylanthracene is thought to have been isolated in 

30%_yield. 

2, A procedure for the synthesis of 2-benzyl-3 1-fluro-

benzophenone has been presented, 

3, An attei:1pt to prepare 9-cyclohe:xylanthracene by two 

unequivocal 1:1ethods of synthesis has been Yithout success. 

4, The preparation of seven new conpounds not previously 

reported in the literature has been pre:3ented in this thesis, 
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