
Anal. Calcd. for CI4HoF: C, 85.7; H, 4.G; F, 9.7. Found: 
C, 85.7: H, 4.9; F, 9.9. 

( b )  A mixture of 0.2 g. of the cvclization product of (VIII) ,  
believed to  be VII,  1 g. of tin, 15 ml. of concd. hydrochloric 
acid, and 5 nil. of toluene was refluxed for 3 hr. and the 
solution filtered and poured into water. The precipitate was 
refluxed for 24 hr. with 30 ml. of 10% sodium hydroxide 

solution, 1 g. of zinc dust, activated with cupric sillfate, 
and 10 ml. of toluene. The toluene layer was concciitratrd 
and the residue sublimed a t  170" (30 mm.). The product 
melted a t  212' and was identical with the one obtained by 
method (a). 
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Elbs reactions of diaryl ketones containing a fluorine atom para to  the carbonyl group (such as I )  are acconipanied by 
elimination of the halogen atom. If the fluorine atom is situated nzcta to  the carbonyl group, the products of the Elbs renc- 
tiori sometirim retain the halogen atom, sometimes lose it.  

I n  a previous publication,' attention was drawn 
to the fact that  the Elbs reaction of diaryl ketones, 
which contained a fluorine atom in the para-po- 
sition to  the carbonyl group, was accompanied by 
the elimination of fluorine ; similar observations 
have been recorded before (see ref. 1) regarding 
such substituents as chlorine or methoxyl groups. 
The mechanism suggested then would imply that 
fluorine in other positions than para,  relative to the 
carbonyl group, would not be eliminated in the 
course of the pyrolysis. It has now been shown that 
there are cases in which, under these conditions, 
fluorocompounds are obtained in the Elbs reaction; 
however, this is not always the case, a i d  additioiial 
dehalogeiiation mechanisms must be operative. 

The previous experiments on compounds coii- 
tsiiiing fluorine para to the carbonyl have been 
supplemented by the pyrolysis of l-fluoro-4-(0- 
toluoyljnaphthaleiie (I) ,  prepared from 4-fluoro-l- 

f i  
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(1) E. D. Bergmnnn and J. Bluni, J .  Org. Chem., 25, 474 
(1960). 

iiaphthylmagiicsiurii bromide aiid o-toluiiit rile ; 
this pyrolysis gave a 32% yield of lJ2-benzanthra- 
ceiie. The followiiig four additional casw have heeii 
investigated: 3-fluoro-l'-methyl-l,Z'-diiiaphthyl 
ket one (I I ) ,  3-fluoro- 1 - (o-t oluoyl) iiapht haleiie (I1 I ) ,  
l-(nz-fluorobenzoyl)-2-mcl hylnaphthalciie (IV) , 
and 4-(3-fluoro-l-naphthoylj-i-methylindane (V). 
Only from 11, the expected 4-fluoro-1,2,5,G-di- 
beiizaiithracene (VI) was obtained. The aromatic 
products from IIJ and T' were 1,2-beri~aiithrac.eiie 
and methylcholanthrene, respectively; no fluo- 
rine derivatives of these systems caould be dc- 
tected. IT' did riot undergo the Elbs reaction. 
Honever, from I11 and 11, t n o  interesting by-prod- 
ucti \\'ere obtained which are likely to shed some 
light 011 the mechanism of the Elbs reaction. l'rom 
111, a ~uoriiic-coiitairiiiig oily substaiicc was iio- 
lated which gave the :iiialysis and shoned the ab- 
sorption spectrum of 4-fluoro-~,~a,G,7,8,SaJ~,1O- 
octahydro-1,2-benzanthracenc (YI1)-its formation 
indicates that  hydrogen transfer arid, therefore, 
hydrogenation is plausible during an Elbs reaction- 
and from I1 4-fluoro-1,2,5,G-dibenzanthr-9-one 
(VIII) was isolated. Its structure was demonstrated 
h y  reduction to  VI. The formation of such ketones 
has been observcd 

of 11, 1-methyl-2-naphthoic a d 5  
way cvmverted i ia the amidc i i i t o  the nitrile (TX) 
aiid thc lattcr treated n i th  thr magntwum d c ~ i ~ n -  
t i1.c of 3-fluoro-1-bronioiiaph thaleiic I\ 1iic.h e 
have prepared approximately by thc same method 
ti5 Sewman aiid Galt.6 The same magneiium organic. 

(2) G. T. Morgan and E. A. Coulson, J .  Chem. SOC., 2551 
(1929). 

(3) L. F. Fieser and M. A. Peters. J .  Am. Chem. SOC.. 54, . .  
374i (1932). 

62. 1640 11940). 
(4)  L. F. Fieser and E. B. Hcrshberg, J. Am.  Chem. S O C . ,  

(5)  H. Gilnian and J. E. Kirhy, J. A m .  Cheni. SOC., 51, 

(6) hX. S. Nenman and R. H. B. G i l t ,  J .  Org.  Chem., 25, 
3475 (1929). 

214 (1960). 
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coinpound gave 111 with o-tolunitrile mid , V  with 
.l--cyano-~-mrthvliilduiie (X), From m-fluoro- 
phrnylmagiiesium hromide and 2-methyl-1-iiaph- 
thoiiitrilc the ketone IV was obtained. 

EXPERIMENTAL 

Z-Plztoro-4-(o-to/iioi/l)naphthalene (I). A solution of 6 g. 
of o-tolunitrile in 50 ml. of henzene wit3 added, with vigorous 
agitation, to  a Grignard solution prepared from 1.2 g. of 
niagnesium and 11.2 g. of 1-bromo-4-fluoronaphthalerie in a 
inixture of 40 ml. of ether and 10 nil. of benzene. The  mixture 
was refluxrd for 24 hr.,  decomposed with 100 g. of ice and 30 
n ~ l .  of concd. hydrochloric acid, and treated with steam. 
T h e  remaining dark oil was separated mechanically and 
refluxed for 3 hr. ivith 50 nil. of acetic acid, 60 ml. of toluene, 
.50 nil. of concentrated hydrochloric acid and 100 nil. cf water. 
After addition of 100 ml. of water, the  toluene layer was 
wparated and the  aqueous phase extracted with benzene. 
The  solvent was removed from the combined organic solu- 
tions with strani and the  resulting oil distilled. The  fraction 
1)oiling a t  180-195' (0.5 mm.) crystallized and was recrystal- 
lized first from cthanol-benzene (10: l ) ,  then from pure 
ethanol. 3T.p. 88-88.5"; yield, 5.4 g. (20%). 

:Inn/. Cnlcd. for ClbHIaFO: C, 81.8; H, 4.9; F, i . 2 .  Found: 
C, 81.5; II, 5.1; F, 7 . 2 .  

P!/roly.szs o j  I. A mixture of 4 g. of I and 2 g. of zinc dust 
was heatcd nt 400-405' for 2 hr. and flash-distilled under 1 
inin. pressure. The  distillate was brought to  crystallization 
I)y treatment with a mixture of ethanol and benzene, and the 
product chromatographed on alumina (solvent: benzene; 
c4rient.: t)enzene-petrolenm ether (b.p.  60-80") 3: 1)). 
'The colorless plates so ohtained (1.1 g.; S2y0), m.p. 160", 
had analytiral values of 1,2-benzanthracene. 

Anal .  Calcd. for CIaHi:: C, 94.7; H, 5.3. Found: C, 04.6; 
H, 5.4.  

Z-Jleih!il-2-naphlha,,i~~~. A niixture of 10 g. of l-methyl-2- 
nnphthoic acit15 (111.p. 178") and 40 1111. of thioiiyl chloride 
\vas refluxed for 3 lir.j  and the  cxress of thionyl chloride 
distilled. The residue \vas dissolved in 100 nil. of ether and 
treated with ammonia gas for 30 inin. The  amide crystnllized 
:uid was filtercd, u.nshct1 with \wter  and recrystallized from 
:L mixture of benzene and ethanol. Colorless needles of m.D. 
204"; yield. 8 g. (807J. 

Found: C, 77.8; H, 6.2; N, 7.4. 
Anal. Calcd. for CISHIISO: C, 77.8; H, 5.9; K, 7.6. 

1-.Ifethyl-2-naphthonitrile (IX). \Then a mixture of 7 g. 
of t he  foregoing compound and 20 ml. of thionyl chloride 
was refluxed for 2 hr. and poured onto 100 g. of ice, a product 
\\.as ohtained which was filtered, washed with cold water, 
tlricd, and recrystallized from petroleum ether. The  nitrile 
(5.3 g.; 84C,;,) formcd color lw nerdlcs of m.p. 64-64.5". 

.Inal. Calcd. for C , , H J :  C, 86.2; H, 5.4; S, 8.4. Foiind: 
C. 81j 2;  H, 5.7; N,  S.1. 

Z-Bro~,io-3-JIuoronaphthaZene.6 To a solution of 100 g. of 
&l)romo-l-acetnaphthalide7 in 800 ml. of glacial acetic acid, 
there was added at 45' and with vigorous stirring, 28 g. of 
fuming nitric acid in two portions. T h e  mixture, from 
which 4-bromo-2-nitro-1-acetnaphthalide began t o  separate 
immediately, was kept for 5 min. a t  65-70', cooled and fil- 
tered. The  precipitate was washed with 100 mi. of cold 
:tlcohol and then 200 ml. of petroleum ether. The  nitro 
compound (82 g.; 70%) melted at 242" (litAas9 m.p. 232'); 
it  formed yellowish crystals, the  melting point of which was 
not changed by recrystallization from glacial acetic acid. 

Hydrolysis of 80 g. of the  product wit'h a boiling mixture 
of 400 ml. of ethanol and 400 ml. of 50% sulfuric acid for 6 
hr. afforded 63.5 g. (92%) of 4-bromo-2-nitro-l-naphthylamine, 
orange-colored plates of m.p. 199' (lit.lovll m.p. 197'). 
Ileamination of the  amine was carried out  both by the 
method of Hodgson and Elliottio and Cava and Stucker." 
The  I-bromo-S-nitronaphthalens obtained (i0-75%, yield) 
was suitable, without further purification, for the  reduction 
step if in the deamination no hypophosphoric acid was used 
(ref. 101; if this acid were used (ref. l l ) ,  the product had to 
be distilled in vacuo; b.p. 180-181" (4  mm.); m.p. 133". 
I n  this latter case recrystallization from ethyl acetate and 
formic acid did not suffice to remove the inhibitor of catalytic 
reduction. Reduction was effected in absolute ethanol as 
solvent and with either platinum oxide or palladium on 
charcoal (loyo) as catalyst. The  solution obtaincd was f i l -  
tered and poiired into 18% hydrochloric acid. On coolinp, 
1-bromo-3-naphthylamine hydrochloride preripitated; i t  was 
purified hy precipitation of its aqueous solution with ron- 
rentrated hydrochloric acid and formed colorless platelrts 
of m.p. 214". The yield from the distilled nitro compound 
was quantitative, utherwise it varied between 60 and 7 5 q .  

A n a l .  Calcd. for C loH~BrCIS :  C, 46.4; H, 3.5; N, 5.4.  
Found: C, 46.3; H, 3.1; X, 5.2. 

For the  preparation of l-bromo-5-~uoronaphthalene, 50 
g. of 1-bromc-3-naphthylamine hydrochloride was diazo- 
tized with 14 g. cf sodium nitrite and 50 ml. of 50% fliioro- 
horic acid added to t.he resulting solution. The fluoroborate 
(59 g.; 95%) was filtrred and dried (dec. pt .  151°), and dr- 
composed in the  usual manner. The protiuct was dissolved 
in benzene, \\.&shed with 10% sodium hydroxide solution 
and water, and isolated bv distillation; h.p. 96" (1.5 mni.). 
The  distillate solidified slowly upon standing; the product 
(27  g.; 627%, cdculated on the hydrochloride) could be 
recrystallized at low temperature from a little petroleum 
ether and formed large rolorless plates of m.p. 31.5'. 

Anal .  Calcd. for CloH&rF: C, 53 .3 ;  H, 2.7; F, 8.5. I?ound: 
C, 53.6; H, 3.0; F, 8.7. 

S - F l u o r o - I ' - m ~ t h ~ l - Z , 4 ' - d j n u p ~ ~ ~ ~ ~  ketone (11). .4 solution 
of 17 g. of (IX) in 100 i d .  of henzene was added to the 
Grignard reagent prepared from 22.5 g. of 1-hromo-3-fluoro- 
naphthalene and 2.4 g.  of magnesium in a mixture of I50 
ml. of ether and SO ml. of Iienzene. The ether was removrd 
from the mixture, 100 ml. of benzene added and the mass 
refluxed for 12 hr. with efficient agitation. \Then t h r  dr- 
composition was carried out as described for the prrpsrstion 
of I, t h c b  ketimine hydrochloride corresponding to  I1 rr- 
mainetl RS a solid; it was hyclrolyzed l ~ y  heating it for :I 
hr. with a mixture of 50 1111. of concd. hydrochlorir ac*id, 
50 ml. of glacial acetic arid, 50 nil. of toluene and 100 ml. of 
water. The  ketone boiled a t  225-235" (2mm.) (2s p.; i 3 < { )  
and  vas rcrrystnllizetl from :L niixture of c t h n l l o l  ulld \ , I ~ I I -  

zene. L1.p. of the  slightly yellowish crystals 104". 

( 7 )  R.  hleldola, Ber., 11, 1904 (1878). 
(8) C. Liebermsnn, Ann., 183, 225 (1876). 
(9) H. H. Hodgson and S. Birtwell, J .  Chem. Soc., 321 

( 194.3). 
(10) H. H Hodgson and 11.1,. Elliott, J .  ( I h ~ m .  Soc., 1850 

( 1935). 
(11) hl. 1'. Chva and J. F. Stuckcar, J .  .4m. Chenz. Soc., 

79, 1 706 ( I  ! ) A i ) .  



.lr~aL. Calcd. for C~~HISFO:  C, 84.1; H, 4.8; F, 6.7. Found: 
C, 84.3; H, 4.9; F, 6.1. 

Purolusis of 11. (a)  The  dark oroduct obtained from 1.5 E. 
of I1 by"heat"ing a t  390-400" fo; 30 min. x a s  extracted with 
benzene and the solution chromatographed twice on alu- 
mina; as eluent benzene was used first, then its 1: 1 mixture 
with cyclohexane. The first fractions crystallized upon tritur- 
ation with benzene-methanol ( I  : 20) ; thus, 80 mg. (5%) of, 4- 
Jluoro-l,~,5,6-dibenzanthracene (VI) was obtained in yellowish 
needles (m.p. 226-229'). It was purified by conversion into 
its picrate (in benzene), orange needles from benzene, m.p. 
l78", and decomposition of the latter with dilute aqueous 
ammonia solution. Recrystallization of the product from a 
mixture of benzene and methanol (3: 1) gave cryst,als of 
m.p. 240.5'. The ultraviolet spectrum (in chloroform) showed 
the following maxima: 280 (4.70); 290 (5.02): 299 (5.16): 
324 (4.32); 337 (4.23); 353 (4.10); 375 (3.08); 385 (2.75); 
395 mp (2.73) and was thus practically identical with the 
spectrum of 1,2,5,6-dihen~anthracene.~~ 

Anal. Calcd. for C22H1JF: C, 89.2; H ,  4.4; F, 6.4. Found: 
C, 89.1; H, 4.4; F, 6.7. 

(b) When 15 g. of I1 was heated a t  380-385" for 15 min., 
the  same work-up as above afforded 580 mg. (47;) of 4-$uoro- 
1,2,5,6-dibenzanihr-9-one (VIII)  as a yellowish solid, which 
melted at 246' after chromatography from benzene solut,ion 
and recrystallization from the same solvent. The  carbonyl 
absorption was observed at 1660 c m - '  

Anal. Calcd. for CZ?H13FO: C, 84.6; H, 4.2; F, 6.1. Found: 
C, 84.7; H, 4.2; F, 5.8. KO other defined compound coiild he 
isolated from the pyrolysis product. 

Reduct ion  of VI11 to VI.  A mixture of 450 mg. of VIII, 1 g .  
of zinc dust (activated by :t drop of cupric sulfate solution), 
1 mi. of toluene, and 100 nil. of loc,; sodium hydroxide 
solution was reflused and stirred for 8 hr. The  organic 
material was extracted into boiling benzene and the solution 
washed with 107' hydrochloric arid and concentrated sodium 
chloride solution, and concentrated. The product was puri- 
fied as above via the  picrate and recrystallized from a mix- 
ture of benzene and methanol. Thus, 0.32 g. (757;) of TI, 
m.p. anti mixed m.p. 240.5", \vas obtained. 

S-F11Loro-l-(o-toluoyl)nuphlhairne (111). T o  the Grigiiaril 
solution, prepared from 20 of I-broiiio-:~-fluoroii~i~htha- 
lerie, 11 g. of o-toiunitrilc \I itltled: th(. e thrr  n : i h  diiitilled 
(by heating the mars to 70")  :uid rcaplacd hy I ) (~ i i ze i i v ,  mi(1  

the  mixture refluxed ioi. 12 Iir. iiiid ivorkcd up :is intlic,atc.tl 
for the preparation of I. 'I'hc ketone (111) forirird :L y e h v i d i  
oil of t1.p. 192" (2  mm.) ; J.ield, 1.8 g. (l<Ic,;,). 'The tiistillatioii 
residue was a dark resin. 

Anal. Calcd. for CI,H1,FO: C, 81.8; H,  4.9; F, 7.2. Found: 
C, 81.7; H, 5.1; F, 7.2. 

Pyrolysis of 111. A mixture of 3.5 g. of I11 and 1 g.  of zinc- 
dust was gradually heated to  a bath temperature of 305- 
405', maintained a t  this temperature for 2 lir. and flash- 
distilled in a vacuum of 2 miri, Thc, produc't  viis extractcd 
with benzene, the l)eiizcwt> cvapor:ttetl and tlit. residue, 
dissolved in pc.trolruin c+dic,r, c1lroli~:itoyr:tpli~~~I O I I  : i h i i n i n a .  
The  first fractioii (0.38 g,, 1 1 ' 1 )   vas w l o r l w ~ ,  yisibolls oil 
whic~h sho\vctl :I violt~t-l)liic f l uo r twc i r vc  :iiiiI roliltl 1101 I ) ( %  
induccd to c-rj~st:illizc~. I t s  :iii:ilysis :i11(1 t i l ( ,  Iiltlaviolt~l 
sprrtru~rr--c.orres~,oridiiiy to a ii:iplithalc.1ir tlc~riv:itivc~- 
[248(3.86);:313(iiifl.;3.n3);32O nifi(3.0.+)] iiit1ic~:itcdth:tt thr  
compound was ~~fEuor.o-ci,Ga,6,7,Y,Yu,!~.lO-ocluh~~t~~o-~,%- 
benzanthrucene (VII) . 

(12) E. C h r  and L .  Lombardi. Gnzz. ch7nr. i ld . ,  62, 539 
(1932). 

Anal. Calcd. for ClgHIJT: C, 85.0; H, 7.5; F, 7.5. Found: 
C, 84.6; H, 7.4; F, 7.2 .  

A second fraction of the chromatographed material (60 
mg., 2c/b) crystallized in large, colorless platelet's; after 
recrystallization from benzene-methanol, they melted a t  
160' and were identified by mixed melting point, analysis 
and the typical violet fluorescence as I ,2-henzanthracene. 
' Anal. Calcd. for CI8Hl2: C, 94.7; H,  5 . 3 .  Found: C, 94.4; 
H, 5.6. 

The balance of the material subjected t o  pyrolysis was 
ill-defined and could not be characterized. 

I-( m-~Lzaorobenzoyl)-~-niethyL7iaphthalene ( IV) . In the 
manner described, the condensation of 17 g. of 2-methyl-l- 
naphthonitrilel3 and the magnesium derivative of 17 g. of 
m-bromofluorobenzene was carried out in benzene; the mix- 
ture was reflqxed for 20 .hr. and the hydrolyzed product 
fractionated: 11.5 g.  of 2-methyl-1-rraphthonitrile m-as 
recovered and 3.5 g. (137;) of (IV) obtained, which boiled 
a t  170-190" (0.5 mm) and crystallized from ethanol in 
colorless cubes of m.p. 82.5-83.5'. 

Anal. Calcd. for CI,Hl,FO: C, 81.8; H, 4.9; F, 7.2. Found: 
C, 81.5; H ,  4.9; F, i . 5 .  When this ketone was refluxed a t  
350" bat,h temperature for 6 hr. with or Pvithout zinc dust, 
no pyrolysis took place, and the starting material Kas re- 
covered unchanged. 

4-( Y-Flzioro-l-naphtho~~l)-7-~,ielhylinda~ie (V)  . To the Gri- 
gnard reagent, prepared from 90 g. of 1-bromo-3-fluoronaph- 
thalene and 2 g. of magnesium in 50 ml. of ether and 50 nil. 
of benzene, 4-cyaii0-7-methylindane'~ was added and the 
mixture refluxed for 14 hr. w.ith vigorous agitation. The  
product \vas then deconipowd by nirans of 10 g. of ice and 
50 nil, of concd. hydrochloric acid and the ltetiniine hydro- 
chloride of I' isolated by steam distillation of the organic 
solvents. It formed a brownish-yellow solid and was hydro- 
lyzed by refluxing it for 2 hr. with a mixture of 100 nil. of 
glacial acetic acid, 100 nil. of concd. hydrochloric acid, 100 
nil. of toluene, and 200 ml. of witer .  The  toluene layer was 
separated and the aqueous phase extracted with 50 ml. of 
toluene. To the ronibined solutions some aqueous alkali 
\vas added a i d  the toluene removed by steam dist,illatioii. 
'l'htJ renraining oil \vas estracted with ether and distilled 
in cacrio. The produrt (b.p. 205-215" (0.5 n ~ m . ) )  was dis- 
solved in ii mixture of 20 mi. of benzene and 20 ml. of ethanol 
:tiid t h c b  yelhvish solid o1)tained on cooling, recrystallized 
f r u n i  ethanol. Thus 9.5 g .  (71 c ; i )  of volorltw crystals (m.p. 
05") \vas obt:iinctl. 

.lnuZ. Calcd. for CjlH;;FO: C, 82.9; If ,  5.c;; E', 6.2. Found: 
C, 82.6; H, 5.6; F, 6.3. 

Puroluszs of V, A auant i t r  of 6.5 e .  of the ketone (VI 
was"he;ted f i r  40 mi;. a t  405-415' and the product flash- 
distilled in a vacuum of 0.5 mm. T h e  solid distillate in 50 
nil. or benzene was chromatographed on alumina, benzene- 
petroleum ether (3: 1) serving as eluent. The  yellowish prod- 
uct, so obtained melted after repeated recrystallization froni 
benzene-ethanol at 180' and was identified as 20methylchol- 
anthrene by annlysis and mixed melting point. Yield, 2.1 
f i .  ( 3 7 ( > 0 .  

. l u d .  C : i I t d ,  for CjIHlS: C'. !I4,0: H, 6.0. Found: C, 93.7; 
If; ti.1. 
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