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ABSTRACT

9,10-Dihydroanthracene-9 fIQ^dicarboxylic acid (VI) 
was prepared in 22% yield by sodium reduction of anthracene 
followed by carboxylation with carbon dioxide. Treatment 
of (VI) with S0C12 and pyridine catalyst gave quantitatively
9,10-dihydroanthracene-9,10—diacid chloride (VII)f mp 154— 
155° from benzene. Solution polymerization of piperazine 
with anthraquinobishetene (I) gave polyamide (VIII).
Attempts to isolate pure (I) through dehydrohalogenation 
of (VI) with triethylamine in benzene or 2,2,6,6- 
hexamethylpiperidine in THE resulted in crude ketene 
products. Interfacial polymerization of (VII) with m- 
phenylenediamine, hexamethylenediamine, and piperazine 
yielded polyamides (IX) , (.X), (XI) . Hydroquinone was
alkylated with isopropanol in aqueous ZnClg solution to
2,5-diisopropylhydroquinone, (XIII) mp 168° from benzene. 
Copolymerization of (XIII) in nitrobenzene with (VII) gave 
poly-9,lO-dihydroanthracene-9,10-diisopropylhydroquinone- 
dicarboxylate (XII).
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INTRODUCTION

The objective of this work was to prepare bis- 
ketenes for use as monomers for polyamide and polyester 
synthesis.

HpN-R-NHp 0 0
S  fRCH-C -NH -R -NH-C -CHR>

0 = 0 — CH-R-CH— 0 = 0
(1)

H 0 -R -0 H  0 0
[—0 —0 —R - 0  —0 - CHR )•

Ketenes are extremely reactive toward nucleophiles, 
such as water, alcohols, and amines yielding carboxylic 
acids, esters, and amides [1].

0
r  .h 2 °  * R 2 C H -6 -0 H

R0H , 0  (2 )
R 2 C =  C =  0 -  ■•> RgCH-C-OR

I ^ 2 ^  R 2CH -?-N H R

The above reactions are heterolytic processes 
involving nucleophilic attack on the carbonyl carbon atom 
followed by proton transfer to the g-carbon. Inert 
solvents, such as ether and aromatic hydrocarbons, are used 
for the synthesis of ketenes.



With regard to bis-ketenes only four have been 
reported in the literature (I [2, 3], II [31, III [3], IV
[4]), and generally they are highly reactive and difficult 
to purify and handle.

a

i.

□
, 2 5 6

IV

Dutt and Marvel [5] reported the polymerization of 
anthraquinobisketene (IE) with m-phenylenediamine in both 
benzene and a 1:1 benzene dimethylacetamide solvent. In 
this case, the monomer was used as prepared in situ without 
purification. "

(3)

V



The polyamide (V) was prepared in quantitative yield 
by adding m-phenylenediamine directly to the orange-red bis- 
ketene benzene filtrate without isolation of the hi.S-ketene.
The precipitated product in the benzene, medium was low%
molecular weight = 0.15; 0.5% con. in DMA) due to the
insolubility. In benzene-dimethylacetamide medium, the 
molecular weight increased (.0^^ = 0.62; 0.5% con. in DMA), 
and the polymer remained in solution. The product obtained 
was a yellow powder, soluble in DMA, with a softening range 
between 270-285° [5].

One of the practical aspects of the problem is the 
need or desire to find a replacement for bis—isocyanates as 
monomers used to prepare polyurethanes„ Although poly
urethanes have many uniquely desirable properties, ,the 
toxicity of the isocyanate precursors is a serious 
industrial problem. Polymerization of bis-ketenes with, 
glycols or diamines [Eg. Cl)] would be expected to yield 
the same polymers as one would obtain from a bis-acid
chloride, yet the use of bis-ketenes would not result in
the formation of HC1 nor involve corrosion problems which
accompany the formation of chloride ion in commercial
processes using steel equipment.

The first bis-ketene, anthraquinodiketene (T) was 
reported by Blomquist and Meinwald [2] in 1957, It was 
attempted to repeat this preparation and examine I_ as a 
monomer.



Cis and txans 9,lO-dihydroanthracene-9,10- 
dicarboxylic acid (VI) may be prepared by sodium reduction 
of anthracene followed by carboxylation with carbon dioxide 
[6, 7, 8]. The separation of isomers is possible due to 
the relative insolubility of the trans isomer in methanol.

lo Na
2 o C0o/ether

h 3o
2G^ yield

(4)

cis and trans
(iiD :
VI

9,10-Dihydroanthracene-9 ,1.0-diacid chloride (VII) 
has been prepared by Blomquist in quantitative yield fromti...;." 
a mixture of cis and trans diacids by treatment with 
phosphorus pentachloride in benzene [3].

(5)

Blomquist and Meinwald [2] then isolated (jE) by 
dehydrohalogenation of the acid chloride (VII) with tri- 
ethylamine.
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0H C0C1 5
Et^N
-2 k (6)

C10C ̂  H
0H

The bis-r-ketene Cl) was found to react with oxygen, 
water, methanol, and aniline. The oxygen product Cmp 175- 
178°) was highly insoluble in organic solvents and shows 
two absorptions in the carbonyl region at 1785 cm and 
1750 cm Refluxing this solid in aqueous sodium hydroxide
yielded the trans dicarboxylic acids. Reaction of 
anthraquinobisketene with methanol and aniline gave the 
esters and anilides respectively [2].



RESULTS AND DISCUSSION

A mixture of cis and trans 9,10-dihydroanthracene-
9,10-dicarboxylic acids (.VI) was prepared by sodium 
reduction of anthracene followed by carboxylation with 
carbon dioxide in ether [6, 7, 8].

Na« EtoO y
Na

1, COg, EtgO
2o HjO❖

(7)

VI

An excess of finely divided sodium was added 
directly to a suspension of anthracene in ether, and a blue 
color appeared within minutes. After stirring for several 
hours, the solution was added to a carbon dioxide slurry, 
and the acids were extracted with NaOH solution. After 
acidification of the aqueous extract, the crude acid mixture 
was isolated, mp 265-270°. Stirring the crude acid mixture 
in methanol gave VI in 22% yield, mp 305-306°. The melting 
point is in accord with the trans acid reported by Beckett 
and Lingard [6], and the IR spectrum indicates carboxylic



— 1acid with a broad absorption at 3300-2700 cm . The
carbonyl of the trans VI; appears at 1690 cm in contrast

-1to the cis acid which absorbs at 1708 cm [9]. In the 
NMR spectrum, the eight aromatic protons appear as a 
singlet at 6 7.3 and the two benzylic protons show a 
singlet at 6 5.1. The UV absorption spectrum is typical 
of that of 9,10-dihydroanthracene derivatives with 
absorptions 252, 266,268 mu, and a shoulder at 264 mu [6]. 
The 9,10-dihydro protons appear as a singlet. The guasi- 
axial and quasiequatorial protons appear equivalent due to 
the rapid center ring interconversion of the boat con
formation [10J .(Table 1).

Table 1. Chemical shift of benzylic proton in 9,10— 
dihydroanthracenes.

Compound ' -Shift (6) Ref.
9.10-Dihydroanthracene 3.87 [11]
9.10-Dimethyl-9,10-dihydroanthracene 3.82 [11]
Photodimer of anthracene 4.45 [12]
9.10-Dihydroanthracene-trans-9,10- 

dicarboxylic acid 5.1
Triptycene 5.3 [12]
9.10-Dihydroanthracene-9,10-diacid 

chloride - 5.6



Trans I, inp 3059, v?as used to prepare 9,10^ 
dihydroanthracene-9,10-diacid chloride (VII) by refluxing 
in thionyl chloride with a drop of pyridine catalyst,

H C02H
sooi

( ) K )] •— — — — ^
pyridine . cat o 

HQzc H 
VI

After removal of the excess thionyl chloride the
yellow solid VII was obtained in quantitative yield, VII
recrystallizes in dry benzene as yellow n eedlesmp 150-

—1154°, IR indicates acid chloride at 1785 cm and shows
—1 —1 the absence of carboxylie acid 3300 cm and 1695 cm ,

The eight aromatic protons and the two benzylic protons 
appear at 6 7.4 and S 5,6 respectively. The acid chloride 
may also be purified by sublimation (100Q/0.1 torr). The • 
product is presumably the trans isomer. Cjs VI isomerizes. 
to the trans VI when treated with acid [3], Although 
quasiequatorial substituents are. subjected to greater non- 
binding forces than the quasiaxial groups, two carboxyl 
groups may exert stronger repulsive forces in the quasi
axial position favoring the trans configuration,

Several attempts were made to prepare anthraquinobis- 
ketene as reported by Blomquist and Meinwald [2]. However, 
in the majority of the preparations, the IR spectrum of the

H C0G1

C10C H
(8)



red product not only exhibited the ketene at 2100 cm , but 
also contained additional absorptions in the carbonyl

— 1 _ iregion at 1785 cm and 1750 cm . In addition, after
heating to 50° or after prolonged standing, the ketene peak 

-'1at 2100 cm disappeared, and the carbonyl absorptions 
intensified and broadened. Increasing reaction times with 
triethylamine to as long as two days did not improve the 
results. Nor did the addition of excess trie thy1amine to 
the diacid chloride and to the red solid residue which had 
previously been prepared diminish the intensity of the 
carbonyl absorptions. Sublimation of the crude ketene 
mixture failed to yield pure ketene. The reaction of the 
bis-acid chloride with 2,2,6,6-tetramethylpiperidine in THF 
was attempted with similar results. Freeze drying the red 
benzene filtrate immediately upon preparation also failed 
to yield pure ketene.

It was noted earlier that Blomquist observed 
reaction of the bis-ketene with oxygen to give a product

-iwhose IR contained carbonyl frequencies 1785 cm and 1750 
cm ; however no structure was reported. Ketenes are known 
to dimerize to form 8-lactones [12]. Yet,. this structure 
may be ruled out on the basis of IR spectrum since 6- 
lactone carbonyls absorb at 1850-1818 cm .

Analysis of the crude ketene product indicated less 
than 0.1% Cl and a low C content. Presumably, the product 
was a mixture of anthraquinobisketene and the products
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resulting from the reaction of ketene with oxygen 
impurities.

Although it was not possible to prepare the bis-
ketene CO in pure form, it was of interest to determine 
if a polymer could be obtained from the crude product.

the usual manner with triethylami-ne under nitrogen arid 
after removal of the triethylamine hydrochloride by 
filtration, the benzene solution was treated with piperazine 
in DMA for 0.5 hr at 50°. After filtration, a 40% yield of 
polymer was obtained. The polymer was soluble in tri-

-1fluoracetic acid and displayed an amide band at 1625 cm , 
n . v - 0.25 in sulfuric acid.

•Consequently, the bis-acid chloride (VII) was treated in

I
(9)

VIII



Because of the difficulty in preparing pure bis— 
ketene it was of interest to compare polymers from the bis- 
acid chloride which could be obtained very pure,

Poly-9,10-dihydroanthracene-9,10-dicarboxamides were 
prepared by interfacial polymerization of VII with m- 
phenylenediamine, hexamethylenediamine, and piperazine.

NH— t-X
(10)

:2 %-nh4- ■

XI

Poly-9,10-dihydroanthracene-9,10-m-phenylenediamine- 
dicarboxamide IX was comparable to the product obtained by 
Dutt and Marvel [5] through solution polymerization of m- 
phenylenediamine with the bis-ketene. The polymer was a 
pale yellow solid, dec. 270-275°, rij.̂  = 0.52? 0.5% cone in 
DMA, and the IR was identical to that reported.

Poly-9,10-dihydroanthracene-9,10-hexamethylenedi- 
amine (X) was a pale yellow material, dec. 272-275°, 
insoluble in methanol, benzene, pet ether, acetonitrile.

h  coci

cidc H
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DMA, DMSO and glacial acetic acid, but soluble in con HgSO^ 
and phenol. 1R indicated NH at 3400-3300 cm \  and the amide 
carbonyl at 1650 cm . The polymer had = 0.37; 0.5%
cone in con HgSO^, and would form a brittle transparent film 
upon compaction.

Poly-9,10-dihydroanthracene-9,10-piperazine- 
dicarboxamide (XI) was a light white powder that decomposed 
at 295-298°, and was soluble in .■ IR indicated an
amide and 0^ ^ = 0.41 (0.5%) in con HgSO^.

A polyester was prepared from (VII) by solution 
polymerization with 2,5-diisopropyIhydroquinone in nitro
benzene. The isopropyl groups were introduced to increase 
polymer solubility.

H C0C1
+

(ID

XII



13
2,5-Diisopropylhydroquinone (XIII) was prepared by 

alkylation of hydroquinone with isopropyl alcohol in 
aqueous ZnC^ solution according to the procedure reported 
by Bogolyski [13]„

iprOH
ZnGl,

□
(12)

The desired disubstituted hydroquinone XIII may be 
purified by heating the reaction^products in water to 80°, 
collecting the water insoluble precipitate, and treating 
this substance with acetic anhydride to convert the 
hydroquinone to the diacetate. The water insoluble 
diisopropylhydroquinone-diacetate after saponification and 
recrystallization from benzene gave VII, mp 165-168°, in 
15% yield based on hydroquinone. IE shows a strong band 
at 3420 cm and NMR shows a singlet with 2 H's at 8.2 ppm 
indicating the phenolic protons.

Polymer VIII was obtained in 25% yield with =
0.16; 0.25% cone. in DMA. The polyester was highly 
thermally stable, mp (dec) 310-15°.



SUMMARY

Although it was not possible to prepare bis-ketene IE 
in a pure state, the result of the polymerization experiment 
on the dehydrochlorinated bis-acid chloride clearly shows - 
that the bis-ketene along with its byproducts may be used 
as highly reactive monomer in a condensation polymerization 
which did not involve the elimination of hydrogen chloride.

In addition, several new potentially useful polymers 
from the dihydroanthracene bis-acid chloride VII were 
prepared. The rigid structure of the anthracene ring un
questionably contributes to the high melting point of these 
polymers. Polymer IX is similar to aramid fibers which have 
remarkably high tensile strengths and further examination of 
.this polymer and XI is certainly warranted.

The polyester Xll is also a very high "nearly" fully 
aromatic polyester which is soluble in DMA in contrast to 
the well known poly-p-hydroxybenzoate, a polymer well known 
for its good mechanical and thermal properties.

14



EXPERIMENTAL

Materials
Benzene and THE were dried by distilling from sodium 

in the presence of benzophenone and stored over molecular 
sieves. Nitrobenzene was washed well with water, dried 
over calcium chloride, and distilled three times from 
phosphorus pentoxide. Thionyl chloride was doubly distilled 
from small amounts of triphenyl phosphite. m-Phenylenedi- 
amine was recrystallized several times from water and

x

decolorizing.carbon to mp 92-95°. Hexamethylenediamine was 
sublimed at 60°/0.8 mm to mp 39-40°. Piperazine was re
crystallized three times from ethanol, mp 108°. 2,2,6,6-
Tetramethylpiperidine was dried by distilling from calcium 
- hydride. Anthracene was obtained from Fischer Scientific 
Co. and was used without further purification.

Instrumentation 
Melting points were recorded on Mel-Temp apparatus 

and were uncorrected. IR spectra were recorded on a Perkin- 
Elmer 710A and calibrated with polystyrene film. UV 
spectra were recorded on a Carey 14 spectrophotometer.
"*"H NMR spectra were recorded on a Varian T-60 (60 M-Hz) 
using TMS as an internal standard. Analyses were determined 
at the University of Arizona analytical center, Tucson.

15



16
9,10-Dihydroanthracene—9 , lO-'-dicarboxylic Acid (VI) [6]

Anthracene, 10.0 g (0.06 mole) and 4.0 g (0.18 
mole), finely divided sodium were stirred in 150 ml absolute 
ether overnight. The mixture was then added to an excess 
of ethereal carbon dioxide slurry. Absolute alsohol (50 ml) 
was added to destroy excess sodium, and the mixture was 
extracted with 300 ml 0.5 N NaOH solution. The aqueous 
layer was acidified with con HC1, and the precipitate was 
extracted with 100 ml ethyl acetate. The ethyl acetate 
was removed under vaccum, and the yellow residue was ■; .
refluxed in 200 ml 5% NaOH solution for 1 hr, allowed to
cool to room temperature, and filtered. After acidification 
of the filtrate, 11.1 g of yellow solid was recovered, mp 
265°, and stirred rapidly in 100 ml methanol at room 
temperature for 1.5 hrs. The white precipitate was 
filtered and dried, recovering 3.3 g, mp 305-6°, 22% yield 
based on anthracene. NE: calculated 134; found 138.
IR (KBr): 3300-2700, 1695 cm . NMR (DMSO-d6): 6 = 7.3 (s,
8 H), 5.1 (s, 2 H) ppm.

9,10-Dihydroanthracene-9,10-diacid 
Chloride (VII)

9,10-Dihydroanthracene-9,10-dicaiboxylic acid,
2.7 g (9.7 mmole), was refluxed in 40 ml SOCI2  and one drop
pyridine for 1 hr. The excess SOCI2  was removed under
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vacuum yielding quantitatively 9,10-dihydroanthracene-9,10- 
diacid chloride, mp 154-5° after recrystalization from 
benzene. %R (KBr): 1785 cm NMR (CDClg): 6 = 7.4 (s,
8 H), 5.6 (s, 2 H) ppm.

Polymerization of Anthraquinobisketene 
and Piperazene (Polymer)

To 6.0 g (0.02 mole) 9,10-dihydroanthracene-9,10- 
diacid chloride in 30 ml dried benzene was added 5.4 ml 
(0.04 mole) triethylamine. An orange precipitate formed 
instantly and the mixture was stirred for 3 hrs under 
nitrogen at room temperature. The triethylamine hydro- ,>.•■ 
chloride precipitate was filtered, and 2.0 g (.0.02 mole) 
piperazine in 30 ml DMA was added to the red filtrate while 
stirring. A yellow precipitate formed instantly, and the 
mixture was stirred 0.5 hr at 50°. The precipitate was 
-filtered, washed well with benzene, recovering 2.4 g, 40% 
yield polymer, dec. 290-295°. IR (KBr): 3350, 1625 cm 1.
NMR (F3CC02D): 6 = 7.4 (m, 8 H), 5.8 (m, 2 H), 4.6-3.0 (m,
8 H) ppm. 0.^^ - 0.25; 0.5% conc. in con E^SQ^. Analysis 
calculated for C2QH^gN202: C, 75.4; H, 5.6; N, 8.8. Found: 
C, 71.6; H, 5.5; N, 8.7.

Attempted Preparation of Anthraquinobisketene 
with Triethylamine

9,10-Dihydroanthracene-9,10-diacid chloride, 3.3 g 
(0.11 mole), was dissolved into 30 ml dry benzene. 
Triethylamine, 3.1 ml (0.022 mole), was added dropwise



while stirring under nitrogen. An orange precipitate formed 
instantly, and the mixture was stirred at room temperature 
for 6 hrs. After filtration, the red benzene filtrate was 
concentrated under vacuum leaving 1.8 g (.70%)- orange solid, 
thermal transformation from orange to red at 148°, IR (KBr); 
2100, 1785, 1750 cm Analysis calculated for C-^gHgC^:
C, 82.7; H, 3.4. Found: C, 74.5; H, 3.7; Cl, 0.1.

Attempted Preparation of Anthraquinobisketene with 
2,2,6,6-Tetramethyl Biperidine

To 0.9 g (.2.9 mmole) 9,10-dihydroahthracene-9,10- 
diacid chloride in 25 ml dry THF was added dropwise while 
stirring 1.2 ml (7.0 mmole) 2,2,6,6-tetramethylpiperidine.
An orange precipitate formed instantly. The mixture was 
stirred overnight under nitrogen, filtered, and the THF was 
removed under vacuum with slight warming of the flask with 
-a water bath. A red solid with thermal transformation 
145-48° was obtained. The hydrochloride precipitate was 
recovered quantitatively. IR (KBr): 2100, 1785, 1750 cm \  
Analysis calculated for C, 82.7; H, 3.4. Found:
C, 75.4; H, 4.6.

Attempted Isolation of Anthraquinobisketene 
by Freeze Drying

To 0.65 g (2.1 mmole) 9,10-dihydroanthracene-9,10- 
diacid chloride in 25 ml dry benzene was added dropwise 
0.7 ml (5 mmole) triethylamine. The mixture was stirred 
at room temperature for 12 hrs under nitrogen. The solution
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was filtered, and the receiving flask was submerged into 
acetone and dry ice bath. A vacuum (0,5 mm) was applied for 
6 hrs to remove the benzene, obtaining 0.45 g solid with a 
transformation from yellow to dark red 148°. IR (KBr):
2100, 1785, 1750 cm \  Analysis, calculated for 
C, 82.7; H, 3.4. Found; C, 75.7; H, 4.2.

Thermal Product of Anthraquinobisketene
TO 0.39 g (1.2 mmole) 9,10-dihydroanthracene-9,10-

diacid chloride in 20 ml dry benzene was added 0.4 ml (5.0
mmole), triethylamine. The mixture was stirred at room
temperature under nitrogen for 4 hrs. The solution was
filtered and benzene was removed under vacuum. The solid
red residue was heated at 50° under vacuum for 12 hrs and
0.3 g of a dark red solid remained. IR (KBr); 1785, 1750 

— 1cm . Analysis calculated for C^gHgC^: C, 82.7; H, 3.4. 
Found; C, 72.5; H, 4.2.

Interfacial Polymerization of 9,10-Dihydroanthracene-
9,10-diacid Chloride with m-Phenylenediamine
To a rapidly stirred solution of 0.1 g (0.9 mmole)

m-phenylenediamine in 20 ml 0.09 N NaOH solution was added
in one portion 0.3 g (0.9 mmole) 9,10-dihydroanthracene-
9,10-diacid chloride in 20 ml CHgClg. The mixture was
stirred for 5 minutes, and the precipitate filtered, boiled
in water, filtered and dried; then, refluxed in 50 ml
methanol for 1 hr; 0.4 g polymer was recovered, dec.
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270-75°, = 0.57; 0.5% cone, in con E^SO^. IR (KBr) :
3300-3400, 1680 cm"1. NMR (FgCCOgD): 6 = 7.5 (m, 12 H),
5.5 (S, 2 H) ppm. Analysis calculated for C22H16N2°25 (~r 
77.6; H, 4.7; N, 8.2. Found: C, 75.6; H, 5.0; N, 7.6.

Interfacial Polymerization of 9 ,10"-Dihydroanthracene-
9,10-diacid Chloride with Hexamethylenediamine
\To 0.16 g (1.4 mmole) hexamethylenediamine in 31.1 

ml 0.09 N NaOH solution was added in one portion 0.8061 g 
(1.4 mmole) 9,10-dihydroanthracene-9,10-diacid chloride..
The mixture was stirred 5 minutes and the precipitate 
filtered. The precipitate was boiled in water, filtered, ' 
and dried; then refluxed in methanol for 1 hr. The
precipitate was filtered recovering 0.5 g, dec. 272-275°
in 96% yield, = 0.37; 0.5% conc. in con .
IF (KBr): 3300, 1650 cm"1. NMR (FgCCOgD): & = 7.4 (s, 8 H),
5.5 (s, 2 H), 3.5 (m, 4 H), 1.5 (m, 6 H) ppm. Analysis 
calculated for C22H24N202S C' ?5.8; H, 6.8; N, 8.0. Found: 
C, 74.2; H, 7.0; N, 8.2.

Interfacial Polymerization of 9,10-Dihydroanthracene-
9,10-diacid Chloride with Piperazine

To 0.15 g (1.7 mmole) piperazine in 29 ml 0.09 N
NaOH solution was added in one portion 0.51 g (1.7 mmole)
9,10-dihydroanthracene-9,10-diacid chloride in 20 ml
CHgClg. The mixture was stirred rapidly for 5 minutes, and
the precipitate filtered. The precipitate was boiled in
50 ml water, filtered and dried; then refluxed in 50 ml



methanol fo-r 1 hr recovering 0.5 g, 93% yield, dec. 294-98°,
-10inh = 0.41; 0.5% cone, in con E^SO^. IH (KBr): 1825 cm 

NMR (F3CC02D): 6 = 7.4 (s, 8 H), 5 5 (s_ 2 # 3_5 ^  4 H)_

1.5 (m, 6 H) ppm. Analysis calculated for C,
75.4; H, 5.6; N, 8.8. Found: C, 73.8;' H, 5.2; N, 7.8.

2,5-Diisopropylhydroquinone [14]
Hydroquinone, 17.6 g (0.16 mole), 24.6 ml (0.32 

mole) isopropanol, and 46 g ZnClg dissolved into 11.5 ml 
HClil^O (1:1) solution were stirred with heating at 96-98° 
for 6 hrs. The water layer was decanted, and the brown 
solid residue was dissolved into boiling benzene, filtered 
while hot, and allowed to cool to room temperature. The 
crystals were filtered, washed with benzene, and dried. The 
white solid was heated to 8 0° in 200 ml H^O containing a 
small amount of sodium hydrosulfite, and the insoluble white 
precipitate was filtered, washed with warm water, and dried 
recovering 9.2 g solid, mp 143°.

This material was boiled in 45 ml acetic anhydride
and 1 drop con B^SO^ for 1 hr. The solution was precipitated
into 200 ml ice water, filtered, washed well with water, and 
dried; 6.4 g were recovered, mp 126° (80% EtOH). IR (KBr):

—  1  i1750 cm . NMR (CDClg): 6 = 6.9 (s, 2 H), 2.9 (septet, 2 H),
2.3 (s, 6 H), 1.2 (d, 12 H) ppm.

Dry HC1 gas was bubbled through 20 ml methanol for 
10 minutes. To this HC1 solution was added a slurry of 7 g
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2,5-diisopropylhydroquinone diacetate (mp, 1260) in 30 ml 
methanol, and the mixture was stirred for 30 minutes at 
room temperature, then precipitated into 275 ml ice water, 
filtered, washed well with water, and dried. After re
crystallization from benzene, 4.5 g 2,5-diisopropylhydro-

- 1guinone, mp 168° was obtained (15%). . IR (KBr): 3425 cm 
NMR (CDC13): 6 = 8.2 (s, 2 H), 6.4 (s, 2 H), 3.2 (septet,
2 H), 1.1 (d, 12 H) ppm.

Poly-9,10-dihydroanthracene-9,10-(2,5-diisopropyl)- 
hydroquinonedicarboxylate .

9,10-Dihydroanthracene-9,10-diacid chloride, 0.82 g 
(0.6 mmole), 0.1164 g (0.6 mmole) 2,5-diisopropylhydro
quinone in 15 ml nitrobenzene was heated to 130° with 
stirring under for 12 hrs. The nitrobenzene was 
removed by vacuum distillation. The residue was dissolved 
into DMA and precipitated into methanol? 0.064 g product 
was recovered, 25% yield, dec. 310— 315°. 0 ^ ^  - 0.16:
0.25% conc. in DMA. IR (KBr) : 1750 cm . Analysis 
calculated for (̂28R26<̂ 4’’ 78.8; H, 6.1. Found: C, 73.8;
H, 6.1.
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Figure A. L. H NMR spectrum of poly-9,10-dihydroanthracene-9,10-piperazine-
dicarboxamide obtained from solution polymerization of anthraquino- 
bisketene and piperazine.
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Figure A.2. IR spectrum of poly-9,19-dihydroanthracene^9,10-piperazine-
dicarboxamide obtained from solution polymerization of anthra-
quinobisketene and piperazine.



Figure A. 3. NMR spectrum poly-9 ,10-dihydroanthracene-9 ,10-piperazine-
dicarboxamide obtained from interfacial polymerization.
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Figure A.4. IR spectrum poly-9,10-dihydroanthracene-9,10-piperazine-dicarboxamide 
obtained from interfacial polymerization.
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Figure A.5. NMR spectrum of poly-9,lO-dihydroanthracene-9,10-phenylenediamine-
dicarboxamide obtained from interfacial polymerization.
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Figure A.6. IR spectrum of poly-9 f10-dihydroanthracene-9,10-m-phenylenediamine- 
dicarboxamide obtained from interfacial polymerization.
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Figure A.7. NMR spectrum of poly-9,10-dihydroanthracene-9,10-hexamethylene-
diamine-dicarboxamide obtained from interfacial polymerization.
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IR spectrum of poly-9,10-dihydroanthracene-9,10-hexamethylene-
diamine dicarboxamide obtained from interfacial polymerization.
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Figure A.9. IR spectrum of poly-9,10-dihydroanthracene-9,10-(2,5-diisopropyl) 
hydroquinone-dicarboxylate.
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