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ABSTRACT: A series of polymers containing short blocks of phenylated phenylene units connected by alkylene 
chains have been prepared by the Did-Alder reaction of m- or p-diethynylbenzene with tetraarylated biscyclo- 
pentadienones. Biscyclopentadienones connected by three, four, six, ten, and fourteen methylenes were em- 
ployed. All of the polymers were colorless. soluble in common organic solvents, and formed clear films from 
chloroform or toluene solutions. The thermal gravimetric analyses (TGA) of the methylene-connected poly- 
phenylenes demonstrated a surprisingly good thermal stability; in nitrogen, the major TGA break for all the poly- 
mers occurred between 465 and 485'. The polymers had 
number-average molecular weights of 30,000-60,000. 

In air. the thermal stability ranged from 430 to 520". 

lthough the Diels-Alder reaction has been estab- A lished as a useful synthetic organic reaction, and 
high yields of adduct can be obtained in many instances, 
there are few reported syntheses of polymers which 
employ it as a step-growth reaction.4 In only a few 
reported cases have high molecular weight polymers 
been obtained in this reaction. The most successful 
polymerizations carried out  through the use o f  the 
Diels-Alder step-growth reaction have been those 
which engage a cyclopentadienone,; 2-pyr0ne,~>' or  
thiophene dioxicled as the diene portion. 

In a previous paper,9 the synthesis of high molecular 
weight polypheriylenes through the Diels-Alder step- 
growth reaction of diethynylbenzenes (A-A type double 
dienophiles) with biscyclopentadienones (B-B type 
double dienes) was reported. The quantitative yields, 
high molecular weights, and the novelty of the polymer 
structures which could be obtained by the reaction, 
made the investigation of further polymer syntheses 
from this step-growth polymerization particularly 
attractive. The most interesting polymer synthesized 
from this reaction was a phenylated polyphenylene (1) 
which had a high molecular weight (M,, = 40,000), 
was white, was 100% soluble in toluene a t  25" t o  the 
extent of 15 wt ?<, and showed a major break in thermal 
gravimetric analysis a t  550". The properties of this 
polyphenylene clearly are different than those prepared 
by other methods.10-12 
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Through this Diels-Alder reaction it was also possible 
to  synthesize polymers containing the phenylene block 
structure (1) separated by alkylene chains of varying 
length. We were particularly interested in the proper- 
ties which such a polymer might possess. In  theory, 
this synthesis could be accomplished through the use of 
a n  aliphatic straight chain a,w-diyne as the dienophilic 
A-A monomer, or a bistetracyclone B-B diene con- 
taining the cyclopentadienone moieties separated by 
methylene units. Because it was learned early in this 
study that the reaction of qw-diynes was not suitable 
synthetically, at  least, for the preparation of high molec- 
ular weight polymers, the problem was approached 
from the synthesis and polymerization of the alkylene- 
biscyclopentadienone monomers. 

Discussion 

A. Monomers. An excellent route to  the synthesis 
of tetraarylated cyclopentadienones is the base-catalyzed 
condensation of benzils with benzyl ketones;I3 many 
bistetracyclones have been synthesized by this 

Figure 1 outlines the reaction paths selected for the 
synthesis of the methylene-connected bistetracyclones. 
The bistetracyclones with three, four, and six methylene 
units (Figure 1: 2, 3, and 4, respectively) have been 
reported previously. l 5  The bistetracyclones connected 
by ten and fourteen methylene units (Figure 1 : 5 and 6 ,  
respectively) were synthesized essentially by the same 
basic reactions as the lower homologs, with the ex- 
ception of the reactions employed for the synthesis 
of the a,w-diphenylalkanes. 

I n  this series, an  increasing number of methylene 

(8) S .  W. Chow and J. M. Whelan, U. S.  Patent 2,971,944 
(Feb 14. 1961). 
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( I O )  P. E.  Cassidy, C. S .  Marvel, and S. Ray, ibid., Part A ,  3, 
1553 (1965), and references cited therein. 

( 1  I )  P. Kovacic, V. J. Marchionna, F. W. Koch, and J. Ozio- 
msk, J .  Org. Chem., 31, 2467 (19661, and references cited therein. 
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5 a-  62 
ru. 

Figure 1. Monomer synthesis. 

groups between the aromatic rings resulted in a de- 
crease in the yields of products, especially in the Friedel- 
Crafts reaction of the diphenylalkanes with phenyl- 
acetyl chloride. Moreover, longer reaction times were 
required for the formation of products in the syntheses 
of the monomers with ten and fourteen methylene 
groups. The over-all yields for the syntheses of the 
alkylated bistetracyclones ranged from 2 to, a t  most, 
10%. All the bistetracyclones were dark purple solids. 

The purification of the bistetracyclones 2 4  was 

efected by column chromatography; a final check for 
the presence of only one compound was accomplished 
by thin layer chromatography in the synthesis of the 
bistetracyclones 5 and 6 .  

B. Polymers. The utilization of the Diels-Alder 
reaction of the bistetracyclones 2-6 with the diethynyl- 
benzenes 7 and 8 afforded polymers 9a-e and loa-e 
containing phenylated phenylene units linked by methyl- 
ene groups (Figure 2) .  Although the Diels-Alder 
reaction can take place t o  produce either metu or  pura 

8 i -  
(C w(c Hp) n+ CsH5 5 

10 ,o- n . 3  d6Hs HS - 9 g n =  3 6H5 v5 
b n = 4  b n =  4 

c n = 6  c n = 6  
d n =  I O  2 n - I O  

e n.14 e n = 1 4  

v - - - - - - 
Figure 2. Polymer synthesis. 
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TABLE I 
POLYMLRIZATION RESULTS 

--Calcd, 7;-- ---Found, %-- Bistetracyclone, Diacetylene, Yield, 
C H  g (mmol) g (mmol) Polymer g ( % I  C H  

2, 0.7118 (0.8797) 
2, 0.5307 (0.6559) 
3, l.ooo(1.2lc;) 
3, l.Ooo(1.215) 
4, 1.001 (1.176) 
4. 1.005(1.180) 
5, 1,002 (1,104.) 
5, 1.001 ( I .  lo;!) 
6, 1 ,006 ( I ,044) 
6, 1.003(1.04;!) 

7, 0.11 10 (0.8797) 
8. 0.0826 (0.6559) 
7, 0.1533 (1.215) 
8, 0.1533 (1.215) 
7, 0.1483 (1.176) 
8.  0.1488 (1.180) 
7, 0.1393 (1.104) 
8, 0.1390 (1.102) 
7. 0.1318 (1.044) 
8, 0.1314(1.042) 

9a 
10a 
9b 

10b 
9c 

1oc 
9d 

1 Od 
9e 

10e 

attachments o n  the phenylated phenylene ring, only 
pnru links are depicted. 

Severe polymerization conditions (350", 48 hr), 
employed in the preliminary polymerization runs, 
gave lower molecular weight polymers ([TI = 0.1) 
and small amounts of a black, insoluble solid. I n  fact, 
when the bistetracyclone 2 was heated without the 
diacetylene as comonomer a t  300" for 48 hr, complete 
decomposition of the bistetracyclone resulted, as evi- 
denced by the formation of a yellow solid and a vis- 
cous oil. Tetraphenylcyclopentadienone is known to  
undergo decomplosition a t  410" to yield at  least three 
different compounds. l 3  Since such degradation re- 
actions obviously interfered with monomer balance, 
the polymerization temperature was lowered to  225 '. 

A series of polymerizations in which the concentra- 
tion of the monomers in solution was varied from 10 
to 30 wt was carried out.  There was a noticeable 
trend of the viscosities to increase as the monomer con- 
centration of the solution was increased. Fo r  the 
polymerization of bistetracyclone 3 with diethynyl- 
benzene 8, the best concentration appeared to  be 21z, 
since concentrations of 25 and  30z resulted in gel 
formation. Monomer concentrations of 21 z were 
used for all subsequent polymerizations. This unusual 
dependence of inolecular weight on  the monomer 
concentration has been reported in other cases. In the 
polymerization 'of bismaleimides with cyclopenta- 
dienones, the higher the monomer concentration, the 
higher is the reduced viscosity, and thus the molecular 
weight of the resulting polymer.5 

The light colored polyphenylenes were obtained in 
high yields (Table I) and showed good solubility in 
common organic solvents. There was a slight in- 
crease in the solubility of the polymers as the length 
of the methylene segment of the polymer chain increased. 
Clear films of all the polymers could be cast from 
chloroform. Tht: infrared spectra of these films were 
similar. The main difference occurred in the C-H 
stretching region" a t  2920 and  2850 cm-I; as the num- 
ber of methylene groups increased, the intensity of this 
doublet also increased. The  molecular weights of 
these polymers (Table 11) ranged from 30,000 to 60,000 
and the intrinsic viscosities from 0.36 to 1.5. 

The differential thermal analyses (DTA) of the poly- 

0.61 (79) 
0.4465 (77) 
0 9790(90) 
0,9850 (91) 
1.062 (98) 
0.8152 (75) 
0.9874 (91) 
1.035 (96) 
0.8960 (83) 
0.9504 (88) 

94.28 5.73 
94.28 5.73 
94.12 5.88 
94.12 5.88 
93.87 6.13 
93.87 6.13 
93.39 6.60 
93.39 6.60 
92.97 7.02 
92.97 7.02 

93. 
92. 
93. 
93 
93. 
91. 
92. 
91. 
93. 
92, 

13 5.74 
06 6.04 
98 5.75 
57 6.05 
61 6.29 
79 6.32 
76 7.18 
09 6.62 
16 7.26 
50 7.12 

TABLE I 1  
INTRIUSIC V l ~ C 0 5 1 T l t S  A N D  MOLECL LAR WEIGHTS 

---Polymer --- 
Methylene 

Polymer group Dienophile [7]" IMr? 

9a 
10a 
9b 

10b 
9c 

1oc 
9d 

10d 
9e 

10e 

nietn 
puru 

pu rcI 
meia 
pn rcI 
inetu 
pa ro 
mern 
pura 

I?letN 

0.36 
0.52 
0.61 
0.59 
0.71 
1.51 
0.60 
1.30 
0.48 
0.77 

46,500 
59,000 
58,400 
42,600 
45,100 
63,400 
48,500 
50,500 
31,300 
32,700 

a Intrinsic viscosities in toluene at 25". * Obtained with a 
Hewlett-Packard high-speed membrane osmometer using 
a superdense membrane at 30" in toluene. 

mers (Figures 3 and 4) gave poorly resolved curves 
showing several changes iii the slope of AT cs. T lines. 
There was a slight trend for the temperature of this 
main second-order transition to decrease as the number 
of methylene groups increased in the polymer. The 
polyphenylenes which were connected by meta linkages 
(Figure 3) had lower transition temperatures than the 

9,d 

9 b  
N 

5s 

(16) A study of i.he direction of addition taken during this 

( I  7) L. J. Bellamy, "The Infra-red Spectra of Complcx Mole- 
polymerization is currently under investigation. 

cules," John Wiley and Sons, Inc., New York, N. Y., 1958. 

LT, , , , . , , , , , , <  
300 400 100 200 

TEMPERATURE ( O C )  

Figure 3. Differentia! thermal analysis of Ya-e. 
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Figure 4. Differential thermal analysis of 10a-e. 
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Figure 5. Thermal gravimetric analysis of 10c. 

corresponding polyphenylenes with para linkages 
(Figure 4). This phenomenon has been noted in other 
polymeric systems such as the polyimides. l8 Polymer 
93 showed no  crystallinity as determined by an  X-ray 
powder pattern. 

Thermal gravimetric analyses (TGA) of the polymers 
(Table 111) revealed that the loss of weight under nitro- 
gen occurred in the range of 465-485". A double 
break in the TGA curve was observed for a11 the poly- 
phenylenes under an  atmosphere of air (Figures 5 and 
6). The polymers 9a, 9b. loa, lob, and 1Oc surprisingly 
showed greater thermal stability in air than in nitrogen, 
undergoing a weight loss a t  500-520". The second 
break in air occurred at  550-560" for all the polyphenyl- 
enes. This high thermal stability of polyphenylenes 
which contain aliphatic linkages in the backbone of the 
polymer chain is quite unusual. An insight as to the 
mode of decomposition of the polymers in nitrogen 
was given by a comparison of the infrared spectra of the 
polymer before and after heating to a temperature just 
above the decomposition temperature (500"). After 

(18) S.  Nishiiaki and A.  Fukn~ni ,  K o g w  Kugclku Zusshi, 66, 
382 (1966): ('hem. Absrr.. 64, 17. 729c (1966). 

Y) 
Y) 
0 J 

L 

I- z 
Y 0 

20 4 

40 - 

- - - - Nitrogen 

200 3 00 400 500 600 

T E M P E R A T U R E  L'C.1  

Figure 6. Thermal gravimetric analysis of 9e. 

this treatment, the brown, completely insoluble poly- 
mer showed a decrease in the intensity of the C-H 
stretching peaks a t  2920 and 2850 cm-l and also a de- 
crease in the maxima a t  755 and 695 cm-', attributable 
to C-H bending of five adjacent hydrogens on  the pen- 
dant phenyl groups. l7 These results substantiate at  
least a partial loss of the methylene linkage and some 
of the pendant phenyl groups. 

The decomposition of the polyphenylenes in air was 
more extensive than in nitrogen, as evidenced by the 
infrared spectra taken a t  the start of the decomposition 
in air a t  520". A considerable broadening of the 
peaks had occurred and the C-H stretching doublet 
was barely visible in the spectrum. An infrared spec- 
trum taken after the second break in the TGA curve 
a t  560" showed the complete disappearance of the 
doublet a t  2920 and 2860 cm-I and only very broad 
peaks in the 900-700-cm-l region. The black polymer 
residue probably consisted of a cross-linked, poly- 
nuclear structure. The weight loss between the first 
and second breaks in the thermal gravimetric analysis 
curves (Figures 5 and 6) ranged from 15 to 30%. 
This weight loss is equivalent to the loss of all of the 

TABLE 111 
THERUAL GRAVIMETRIC ANALYSES OF POLYMERS 

9a-e AND loa-e 

TGA 

Poly mer (nitrogen) (air) 
dec pt," "C Temp, 'C 

9a 
10a 
9b 

10b 
9c 

1oc 
9d 

10d 
9e 

10e 

470 
470 
485 
485 
485 
485 
480 
480 
465 
465 

520,560 
500.540 
520,560 
51 5,570 
470,560 
520,560 
460,560 
475 ~ 550 
430,560 
440,550 

n The temperatures of decompositioii reported are those 
corresponding to the intersection of the slopes of the two 
I i 11 es , 
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methylene groups and  at least one benzene ring per 
recurring unit of the polymer. 

Experimental Section 
Monomers. 3,3'-Propylenedi-p-phenylenebis(2,4,5-tri- 

phenylcyclopentadienone) (2) was prepared as previously 
described.'& From the reaction of 11.3 g (0.054 mol) of 
benzyl ketone and 8.2 g of 2e1j and 1.0 g (0.018 mol) of 
potassium hydrolxide was obtained 10.0 g (6873 of purple 
crystals, mp 248-251 (lit.15 mp 248-255'). Approxi- 
mately 1 .O g of this product was dissolved in 10 ml of chloro- 
form and chromatographed on Woelm neutral alumina 
with toluene as eluent. Evaporation of the toluene and 
recrystallization of the resulting solid from benzene-ethanol 
gave 0.8 g of purple crystals, mp 259-262" (lit.lj mp 255- 
256"). 

Ann/. Calcd for C,1H4aOn: C, 90.54; H, 5.48. Found: 
C, 90.46; H, 5.88. 
p,p'-Diphenylglyoxalyl-l,4-diphenylbutane (3e). Prepara- 

tion of this compound as described'j was abandoned be- 
cause starting material was recovered at the end of the re- 
action. A mixture of 44.1 g (0.098 mol) of 3dI5 and 23.3 g 
(0.21 mol) of selenium dioxide in 250 ml of dioxane was 
allowed to reflux for 12 hr. The mixture was filtered and the 
solvent was removed at reduced pressure to afford a yellow 
solid. The impure product was redissolved in glacial acetic 
acid and the red solution, after evaporation of the acetic 
acid to one-half the starting volume, was filtered by gravity 
to remove any remaining selenium. The filtrate was cooled 
in ice and the precipitated product was filtered. taken up in 
acetone and chromatographed on Woelm acid alumina 
with acetone as eluent. Evaporation of the acetone and 
recrystallization (of the resulting solid from ethanol-acetone 
gave 22.1 g (45'7,) of yellow powder, mp 148-151' (1it.l; 
mp 149.5-151"). 

3,3 '-Butylene~di-p-phenylenebis(2,4,5-triphenylcyclopenta- 
dienone) (3). Since benzyltrimethylammonium hydroxide 
(Triton B) in triethylene glycol afforded higher melting prod- 
ucts in this condensation than potassium hydroxide in eth- 
anol, the rest of the tetracyclones were synthesized by the 
following method. To a solution of 15.8 g (0.033 mol) of 3e 
and 14.02 g (0.067 mol) of benzyl ketone in 100 ml of tri- 
ethylene glycol hieated to 100" was added 2 ml of 40% solu- 
tion of Triton B in methanol. After the temperature of the 
solution dropped to 80", 15 ml of methanol was added and 
the solution wa:j allowed to cool to room temperature. 
After filtration of the mixture. the black solid was washed 
with cold absolute alcohol, redissolved in hot benzene and 
added dropwise to absolute alcohol. The dark purple 
crystals, which were obtained after cooling and filtering 
the solution, were dissolved in chloroform and chromato- 
graphed on Woelm neutral alumina with toluene as eluent. 
Evaporating the toluene to dryness on a roto evaporator, 
dissolving the resulting solid in benzene and adding the 
purple benzene solution dropwise to absolute alcohol 
afforded 5.3 g (18z) of dark purple crystals, mp 252-253' 
(lit. mp 234-2358'). 

A m / .  Calcd for CsaHlsOs: C,  90.47; H, 5.63. Found: 
C, 90.33; H, 5.64.. 
p,p'-Diphenylgl1yoxalyl-1,6-diphenylhexane (4e) was pre- 

pared by a method analogous to that described for 3e. 
From the reaction of 9.86 g (0.021 mol) of 4d1j and 4.8 g 
(0.044 mol) of selenium dioxide in 250 ml of dioxane was 
obtained 6.1 g (58%) of yellow solid, mp 117-120" (1it.l5 
mp109-111C). 

3,3 '-Hexylenetli-p-phenylenebis(2,4,5-triphenylcyclopenta- 
dienone) (4) was synthesized under the same reaction con- 
ditions described for 3. The reaction of 6.1 g (0.012 mol) 
of 4e, 5.17 g (0.024 mol) of benzyl ketone and 1.5 ml of 
4 0 z  solution of Triton B in 20 ml of triethylene glycol 

yielded 3.08 g (28%) of red-purple crystals, mp 215-217" 
(lit.limp 109-110'). 

Anal. Calcd for C64H:,002: C, 90.32; H,  5.92. Found: 
C, 90.09; H, 5.69. 

1,lO-Diphenyldecane (512). A mixture of 360 g of mossy 
zinc, 36 g of mercuric chloride, 36 ml of concentrated hydro- 
chloric acid, and 500 ml of water was stirred for 5 min. The 
aqueous solution was decanted and to the zinc amalgam was 
added sufficient concentrated hydrochloric acid to cover 
about one-half of it, followed by 40 g (0.12 mol) of 1,lO- 
diphenyl-1,lO-decadione (5b)lg in 650 ml of xylene. The 
mixture was heated under reflux for 7 hr, during which time 
gaseous hydrogen chloride (generated by dropping concen- 
trated sulfuric acid into a mixture of sodium chloride and 
hydrochloric acid) was passed into the bottom of the flask 
to replace losses. At the end of the reflux time, a fresh 
sample of zinc-mercury amalgam was prepared (using one- 
half the starting amounts of zinc and mercury) and was 
added to the reaction mixture. After 24 hr of reflux, the 
mixture was cooled and the two layers were separated. 
The xylene layer was dried over anhydrous sodium sul- 
fate and concentrated on a roto evaporator to give a yellow 
oil. The infrared spectrum of the oil showed only a trace 
of a carbonyl peak. Distillation of the product under 
reduced pressure afforded a colorless viscous oil, bp 180-1 90' 
(0.05 mm) (lit.20 bp 240" (14 mm)), in a yield of 20.3 g 
(58 z). The infrared spectrum showed no carbonyl absorp- 
tion at 1700cm-l. 
p,p'-Diphenacetpl-1,lO-diphenyldecane (5d) was prepared 

by a method analogous to that described for 3d.16 From 
the reaction of 26.1 g (0.088 mol) of 5c, 27.2 g (0.176 mol) 
of phenylacetyl chloride and 35.2 g (0.26 mol) of aluminum 
chloride was obtained 20.5 g (45%) of white product. mp 
95 '. The nuclear magnetic resonance spectrum showed 
four main peaks: 7$f1E1' 8.7 (-(CHs),- multiplet), 7.4 (-CH,- 
CsH3 triplet), 5.8 (-CHzC(=O)- singlet), 2.8. 2.1 (CfiH8 
split multiplet). Integration of the areas of the peaks of 
the nmr spectrum agreed with the theoretical values of the 
types and numbers of protons present in this compound. 

A n d .  Calcd for C3sHa202: C, 85.99; H. 7.97. Found: 
C, 85.92; H,  7.71. 
p,p'-Diphenglglyoxalgl-l,lO-diphengldecane (5e) was syn- 

thesized under the same reaction conditions described for the 
preparation of 3e. When the reaction of 20.5 g (0.038 
mol) of 5d and 17.2 g (0.155 mol) of selenium dioxide was 
allowed to reflux for 3 days. a yellow product, mp 85-86', 
was obtained in a yield of 6.8 g (32%): nmr, T:.;:'~ 8.7 
(-(CH+- multiplet), 7.4 (-CH2CsHa triplet), 2.5, 2.0 (CsHs 
split multiplet). Integration of the nmr spectrum con- 
firmed the structure. 

A d  Calcd for C38H8101: C. 81.69; H, 6.85. Found: 
C, 81.18; H, 6.79. 

3,3 '-Decylenedi-p-phenylenebis(2,4,5-triphenylcyclopenta- 
dienone) (5) was Synthesized under the same reaction con- 
ditions described for 3. The reaction of 3.16 g (0.0056 mol) 
of 5e, 2.37 g (0.01 1 mol) of benzyl ketone. and 1 .O ml of 40 
solution of Triton B in 20 ml of triethylene glycol yielded a 
black-purple solid which was dissolved in chloroform and 
chromatographed on Woelm neutral alumina with benzene as 
eluent. Evaporation of the benzene to dryness on a roto 
evaporator yielded a dark purple oil which could not be 
induced to crystallize from benzene-ethanol. T h e  oil was 
then dissolved in acetone and added dropwise to 95 alcohol 
to yield 2.1 g (41%) of light purple solid: mp 158-160"; 
nmr spectrum, 7 ; , 3  8.7 (-CH,)]o- multiplet), 3.1, 2.8 
(CsH8 split multiplet). Integration of the nmr spectrum 
confirmed the structure. The presence of only one com- 

(19) C. G. Overberger and M. Lapkin, J .  Amer.  Cheni. Soc.,  

(20) W. Borsche and J. Wollemann, Ber., 44, 3185 (191 1). 
77, 4651 (1955). 
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pound was shown by thin layer chromatography on silica gel 
with benzene as eluent. 

Anal. Calcd for C68Hj502: C, 90.03; H, 6.44. Found: 
C, 89.86; H, 6.35. 
1,14-Diphenyl-1,14-tetradecadione (6b). The procedure 

for the preparation of this compound is the same as that 
described for 5b. l9 Tetradecanedioyl chloride (6a) was 
prepared from the reaction of tetradecanedioic acid (Ald- 
rich Chemical Co.) with thionyl chloride. The excess 
thionyl chloride was removed under reduced pressure and 
the acid chloride residue was used without purification. 
From the reaction of 92 g (0.69 mol) of aluminum chloride 
and 68 g (0.19 mol) of tetradecanedioyl chloride in 600 ml 
of dry benzene was obtained 61 g (85 %) of product, mp 95- 
96". Three recrystallizations from absolute alcohol and a 
final recrystallization from methanol afforded white crystals: 
mp 102-103"; nmr spectrum, 7:.::l3 8.7 (-(CH&o- mul- 
tiplet), 7.1 (-CH2C(=O)- triplet), 2.5, 2.0 (C& split mul- 
tiplet). 

A n d .  Calcd for CZfiHS4O2: C, 82.49; H, 9.05. Found: 
C, 82.45; H, 9.05. 

1,14-Diphenyltetradecane (6c) was synthesized under the 
same reaction conditions described for the preparation of 5c. 
From the reduction of 61 g (0.17 mol) of 6b with zinc- 
mercury amalgam in xylene was obtained 22.2 g (3773 of 
colorless oil: bp 220" (0.3 mm) (lit.21 bp 262-265" (8 mm)) 
which solidified on standing; mp 36-37; nmr spectrum, 
7,::ii3 8.7 (-(CH*)]~- multiplet), 7.4 (-CH2C& triplet), 
2.8 ( C & , ) .  The infrared spectrum showed no carbonyl 
absorption at 1700 cm-'. 

p,p'-Diphenacetyl-1,14-diphenyltetradecane (6d). The 
procedure for the preparation of this compound is the same 
as that described for the preparation of 3d.l: From the 
reaction of 22.2 g (0.063 mol) of 6c, 19.5 g (0.13 mol) of 
phenylacetyl chloride and 25.2 g (0.19 mol) of aluminum 
chloride was obtained 15.1 g ( 4 1 z )  of white solid: mp 
98-100"; nmr spectrum, 7T.\33 a 8.7 (-(CH&- multiplet), 
7.4 (-CH2CfiH, triplet), 5.8 (-CH2C(=O)- singlet), 2.8, 
2.1 (C6H6 split multiplet). 

Anul. Calcd for C42H,o02: C, 86.87; H, 8.59. Found: 
C, 86.91 ; H, 8.27. 
p,p'-Diphenylglgoxalyl-l,l4-diphenyltetradecane (6e) was 

synthesized under the same reaction conditions described for 
the preparation of 3e. The reaction of 15.0 g (0.025 mol) 
of 6d and 9.0 g (0.08 mol) of selenium dioxide in 300 ml of 
dioxane yielded 10.9 g (71%) of yellow product: mp 75- 
76'; nmr spectrum, 7;%la 8.7 (-(CH2)11- multiplet), 7.4 
(-CH,C6Hs triplet), 2.5, 2.0 (C& split multiplet). 

A w l .  Calcd for C12H1601: C ,  82.05; H, 7.54. Found: 
C, 81.94; H,  7.73. 

3,3 '-Tetradecylenedi-p-phenylenebis(2,4,5-triphenylcycl0- 
pentadienone) (6) was synthesized under the same reaction 
conditions described for 3. The reaction of 6.0 g (0.0097 
mol) of 6e, 8.2 g (0.039 mol) of benzyl ketone and 1 ml of 
40z solution of Triton B in 20 ml of triethylene glycol yielded 
11.0 g of black solid which was purified by "dry column" 
chromatography with silica gel as packing and benzene as 
solvent. The first fraction was collected by cutting the 
packed nylon tubing at the point where the first purple band 
ended. The product was then removed from the silica gel 
by washing the silica gel with anhydrous ether in a sintered 
glass funnel. Evaporation of the ether yielded a purple oil 
which was dissolved in acetone and added dropwise to 95 % 
alcohol. Filtration of the precipitated product at€orded 
3.1 g (3373 of dark purple solid: mp 115-117"; nmr 
spectrum, 7T.\,8 8.7 (-(CHz),,- multiplet), 3.1, 2.8 ( C d s  
split multiplet). Integration of the nmr spectrum con- 
firmed the structure. Thin layer chromatography on silica 

CDCl 

CDCl 

gel with benzene as eluent showed the presence of only one 
compound. 

Anal. Calcd for C72H6602: C, 89.77; H, 6.90. Found: 
C, 89.87; H, 6.90. 

m-Diethynylbenzene (7) was prepared as previously de- 
scribed. * 2  Distillation of the product under reduced pres- 
sure yielded a clear liquid: bp 30" (0.25 mm) (lit.22 bp 78" 
(1 4 mm)). 

p-Diethgnylbenzene (8) was obtained by the dehydro- 
bromination of p-diethyldibromobenzene. 2*  Before each 
polymerization, p-diethynylbenzene was resublimed to 
yield colorless plates, mp 92-95" (lit.22 mp 95"). 

Solvent. The solvent used throughout for polymerization, 
membrane osmometry, and viscosity measurements was 
reagent-grade toluene. No attempt to purify it further was 
undertaken. 

Polymers. All polymerizations were carried out by the 
same method (Table I); a typical polymerization to yield 
the poly(hexapheny1pentaphenylene butane) (lob) was run 
as follows. A mixture of 0.1533 g (1.215 mmol) of p-di- 
ethynylbenzene (8) and 1.OOO g (1.215 mmol) of 3,3'-butyl- 
enedi-p-phenylenebis(2,4,5-triphenylcyclopentadienone) (3) 
was placed in a 20-ml polymerization tube with 5.0 ml of 
toluene. The contents of the tube were degassed by several 
freeze-thaw cycles at liquid nitrogen temperatures and then 
sealed in cacuo. Toluene (300 ml) was added to a 11 Parr 
pressure reactor, the tube was placed inside, and the reactor 
was closed and heated to 225" for 24 hr and 250" for 12 hr. 
After the reactor had cooled to room temperature, the con- 
tents of the tube were poured into 250 ml of acetone. The 
precipitated polymer was filtered and dried in C U C L ~ O  at 
room temperature for 24 hr. The white polymer, [VI = 
0.59 (25" in toluene), was obtained in a yield of 0.9850 g 
(91 z). An analytical sample was prepared by dissolving 
the polymer in benzene, freezing the solution in a Dry Ice- 
acetone bath, and removing the solvent at reduced pressure 
for 24 hr. 

Physical Determinations. A. Viscosities. All viscosities 
(intrinsic) were taken on toluene solutions of 0.25 g of poly- 
mer/100 ml of solvent at 25" with a Cannon-Ubbeholde 
microdilution viscometer, No. 75. The intrinsic viscosities 
for the polymers are listed in Table 11. 

B. Film Formation. The most suitable method for pro- 
ducing films of the polymers was to cast them from concen- 
trated solutions of chloroform onto glass plates. The glass 
plates were placed in a hood to dry and the film was stripped 
from the plate. The film was then dried in cucuo at 110" 
for 24 hr. The polyphenylene films were yellow, translucent, 
very soft and flexible. 

Thermal Gravimetric Analysis and Differential Thermal 
Analysis. The thermal stabilities of the polymers (Figures 
5 and 6) were measured both in air and nitrogen atmosphere 
on a Du Pont 950 thermogravimetric analyzer by heating a 
continuously weighed polymer sample (20 mg) from 25 to 
800" at a rate of Sc/rnin. 

The differential thermal analyses of the polymers (Figures 
3 and 4) were carried out on a Du Pont 900 differential ther- 
mal analyzer. The samples were heated under an atmo- 
sphere of nitrogen at a rate of 2OC/min. 

D. Molecular Weights. The molecular weights (Table 
11) were obtained with a Hewlett-Packard high-speed mem- 
brane osmometer using a superdense membrane at 29.5" in 
toluene. The concentrations of the solutions ranged from 
10 to 0.5 g/1. 
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