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ABSTRACT

2 - Oxo - 1,3 - bis (methoxy carbonyl) - 2 - H - cyclopenta [i]
acenaphthylene is prepared from base - catalyzed condensation of dimethyl
- 1,3 - acetone dicarboxylate with acenaphthenequlnone . Benzyne generated
from anthranilic acid is trapped with this cyclone and 7,12 - dimethyl
carboxylate benzo [k] fluoranthene as a new monomer is obtained In
quantitative yield, Bisbenzyne from aprofic diazotization of 3,3' - dicarboxy -
4,4' - diaminobiphenyl is also trapped with this cyclone and leads to the
formation of tetra functional methyl carboxylate of bisbenzo [k] fluoranthene
derivative.
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INTRODUDION

Benzyne, also referred to as 1,2 - dehydrobenzene

	

~

	

-
and 1,3 - cyclohexadiene - 5 - yne 1 is an extremely
reactive intermediate, which cannot be isolated but
can be observed indirectly by using trapping
species .

	

(1)
Benzyne can be generated by a wide variety

of methods . It has been obtained from anthranilic

	

carboxylbenxene diazonium chloride [6], 2 -
acid [1,2], N - aminobenzotriazoles [3],

	

azobenzoicacids[7-9],o-aminophenylboronic
diphenyliodonium - 2- carboxylate [4,5], 2 -

	

acid [10], 1,2,3 - benzole- 1,1 - dioxide [llj, N-
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Synthesis of Novel Monomers

phenylphosphoramidates [12], 1 - (2 - carboxy -
phenyl) - triazenes [13], phthaloylperoxide [14] o -
sulfobenzoic anhydride [15 - 16] and so on.

In a previous paper [17], it was reported that
3,4,3',4'-tetradehydrobiphenyl (bisbenzyne) 2 as a
reactive intermediate, can be generated from 3,3' -
dicarboxy - 4,4 ' - diaminobiphenyl . This reactive
intermediate was trapped with tetracyclone in 45%
of yield. Recently, the above reaction was
reinvestigated and the bisbenzyne was trapped in
more than 75% of yield [18] . The reaction of this
reactive intermediate 2 with acecyclone [18],
indanocyclone and 2,5 - di - n - propyl - 3,4 -
diphenylcyclopenta - 2,4 - dione has also been
investigated (18,19] .

( 2)

The purpose of this work was to synthesize
7,12 - dimethyl carboxylate benzo [k] fluoranthene
10 as a new monomer from benzyne intermediate 1
and novel tetra functional methyl carboxylate of
bisbeazo [k] fluoranthene derivative 14 from
reactive intermediate bisbenzyne 2.

EXPERIMENTAL

All chemicals were used as received . Acenaph -
thenequinone was purchased from Merck
Chemical Co . Dimethyl - 1,3 - acetone
dicarboxylate was obtained from Fluka Chemical
Co . All melting points are uncorrected and were
determined in open capillary tubes using a
Gallenkamp melting point apparatus.

Proton nuclear magnetic resonance ('H -
NMR, 200 MHz) and carbon 13 NMR (50
MHz)spectra were obtained on a Varian XL - 200
spectrometer.

Ultra - violet and visible spectra were
measured with a Shimadzu 240 UV - Visible
Spectrophotometer.
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Infrared spectra were recorded on a
Shimadzu 435 Infrared spectrophotometer . Spectra
of solids were carried out using KBr pellets.
Vibrational transition frequencies are reported in
wavenumber (cm-') . Band intensities are assigned
as weak (w), medium (m), shoulder (sh), strong (s),
and broad (br).

Elemental analyses were performed by the
Research Institute of Petroleum Industry, Tehran.

Synthesis of 2 - oxo - 1,3 - ben (methoxycarbonyl)- 2H -

cyclapmra (if acertap1aJ ene 6

Into a 100ml one necked round - bottomed flask
were placed 200g (1 .098 x 10-2 mol) of acenaph -
thenequinone, 1 .91E (1 .60m1, 1 .098 x 10-2 mol), of
dimethyl - 1,3 - acetone dicarboxylate, 2 .6 ml of
methanolic potassium hydroxide (1 .0 g of
potassium hydroxide was dissolved in 5 ml of
methanol) and 60 ml of methanol . The flask was
equipped with a magnetic stirrer and a water -
cooled condenser. The mixture was refluxed for 1 .5
h . while magnetically being stirred . After 3 min
dark purple precipitate was formed. At the end of
refluxing period the mixture was cooled in an ice -
water bath and filtered using suction filtration,
dried to give 2 .11 g (60%) . Recrystallization from
hot acetic acid gave deep purple crystals m .p. 252 -
253 °C.

Mass spectrum calcd m/e for C191-1,20s 320,
obsd, 320.

Anal . calcd for C 19H 12 O 5: C, 71 .30; H, 3 .80.
Found : C, 71 :30; H, 3 .60.

IR (KBr) : 3050 (w), 2930 (w), 1720 (s), 1695
(s), 1650 (m), 1625 (m), 1580 (m), 1430 (m), 1400
(m), 1370 (m), 1330 (s), 1360 (x),1230 (w), 1190
(m), 1160 (m, sh), 1140 (s), 1080 (s), 1020 (m), 990
(w), 890 (m, br), 835 (w), 800 (m), 780 (m), 760
(m), 730 (w) cm-I .

Synthesis of 7,12 - dirnetieyi cavbaylme brew fkf iu+O

	

70e

10

2 - Oxo - 1,3 - bis (methoxy carbonyl) - 2 - H -
cyclopenta [i] acenaphthylene 6(0.30 g, 9.366 x 10-4
mol), 30 ml of 1,2 - dichloroethane and a magnetic
stirring bar were placed in a 100 ml three - necked
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round - bottomed flask. The flask was fitted with
two constant pressure dropping funnels and a
water cooled condenser. The flask was heated
under reflux by a heating mantle.

A solution of 0.13 g (9366 x 10 1 mol) of
anthranilic acid in 20 ml of 1,2 - dichloroethane
was placed in one of the dropping funnels and the
other funnel was charged with a solution of 0.25 ml
(1 .873 x 10' mol) of isoamyl nitrite in 20 ml of 1,2
- dichloroethane.

Solutions from the dropping funnels were
added dropwise simultaneously to the refluxing
mixture over a period of 45 min . At the end of
addition, the deep purple solution turned to a pale
yellow color . Refluxing was continued for 60 min.
The solvent was removed under reduced pressure.
The residue was triturated with 20 ml of methanol,
cooled, filtered, and dried to give 0.34 g (100%) of
yellow solid . Recrystallization from hot
cyclohexane gave yellow crystals m.p. 215 - 216 'C.

Mass spectrum calcd We for C24H1604 368,
obsd, 368.

Anal . ealcd for C24 11 1604 : C, 78.30; H, 4.40.
Found: C, 78 .50; H, 4.10.

lR (KBr): 3070 (w), 2930 (w), 1720 (s), 1580
(w), 1510 (m), 1480 (m), 1430 (s), 1380 (w), 1350
(w), 1320 (w), 1298 (w), 1260 (m, sh), 1230 (s, br),
1150 (s), 1120 (m, sh), 1100 (m), 1025 (ml), 1005
(m), 940 (m), 905 (m), 825 (a), 780 (s), 760 (m),
740 (w, sh), 690 (w), 660 (w), 600 (w), 550 (w)cm- 1.

Synthesis of 7,12,7 ;12 ' . lelramethyl carboxylase - 9,9' - bis

benzo Ik1(k1 fluavanrhene 14

Into a 250 . ml three - necked round - bottomed -
flask were placed 0.60 g (1 .873 x 10-3 mol) of 2 -
axe - 1,3 - bis (methoxy carbonyl) - 2H - cyclopenta
[i] acenaphthylene 6, 50 ml of 1,1,2 -
trichloroethane and a magnetic stirring bar . The
flask was equipped with two constant - pressure
dropping funnels and a water cooled condenser . A
solution of 0.878 g (1 .0 nil, 7 .490 x 101 mol) of
isoamyl nitrite in 25 ml of 1,1,2 - trichloroethane
was placed in one of the dropping funnels . The
other funnel was charged with a solution of 0 .255 g
(9.366 x 10' mol) of 3,3' - dicarboxy - 4,4' -

diatninobiphenyl (bisanthranilic acid) in 23 ml 1,2 -
dimethoxyethane (glyme) and 2 .5 ml dimethyl -
sulfoxide (DMSO).

The flask was heated by a heating mantle
and the stirrer was started. Solution from the
dropping funnels were added dropwise
simultaneously to the refluxing mixture over a
period of 3 h. The deep purple solution turned to a
clear brown color. The reflux was continued for 20
h . Solvents were removed with simple distillation
under mild reduced pressure . The residue was
triturated with 30 ml of methanol. The light
brownish solid was formed, filtered, and dried to
give 0.38 g (55%) . The crude product was applied
to a silica gel column . Elution with methylene
chloride furnished a light yellow solid, R f = 0.31,
m.p. 329-330 C.

(KBr) : 3050 (w), 2930 (w), 1725 (s), 1610 (m,
sh), 1580 (m), 1500 (m),1435 (x),1490 (w), 1340
(w), 1320 (m), 1260 (m, sh), 1200 (s), 1190 (m, sh),
1160 (s), 1110 (a),1045 (w), 1025 (m),1010 (m),
1050 (m), 860 (w), 820 (s), 790 (w), 770 (s), cm•'.

RESULTS AND DISCUSSION

The condensation reaction of acenaphthene -
quinone 3 with dimethyl - 1,3 - acetone
dicarboxylate 4 in hot methanolic potassium
hydroxide solution furnished 2 - oxo - 1,3 - bis
(methoxy carbonyl) - 2H - cyclopenta [i]
acenaphthylene 6 as deep purple color in good
yield (scheme 1) . The intermediate S was not
isolated-

The IR spectrum of cyclone 6 showed peaks
at 3050 for the = C - H and 2930 cm-' for the - C -
H stretching. Peaks at 1720 and 1695 cm- 1 which
were assigned for the carbonyl groups. Other peaks
were in agreement with the assigned structure.

The elemental analysis and mass spectrum of
cyclone 6 were in agreement with the assigned
structure.

The anthranilic acid 7 was used as a benzyne
1 precursor, thus anthranilic acid 7 was diazotized
in 1,2 - dichloroethane solution at 85 °C under
aprotic condition with isoamyl nitrite to yield
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scheme 1

+MeO - CC- c H2 -CHs-F-OMe

(4)

(3)

	

KOHIMeOH

-H2O

()

benzenediazanium - 2 - carboxylate S . Thermal
decomposition of this diaxonium salt gave the
reactive intermediate benxyne 1, nitrogen and
carbon dioxide.

This intermediate was trapped with 2 - oxo -
1,3 - his (methoxy - carbonyl) - 2H - cyclopenta [i]
acenaphthylene 6 via 4+2 Diels - Alder
cycloaddition reaction . The adduct 9 is not stable
at the reaction temperature, it lost carbon
monoxide and gave 7,12 - dimethyl carboxylate
benzo [k] fluoranthene 10 as a novel monomer in
100% yield (scheme 2).

Recrystallization from hot cyclohexane gave
pale yellow, fluorescent leaflets. The Compound 10
is soluble in chloroform, methylene chloride and 1,
2 - dichloroethane but it is slightly soluble in

Irmiian kw:sal of Polymer science and Technology vol 2, No Z ham 1993

(5)

acetone, toluene, ethylacetate, dimethylether . The
solution of the substance 10 in solvent showed
intense violet fluorescence.

The IR spectrum of compound 10 showed
peak at 1720 which was assigned to the one type of
C = 0 stretching: . Other bands are in agreement
with the assigned structure 10.

The tH - NMR spectrum of compound 10 in
CDC13 showed peak at 4.22 ppm (singlet) was
assigned to the methyl protons of ester groups.
Peaks between 7.54 - 7.67 ppm (multiplet) were
assigned to the four protons of the aromatic rings.
Peaks between 7 .81 - 7 .98 ppm (multiplet) were
assigned to the other six protons of the aromatic
rings.

The compound 10 has 24 carbon atoms in its
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scheme 2

(7)

isaam - ONO

1,2 - dichloroethane

(9) ( 1 )

(10)
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skeleton . This compound has plane of symmetry,
therefore its 13 C - NMR signal reduces to fewer
peaks . Thus 13 signals were observed on i3 C -
NMR spectrum which are completely assigned to
the corresponding carbon atoms (Table 1).

Table 1 . 13 C - NMR (50 MHz) data of compound 10

O a
Il

mC - OCH 3'a'
Type of ppm type of ppm
carbon carbon

a 52 .77 h 129.36
b 121 .96 i 130.39
c 125 .76 j 133.68
d 126 .84 k 134.24
c 127 .45 1 135.45
f 127.61 m 169.44
g 128.24

The UV - visible spectral data for the
compound 10 in various solvents are summarized
in Table 2 . In each case, the spectrum qualitatively
resembled that of the parent hydrocarbon benzo
[k] fluoranthene [20], but marked differences in
the intensities of the various bands were observed.
Although the carbonyl groups appear to be in
conjugation with the aromatic ring system, the fine
structure is largely retained . Introduction of the
carbonyl groups would not exert any bathochromic
influence on the absorption bands.

The elemental analysis and mass spectrum of

hessian Journal of Polymer Science and Technology. Vol 2, No 2, lune 3993

Table 2 . UV - visible spectra of compound 10 in
selected solvents

Solvent

	

1.. (e lit, mol-1 , cm- l )
Chloroform

	

274 (13886), 287 (18232),
301 (32689), 342 (7698),
359 (5930), 379 (8287), 401
(9024).

Acetone'

	

342 (5746), 358 (4420),
378 (6667), 399 (7146).

Toluene'

	

343 (9779), 360 (7514),
380 (11271), 402 (12615).

Methylene chloride" 360 (6678), 380 (9609),
401 (10138).

1,2-Dichloroethane 6 359 (5616), 380 (8288),
401 (8920).

(a) The last four a...T are reported for comparison.

(b) Theirs' three A., .Y are reported for comparison.

compound 10 are in agreement with the assigned
structure.

3,3' - Dicarboxy - 4,4' - diaminobiphenyl 11
was synthesized from o - nitrobenzoic acid [17].
Aprotic diazotization of compound 11 in 1,1,2 -
trichloroethane with isoamyl nitrite gave biphenyl -
4,4' - bisdiazonium - 3,3' - dicarboxylate 12 and
subsequent thermal (108 °C) decomposition of 12
yielded the reactive intermediate 3,3',4,4' -
tetradehydrobiphenyi (bisbenzyne) 2 . This reactive
intermediate was trapped with two moles of 2 - oxo
- 1, 3 - bis (methoxy carbonyl) - 2H - cyclopenta [i]
acenaphthylene 6 via Diels - Alder cycloaddition
reaction to give the previously unreported 7,12,7',
12' - tetramethyl carboxylate - 9,9' - bisbenzo [k]
[k] fluoranthene 14 . The cyclic bisketone
intermediate 13 was not isolated, since it
spontaneously lost carbon monoxide to form the
highly aromatic system 14 (scheme 3).

The compound 14 was purified via column
chromatography. This compound is a light yellow
solid . It is insoluble in most organic solvents, but
slightly soluble in methylene chloride, chloroform
and 1,2 - dichloroethane . Although it is little
soluble in the above solvents, the solution shows
intense violet fluorescence.

The IR spectrum of compound 14 showed
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scheme 3
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Table 3 : UV - risible spectra of compound 14 in
various solvents.

Solvent' A
as,

(e lit, mol-l , cm- t )

Chloroform 366 (29191), 389 (30386),
412 (27297)

Methylene chloride 368 (54709), 389 (57187),
412 (52661)

1,2-Dichloroethane 367 (21746), 389 (22802),
412 (21087)

a) the test three A. are reported for comparison.

peak at 1725 cm- 1 which was assigned to the one
type of C=O stretching . Other bands are in
agreement with the assigned structure 14.

The UV - visible spectral data for the
compound 14 in different solvents are summarized
in Table 3. Its ultraviolet spectra are similar to that
of the model compound 10. Although the structure
of compound 14 has more double bonds compared
to the compound 10, for geometrical reasons, there
is no bathochromic influence on the absorption
spectrum.

The insolubility of the product 14 precluded
any NMR measurements but the above data are in
agreement with the assigned structure 14.

CONCLUSION

From the result obtained, it is clear that 7,12 -
dimethyl carboxylate benzo [k] fluoranthene and
tetra functional methyl carboxylate of bisbenzo [k]
fluoranthene can be easily obtained by a simple
procedure from benzyne and bisbenxyne
intermediates. These novel monomers can be used
for synthesis of new polyesters, polyarnides and
other polycondensation products . The above
results also give new evidence for the existence of
the reactive intermediates 1 and 2 . Polyconden -
sation reactions of these monomers are under
investigation.
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