
A
simple and convenient method, which proceeds through pyrylium salts, was
applied for the synthesis of four new aromatic diamines based on 2,9-dimethyl
[5a,10b] dihydrobenzofuro [2,3-b] benzofuran. Their preparation was based on

the one-pot reaction of aldehydes with methyl ketones in the presence of boron trifluo-
ride. Specially, because of aromatic structure, these diamines may be used in the syn-
thesis of several types of heat stable polymers, such as polyamides and polyimides. 

1
H NMR

and IR spectroscopy, as well as elemental analysis accomplished characterization of
diamines. All diamines  were obtained in good to excellent yields.
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The study of heat-resistant polymers
covers at present one of the most
rapidly developing fields of polymer
chemistry. This is due not only to the
great practical importance of this
subject, but also to the fact that the
realization of the synthesis of heat-
resistant polymers involves the most

fundamental aspects of polymer
chemistry, the study of the relation-
ship between the properties of a
polymer and its structure.

Aromatic rings systems possess
the highest bond strengths due to
resonance stabilization and so they
form the basis of almost all-heat-
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resistant polymers. Polymer chains based on aromatic
rings are desirable not only because of the high primary
bond strengths, but also because their rigid (stiff) poly-
mer chains offer increased resistance to deformation
and thermal softening [1].

Therefore, investigations in our laboratory have
been focused on the synthesis of some aromatic difunc-
tional monomers, to reach heat-resistant polymers, with
new structure and properties. In previous works, a vari-
ety of heat-resistant polymers containing polyamides
[2], polyesters [3], and polyether ketones [4] have been
prepared using these monomers.

In continuation of our work on synthesis of new
monomers and polymers, in the present paper we report
the synthesis of four potential new aromatic diamine
monomers. Their synthesis was based on the reported
reactions of aldehydes with methyl ketones, via pyryli-
um ring  [5-7].

EXPERIMENTAL

Solvents and chemical materials were obtained from
Merck Chemical Company (Germany) and Fluka
(Switzerland). Melting points were determined with a
Buchi 535 melting point apparatus. IR Spectra were
recorded on a Perkin Elmer 781 spectrometer. 

1
H NMR

Spectra were recorded on a 250 MHz Bruker Advanced
DPX-250 spectrometer using tetramethylsilane (TMS)
as an internal standard. Mass spectra (MS) were per-
formed with a GCMS-QP 1000 EX at 70 eV (Shi-
madzu). Elemental analyses were recorded in Arak
Petrochemical Company.

Benzofuro [2, 3-b] benzofuran- 2,9- dialdehyde (2)
A solution of dimethyl 1 (2.5 g, 10.5 mmol) in 150 mL
of acetonitrile was added to a solution of potassium
peroxydisulphate (17 g, 62.8 mmol) in 150 mL of water
and copper chloride (1.6 g, 11.9 mmol). To the result-
ing mixture 5-mL pyridine was added, and the mixture
was stirred at 70 C for 3 h. The reaction mixture was
then extracted with ethylacetate, washed with 5% sodi-
um hydroxide solution, and dried with magnesium sul-
phate. After evaporation of the solvent by rotary evap-
orator, the crude product was obtained. Yield 1.70 g
(61%): mp 219 C. IR (KBr, cm-1): 1695 (s), 1585 (br),
1300 (s). 

1
H NMR (DMSO-d6, δ, ppm): 9.8 (s), 8.2 (m),

and 5.4 (d). MS: M+ = 266, m/e = 237,209, 181, 152.
Anal. Calcd. for C16H10O4: C, 72.18%; H, 3.76%.

Found: C, 72.11%; H, 3.74%.

General Procedure for the Synthesis of Bispyrylium
Salts
A flask was charged with a solution of dialdehyde 2
(1g, 3.75 mmol) and methyl ketone compound (15
mmol) in 1,2-dichloroethane (22.5 mL). Boron trifluo-
ride etherate (2.5 g, 21.2 mmol) diluted with 1,2-
dichloroethane (5mL) was added dropwise to the
stirred solution at room temperature. The mixture was
subsequently refluxed for 5 h under N2. It was concen-
trated under vacuum and ethyl acetate was added to the
residue. After cooling at 0 C for 1 h, the precipitate was
filtered, washed with ethyl acetate, and dried. Reaction
products were purified by appropriate methods speci-
fied below.

2,9-Bis (2,6-diphenyl-pyrylium tetrafluoroborate)-
5a,10b-dihydrobenzofuro [2, 3-b] benzofuran (3)
Compound 3 was obtained from 2 and acetophenone,
following the general procedure above, and then it was
purified by recrystallization from acetic acid to give
brown-red solid. Yield 2.13 g (67.2%): mp > 280 C. IR
(KBr, cm-1): 1615 (s), 1575 (m), 1500 (s), 1050 (br.,
BF4

-). 1H NMR (DMSO-d6, δ , ppm): 9.21 (s); 9.01-7.4
(m).  Anal. Calcd. for C48H32O4B2F8: C, 68.12%; H,
3.81%. Found: C, 68.06%; H, 3.74%.

2,9-Bis (2,6-bis-naphthalene-pyrylium tetrafluorob-
orate)-5a,10b-dihydrobenzofuro [2,3-b] benzofuran (4)
Compound 4 was obtained from 2 and 2-acetyl naph-
thalene, following the general procedure above, and
purified by recrystallization from acetic acid to give
brown-red solid. Yield 2.62 g (66.8%): mp > 280 C. IR
(KBr, cm-1): 1615 (s), 1575 (m), 1500 (s), 1050 (br.,
BF4

-). 
1
H NMR (DMSO-d6, δ , ppm): 9.19 (s); 8.97-7.3

(m). Anal. Calcd. for C64H40O4B2F8: C, 73.45%; H,
3.85%. Found: C, 73.42%; H, 3.78%.

General Procedure for the Synthesis of Dinitro-5
and 7
A flask was charged with a mixture of bispyrylium salt
(7.7 mmol) nitromethane (1.41 g, 23.11 mmol) and
absolute ethanol (50 mL). Triethylamine (2.49 g, 24.65
mmol) was added to the vigorously stirred mixture. It
was refluxed for 3 h. The hot mixture was filtered, and
the precipitate was washed with methanol. Reaction
products were purified by appropriate methods speci-
fied below.
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2,9-Bis-(2’-nitro-[1,1’;3’,1’’] terphenyl-5’-yl) 5a,10b-
dihydrobenzofuro [2,3-b]benzofuran (5)
Compound 5 was obtained from 3 and nitromethane,
following the general procedure above, and it was puri-
fied by recrystallization from a mixture of acetonitrile:
dioxane (1:1), to give dark brown solid. Yield 4.15 g
(71.4%): mp > 280 C. IR (KBr, cm-1): 1670 (s), 1510,
1370 (NO2). 

1
H NMR (DMSO-d6, δ , ppm): 8.25- 8.19

(d); 7.7- 7.3 (m). Anal. Calcd. for C50H32O6N2: C,
79.35%; H, 4.26%; N, 3.70%. Found: C, 79.31%; H,
4.21%; N, 3.67%.

2,9-Bis-(4-nitro-3,5-bis-naphthalene-2-yl-phenyl)-
5a,10b-dihydrobenzofuro [2,3-b] benzofuran (7)
Compound 7 was obtained from 4 and nitromethane,
following the general procedure above, and purified by
recrystallization from nitromethane to give brown-red
solid. Yield 5.14 g (69.8%): mp > 280 C. IR (KBr, cm-1):
1670 (s), 1510,1370 (NO2). 

1
H NMR (DMSO-d6, δ ,

ppm): 9.21 (s); 8.96-7.2 (m). Anal. Calcd for
C66H40O6N2: C, 82.83%; H, 4.21%; N, 2.93%. Found:
C, 82.71%; H, 4.19%; N, 2.88%.

General Procedure for the Synthesis of Dinitro-9
and 11
A mixture of bispyrylium salt (2.22 mmol), 4-nitro-
phenyl acetic acid sodium salt (1.8 g, 8.88 mmol), and
acetic anhydride (5 mL) was refluxed for 6 h. It was
cooled at -10 C overnight, and the precipitate was fil-
tered, washed with methanol, and dried. Reaction prod-
ucts were purified by appropriate methods specified
below.

2,9-Bis-(4’-nitro-2,6-diphenyl-2-yl-biphenyl-4-yl)-
5a,10b-dihydrobenzofuro [2,3-b] benzofuran (9)
Compound 9 was obtained from 3 and 4-nitrophenyl
acetic acid sodium salt following the general procedure
above, and it was purified by recrystallization from a
mixture of acetonitrile: dioxane (1:1), to give brown
solid. Yield 1.83 g. (90.8%): mp > 280 C. IR (KBr, cm-1):
1670 (s), 1510, 1370 (NO2). The 

1
H NMR spectrum

could not be recorded due to the limited solubility of 9
in DMSO. Anal. Calcd. for C62H40O6N2: C, 81.92%; H,
4.43%; N, 3.08%. Found: C, 81.87%; H, 4.29%; N, 2.98%.

2,9-Bis-(4’-nitro-2,6-bis-naphthalene-2-yl-biphenyl-
4-yl)-5a,10b-dihydrobenzofuro [2,3-b] benzofuran
(11)
Compound 11 was obtained from 4 and nitromethane,

following the general procedure above, and purified by
recrystallization from nitromethane to give light brown
solid. Yield 2.13 g (89.2%): mp > 280 C. IR (KBr, cm-1):
1670 (s), 1510,1370 (NO2). 

1
H NMR (DMSO-d6, δ,

ppm): 9.24 (s); 8.93-7.1 (m). Anal. Calcd. for
C78H48O6N2: C, 86.96%; H, 4.49%; N, 2.60%. Found:
C, 86.82%; H, 4.42%; N, 2.52%.

General Procedure for Reduction of Dinitro to
Diamines
A flask equipped with a dropping funnel and condens-
er was charged with a mixture of dinitro compound (5.5
mmol), 1,4-dioxane (48 mL), ethanol 95% (24 mL),
and catalytic amount of 10% palladium on activated
carbon. Hydrazine hydrate (8 mL) was added dropwise
over 5 h to the stirred mixture at reflux temperature.
The solid was gradually dissolved during this period.
The mixture was refluxed for additional 20 h, and
adding 1,4-dioxane dissolved the hydrogenated product
precipitated. The catalyst was filtered off, and the fil-
trate was poured into water. The product was filtered
off, washed with methanol, and dried. Reaction prod-
ucts were purified by appropriate methods specified
below.

2,9-Bis-(2’-amino- [1,1’;3’,1’’] terphenyl-5’-yl) 5a,10b-
dihydrobenzofuro [2,3-b] benzofuran (6)
Compound 6 was obtained from hydrogenation of 5,
following the general procedure above, and it was puri-
fied by recrystallization from 1,2-dichlorobenzene to
give light brown solid. Yield 3.52 g (92.1%): mp >
280 C. IR (KBr, cm-1): 3510, 3420 (N-H stretching),
1670 (s), 1600 (N-H deformation). 

1
H NMR (DMSO-

d6, δ, ppm): 8.1-6.7 (m); 3.9 (s). Anal. Calcd. for
C50H36O2N2: C, 86.18%; H, 5.20%; N, 4.02%. Found:
C, 86.01%; H, 5.12%; N, 3.97%.

2,9-Bis-(4-amino-3,5-bis-naphthalene-2-yl-phenyl)-
5a,10b-dihydrobenzofuro [2,3-b] benzofuran (8)
Compound 8 was obtained from hydrogenation of 7,
following the general procedure above, and it was puri-
fied by recrystallization from 1,2-dichloroethane: ether
(1:1) to give pale yellow solid. Yield 4.60 g (93.4%):
mp > 280 C. IR (KBr, cm-1): 3510, 3420 (N-H stretch-
ing), 1670 (s), 1600 (N-H deformation). 

1
H NMR

(DMSO-d6, δ, ppm): 8.3-6.8 (m); 3.8 (s). Anal. Calcd.
for C66H44O2N2: C, 88.36%; H, 4.94%; N, 3.12%.
Found: C, 88.28%; H, 4.87%; N, 3.08%.
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2,9-Bis-(4’-amino-2,6-diphenyl-2-yl-biphenyl-4-yl)-
5a,10b-dihydrobenzofuro [2,3-b] benzofuran (10)
Compound 10 was obtained from hydrogenation of 9,
following the general procedure above, and it was puri-
fied by recrystallization from 1,2-dichlorobenzene to
give brownish solid. Yield 4.18 g (89.7%): mp >
280 C. IR (KBr, cm-1): 3510, 3420 (N-H stretching),
1670 (s), 1600 (N-H deformation). 

1
H NMR (DMSO-

d66, δ, ppm): 6.7-8.1 (m); 3.9 (s). Anal. Calcd. for
C62H44O2N2: C, 87.70%; H, 5.22%; N, 3.30%. Found:
C, 87.62%; H, 5.16%; N, 3.24%.

2,9-Bis-(4’-amino-2,6-bis-naphthalene-2-yl-biphenyl-4-
yl)-5a,10b-dihydrobenzofuro [2,3-b] benzofuran (12)
Compound 12 was obtained from hydrogenation of 11,
following the general procedure above, and purified by
recrystallization from 1,2-dichloroethane: ether (1:1) to
give brownish solid. Yield 5.20 g (90.2%): mp >
280 C. IR (KBr, cm-1): 3510, 3420 (N-H stretching),

1670 (s), 1600 (N-H deformation). 
1
H NMR (DMSO-

d6, δ, ppm): 8.2-6.7 (m); 3.6 (s). Anal. Calcd. for
C78H52O2N2: C, 89.28%; H, 4.99%; N, 2.67%. Found:
C, 89.16%; H, 4.88%; N, 2.59%.

RESULTS AND DISCUSSION

The synthesis of starting compound (dialdehyde) was
accomplished using the methodology shown in
Scheme I. For this purpose, peroxydisulphate-copper
system was used for oxidation of dimethyl under nearly
neutral conditions in acetonitrile medium [8]. Com-
pound 1 has been prepared in our laboratory, by reac-
tion of glyoxal with p-cresol in acidic media [9].

The mechanism is that proxydisulphate radical
formed thermally, converts Cu (II) to Cu (III) species,
which in turn, oxidizes the aromatic substrates to the
cation radical. As it is well known, the cation radical

+ K2S2O8/CuCl2
O O

H3C CH3

O O

OHC CHO

21
Scheme I

C

O

CH32 +
BF3.OEt 2 BF4

- +O

O O

3

BF4
-

2 +
BF3.OEt 2 BF4

- +O

O O

O

CH3C

4

BF4
-

Scheme II
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undergoes a series of reactions, to be converted to the
carbonyl group.

The dialdehyde 2 was reacted with acetophenone or
2-acetyl naphthalene in the presence of boron trifluo-
ride etherate to afford bispyrylium salts 3 and 4, respec-
tively (Scheme II). These bispyrylium salts were pre-
pared in one-pot reaction, by the reported methods [10-
12].  They reacted with nitromethane in absolute

ethanol in the presence of triethylamine, to produce
dinitro compounds 5 and 7 (Scheme III). These reac-
tions took place by a nucleophilic addition of
nitromethane to C-2 of pyrylium ring, followed by an
intramolecular aldol condensation [13]. On the other
hand, reaction of these bispyrylium salts with 4-nitro-
phenylacetic acid sodium salt, produce dinitro com-
pounds 9 and 11 (Scheme IV). It has been found that

O O

O2N NO2
3  +  CH3NO2

5

O O

H2N NH2
5  +  N2H4.H2O

6

Pd/C

O O

O2N NO2
4  +  CH3 NO2

7

O O

H2N NH2
7  +  N2H4.H2O

8

Pd/C

Scheme III
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the pyrylium ring react with 4- nitrophenylacetic anhy-
dride, which is generated in situ from 4-nitrophenyl-acetic
acid sodium salt and excess of acetic anhydride [14].

Finally, these dinitro compounds are converted to
the corresponding diamines, by means of catalytic
hydrogenation. These reactions took place by
hydrazine hydrate in the presence of catalytic amount

of Pd on activated charcoal.
Elemental analysis as well as IR, and NMR spec-

troscopy (as reported in experimental section) accom-
plished characterization of these compounds.

IR Spectra of bispyrylium salts show characteristic
band of BF4

- at about 1040 cm-1. On the other hand, the
diamine compounds show absorption at 3450, 3364 (N-

3  +
  
O2N CH2CO2

-
Na+

O O

9

O2N NO2
CH3COOH

O O

10

H2N NH2
Pd/C

9 + N2H4.H2O

4  +
  
O2N CH2CO2

-
Na+

O O

11

O2N NO2
CH3COOH

O O

12

H2N NH2
Pd/C

11   + N2H4.H2O

Scheme IV
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H stretching), 1610 (N-H deformation), and 1244 cm-1

(C-N stretching). 
1
H NMR Spectra of some of these

diamines show a singlet at 3.9, due to the amino protons.
In conclusion, the efficiency and simplicity of this

method, the moderate to good yield of the products,
and the possibility of applying this method to other
aldehydes, and methyl ketones make this method very
useful for this type of transformation in organic synthesis.

CONCLUSION

New polymer forming monomers (diamines) were syn-
thesized by simple and convenient method. They can
be used for the synthesis of different kinds of heat-
resistance polymers, for example polyamides, and
polyimides. We study the polymerization reaction of
two of these diamines with various aromatic diacides,
and the results were sent for publication [15]. We are
also using these diamines as the starting compounds for
polyimide synthesis. All of these diamines were char-
acterized by 

1
H NMR, IR spectroscopy, and elemental

analysis.

ACKNOWLEDGEMENTS

The authors wish to thank Arak Petrochemical Co. for
running elemental analysis, Professor B. Tammami for
his help in reading this manuscript, and Professor A.A.
Entezami for his help in the synthesis of dialdehyde.
The financial support of this work by Shiraz Research
Council is gratefully acknowledged. 

REFERENCES

1. Cassidy P.E., Thermally Stable Polymers, Marcel Dekker,

New York, (1980).

2. Banihashemi A. and Pourabbas B., New thermally stable

polyamides derived from 2,9-diamino benzofuro[2,3-b]

benzofuran, a new monomer (2031-2038), Eur. Poly. J.,

36, 2031, (2000).

3. Banihashemi A. and Firoozifar H., Synthesis and charac-

terization of some new polyarylates derived from two het-

erocyclic monomers. (111-116), Iran. Polym. J., 9(2), 111,

(2000).

4. Banihashemi A. and Akhlahinia B., New heat stable poly-

ethers, polyketones and polysulfone (2284-2293), Makro-

molecular Chem. Phys., 200, 2284 (1999).

5. Mikroyannidis J.A., Rigid-rod polyamides and poly-

imides prepared from 4,3’’-diamino-2’,6’-di(2-naphthyl)-

p-terphenyl and 2’,6’,3’’’,5’’’-tetra (2-naphthyl)-4,4’’-

diamino-p-quinquephenyl (15-24), J. Polym. Sci. Polym.

Chem. Ed. 37, 15 (199).

6. Spiliopoulos I.K. and Mikroyannidis J.A., Soluble, rigid-rod

polyamide, polyimides, and polyazomethine with phenyl

pendent groups derived from 4’,4’’-diamino-3,5,3’’,5’’-

tetraphenyl-p-terphenyl,(5313-5319), Macromolecules, 29,

5313 (1996).

7. Spiliopoulos I.K. and Mikroyannidis J.A., Soluble phenyl

or alkoxyphenyl substituted rigid rod polyamides and

polyimides, containing m-terphenyls in the main chain,

(1236-1245), Macromolecules, 31, 1236 (1998).

8. Bhatt M.V. and Perumal P.T., Facile conversion of elec-

tron rich benzylic hydrocarbons t carbonyl compounds by

 Tet. Lett., 22, 2605, (1981).

9. Banihashemi A. and Pourabbas B., Synthesis and Proper-

ties of novel aromatic polyamides derived from benzo-

furo[2,3-b]benzofuran-2,9-dicarboxylic acid and aromatic

diamines (1809-1815), Eur. Polym. J., 34, 1809, (1998).

10. Lombard R. and Stephan J.P., Bull. Soc. Chim. Fr., 1458,

(1958).

11. Harris F.W., Chuang K.C., Huang S.A.X., Janimak J.J.

and Cheng S.Z.D. Aromatic poly(pyridinium salt)s: syn-

thesis and structure of organo-soluble, rigid rod poly(pyri-

dinium tetrafluoroborate)s , Polymer, 35, 4940 (1994).

12. Katritzky A.R., Tarr R.D., Helimann S.M., Rasmussen

J.K., Krepski L.R. Polymers by the reaction of

bis(pyrylium salts) with diamines , J. Polym. Sci. Polym.

Chem. Ed., 26, 3323 (1988).

13. Joule J.A., Smith G.F., Heterocyclic Chemistry, 2nd ed;

Van Nostrand Rcinhold, New York, Ch., 12, (1987).

14. Zimmermann T., Fischer, G.W., J. Prakt. Chem. 329, 975

(1987); Chem. Abstr. 988, 109, 169929q.

15. Banihashemi A., Firoozifar H. Synthesis and character-

ization of novel aromatic polyamides derived from two

heterocyclic diamines , Eur. Polym. J., 39, 281-289

(2003).




