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ABSTRACT

Glyoxal bisulphite reacts with p-cresol in the presence of sulphuric acid to

produce 2,9-dimethyl(5a,1Db)dlhydrobenzofuro(2,3-b)benzofuran, and later

upon oxidation with potassium permanganate produces benzofuro(2,3-b)-
benzofuran-2,9-dicarboxylic acid, a potential monomer . Characterization was

accomplished by 'H NMR, JR, mass spectroscopy and elemental analysts.

The diacid was participated in a polyamldation reaction with 1,4-phenylene
diamine. Characterization of the prepared polyamide by TGA and DSC

shows a relatively high thermal stability.
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INTRODUCTION

It has been reported by several investigators that
the acid-catalyzed reaction of glyoxal at the ortho
position of phenols has the acetal type of structure
1 [1] and/or the ether type of structure 2 [2] (Sche-
me I) . Also the reaction of glyoxal with l8-naphth-
ols was reported by Dischendorfer [1] to produce a
compound assigned as acetal structure. Coxworth
[3] attempted to distinguish between several types
of structures which were suggested by previous in-
vestigators who had prepared some acetal compou-
nds by an unambiguous method [4] and compared
the 'H NMR spectra of these acetals with those of
the compounds which their structures were in que-
stion . However, in all cases the 100 MHz 1 H NMR
spectra indicated that the compounds had the
acetal structure 1 . All these compounds showed a
doublet (1=6—7 Hz) in the b 4.85.4 ppm region,

assigned to the hydrogen on the diaryl methyl car-
bon (C-lOh).

Several years later a report was given by
Layer [5] on Coxworth's synthesis of 2(3H)benzo-
furans from glyoxal and phenols at higher tempera-
tures and with a small amount of acid-catalyst.

Maravigna [6] in 1988, prepared a kind of
thermally stable polymer having heterocyclic rings
in the chain by using polycondensation reaction of
para-substituted aromatic dihydroxy compounds
with glyoxal . He confirmed again acetalic structures
by investigating the final product resulting from the
reaction of 2,7-dihydroxy naphthalene and glyoxal.

Finally, a base-catalyzed alkylation of 13-
naphthols with glyoxal was reported by Kito et al.
17] . Although these authors isolated four kinds of
products, acetal structure of type 1 was confirmed
in the final product.

2,9-Dimethyl (5 a, 10b)dihydrobenzofuro(2,3-b)
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benzofuran 3 was the first molecule which was
produced in our work by reaction of glyoxal and
p-cresol in acid catalyzed medium (Scheme II).
Following that, benzofuro(2,3-b)benzofuran-2,9-di-
carboxylic acid 4 has been produced by oxidizing 3
in the presence of potassium permanganate in

pyridine (Scheme III).
Then diacid 4 was converted to diacid chlor-

ide 5 for structural confirmation (Scheme IV).
Finally, diacid 4 was employed in a polymer-

ization reaction with 1,4-phenylene diamine in
order to investigate the produced polyamide as a
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typical polymer (Scheme V).

EXPERIMENTAL

Materials and the Instruments
The solvents and reagents were purchased from
Merck and Fluka Co.

l H NMR spectra were recorded with a 60
MHz Hitachi R-2413 and 400 MHz Bruker 400
AM in dimethyl sulphoxide(DMSO-d 5) . Mass spec-
tra were recorded under electron impact at 70 eV
on a Shimadzu GCMS-QP I000EX instrument,
and IR spectra were recorded using a Perkin-
Elmer 781 spectrometer. The Perkin-Elmer 2400
C.H.N . analyzer was used for elemental analysis.

2,9-Dimethyl (5a.10b) di hydrobenznf nru(2,3 -b) ben-
zofuran
in a fume cupboard, 1 L round bottomed flask in a
hot water bath was charged with H2 O (300 mL),
acetic acid (150 mL) . glyoxal bisulphite [81 (26 g,
0 .1 mol) and p-cresol (21 .6 g, 0.2 mol) . A reflux
condenser was fitted on the flask. The glyoxal
hisulphite was dissolved upon stirring and rising
temperature. After the temperature was reached to
80 a dropping funnel was connected on top of
the condenser and addition of sulphuric acid (98%)
started by one drop per second . The bath tempera-
ture was kept between 80 `C to 90 ' C . After addi-
tion of about 50 mL of sulphuric acid the reaction
mixture became turbid. This addition continued
until soft green precipitate appeared in the flask . It
consumed 120—140 mL of sulphuric acid and over-
all reaction time was about 2 h . The cooled reac-
tion mixture was filtered from precipitates, and it
was washed with water to become neutral and then
with ethanol (95%) until the solids turned to
brilliant white . Finally it was recrystallized horn
ethanol itself. The solids were dried in air or
vacuum with the weight of 13 g (55% yield) and
mp: 195—6 (reported 194—1945 'C, [21).

The results of 'H NMR, IR and mass
spectroscopy obtained are as follows:
l H NMR (60 MHz) : 6 4 .8 (shill) . 6.6—7 .2 (m,7H).
IR v(cm-') : 2820—3030, 1620, 14911 . 1000.

mlz : 238 (M t , 100%), 195 (39 .4%), 165 (18 .1%).
The results of elemental analysis are as

follows:

C 1.6H 1 202

	

%C

	

%H

Calculated

	

81 .33

	

5 .12

Found

	

S0.40

	

5 .85

Benzoftuu(2,3-b)benzofuran-2,9-dicarboxylic Acid
In a fume cupboard . a 2 L double necked round
bottomed flask with an effective stirrer was
charged with 3 (10 g, 0.042 mol), pyridine (250
mL) and H 2 O (150 mL) . A reflux condenser was
fitted on the flask, and stirring was started . The
temperature was elevated to near refluxing and
potassium permanganate (80 g) was added in small
portions with caution . The reaction mixture was
allowed to reflux for 5 h.

The produced manganese dioxide (MnO2)
was filtered off after cooling and the filtrate was
acidified in an ice-water bath with coned hydro-
chloric acid. The precipitate was filtered after
being stirred for 1 h and it was recrystallized from
dilute ethanol . It was then washed with water and
it was dried at 100 'C for 24 h.

A white solid weighing 9 .9 g (80% yield) and
mp>300 'C was obtained.

The results of 'H NMR, IR and mass spect-
roscopy obtained are as follows:
'H NMR (400 MHz) : d 12.92 (s, 2H), 6 .8—8 .2 (m,
6H) (Figure 1).
IR v(em- 1 ): 2800—35[10, 1680, I420.
mjz: 296 (M', 100%), 269 {45 .8%), 24] (75 .1%)
(Figure 1).

The results of elemental analysis are also as
follows:

Cir, H sOn %q II

Calculated 64 .86 2.72

Found 65 .17 2 .36
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I3enzofuro(2,3-b)benzufur-an-2,9-dicarbonylchlu-
ride
Ina fume cupboard, finely powdered diacid 4 (8 .8
g, 11 .13 moi) was placed in a 100 mL round bottom
flask . Redistilled thionyl chloride (30 mL) was
added and a reflux condenser was fitted on top of
the flask . The mixture was refluxed for I h with
stirring . The unreacted thionyl chloride was distil-
led off by simple distillation, and the remaining was
driven out by a rotary evaporator . The solids were
dissolved in dry chloroform. and the mixture was
passed through a filter and the undissolved matters
were removed. The chloroform was evaporated
using a rotary evaporator and the product was
collected (extraction with chloroform was repeated
when higher purity was required) . The product had
the weight of 5 g (50%), and it was decomposed
upon heating.

The results of 1 H NMR, IR and mass spect-
roseopy obtained are as follows:
'H NMR (60 MHz) : d 6 .75—7, 7 - 7—8 .15 (m, 6H),
in CDCI 3-
IR v(cm ') : 1750, 1615, 1435, 1250, 825, 750.
m!z : 333 (M100%).

Polymer Preparation
1 .4-Phenylene diamine was recrystallized from hot
water before use . N-Methyt-2-pyrrolidone (NMP).
and calcium chloride were used as received, but
thionyl chloride was redistilled before use . The

NMP (35 mL) solution, dried over calcium chlor-
ide, was prepared. To cool thionyl chloride (1 mL)
in an ice-water bath the NMP solvent (12 mL) was
added and the mixture was stirred for 1 0 min . The
cooling bath was then removed, and the reaction
mixture was kept at room temperature for 10 min
to effect the complete reaction of thionyl chloride
and NMP . Powdered diacid 4 (2 .5 mmol, 0 .74 g)
and NMP solution (12 .5 mL) were added to the
mixture, and the resulting mixture was maintained
at room temperature far 30 min . A solution of
diamine (2 .5 mmol, 0 .270 g) and triethylamine (2 .2
g) dissolved in NMP solvent (10 mL) was added.
The whole mixture was heated at 7t.1—1011 ' C for 3
h, and then poured into methanol to isolate the
polymer . The precipitated polymer was separated
by filtration and washed by boiling methanol, and
dried at 70 'C [9].

RESULTS AND DISCUSSION

Our modified reaction was conducted by glyoxal
hisulphite instead of aqueous glyoxal, and at temp-
eratures between 80 ` to 90 ' C . However, the yield
did not show any significant change 13] (Scheme
11) . The mechanism of the reaction of glyoxal with
phenols based upon the works of Layer J5J and
Kito et al . [7] can be followed according to the
steps in Scheme VI.
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Therefore on the basis of the results obtain-
cd from the primary reactions of glyoxal with sev-
eral phenols, p-substituents appeared to be essen-
tial ; as it was also reported by Layer [51 . On the
other hand, electron releasing substituents such as
methyls were favourable in the reaction . In conclu-
sion, an electrophilic substitution on the phenolic
substrate by protonated glyoxal must undoubtedly

be the first step (step 1) . Step 2 is an acetal form-
ing reaction of phenolic -OH with the second free
aldehyde group on the glyoxal, which by subsequ-
ent dehydrogenation will lead to 8a (step 3) . Based
on resonance theory, 8b has less stability than Sa
(Sa is a hcncylic cation) . The reaction follows then
by step 4, the electrophilic attack of the cation 8a
on the ortho position of the second phenol
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Figure 1 . (a) 400 MHz I H NMR and (b) mass spectra of diacid 4.
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Table 1 . Polyamide characteristics.

Yield FTIR Characteristic bands 01 .0' cn„xh
(%) (cm-')

57 % '3361

'
1653,

	

1633,

	

1615 .

	

1161, 0 .125 279.0
1115, 830, 661, 607

a. inherent viscosity q .1 g,dL in sulphuric acid at 30 ' C.

b : in DMSO.

molecule . Finally, a dehydration reaction produces
the product in the last step (step 5).

We have been interested, however, on the
synthesis of a compound with two carboxylic acid
groups to serve as a monomer . Thus we arranged
an ordinary oxidation reaction of compound 3 with
potassium permanganate to oxidize 2 and 9-methyl
groups, and a surprising result was obtained . Spect-
ral investigations showed that aromatization had
occurred in the product in addition to oxidation of
the methyl groups as shown in Scheme 111.

In other words, using potassium permangan-
ate as an oxidizing agent causes a dehydrogenation
reaction on 5a and IOb hydrogens which leads to
the production of henzofuro(2,3h)benzofuran-2,9-
dicarboxylic acid . The 400 MHz I H NMR and mass
spectra of diacid 4 are shown in Figure 1 . As it is
shown in this figure no peak appears for 5a and
lOb hydrogens in I H NMR spectra, and M + peak
in m/z (296) corresponds to the molecular formula
of C ib HsOti-

In the spectral investigation of the derived
diacid chloride 5, 1 H NMR spectra showed no acid-
ic protons, and the remaining protons were only

Table 2. The thermal properties of the polyamide obtained

from TGA and DSC curves under N 2 -

T g ' CC) 1D-F1' (C)

	

PDT ` (C) PDTn„xd (C) (%)

228 379

	

430 453 5S (%)

a: glass Transition temperature.

b: initial decomposition temperature.

c: the temperature for 10'rh weight loss of polymer.

d: the temperature for maximum decomposition rate.

e: char yield at eon " C

aromatic hydrogens . In its IR spectra, no peaks
appeared in the region of 3500—2800 cm -i , and
the results of the mass-spectroscopic data complet-
ed the structural confirmation of diacid chloride 5
in which the peak appeared at m•!z 333 (M c ,
100%), and corresponded to the molecular formula
of C 15HfiC1 2 O,,

Therefore, spectroscopic analysis of the der-
ived diacid chloride 5 confirms that the diacid must
have the suggested structure 4.

Polymer Properties
Table 1 presents the percentage yield, FTIR char-
acteristic hands, inherent viscosity (re in ,,), and UV
(a, m,x) absorption value of the produced polyamide.
Inherent viscosity was obtained by dissolving 01
gkdL of polymer in sulphuric acid (98%), while
DMSO was used as solvent in UV spectroscopy
study .

Thermal properties of the polyamides are
summarized in Table 2 including glass transition
temperature (T 5), polymer initial decomposition
temperature (IDT), temperature of 10% weight
loss of polymer (PDT), the temperature at which
the maximum decomposition rate occurred for
polymer (PDT,,,,,,,), and char yield at 600 ' C (Y c %).

As Table 2 shows, a relatively high thermal
stability was observed for polyamide indicating that
diacid 4 may be used as a good monomer in the
production of several types of heat stable polymers.

CONCLUSION

We succeeded in the synthesis of benzofuro(2,3-h)-
henzofuran-2,9-dicarboxylic acid, a new molecule
by inexpensive materials, convenient method and
in good yield . Specially, because of complete aro-
matic structure, this diacid may be used in the
synthesis of several types of heat stable polymers
such as polyamides, polyesters, polyhcnzimidazoles
and polyketones etc . In addition, the diacid will be
converted into many other compounds having sev-
eral types of functional groups, to reach some
kinds of polymers with completely or partially new
structures and properties.
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