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Anal. Calcd. for ClrH140: C, 84.81; H, 7.12; mol. wt., 
198. Found: C, 84.9, 84.6; H,  6.75, 6.88; mol. wt., 199. 
4-Methyl-4’-hydroxydiphenylmethane .-Phenyl-p-toluate 

(m.p. 77.0-77.5’) was made to undergo the Fries rearrange- 
ment according to the general directions of Rossenmunde and 
Schnurr .16 The product was recrystallized from benzene, 
and 4-methyl-4’-hydroxybenzophenone was obtained in 
36y0 yield in the form of flat needles (m.p. 173-174’). 

Anal. Calcd. for C14H1202: C, 79.22; H, 5.70. Found: 
C, 79.4; H ,  6.02. 

The ketone was reduced to the diphenylmethane according 
to the directions of Clemmensen’6 in 50% yield. The 
product was recrystallized from hexane as a white solid 
(m.p. 77-78’}. Final purification was effected by sublima- 
tion and the white solid obtained thereby melted sharply a t  
81.5-82.0’. The infrared spectrum of this product was 
identical with that of the p-compound obtained via inter- 
action of p-xylylene with phenol. 

Anal. Calcd. for C14H140: C, 84.80; H,  7.12. Found: 
C, 84.6; H, 7.01. 

4-Methyl-4’-hydroxydiphenylmethane was also syn- 
thesized via an alternative route as follows: 4-Methoxy-4’- 
methylbenzliydrol (m.p. 63-64’) was prepared in 33% yield 
from 0.30 mole of anisaldehyde, 0.35 mole of magne- 
sium and0.34 mole p-bromotoluene according to the directions 
of Balfe, et aZ.17 The corresponding diphenylmethane was 
then obtained in 30% yield as a colorless liquid (b.p. 139- 
141’ ( 2  mm.), nz% 1.5615) by reduction of the benzhydrol 
with sodium in absolute ethanol according to the procedure 
indicated by Klages.’s The liquid slowly crystallized in the 
form of colorless platelets (m.p. 30-31’). The aromatic 
ether was then converted to 4-hydroxy-4’-methyldiphenyl- 

(15) W. K. Rossenmunde and W. Schnurr, Ann. ,  460, 56 (1928). 
(16) E. Clemmensen, Ber., 47, 681 (1914). 
(17) M. P. Balfe, E. A. W. Downer, A. A. Evans, J .  Kenyon, R.  

(18) A. Klages, Ber., S9, 2589 (1906); E. F. Pratt, R. K. Preston 
Poplett, C. E. Searle and A. L. Tarnoky, J. Chem. SOL., 797 (1946). 

and J. D. Draper, THIS JOURNAL, 72, 1367 (1950). 

methane in 30% yield via the Ziesel method for demethyla- 
tion as described by Shriner and Fuson.lg Final purifica- 
tion was effected by recrystallization from hexane. The 
compound was obtained in the form of fine white needles 
(m.p. 80-81’) which showed no depression in melting point 
when mixed with the 4-hydroxy-4’-methyldiphenylmethane 
obtained from the reaction of p-xylylene with phenol or via 
the above alternative synthesis. A diphenylurethan 
derivative (m.p. 140-141’) was prepared by causing the 
aromatic phenol to react with phenyl isocyanate in pyridine. 

BFs-catalyzed Alkylation of Toluene.-A clear solution of 
p-xylylene (0.04 mole) in 0.5 liter of toluene was saturated 
with gaseous BFs, and the reaction mixture was kept a t  
-78’ for 1.5 hours. Methanol (100 cc.) was then added 
and the resulting solution was warmed to room temperature. 
A small amount of insoluble polymeric material (0.20 g.) 
was removed by filtration. The excess solvent of the mother 
liquor was removed by distillation a t  atmospheric pressure, 
leaving 9.5 g. of non-volatile oil as residue. The presence of 
a mixture of diphenylmethanes in the non-volatile oil was 
indicated by its infrared spectrum.20 

X second 500-cc. aliquot of the original solution, to which 
no BFa was added, was carried through in parallel as a con- 
trol experiment. In  contrast to the above weight distribu- 
tion, 2.49 g. of insoluble poly-p-xylylene and 3.6 g. of an 
almost crystalline residue was obtained. The latter was the 
usual mixture of pyrolysis and subsequent polymerization 
products.20 
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The Synthesis of Some Linear Polyphenyls 
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The synthesis of several aryl-substituted cyclohexenones, linear polyphenyls and halopolyphenyls is reported. 

The syntheses of some quater- and quinque- 
phenyls has been reported earlier from this 
Lab0ratory.l These methods have now been 
utilized to obtain more complex cyclohexenones, 
larger polyphenyls and bromopolyphenyls. 

4-Bromo-m-terphenyl has now been prepared by 
the two formula sequences (A) and (B). 

The products I1 and IV are indistinguishable, 
although on the basis of the above reactions they 
should be isomeric. Aromatization of I1 and IV 
was readily accomplished by bromination and 
dehydrobromination without isolation of the bro- 
minated intermediate. In sequence (B) some p -  
phenylenedimagnesium bromide from p-dibromo- 
benzene was present since a reasonable amount of 
the tetrahydro compound V was isolated; V 
was subsequently aromatized with palladium- 
charcoal to VI11 (R - CeHJ. 
(1) (a) G. F. Woods and I. W. Tucker, THIS JOURNAL, 70, 2174, 

3340 (1948); (b) G. F. Woods and F. T. Reed, ib id . ,  71, 1348 (1949); 
(c) G. F. Woods, A. L. Van Artsdale and F. T. Reed, ib id . ,  72, 3221 
(1950): (d) G. F. Woods, F. T. Reed, T.  E. Arthur and H. Ezekiel, 
ib id . .  73. 3854 (1951). 

Compound 111, 4-bromo-m-terphenyl, was found 
to undergo the interchange reaction with n-butyl- 
lithium2 and subsequent reaction of the aryllithium 
with the enol ether of dihydroresorcinol provided 
VI which was then utilized to obtain several new 
polyphenyls (VIII). 

In these reactions R-M was either a Grignard 
reagent or an aryllithium. Thus, a new quinque- 
phenyl, three sexiphenyls and a septiphenyl, IX, 
were obtained. 

An attempt to prepare the Grignard reagent in 
tetrahydrofuran from the bromodihydro compound 
I1 led to the coupled product X,  a tetrahydro 
compound, which was aromatized to the sexi- 
phenyl XI. 

It follows that more complex aryl bromides or 
ketones will provide intermediates for larger and 
more complex polyphenyls. Further, since there 
is no procedure available to prove the structure of 
the different polyphenyls, alternate methods of 
(2) R. G. Jones, in ”Organic Reactions,” Vol. VI, John Wiley and 

Sons, Inc., New York, N. Y., 1951, p. 352. 
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synthesis of certain substances were desired. 
This was accomplished in part as shown below 
with the bromoquaterphenyl XI11 to obtain the 
sexipheny 1 XV. 
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This same sexiphenyl was also prepared by the 
reaction of 3- [4-xenyl]-2-eyclohexenone with the 
lithium derivative of 4-bromo-m-terphenyl. Sub- 
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stance XV was earlier prepared as  compound VI11 
(R = p-xenyl). The three preparations gave 
identical material. The diene precursors to XV 
are isomeric but the dienic structures are in different 
rings; the two substances melted a t  261-263" and 
263-265", respectively. 

Another successful approach to the polyphenyls is 

C8H,MgRr * v  
Li 

C8H,MgRr * v  
Li 

aromatize 

xvr  I 
VI11 

f 

2 qo 
OC2Ha 

To explore the generality of this method the 4,4'- 
dilithium derivative from 4,4'-dibromobiphenyl 
was prepared and allowed to react with the ethyl 
enol ether of dihydroresorcinol as  above to provide 
XVII, which was then converted to XI 

C,H,MgRr * x  

nromntiie 1 
I\ [ X I  

Treatment of the 3- [4-bromophenyl]-2-cyclo- 
hexenone (I) with p-bromophenylmagnesium bro- 
mide followed by aromatization with bromine 
resulted in the dibromoterphenyl XVIII. This 
substance was converted readily to its dilithium 
derivative and allowed to react with the enol ether 
of dihydroresorcinol to obtain the pentacyclic 
diketone XIX. 

XYIII  X l X  xx A 

Reaction of the diketone with phenylmagnesium 
bromide or with 3-xenyllithium followed by 
aromatization provided XX. If R is phenyl, the 
product is a septiphenyl the structure of which is 
the same as IX, while a noviphenyl containing 
five meta and two para linkages results if R is 
3-xenyl. 

The ultraviolet spectra of the aromatic com- 
pounds are all without fine structure as are the 
spectra of the precursor dienes; however, the latter 
curves have either a secondary absorption maxi- 
mum or inflection on the slope toward the red side. 
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Experimental 
3- [4-Bromophenyl]-2-cyclohexenone (I) .-The Grignard 

reagent from 379 g. (1.61 moles) of p-dibromobenzene and 
37.2 g. (1.53 moles) of magnesium was prepared in ether in 
the usual manner. To the Grignard reagent was added 
slowly 180 g. (1.28 moles) of 3-ethoxy-2-cyclohexenone dis- 
solved in 200 ml. of ether. The Grignard addition complex 
was decomposed with cold dilute sulfuric acid and the 
resulting mixture was submitted to steam distillation. After 
distillation of organic material had ceased, the steam-pot 
residue was cooled and the residual bromoketone was ex- 
tracted with ether. The ether layer was washed with 
water and with dilute sodium bicarbonate solution and 
dried with magnesium sulfate. After removal of ether 
under reduced pressure the ketone was distilled; b.p. 
160-170" (0.2-0.7 mm.). The distillate crystallized on 
standing and was recrystallized from ethyl ether. 3- [4- 
Bromophenyl]-2-~yclohexenone (197 g., 61 %) was obtained, 
m.p. 82-82.5", emsx (ethanol) 2.80 X l o4  (286 mp); emax 
(isooctane) 2.5 X IO4 (273 mp). 

Anal. Calcd. for C1*Hl1OBr: C, 57.39; H ,  4.42. Found: 
C, 57.58; H, 4.30. 

I ts  red 2,4-dinitrophenylhydrazone, prepared in the usual 
manner and recrystallized from o-xylene, melted a t  212- 
213". 

Anal. Calcd. for ClsHlsNaOaBr: C, 50.13; H,  3.51. 
Found: C,  50.36; H, 3.64. 

1-Phenyl-3- [4-bromophenyl]-benzene (111). Method A .  
-3- [4-Bromophenyl]-2-cyclohexenone (103 g., 0.41 mole) 
in 150 ml. of warm benzene was added to an ethereal solution 
of phenylmagnesium bromide prepared from 125 g. of 
bromobenzene and 19 g. of magnesium. The Grignard 
addition complex and excess Grignard reagent were de- 
composed with dilute sulfuric acid. The aqueous layer 
was rejected; the ether layer was submitted to steam dis- 
tillation from a dilute sulfuric acid medium until most of the 
biphenyl had been removed. The residue solidified on 
cooling and was recrystallized from absolute ethanol. 
4-Bromo-m-dihydroterphenyl (11) was obtained in 77% 
yield, m.p. 104.5-105.5, emax (ethanol) 1.23 X lo4 (316 
mp) and 3.94 X IO4 (256 mp). 

Anal. Calcd. for CI8Hl6Br: C, 69.46; H,  4.85. Found: 
C, 69.31; H ,  4.98. 

Method B.-The mono-Grignard reagent from 236 g. 
(1 mole) of p-dibromobenzene and 27 g. (1.1 moles) of 
magnesium in 550 ml. of ether was prepared and to  this was 
added 82 g. (0.4 mole) of 3-phenyl-2-cyclohexenone in 250 
ml. of ether. The resulting mixture was heated under 
reflux for an additional 30 minutes. The Grignard addition 
complex was decomposed and submitted to steam distillation 
as in method A. The steam-pot residue was a brown 
viscous oil. As much water was decanted as possible and 
the residue dissolved in ether; the white crystalline material 
which did not dissolve was isolated by fdtration and treated 
as described below. The ether filtrate was partially con- 
centrated and chilled in an ice-salt-bath whereupon the 
bromodihydroterphenyl (IV) crystallized. It was re- 
crystallized and decolorized from ethanol to yield the 4- 
bromo-m-dihydroterphenyl (77%) (essentially the same as in 
method A)  which melted a t  104.5-105.5" and gave no de- 
pression with the sample from method A. 

The white crystalline precipitate (6 9.) isolated above 
(method B) was recrystallized first from bromobenzene- 
ethanol then from o-xylene to yield compound V, m.p. 
225-226", emax(ethoxyethanol) 3.06 X lo4 (269 mp) and an 
inflection a t  320 mr. 

Anal. Calcd. for C ~ O H ~ ~ :  C, 93.22; H, 6.78. Found: 
C, 92.93; H, 6.54. 



5230 G.  F. ll-oons, D. D. CENTOI,,~, H. E. Rr:sr<m AND C. D. MILLER VOl. 82 

TABLE I 
DIENES OF FORMULA VI1 

Yield. M.P. ,  -Carbon, %- Hydrogen, % 
R (?,I) % '(2. Ctllcd. Found Calcd. Found emax X lo-' hsx, mfi Recrystn. solvent 

C6H5 90 229-230 93.71" 93.61 6.34 6.34 4.26 (ethoxyethanol) 248 o-Xylene 

o-Xenyl 51 172-173 93.86b 93.77 6 .13  5.81 3 .48  (ethoxyethanol) 268 Benzene-ethanol 
m-Xenyl 60 193-194 93.73 6.30 5 .88  (ethoxyethanol) 262 Ethyl benzene 

P-Xenyl 63 263-265 93.75 6.07 5.12 (cellosolve- 284 Ethyl benzoate 

4-m-Terphenyl 42 301-303 93.99" 93,82 6 ,Ol  G .  11 8 .85  (cellosolve- 283 Ethyl benzoate 

Inf. 320 

Inf. 320 

ethanol) Inf. 335, 260 

ethanol) Inf. 330, 260 
Formulas: C30H21, C&28, C12H3?. 

TABLE I1 
POLYPHEXYLS OF FORMULA VI11 

-Carbon, %-- Hydrogen, ?o 
R(hT) l l . p . ,  ' C .  Calcd. Found Calcd. Found x 10-4 Am... mp Solvent 

CeH," 235-236 94. 20d 94.00 5.80 5.82 5 .07  (ethoxyethanol) 261 o-Xylene 
o-xenyP 165-166 94.29" 94.20 5.72 5.69 4.73, 4.51 (ethanol) 263,240 Benzene-ethanol 
m-X en y1 186- 188 94.34 5.71 6.33 (cellosolve-ethanol) 257 o-Xylene 
fi-Xen yl" 268-269 94.19 5 .71  5.64 (cellosolve-ethanol) 282 +Cymene 
4-nz-Terphenyl 305-306 94.34' 94.20 5.66 5 .  71 7.40 (ethoxyethanol) 281 p-Cymene 

This substance is identical with the substance obtained from aromatization of compound V as described earlier in the 
Experimental section. This polyphenyl was prepared by the alternate pro- 
cedure : addition of lithium derivative from the interchange of w-butyllithium and 4-bromo-m-terphenyl with 3-(4-xenyl)- 
2-cyclohexenone. Diene: m.p. 265-266". Anal. Found: C, 93.62; H, 5.98 (no depression with isomeric dienic com- 
pound). Aromatized: m.p. 269-270" (no depression of m.p.). Anal. Found: C, 94.29; H,  5.72. Formulas: C d h ,  

Aromatized with bromine in chloroform. 

e C36H26, ' C42E18o. 

Aromatization of 1' was carried out with 1070 palladium- 
charcoal in boiling p-cymene. The mixture was filtered 
while hot to remove the catalyst. Upon cooling the filtrate, 
solid material was deposited which was recrystallized from 
o-xylene. 1,4-Di- [3-xenyl]-benzene (VIII, R = CsH5) was 
obtained, m.p.  235-236'. 

Anal. Calcd. for C30H22: C, 94.20; H, 5.80. Found: 
C, 94.00; H ,  5.82. 

Aromatization of the bromo-m-dihydroterphenyl (20 g.) 
(I1 or IV) in 60 ml. of chloroform was accomplished by the 
addition of 70 ml. of 1 iM solution of bromine in chloroform. 
The solution, during addition, was chilled in an ice-bath 
and stirred. After the addition, the solution was warmed 
on a steam-bath until evolution of hydrogen bromide had 
ceased and the volume had been reduced by 50%. Absolute 
ethanol was added and the solution chilled. White crystal- 
line material precipitated which was recrystallized from 
absolute ethanol to  yield l-phenyl-3-[4-bromophenyl]- 
benzene (111) (61%), m.p. 86-87", e,,,(ethanol) 5.1 X 
104 (249 m p ) .  

Anal. Calcd. for CI8H13Br: C, 69.80; H ,  4.21. Found: 
C, 70.09; H ,  4.36. 
3-(4-m-Terphenyl)-2-cyclohexenone (VI) .-To a slight 

excess of n-butyllithium in 41 ml. of ether was added 11.5 g. 
(0.036 mole) of 4-bromo-m-terphenyl in 50 ml. of an equal 
mixture of ether-benzene. The temperature during addi- 
tion and for a subsequent 20 minutes was maintained a t  10' 
after which time 9.8 g. (0.07 mole) of 3-ethoxy-2-cyclo- 
hewenone in ether was added. 

The mixture was stirred for an additional 30 minutes, 
then decomposed with dilute sulfuric acid. The organic 
layer was separated and submitted to  steam distillation 
from a dilute sulfuric acid medium until most of the steam- 
volatile organic material had been removed. The organic 
residue in the steam-pot solidified on cooling and was iso- 
lated by filtration. The ketone (10.3 g., 88%) was re- 
crystallized from absolute ethanol; m.p. 144-145" emax 
(ethanol) 3.04 X lo5 (308 mfi) and 2.56 X lo5 (235 mp). 

Anal. Calcd. for CzdH200: C, 88.85; H ,  6.21. Found: 
C, 89.06; H, 6.32. 

I t s  2,4-dinitrophenylhydrazone prepared in the usual 
manner recrystallized from p-cymene melted at 242 5-213.5'. 

Anal. Calcd. for CsoH2.rNd04: C, 71.41; H,  4.79. 
Found: C 71.65; H,4.96. 

Polyphenyls (VIII).-Ketone VI was treated in separate 
reactions with phenylmagnesium bromide, 2-xenylmagne- 

sium iodide, 3-xenylmagnesium bromide and 4-xenyllithium 
(n-butyllithium interchange) and the lithium derivative 
(interchange) from 4-bromo-m-terphenyl. The ketone was 
added in dilute benzene solution to the organometallic 
medium. The various addition products were decomposed 
with dilute sulfuric acid and the whole was submitted to  
steam distillation. Solid formed in the steam-pot as the 
distillation proceeded. The solid dienes were isolated and 
recrystallized as indicated in Table I .  

The dienes were aromatized with 10% palladium-charcoal 
in larger amounts of boiling p-cymene. The catalyst was 
removed by filtration of the hot solution. Concentration 
of the solution followed by chilling provided crystalline 
polyphenyl which was recrystdlized as indicated in Table 11. 

Sexiphenyl XI.-A mixture of 11.5 g. of 4-bromo-dihydro- 
m-terphenyl (11), 0.7 g. of magnesium and 20 ml. of tetra- 
hydrofuran was heated under reSux for approximately 36 
hours a t  the end of which time the magnesium had been 
consumed. The mixture was hydrolyzed with water a t  
which time a precipitate formed. The solid was isolated 
by filtration and was recrystallized first from dioxane and 
then from o-xylene; m.p. 285-287', emax (Cellosolve- 
ethanol) 4.96 X lo4 (297 mp) and inflection at 260 mp. 

Anal. Calcd. for C36H0: C, 93.46; H, 6.54. Found: 
C, 93.30; H, 6.24. 

This material was aromatized in p-cymene with 10% 
palladium -charcoal. The mixture was filtered while hot. 
The filtrate was concentrated and cooled whereupon solid 
crystallized; this was recrystallized from a-xylene; m .p. 
280-281°, e,,,(Cellosolve-ethanol) 5.55 X lo4 (299 nip) 
arid 3.61 X lo4 (263 mp). 

Ana/. Calcd. for C36HZ6: ,C, 94.29; TI, 5.72. Found: 
C, 94.11; H ,  6.03. 

4-Bromoquaterphenyl (XIII) .-To the Grignard reagent 
prepared in 250 nil. of tetrahydrofuran from 60 g. of 4- 
xenyl bromide and 6.08 g. of magnesium was added 49 g. 
of 3- [4-bromophenyl]-2-cyclohexenone dissolved in a mini- 
mum of tetrahydrofuran, The complex was decomposed 
with dilute sulfuric acid and the resulting mixture was sub- 
mitted to  steam distillation. Powdery pale green product 
(45 g.) formed upon cooling of the steam-pot and was iso- 
lated by suction filtration. T o  remove the color the product 
was first recrystallized from o-xylene, then dissolved in a 
minimum of petroleum ether (90-100) and passed through 
an alumina chromatographic column. The product melted 
a t  182-185" and a satisfactory analysis could not be ob- 
tained. Apparently aromatization had taken place in part. 
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Aromatization of the product was accomplished by the 
addition of an equal molar quantity of bromine in chloro- 
form as described earlier. White crystalline 4-bromo- 
quaterphenyl was obtained which was recrystallized from o- 
xylene; m.p. 180-182", emax(isooctane) 5.2 X lo4 (268 mp). 

Anal. Calcd. for C Z ~ H ~ T B T :  C, 74.81; H,  4.45. Found: 
C, 74.80; H, 4.50. 

Sexiphenyl XV.-The above bromoquaterphenyl XI11 
(7. 8.) in an ether slurry was treated with an equivalent 
amount of n-butyllithium in ether and allowed to stand for 
2 hours. A slight excess of 3-ethoxy-2-cyclohexenone in 
ether was added. The mixture was decomposed with dilute 
sulfuric acid. The product precipitated in the medium 
and was isolated by filtration and recrystallized from toluene. 
The product was dissolved in hot n-butyl alcohol and de- 
colorized with h-orite. Cooling provided white crystalline 
ketone XIV upon addition of methanol; m.p. 233-235", 
insolubility prevented the determination of e,,,(isooctane); 
but maximum absorption was a t  289 mp. 

Anal. Calcd. for C30H240: C, 89.96; H,  6.04. Found: 
C, 90.19; H,  6.21. 

The above ketone XIV, 3 g., dissolved in benzene was 
added to excess phenylmagnesium bromide in ether. The 
product was hydrolyzed with dilute sulfuric acid. The 
unsaturated hydrocarbon was insoluble in this medium and 
was isolated (3.1 g.) by filtration and recrystallized from 
o-xylene; m.p. 261-263'. 

A n d .  Calcd. for C36H28: C, 93.86; H,  6.13. Found: 
C, 93.19; H, 6.18. 

I t  was aromatized with bromine to XV. 
An alternate synthesis of XV was accomplished as follows: 

4-(m-terphenyl)-lithium was prepared from 2.54 g.  (0.0082 

in chloroform as described above. The product was re- 
crystallized from benzene-petroleum ether (80-100); m.p. 
233-234 '. 

Anal. Calcd. for C80Hzz: C, 94.20; H,  5.80. Found: 
C, 94.35; H,  5.82. 

This product was identical with the hydrocarbon VIII 
(R = CeH,), Table 11. 

Diketone XVI1.-Excess n-butyllithium was added to 
9.4 g. of 4,4'-dibromobiphenpl in ether and allowed to stand 
for 4 hours a t  the end of which time a slight excess of 3- 
ethoxy-2-cyclohexenone was added. The diketone precipi- 
tated (5 g.) from the medium upon acidification with dilute 
sulfuric acid and was isolated by filtration and recrystal- 
lized from benzene; m.p. 209-212", emax(isooctane) 4.62 
X l o4  (315 mp) and 2.53 X lo4 (225 mp). 

Anal. Calcd. for C24H2202: C, 84.18; H ,  6.47. Found: 
C, 84.38; H, 6.41. 

Sexiphenyl XI.-A small sample (1 9.) of diketone XVII 
dissolved in benzene was added to excess phenylmagnesium 
bromide in ether. After addition the solution was stirred 
and then decomposed with dilute sulfuric acid. The un- 
saturated compound X precipitated and was isolated by 
filtration. This was aromatized by bromin: in the above- 
described manner to yield XI,  m.p. 280-281 . This sample 
of the sexiphenyl X I  was identical with the same substance 
prepared earlier by the alternate method. 
4,4"-Dibromo-m-terphenyl (XVIII).-A solution of 3-(4- 

bromophenyl)-2-cyclohexenone (59 9.) (I) in a minimum 
of benzene was added to the Grignard reagent prepared 
from 62.5 g. of p-dibromobenzene and 6 g. of magnesium 
in approximately 200 ml. of ether, The addition complex 
was decomposed with dilute sulfuric acid and the mixture 
was submitted to  steam distillation. UDon cooling, the 

mole) of 4-bromo-m-terphenyl i n  30 ml. of anhydFous ether residue solidified and was recrystallized from a s t o n e .  
and 0.0088 moles of n-butyllithium in 11 ml. of anhydrous The dib:omodihydro compound, 71 g. (78%), melted a t  
ether. To this mixture a t  I O "  was added 1.91 g. (0.0077 151-153 , emSx (isooctane) 3.6 X lo4 (261 mp) and 1.3 X 
mole) of 3-(4-xenyl)-2-cyclohexenone in 25 ml. of dry 104 (315 mp). 
benzene and temperature of the solution raised to room 
temperature. The reaction mixture was stirred for an 
additional hour at room temperature. The complex was 
hydrolyzed with dilute sulfuric acid and the organic layer 
separated. The organic layer was steam distilled until a 
precipitate formed in the steam-pot. The residue was 
cooled and the solid recovered by filtration. The dienic 
solid was recrystallized from ethyl benzoate with alcohol 
washes. I ts  melting point was 265-266", e,.,(Cellosolve- 
ethanol) 4.19 X lo4 (283 mp), inflection 325 mp. 

Anal. Calcd. for Ca~Hi8: C, 93.88; H, 6.13. Found: 
C, 93.62; H, 5.98. 

Aromatization of the diene was accomplished by dis- 
solving the diene in boiling p-cymene and adding 10% 
palladium-charcoal. The mixture was refluxed for 20 
minutes and filtered hot. A solid formed upon cooling 
and was isolated by filtration. The solid was recrystallized 
from p-cymene with alcohol washes; m.p. 269.5-270.5'. 
Mixed melting point with the compound prepared by the 
previous method showed no depression. 

Anal. Calcd. for C36H26: C, 94.29; H, 5.72. Found: 
C, 94.41; H, 5.84. 

This compound was identical with the hydrocarbon VI11 
wherein R = 9-xenyl (Table 11). 

Diketone XW.-p-Dibromobenzene (0.18 mole) was 
treated with a slight excess of n-butyllithium and the mix- 
ture was allowed to stand for 36 hours. A slight excess of 
3-ethoxy-2-cyclohexenone was added and the resulting 
complex was decomposed with dilute sulfuric acid. The 
mixture was submitted to steam distillation and the residue 
was dissolved in benzene and decolorized with charcoal. 
Most of the benzene was removed by distillation and petro- 
leum ether (60-80O) was added. On cooling, solid formed 
(29%) which was recrystallized from benzene-petroleum 
ether; m.p. 133-134", e,,,(isooctane) 3.1 X lo4 (303 mp), 
0.52 X l o4  (250 mp) and 1.17 X l o4  (225mp). 

Anal. Calcd. for C18H1802: C, 81.16; H,  6.81. Found: 
C, 81.13; H,  6.85. 

Quinquephenyl VII1.-To an excess of phenylmagnesium 
bromide was added 1.33 g. of diketone XVI. The product 
was hydrolyzed with dilute sulfuric acid and steam distilled 
as described above. Upon cooling, 0.75 g. of solid product 
was isolated which was recrystallized directly from benzene 
(m.p. 230"). This material was aromatized with bromine 

Anal. Calcd. for CI8Hl4BrZ: C, 55.43; El, 3.59. Found: 
C, 55 59; H ,  3.63. 

Aromatization was accomplished by the addition of a 
stoichiometric amount of bromine dissolved in chloroform to 
a solution of the dihydro compound in chloroform. After 
the addition, carried out a t  0", was complete, the solution 
was concentrated, diluted with petroleum ether (100-120°), 
and chilled. White crystalline 4,4"-dibromo-nz-terphenyl 
precipitated and was recrystallized from isopropyl alcohol; 
m.p. 147-149", emax(isooctane) 6.1 X lo4 (255 mp). 

Anal. Calcd. for C18H12BrZ: C, 55.71; H ,  3.12. Found: 
C, 55.71; H,  3.32. 

Polyphenyls IXX).--A slurry of 32.2 g. of 4,4"-dibromo-?n- 
terphenyl (XVIII) in 200 ml. of anhydrous ether was treated 
with an ethereal solution of n-butyllithium (0018 mole). 
The temperature was maintained a t  0 and 3 and the 
resultant clear solution was allowed to warm and stand for 
2 hours a t  room temperature. To this was added with 
stirring a solution of 30 g. of 3-ethoxy-2-cyclohexenone in 
50 ml. of ether. Hydrolysis was effected with dilute 
sulfuric acid. The mixture was steam distilled and the 
residue which solidified on cooling was recrystallized from 
isoamyl alcohol. The d ie tone  XIX,  26 g. (75yo), was 
obtained, m.p. 196-197 . Insolubility prevented the 
determination of emsx; hmax(isooctane) 310 mp. 

Anal. Calcd. for CuH2602: C, 86.09; H ,  6.26. Found: 
C, 85.97; H ,  6.39. 

The above ketone (5 g.) dissolved in warm toluene was 
added to an ethereal solution of phenylmagnesium bromide 
prepared from 9.4 g. of bromobenzene and 1.45 g. of mag- 
nesium. The complex was decomposed with dilute sulfuric 
acid and the mixture was submitted to steam distillation. 
The residual yellow solid (4.35 g., 67T0) was recrystallized 
from dimethyl sulfoxide; m.p. 304-305 . 

Aromatization of this product in the usual manner with 
10% palladium-charcoal in a large amount of p-cymene 
resulted in a product of the same melting pcint (304-305') 
and ultraviolet spectrum as the previous supposed tetra- 
hydro compound; c,,,(ethoxyethanol) 7.4 X lo4 (280 mp). 

Anal. Calcd. for C4~Hto(aromatic): C, 94.34; H, 5.66. 
Found (aromatized product): C, 94.20; H, 5.71. (Sup- 
posed tetrahydro compound): C, 94.22; H, 5.64. 

The dienic compounds very readily lose hydrogen, prob- 
ably in reaction with atmospheric oxygen, to  yield the 
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aromatized compound. This septiphenyl was identical Anal. Calcd. for C64H12: C, 93.87; H, 6.13. Found: 
with the septiphenyl VI11 (R = 4-m-terphenyl). 

The above diketone XIX, 5 g., dissolved in toluene was in a large amount of *- 
xenyl bromide and 1.46 g. of magnesium in 25 ml. of ether. 
The product was treated as above. The stem-pot residue The product was recrystallized from dimethyl sulfoxide; 

yield 5.9 g. (71%), m.p. 247-250", emax(ethosyethanol) Anal. Calcd. for C U H ~ ~ :  C, 94.42; H, 5.58. Found: 
8.0 X lo4 (265 mp) and an inflection at 325 mp. 

C, 93.50; H, 6.21. 
A,+romatization was added to the Grignard reagent prepared from l4 g' Of 3- cymene with 10% palladium-charcoal in the usual manner. 

m.p. 249-2500, em&X(ethoxyethanol) 10 x lo4 (257 was isolated and recrystallized from dimethyl sulfoxide; 

C, 94.24; H, 5.56. 
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Branched Polyphenyls 
BY G. FORREST WOODS, JOHN C. OPPELT AND ROBERT B. ISAACSON 
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Two methods have been developed and employed for the synthesis of several branched polyphenyls. 

Previous papers' from this Laboratory have 
dealt with the linear or normal polyphenyls up to 
the noviphenyls. In this paper, the synthesis and 
properties of several examples of branched poly- 
phenyls2 are reported. 

Of the possible methods of synthesis of branched 
polyphenyls we have explored the reaction of cyclo- 
hexenones with aryl Grignard reagents or lithium 
derivatives. The branching can be a conse- 
quence of a structural feature of the ketone (as 
shown below) or in the organometallic (as is 
indicated later in the formula sequence I - V). 

The diketone I3 is converted readily to its enol 
ether I14; and the cyclohexenones I11 which were 
prepared by the reaction of I1 with organometallic 
reagents are listed in Table I along with certain 
physical properties. 

Treatment of the disubstituted cyclohexenones 
with the appropriate Grignard reagent or organo- 

(1) G. F. Woods, D. D. Centola, H. E. Ruskie and C. D. Miller, 
THIS JOURNAL, 83, 5227 (1960). 

(2) In order t o  designate the  mode of linkages of the  aromatic nuclei 
in the polyphenyls and t o  locate a substituent on a nucleus in t h e  poly- 
phenyl chain i t  is recommended t h a t :  (1) Arabic numerals be employed 
to deiignate the mode (0-, m-, p-) of linkage of the  aromatic nuclei; 
and (2) t h a t  Roman numerals be employed t o  designate the  particular 
ring t o  which a substituent is attached. I t  is also suggested tha t  
Arabic numerals be used to  indicate the  position of a substituent on a 
particular nucleus. 

The following two examples make obvious the  application of these 
recommendations which are employed in this and subsequent manu- 
scripts. 

I fq m 

i l  
Y /  
( 1  b 

11-Phenyl- 13 1-quinque [4,3,2 ]phenyl 
11-Phenyl- [3]- 
IV-Phenyl- [2]-quinque [4,3,4]phenyl 

(3) D. Vorlander, Ber. ,  27, 20.53 (1894); Q. Michael and P. C .  Freer, 

(4) R. L. Frank and H. K. Hall, T H I S  JOURNAL, 72, 1645 (1950). 
J .  p r a k l .  Chem.,  I I ,  43, 390 (1891). 

8 -- 8 \ 8 
I I1 I11 

T' I \  
IVa, R1 = RZ = phenyl --+ v. 

b, R1 = phenyl, R2 = p-xenyl --+ v b  
c, RI = phenyl, R2 = m-xenll--+ Vc 
d, R1 = phenyl, RP = o-xenyl ----f T'd 
e, R1 = o-xenyl, Rz = p-xenyl- \', 

--+ VI 
lithium compound provided trisubstituted cyclo- 
hexadienes IV. 

Certain of the dienes could not be induced to 
crystallize. We believe that certain factors con- 
tribute t o  this: (1) products with meta or ortho 
linkages are always more difficult to obtain in a 
crystalline state. (2) Although we have written 
a precise dienic structure, no evidence has been 
obtained which excludes the possibility of re- 
arrangement of ethylenic links. Indeed, alternate 
preparations of a given diene usually seem to lead 
to a product of the same composition instead of 
dienic isomers as shown 

f ,  R1 = RZ = p-xenyl 
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