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p-Sexiphenyl can be prepared in improved yield by a simple, one-step procedure involving treatment of bi- 
phenyl with aluminum chloride-cupric chloride, ferric chloride, or molybdenum pentachloride. Small amounts 
of p-quaterphenyl and higher molecular weight products were also formed. Under similar conditions, p-ter- 
phenyl yielded predominantly the dimer-type product, p-sexiphenyl. In attempted copolymerization of bi- 
phenyl and p-terphenyl, the main product obtained was p-sexiphenyl. Cuprous chloride proved to be a very 
effective inhibitor in the biphenyl-aluminum chloride-cupric chloride system. Studies were made of the relative 
rates of reaction for the monomers, benzene, biphenyl, and p-terphenyl, based on hydrogen chloride evolution. 
The theoretical aspects are discussed. 

Aromatic hydrocarbons in the p-polyphenyl series 
have attracted considerable attention because of their 
good thermal stability, high melting points, insolubility, 
electronic configuration, and the interest in them as 
moderators in nuclear reactors. Previously, the individ- 
ual, higher, isolable p-polyphenyls have usually been 
prepared by classical methods, such as the Ullmann 
coupling, Fittig reaction, or the Grignard synthesis. 
However, these routes suffer from one or more of the fol- 
lowing limitations: very low yields, necessity of drastic 
conditions, tedious purifications, difficulties in repro- 
ducing results, multistep syntheses from the aromatic 
hydrocarbon precursor, and the formation of gross 
mixtures due to competing reactions. 

Since our work is primarily concerned with p-sexi- 
phenyl, discussion of the prior literature will be limited 
to this homolog. For example, in the Ullmann syn- 
thesis from 4-iodo-p-terphenyl and silver powder at 
330°, Pummerer and Bittner3 remarked on the diffi- 
culty of effecting condensation. Subsequently, this 
method was applied to a mixture of 4-iodobiphenyl, 4,4'- 
diiodobiphenyl, and copper powder, which provided a 
25% yield based upon the iodo In  a niodi- 
fied version, K ~ h n ~ ~  obtained p-sexiphenyl by zinc-ace- 
tic acid reduction of the product derived from 4,4'- 
diiodobiphenyl and copper. More recentlyJ5 Nozaki 
and co-workers6 also investigated the Ullniann proce- 
dure with 4-iodo-p-terphenyl and reported a 10% yield 
based upon the p-terphenyl precursor in this multistep 
synthesis. I n  connection with their studies of p- 
polyphenyls and the corresponding methylated deriva- 
tives, Kern and Wirth' utilized the Ullmann and Grig- 

(1) Paper V I I :  "Polymerization of Aromatic Nuclei," from the Ph.D. 
Thesis, 1964, of R. M .  Lange, Case Insti tute of Technology; presented a t  
the 145th National Meeting of the American Chemical Society, New York, 
N. Y., Sept., 1963. 

(2) Department of Chemistry Fellow, Case Insti tute of Technology, 
1962-1963. 

(3) R.  Pummerer and K.  Bittner, Ber., 67, 84 (1924). 
(4) (a) R.  Pummerer and L. Seligsberger, ibid., 64, 2477 (1931); (b) R. 

Kuhn,  A n n . .  476, 131 (1929). 
( 5 )  NOTE ADDED I N  PROOF.-J. A. Cade and A.  Pilbean [ J .  Chem. Soc. .  

114 (1964)l report a 29YC yield (crude) of p-sexiphenyl from p-terphenyl uta 
treatment of 4-bromo-p-terphenyl a i t h  butyllithium. 

(6) T .  Nozaki, M. Tamura.  Y. Harada. and K. Saito. Bull. Chem. SOC. 
J a p a n ,  3 3 ,  1329 (1960). 

(7) u'. Kern and 0 .  H. Wirth, Kunslstofe-Plastics, 6, 12 (1958). 

nard reactions for preparative purposes. In addition, 
the catalytic reduction of p-dibromobenzene in the 
presence of methanol afforded a gross mixture from 
which p-sexiphenyl was isolated in 0.7% yields8 

The objective of the present work was to effect the 
nuclear coupling of biphenyl and of p-terphenyl by 
treatment with a Lewis acid catalyst and oxidant, and 
to investigate the theoretical aspects. 

Results and Discussion 

We have succeeded in synthesizing p-sexiphenyl in 
good yield and high purity by a novel, one-step proce- 
dure involving biphenyl-Lewis acid catalyst-oxidant, 
Inexpensive, readily available starting materials are 
used. Under mild conditions, biphenyl was converted 
to the trimer-type product on treatment with aluminum 
chloride-cupric chloride, ferric chloride, or molybdenum 
pentachloride. Minor amounts of higher p-polyphenyls 
were formed, as well as small quantities of p-quater- 
phenyl. The isolated products were characterized by 
comparison with authentic materials (melting points 
and ultraviolet and infrared spectra). Apparently, 
the formation of p-sexiphenyl from biphenyl-aluminum 
chloride-cupric chloride proceeds as indicated below. 

3 biphenyl + 4CuCb + p-sexiphenyl + 4CuC1 + 4HC1 

This transformation resembles the synthesis of bime- 
sityl from mesitylene and ferric ~ h l o r i d e . ~  Further- 
more, analogy may be drawn to the conversion of ben- 
zene to p-polyphenyl, except that the product from 
biphenyl is of much lower molecular weight. 

The biphenyl reaction was investigated a t  some length 
with the aim, in part, of determining the optimum condi- 
tions for p-sexiphenyl formation (Table I). We found 
that the reaction, which proceeded with good rapidity, 
was quite sensitive to changes in the AlC13-CuC12 molar 
ratio. The yield of p-sexiphenyl attained a maximum 

AlCli 

(8) M. Busoh, W. Weber, el at., J .  prakl .  Chem., 146, 1 (1936). 
(9) P. Kovacic and C. Wu, J .  Oru. Chem., 36, 759 (1961). 
(10) P. Kovacic and A. Kyriakis, J .  A m .  Chem. Soc..  86,  454 (1963). 
(11) P. Kovacic and R. M. Lange. J .  Org. Chem., 28 ,  968 (1963). 
(12) P. Kovacic and F. W. Koch, ib id . .  28, 1864 (1963). 
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TABLE I 
BIPHENYL A N D  METAL HALIDES& 

Crude 7- Yield, %* -- 
Metal halide Mole Temp., O C .  product,  g. p-Quaterphenyl p-Sexiphenyl 

CuCl~AlC13 0.25:O. 25 80-85 17 2 40 
CuClz-AlCla 0.25: 0 . 5  80 f 2 21.8 <1 670 
CuClz-AlC13 0.25: 0 .25  155-160 30d 
CuClz-AlCl; 0.25:O. 25 50 f 2 11 .5  2 22 
C~Clz-AlC13~ 0.25: 0 , 2 5  80 f 2 12 0 22 
C~Clz-AlC13~ 0.25:O. 25 100 * 2 15 0 7 
CuClz-AlCl; ,' 0.125:0.25 80 f 2 0 . 4  
FeCl3"" 0 .25  80-83 8 . 5  3 17 
FeC13e 0 .25  80 f 2 3 . 5  0 .9  6 . 7  
FeCl, 0 .25  80-83 5 1 . 3  7 
FeC13-A1C13e,h 0.25:O. 50 80 f 2 2 . 8  1 . 0  4 . 1  
FeC13-A1C13e*"h 0 ,25:0 .50  80 f 2 7 . 6  3 . 6  12 
MoCls 0 .25  80-83 9 . 3  7 5 
M oClb-A1C13" 0.25:O. 50 80 z t  2 30 7 . 1  9 . 8  
CuCl*i 0.25 80 zk 2 0 0 0 
AIC1si 0.25 80 f 2 0,066' 0 0 

Biphenyl, 0.5 mole; 0.5 hr. Sublimed material, based on the oxidant. Yield 52% after recrystallization from 1,2,Ptrichloro- 
benzene. d Black tar. e In o-dichlorobenzene (3 moles). Biphenyl, 0.25 mole; CuC1, 0.25 mole. 0 Water, 0.25 mole, as co- 
catalyst. Time, 2 hr. Time, 1.5 hr. i Unidentified (not a p-polyphenyl). 

(67% good purity, 52% analytically pure) a t  an AlC13- 
CuC12 ratio of 2 : 1, and then fell as the ratio decreased. 
Evidence was obtained from studies on the benzene 
polymerization~3 that cuprous chloride inhibits reaction, 
apparently by placing the aluminum chloride catalyst 
in an inactive complex form, C ~ H ~ - C U C ~ - A ~ C ~ ~ . ' ~  A 
similar situation prevailed in the case of biphenyl since 
only a negligible yield of product was, obtained when 
cuprous chloride was added initially in large amount. 
The hypothesis concerning complex formation was sup- 
ported by solubility data. Cuprous chloride was essen- 
tially insoluble in biphenyl-0-dichlorobenzene a t  80". 
When aluminum chloride was added in the ratio, AlC13: 
CuCl = 1, almost all of the solid dissolved indicating 
the presence of a soluble, ternary complex. 

When the temperature was increased from 80 to 
155-180" , a black, intractable tar was formed, presum- 
ably as a result of polymerization and isomerization 
under the more drastic conditions. With dichloro- 
benzene as solvent a t  80", the principal effect was a 
decrease in the yield of p-sexiphenyl. In  a further ex- 
amination of the temperature variable, experiments were 
carried out a t  50, 80, and 100" in the solvent system. 
The yield was essentially the same a t  the lower 
temperatures, but decreased markedly a t  100". At the 
higher temperature, the product was highly colored and 
difficult to purify. 

Ferric chloride and molybdenum pentachloride also 
produced nuclear coupling with formation of p-sexi- 
phenyl. However, these metal halides generally proved 
to be less effective than aluminum chloride-cupric 
chloride. In  o-dichlorobenzene, addition of water as 
cocatalyst resulted in a significant increase in the yield 
of p-sexiphenyl from the ferric chloride reaction. Sev- 
eral experiments were performed with aluminum chlo- 
ride added as the catalyst. Surprisingly, not only was 
there little change in the yield of desired product, which 
was difficult to purify, but also the aluminum chloride 
acted as an inhibitor in the presence of ferric chloride or 
molybdenum pentachloride. In  comparison with the 
other metal halides, aluminum chloride-cupric chloride 

(13) P. Kovacic and J. Oziomek, J .  Org.  Chem.. 49, 100 (1964). 
(14) R. W. Turner and E. L. Amma, J .  Am.  Chem. Soc.,  86, 4046 (1963). 

gave higher ratios of p-sexiphenyl-p-quaterphenyl in 
the product mixture. This may be related to the high 
strength of aluminum chloride as a Lewis acid. Approx- 
imately the same amount of higher molecular weight 
residue, 15-20y0 of the crude product, was obtained 
from the sublimations in all cases. 

Gas chromatography of chloroform extracts of the 
crude reaction products revealed the presence of only 
unchanged aromatic monomer. It is interesting that 
nuclear chlorination15 of biphenyl by the metal halides 
does not compete effectively with the coupling reaction. 

Similarly, reaction variables were investigated in the 
case of p-terphenyl with o-dichlorobenzene as solvent 
(Table 11). The results paralleled those observed with 
biphenyl. In addition, an increase in the ratio of 
metal halides-p-terphenyl acted to enhance the p -  
sexiphenyl yield. At higher temperatures (120") , some 
isomerization occurred as evidenced by the presence of 
m-terphenyl. 

Olah and Neyer, as well as Swisher, investigated the 
isomerization of terphenyls induced by aluminum chlo- 
ride a t  about 140-220".16 Each of the isomers yielded 
an equilibrium mixture consisting of approximately 
63% m- and 35% p-terphenyl.I6a 

Ferric chloride and molybdenum pentachloride were 
inferior to the combination of aluminum chloride- 
cupric chloride. In an investigation involving ferric 
chloride and water cocatalyst, the nature of the solvent 
appeared to play an important role. With 1,2,4-tri- 
chlorobenzene, the yield of p-sexiphenyl was substan- 
tially lower than with o-dichlorobenzene. This result 
brings to mind the recent work of Choi and Brown" 
concerning solvent effects in gallium bromide catalyzed 
alkylations. 

Attempted copolymerization of biphenyl and p- 
terphenyl, in the presence of ferric chloride, molyb- 
denum pentachloride, or aluminum chloride-cupric 
chloride with o-dichlorobenzene as solvent, yielded 

(15) P. Kovacic and N. 0. Brace, ib id . ,  76, 5491 (1954); P. Kovacic, 
C. Wu,  and R. W. Stewart ,  ibid.. 84, 1917 (1960); P. Kovacic and R.  M. 
Lange, unpublished work. 

(16) (a) G. A.  Olah and M. W. Meyer, J .  Ore. Chem., 27, 3682 (1962): 
(b) R. D. Swisher. E. S. Patent 2,363,209 (1944). 
(17) S. U. Choi and H. C. Brown,  J. Am.  Chem. Soc. ,  86, 2596 (1963). 
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Metal halide 

CuClz-AlCla 
CuCL-AlCla 
CuClz-AlC13 
CuClrAlC13 
CuClrAlC13 
CLICI~-AICI~ 
hlOCl& 
RloC15c 
FeC13d 
FeClad e 

cuc12 
AIC1, 

Mole 

0.125:0.125 
0.125:0.25 
0 ,25:0 .25  
0.5O:O. 25 
0 .25:0 ,25  
0 .25:o .  25 
0.25 
0 . 2  
0.125 
0.125 
0 .25  
0.25  

TABLE I1 
~ T E R P H E N Y L  A N D  METAL HALIDES~ 

Temp., O C .  Time, hr. 

80 f 2 0 5  
80 f 2 0 5  
80 i 2 0 5  
80 f 2 0 5  
80 f 2 1 5  

120 f 2 0 5  
80 f 2 2 

215 f 7 0 5  
80 f 2 2 
80 f 2 4 
80 f 2 1 5  
80 f 2 1 5  

Crude 
product, g. 

6 . 4  
12.1 
22.2 
31.6 
26 .1  
10 .8  
20.8 
21.6 
6 . 7  
3 . 8  
0 
0.7 '  

p-Sexiphenyl 
yield, % b  

19 
34 
30 
22 
35 
6 

16 
13 
17 
9 
0 
0 . 6  

a p-Terphenyl, 0.25 mole; o-dichlorobenzene, 3 moles. Sublimed material, based on the oxidant. c No solvent. d Water, 0.125 
f M.p. (crude) 450-455"; infrared spectrum identical with that of p-sexi- male, as cocatalyst. 

phenyl. 
e In 1,2,4-trichlorobenzene (3  moles). 

TABLE I11 
BIPHENYL-~TERPHENYL WITH -METAL HALIDES~ 

Time, Crude - -- Yield. Yob - -- 
p-Quinquephenyl p-Sexiphenyl Metal halide Mole hr. product, g. p-Quarterphenyl 

CuClz-AlCL 0.125:0.125 0.5 8 . 2  3 0 20 
F e C k  0.125 2 4 . 2  < I  <1 12 
MoCls 0.125 2 3 . 4  < I  0 4 

Biphenyl, 0.125 mole; p-terphenyl, 0.125 mole; o-dichlorobenzene, 3 moles; 80 f 2'. * Sublimed material, based on the oxidant. 
c Water, 0.125 mole, as cocatalyst. 

predoniiiiantly p-sexiphenyl with only trace amounts of 
p-quaterphenyl and p-quinquephenyl (Table 111). 

Studies were made of the reaction rates for the aro- 
matic inonomers, benzene, biphenyl, and p-terphenyl, 
in the system, aluniinuni chloride-cupric chloride-u- 
dichlorobenzene. The reactions were followed by titra- 
tion of the evolved hydrogen chloride, and the relative 
rates obtained by comparison of the rate curves for the 
first 3 inin. of reaction. In  all cases, linearity pertained 
in this region. At 80" the relative rates were found to 
be for benzene, 1.00; biphenyl, 0.83; and p-terphenyl, 
0.57. Interestingly, a t  40" the observed relative rates 
were, for benzene, 1.00; and biphenyl, 5.22. 

Comparison of the present results with the polyni- 
erization of benzene to p-polyphenyl reveals in- 
teresting similarities and differences. We propose 
that the reaction proceeds by an oxidative cationic 
mechanism similar to that advanced for the benzene 
polymerization. 

propagation 
dehydrogenation 

/ \  / \  - - - - * p-sexiphenyl 

Aluniinuni chloride is designated the catalyst and 
cupric chloride the oxidant. In control experinients, no 
reaction occurred with either biphenyl or p-terphenyl 
when the aluniinuni chloride was oniitted. In the 
absence of cupric chloride, bipheiiyl-alu~ni~~um chloride 
gave a negligible amount of unidentified solid, and, with 
p-terphenyl, less than 1% of p-sexiphenyl was formed. 

In  previous related investigations,ls it was found 
that biphenyl, when heated with aluniinuni chlo- 
ride, yielded benzene, p-terphenyl, p-quaterphenyl, 
toluene, niethylcyclopentane, cyclohexane, and resins. 
On treatment with aluminum chloride at elevated tem- 
peratures and for prolonged periods, l9 benzene was con- 
verted to biphenyl, phenylcyclohexane, phenylniethyl- 
cyclopentane, diphenylcyclohexane, and uncharac- 
terized polymers. Apparently, in the absence of an 
added oxidant, the intermediates may undergo dispro- 
portionation and rearrangement under the proper condi- 
tions. 

Ferric chloride12 and molybdenum pentachloridell 
can presuniably function in a dual capacity, both as 
catalyst and oxidant. Since the data for aluminum 
chloride-cupric chloride indicate the iiiiportance of a 
high catalyst-oxidant ratio, the generally inferior re- 
sults with ferric chloride and molybdenum pentachloride 
might be attributed, in part, to destruction of the cat- 
alyst by reduction. 

The data froin the biphenyl reaction, in addition to 
earlier studies20 involving benzene polymerization, sug- 
gest the operation of a cocat,alytic effect with ferric 
chloride. Compounds of the Br@nsted acid type, e.g., 
water, functioned as cocatalysts. In  the case of alu- 
minum chloride and molybdenum pentachloride, the 
reasoning is by analogy to the benzene-ferric chloride 
reaction and the cationic polymerization of olefins. * l  

(18) C. Friedel and J. M. Crafta, Compl.  rend., 100, 692 (1885); Yu. K .  
Yur'ev and R .  Ya. Levina, Sei .  Rep!. Moecow State C'niu., 8, 203 (1934): 
Chem. Abslr..  80, 8191 (1936); K. Shishido and I .  Irie. J .  SOC. Chem. Ind. 
Japan ,  48, 10 (1945); Chem. Abstr..  42, 6343 (1948). 

(19) C. A.  Thomas, "Anhydrous Aluininuin Chloride in Organic Chern- 
istry," Reinhold Publishing Corp., New York, N . ' Y . .  1941, p. 716: M. 
G Gonikberg and A. E. Garrilova, J .  Gen. Chem. USSR. 22,  1429 (1952). 

(20) P. Kovacic and C. !Vu, J .  Polymer Scz., 47, 45 (1960): P. Koyacic, 
I;. W, Koch.  and C. 15. Stephan.  bid.. 2A, 1193 (1964). 

(21) L). C. Pepper, Quart. Reu. (London), 8 ,  88 (1954); "Cationic Polp- 
merization and Related Complexes," P. H.  Plesch, Ed.,  Heffer, Cambridge, 
England, 1953. 
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There is evidence to support existence of the complexes, 
H20-A1C1322 and H20-A1Br3,23 as well as the interaction 
of a-complexes, (ArH,) +(AlZX7) -, with additional mole- 
cules of aromatic substrate.24 Proton-initiated intra- 
molecular coupling of aromatic nuclei is apparently in- 
volved in the conversion of @,@-di(1-naphthy1)ethylene 
to  9-methyl-l,2,7,8-dibenzfluorene by treatment with 
stannic chloride.25 

The hypothesis concerning the dehydrogenation of 
cyclohexadiene units to aromatic structures is supported 
by the facile transformation of 1,4-~yclohexadiene to 
benzene on treatment with ferric chloride12 or molyb- 
denum pentachloride. l 1  Furthermore, ?\Tonhebe126 
found that 9,lO-dihydroanthracene is smoothly de- 
hydrogenated by cupric halides under mild conditions. 
Admittedly, the exact stage at which dehydrogenation 
occurs during nuclear coupling, as well as the mecha- 
nism, is unknown. 

It is significant that benzene yields p-polyphenyl, 
whereas, under similar conditions, biphenyl produces 
mainly a trimer-type product, and p-terphenyl affords 
a dimer-type. In  searching for a rationalization, one 
must realize that the situation is quite complicated. 
Various factors should be considered, e . g . ,  the relative 
susceptibility of the aromatic monomers to attack, and 
possible catalysis or inhibition by the reduced metal 
halide. Furthermore, one cannot afford to overlook the 
possible influence of the solvent or excess aromatic 
monomer. Ease of termination would be enhanced by 
coordination of the growing carbonium ion with an aro- 
matic molecule. This. interpretation has been used 
previously to explain the effect of aromatic additives on 
molecular weight in the cationic polymerization of 
styrene.27 In  addition, the increasing ease of terniina- 
tion in the order, p-terphenyl > biphenyl >> benzene, 
suggests that  the relative stabilities of the postulated 
pcomplex intermediates may be an important factor. 
Based on the degree of resonance stabilization, the order 
of reBctivity would be 

-7@>m>m 

It is reasonable to correlate the increasing ease of 
termination with increasing degree of delocalization. 

These transformations of biphenyl and pterphenyl 
can be classified as an extension of the Scholl reaction. 
Our mechanistic interpretation is analogous to that 
proposed for the Scholl reaction by Nenitzescu and 
Balaban. 28 

E~perirnental~~ 
Materials.-Anhydrous cupric chloride was dried a t  130"; 

anhydrous molybdenum pentachloride was weighed under 
dry nitrogen; o-dichlorobenzene and 1,2,4-trich~orobenxene 
were distilled from calcium hydride. 

Instrumental Procedure .--Ultraviolet spectra were taken in 
chloroform solution and infrared spectra in potassium bromide 

(22) C. D. Nenitzescu, M.  Avram, and E.  Sliam, BdZ. aoc. c h i n .  France, 

(23) F. Fairbrother and W. C. Frith, J .  Chem. Soc., 2975 (1953). 
(24) H .  C. Brown and W. J. Wallace, J. A m .  Chem. SOC., 75, 6268 (1953). 
(25) G .  Wolf, ibid., 75, 2673 (1953). 
(26) D. C. h-onhebel, J .  Chem. SOC. .  1216 (1963). 
(27) N .  Tokura, M .  Matsuda, and Y.  Watanabe. J .  Polymer Sci. ,  6 2 ,  

(28) C. D. Nenitzescu and A .  Balaban, Ber. ,  91, 2109 (1958). 
(29) Melting points (block) are uncorrected. Elemental analyses were 

1266 (1955). 

135 (1962). 

performed by Schwarzkopf Microanalytical Laboratory, Woodside, N. Y. 

50.0 I 

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 
Tirne, min. 

Fig. 1.-Rates of hydrogen chloride evolution in the 
reaction of (0) benzene, ( 0 )  biphenyl, and (A) p-terphenyl with 
cupric chloride-aluminum chloride in o-dichlorobenzene at, 
80-81". 

pellets; gas chromatography was done using a 9-ft. column, 20% 
silicone rubber on Chromosorb P, 100-350" a t  l l"/min.,  helium 
a t  50 ml./min. 

Biphenyl-Aluminum Chloride-Cupric Chloride. General Pro- 
cedure.-Anhydrous aluminum chloride (66.6 g., 0.5 mole) 
was added to biphenyl (77 g., 0.5 mole) with stirring under dry 
nitrogen a t  75". After anhydrous cupric chloride (33.6 g., 0.25 
mole) was introduced in the closed system by a suitable addition 
device, the reaction mixture was stirred efficiently under nitrogen 
a t  80 =t 2" for 30 min. The evolved acid gas was titrated with 
standard base. Then, the molten mixture was quickly poured 
into 500 ml. of 187, hydrochloric acid and steam distilled. After 
the residue was pulverized with water in a blender, it was treated 
with hydrochloric acid, triturated repeatedly with ethanol, and 
sucked dry. Trituration with concentrated hydrochloric acid 
was continued until the filtrate became colorless, followed by 
washing with boiling water until a negative test (silver nitrate) 
for chloride ion was obtained. The crude product, a light brown 
powder, was dried a t  130"; yield 21.8 g. 

A portion (0.58 9.) on fractional sublimation a t  290-310° 
(0.015 mm.) gave p-quaterphenyl, 3 mg., m.p. 308-310", 1it.m 
m.p. 310'; authentic material, m.p. 306-308", m.m.p. 306- 
308". The infrared and ultraviolet spectra were identical 
with those of the authentic material. 

Continued sublimation a t  400-440" (0.015 mm.) yielded p -  
sexiphenyl, 0.506 g., m.p. 452-456'. Recrystallization from 
1,2,4-trichlorobenzene produced pure product, 0.387 g., m.p. 
465-467", mixture melting point with authentic material was not 
depressed; ultraviolet spectrum A,,, 316 mp, lit." A,,, 317 mp; 
infrared spectrum, absorption maximum, 811 cm. -1. 

Anal. Calcd. for C36H26: c ,  94.28; H ,  5.72. Found: C,  
94.14; H ,  5.70. 

The infrared spectrum of the sublimation residue exhibited a 
major band a t  807 cm. -1. 

p-Terphenyl-Aluminum Chloride-Cupric Chloride.-The gen- 
eral procedure was followed for the most part with o-dichloro- 
benzene as solvent. I n  the work-up procedure, steam distilla- 
tion was omitted and the residue, after ethanol treatment, was tri- 
turated repeatedly with chloroform. The dry solid was then 
triturated with concentrated hydrochloric acid. 

Sublimation yielded p-sexiphenyl and residual material (infra- 
red absorption maximum, 807 cm.-I). 

Solubility of Metal Halides in Biphenyl-o-Dichlorobenzene .- 
A mixture of cupric chloride (8.4 g., 0.063 mole), biphenyl 
(19.2 g., 0.125 mole), and o-dichlorobenzene (100 9.) was stirred 
for 30 min. a t  80". After filtration of the hot mixture, the 
residue was washed with ligroin (25 ml., b p 30-60") and sucked 
dry for several minutes; weight of cupric chloride residue, 8.25 
g. The solubility of other metal halides was determined in a 

(30) E. H .  Smith, "Polyphenyls." Literature Search, U. S. Atomic Energy 
Commission, ER-8098, 1956. 
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Relative Rates. A .  Benzene, Biphenyl, and p-Terphenyl at 
i 80" .-The reactions were carried out according to the general 

procedure with the aromatic reactant (0.125 mole) in o-dichloro- 
E benzene (1.5 moles). After the introduction of anhydrous alu- 

3 20.0 vigorous stirring under dry nitrogen (flow rate, 140 ml./min.). - 42 Anhydrous cupric! chloride (0.063 mole) was added in .a single 

the evolved acid gas with standard base. The rate data (aver- 
age of two runs; deviation, &70/0) are summarized in Fig. 1. 

B. Benzene and Biphenyl at 40°.--Rate data (average of two 
runs; deviation, & Z % )  obtained a t  4C-41' in a similar manner 

Tinie, niin. Authentic p-Sexipheny1.-Synthesis of this compound was 
accomplished according to the procedure of Nozaki and co- 

Fig. 2.-Rates of hydrogen chloride evolution in the workers,e m.p. 460-462" (sublimation and crystallization from 
1,2,4-trichlorobenzene), 1it.m m.p. 465'; infrared spectrum, ab- 
sorption maximum, 811 cm.-'; ultraviolet spectrum, A,, 317 
mlr. 

- 2 30.0 

0 rninum chloride (0.063 mole), the mixture was heated to 79" with 

portion and the reaction was followed a t  80-81" by titration of 9 ! 10.0 
rn 
& 

0.0 
0.0 5 .0  10 I 15.0 20.0 25.0 30.0 35.0 are plotted in Fig. 2. 

reaction of (0) bemene and ( 0 )  biphenyl with aluminum Chlo- 
ride-cupric chloride in o-dichlorobenzene a t  '40". 
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Hydrogenation of methyl cis-9,lO-epoxystearate over palladium on charcoal in glacial acetic acid yields a mix- 
ture shown by silicic acid column chromatography to consist mainly of hydroxystearates, together with smaller 
amounts of stearate and ketostearates. Contrary to conclusions reached in earlier studies, degradation of the 
principal product (purification of the intermediate ketostearates, oximinostearates, and Beckmann-rearranged 
isomeric amido esters solely by adsorption chromatography assuring no discrimination between positional 
isomers) demonstrates that the 9- and 10-hydroxystearates are in fact formed in equal amounts. 

Catalytic hydrogenolytic opening of the oxide ring of 
methyl 9,lO-epoxystearates (I), (or of the free acids, 
readily obtained2 by action of peracids on oleic and 
elaidic acids, would be expected a priori  to yield equal 
amounts of D L - ~ -  and -10-hydroxystearates (11) ,since the 
methyl and carboxyl termini of the oxide ring substitu- 

CHo( CHz)XH-CH( CHz)COOCHs 

'6 
I 

9-11 10-11 

ents are far too remote to impress any appreciable asym- 
metric reactivity on the site of reaction by inductive 
effects conducted along the long intervening poly- 
methylene chains. Zook and Knight,3 for example, 
have shown that a carboxyl group only two methylene 
groups away has very little influence on the randomness 
with which HBr adds to an olefinic center. Even more 
directly pertinent is the recent report4 that catalytic 

( 1 )  This paper is based on work performed under Contract AT(04-1)- 
GEN-12 between the Atomic Energy Commission and the University of 
California at  Los Angeles. 

(2) T. W. Findley, D. Swern, and J .  T .  Scanlan, J .  Am. Chem. Sue. .  6'7, 
412 (1945). 

(3) H .  D. Zook and J .  A .  Knight, ibid., '76, 2302 (1951). 
(4) S. P. Fore and W. G. Rickford, J .  Ore. Chem., 16, 2104 (1961). 

hydrogenation of cis-6,7-epoxystearic acid yields equal 
amounts of D L - ~ -  and -7-hydroxystearic acids. 

It is therefore difficult to rationalize the claims of a 
number of  investigator^^-^ who have, without excep- 
tion, indicated the predominant formation of 10-119 by 
hydrogenation of I. The patent improbability of such 
conclusions recommends careful examination. of the 
evidence upon which they were based. In every case, 
samples of the product of interest were isolated by 
crystallization and identified solely (with a single ex- 
ceptiona) on the basis of the melting behavior of the 
hydroxy acids, of the keto acids obtained from them by 
chromic acid oxidation, or of the corresponding semi- 
carbazones. Following careful study of the phase prop- 
erties of the 9- and 10-keto- and -m-hydroxystearic 
acids, Cochrane and Harwood'O have recently 
called attention to the strong possibility that these 
findings (together with a number of others bearing on 
the course of related reactions) were misinterpreted. 

(5) I. G .  V. Pigulevskii and Z. Y. Rubashko. J. Gen. Chem. USSR, S, 

( 6 )  J. Ross, A.  I .  Gebhart, and J .  F. Gerecht, J .  A m .  Chem. Sue., 71, 

(7) C. H. Mack and W. G. Bickford, J. Ore.  Chem., 18, 686 (1953). 
(8) F. J .  Julietti, J. F.  McGhie, B. L. Rao. W. A.  Ross, and W. A. Cramp, 

J. Chem. Sue. ,  4517 (1960). 
(9) Even. in one case.7 to the exclusion of 9-11; cursory perusal of the 

literature has revealed occurrence of at  least two insrances in which this 
claim has led to preparation of "authentic" samples of 10-hydroxystearic 
acid by  this procedure. 

829 (1939); Chem. Abs t r . , 34 ,  3782 (1940). 

284 (1949). 

(10) C. C. Cochrane end H. J.  Harwood, J .  Ore. Chem., 16, 1278 (1961). 


