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SYNTHESIS AND SOME REACTIONS OF PHENYLENE-1, 4DI (1-PEHNYL-1-PROPENONE)
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The condensation of acetophenone with terephthalic aldehyde (molar ratio 2:1) gave mono- and bis-
chalcones I and II respectively, but when the molar ratio of ketone to the aldehyde increased (4:1)
only II was obtained. The reaction of II with hydrogen peroxide, active methylene (under Michael con-
densation conditions) aromatic hydrocarbons (under Friedel-Crafts conditions), hydrazines, hydroxyla-
mine hydrochloride and bromine have been studied. Also the reaction of tetrabromide VIII with hydra-
zines hydroxylamine hydrochloride and aromatic hydrocarbons (under Friedel-Crafts conditions) has

been described.

INTRODUCTION

The condensation. of acetophenone with terephthalic
aldehyde using a molar ratio.(2:1) in sodium hydroxide
(10%) as a base yielded p-phenyl-1-propenone:1-benzalde-
hyde (I) in 25% yield and phenylene-1,4- di(1-phenyl-1-pro-

penone) (II) in 70% of the total yield. When the condensa--

tion was carried out using an excess from the ketone to the
aldehyde (4:1) only II was obtained in about 90% yield.

CGHSCOCH=CH@-CHO
1
csHscocw.CH@mc HCOC

The structure of compounds I and II were proved from
their (a) analytical analysis, (b) ir spectra which showed for
1 an absorption band at 1700 cm’l (v(CO)) of the aldehydic
group and at 1660 cm™! for the aromatic carbonyl while
the spectrum of II gave a band at 1550 em! for the
aromatic carbonyls, (c) 1{.n.m ¢ Spectra which showed a
singlet at § = 10.06 ppm for the aldehydic proton and a
multiplet at § = 8.16-7.30 ppm for olefinic and aromatic
protons of compound I, while for II it showed two multi-
plets at & = 8.2-8.0 ppm and at § = 7.93-7.33 ppm for the
olefinic and aromatic protons and (d) mass spectra which
show a mol peak at m/e = 236 for I and for II a mol peak
at m/e = 338 (fragmentation in the experimental).

The reaction of hydrogen peroxide with o Bunsatura-
ted ketones was reported to give the epoxy ketones [1, 2l
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In this study, the treatment of II with hydrogen peroxide
in the presence of sodium hydroxide gave a bis-epoxide 111.

H——CH@(H——CHCOC H
CHOCt— P e

11

The proposed structure ir for III was supported from
(a) its analytical data and (b) ir spectrum which showed
strong absorptlon bands at 1660 cm™’ (V(CO) ir and at :
1240 cm” (exp0x1de linkage). =

Michael condensation of the chalocone. II with active
methylene such as eyclohexanone in the presence of
sodium methoxide yielded IV (3, 4].

CeHeCOCHCH CHCH coc

tﬁ(ﬁr

The structure of the compound IV was proved from
(a) its analytical data and (b) ir spectrum which showed
strong types of carbonyl frequencies at 1700 cm’! and at
1675 cm™! for cyclic and aromatic ketones respectively.

The Friedel-Crafts reaction can be also carried out
with o, B-unsaturated ketones [1] This reaction can be

CeH COCHZCH CHCH2C0C6H5
CHy ¢ CHy
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extended to the chalcone II which on treatment with
aromatic hydrocarbons such as toluene in the presence of
anhydrous aluminium chloride gave an arylated deriva-
tive V.,

The structure of V was established from it, (a)analy-
tical data and (b) ir spectrum which showed an absorp-
tion band at 1665 cm™! for the aromatic ketone.

Hydrazines and hydroxylamine hydrochloride react
easily with o, Bunsaturated ketones producing pyrazo-
lines and iso-oxazolines respectively [5]. This reaction
has now been extended to II which on treatment with
hydrazine hydrate and/or phenylhydrazine in acetic acid
gave the corresponding hydrazone which rearranged to
the pyrazoline derivative VIa,b.

CeHg 6
N——N e

R R
VI a:R=H, b: R=C6H5

The structures of the compounds Vla,b were proved
from their analytical data and mass spectra with a mol
peak at m/e = 366 for compound Vla, while compound
VIb show a mol peak at m/e = 518; infrared spectra
which showed for Vla a band at 3350 cm™! (v(NH) and at
1580 cm” (v(C = N)), while for VIb it showed a band at
1595 cm™ (W(C = N); lg.n.m s, (cf. Experimental); and
the colour test [6]. A drop of ferric chloride solution
added to a concentrated sulphuric acid solution of the
compounds VIa,b, gave a violet blue colour.

Treatment of II with hydroxylamine hydrochloride in
boiling acetic acid gave the corresponding iso-oxazoline
derivative VII,

7 S‘T\AIF@_Y/\V CeMs
N 0—N
VI

The structure of VII was proved through. (a) analytical
data, ir spectrum with an absorption band at 1615 cm’!
(v(C=N) and (c) mass spectrum with a mol peak at m/e =386
(fragmentation, cf. Experimental),

The bromination of II in acetic acid yielded the corres-
ponding tetrabromide VIII.

The structure of VIII was supported from its elemen-
tal and spectral analysis, ir spectrum which showed

G
g4 OGO cIH{IHCOCGH5
Br Br Br B

an absorption band at 1680 cm'! v(CO) and (c) mass
spectrum gave a mol peak at m/e = 685 (cf. Experimental).

Treatment of the tetrabromide VIII with hydrazine
hydrate and/or hydroxylamine hydrochloride in acetic
acid yielded the corresponding pyrazole derivative IX,
and the iso-oxazole derivative X respectively [7, 8].

e O T

5 1l 65
e N——N
H -H

IX
Cs%_(\'@m‘cs*‘s
=m0 e 45052k

The proposed structures EX and X were confirmed
from their spectral and elemental analysis i.e. spectra
which showed a band at 1590 cm™! [v(C=N) for compound
IX and at 1585 cm’™! for compound X and mass spectra
which gave a mol peak ion at m/e = 362 and for X a mol
peak ion at m/e = 366.

Friedel-Crafts reaction of VIII with an aromatic hydro-
carbon such as toluene in the presence of anhydrous
aluminium chloride gave the arylated compound XI.

The structure of XI was established from its analysis
and ir spectrum with a band at 1660 cm’! for the aromatic
ketone.

CH COCH-CH—@—L )
&5 ;'q | IHICHCOCBHS

¥ ol R R
XI R:CGHA(CH3)-P

EXPERIMENTAL

Melting points are not corrected 1y nom.r, Wwere
measured on Brucker HFX 90 (90 MHz) using
tetramethylsilane as the internal reference. Infrared spectra
were determined with a Perkin-Elmer model 157G
spectrophotometer in KBr discs and mass spectra were
carried out on MS 9 and MS 30 (AEJ Manchester).

Condensation of acetophenone with terephthalic
aldehyde: formation of I, Il A mixture of 2.25 gsodium
hydroxide in 20 ml water and 15 ml ethanol was cooled in
an ice bath. 5.1 g (0.04 mol) acetophenone was added in
one portion with stirring followed by 2.61 g (0.02 mol)
terephthalic aldehyde dissolved in 15 ml ethanol; the
solution became clear and after about 5 min. a yellow sub-
stance was precipitated, The stirring was continued for
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another half hr; the solution was filtered off, washed with
water followed by washing with ethanol. The solid product
obtained was recrystallized from glacial acetic to give 4.2 g
(68%) 11 as yellow crystala, mp 204 °C (lit. [a] mp 200°).
The mother liquor was concentrated and the solid product

- obtained was recrystallized from ethanol to afford 1.16 g
(24%) I, mp 130-1° (lit. [9] mp 125).

When this experiment was repeated using an excess from
acetophenone 6 g (0.05 mol) and terephthalic aldehyde,
1.67 g (0.012 mol) and the srirring time was increased to 2
hr. at room temperature, it gave 3.7 g (90%) II. Compound
115 C16H1202 (236.27), Calcd. C: 81.33%, H: 5.12%.

Found C: 81.12%, H: 5.24%

MS (rel. int. %), m/e = 236 (M*, 100), 207(78),

179(61),159(34),131(50),104(66),77(84) and

51(57).

Compound II: C,  H, 20,(338.41); Caled. C:

85.18% H: 5.36%.

Found C: 84.98%, H: 5.45%.

MS (rel.int.%),m/e = 338(M*,100),310(11),

261(9) 233(99),

207(8), 178(7),155(8), 127(21), 105(94).

77(89),51(42) and 43(6).

Epoxidation of II: formation of oxirane derivative
HI. A solution of 0.4 g (1.2 mmol) of II in acetone (10 mi)
and methanol (10 ml) was treated with 10% aqueous
sodium hydroxide (10 ml) followed by hydrogen peroxide
(30%, 5 ml). The solution was stirred and heated to boiling
point during one hr. On cooling a crystalline substance
separated out and was crystallized from acetone/ water to
give 0.32 g (73%) I1I, mp 226.7°,

Compound III: C,,H, 804(370.41); Caled. C:
77.82%, H: 4.89%.
Found C: 77.58%, H: 5.02%

Michael reaction of II with cyclohexanone: formation
of IV. 2 g sodium methoxide in 30 ml absolute methanol
was added to a solution of 0.5 g (1.5 mmol) I and 0.3 g (3
mmol) cyclohexanone in 15 ml methanol. The reaction
mixture was refluxed for 16 hr. After cooling it was poured
into ice/water. The solid product was filtered off and
recrystallized from ethanol to give 0.67 g (86%) of IV as
colourless crystals, mp 258-60 °C.

Compound IV: C,(H,,0,(534.70); Calcd. C:

80.87%, H: 7.16%.

Found C: 80.73%, H: 7.02%.

Reaction of II with toluene (under Friedel Crafts con-
ditions): formation of V. To a cooled stirred mixture of
anhydrous aluminium chloride 2.66 g (20 mmol) in 20 ml
dry tolune, a solution of 0.5 g (1.5 mmol) of II in 15 ml
tolune was added. The stirring was continued for 3 hr. at
room temperature and for 4 hr. under reflux. The reaction
mixture was poured into cooled dilute hydrochloric acid
and the excess of toluene was evaporated by steam distilla-
tion after which the obtained solid product was chroma-
tographed by column chromatography on silica gel using
carbon tetrachloride/methylene chloride (2:1, v/v) as an
eluant. It gave 0.32 g (42%) of V after recrystallization from
ethanol as scarlet red crystals, mp 192-5°.

Compound V: C;4H,40,(516.64); Calcd. C: 88.34%,

H: 5.46%.
Found C: 88.19%, H: 5.41%.

Reaction of II with hydrazines: formation of Vla, b.
A mixture of 0.3 g (0.2 mmol) of II in 30 ml glacial
acetic acid (2 mmol) hydrazine hydrate and/or phenylhy-
drazine was heated under reflux for 3 hr. The solid pro-
ducts obtained were crystallized from acetic acid (cf.
Table 1).

Reaction of II with hydroxylamine hydrochloride:
formation of VII. A mixture of 0.2 g (0.6 mmol) of II and

Table 1
Comp. mp °C Mol. formula lgnmr © Analysis %
(yield) (mol, wt.) * ppm Calcd.  Found
Via 206-8 C,4H,,N, 3.66-2.50(m, 6H,CH, ,CH-H) C:78.66 78.13
(75%) (366.47) 4.8(t,2H,NH),7.76-7.23 - H:6.05 6.24
(m,14H, Ar-H) N:1529 1541
VIb 238.9 Cy6H30N, 7.96-7.07(m, 14H,Ar-H), C:8337 8281
(67%) (518.66.) 3.2:2.91(m, 6H,CH,,CH-N) H:5.83 5.89

N:10.80 11.02
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0.2 g (2.85 mmol) hydroxylamine hydrochloride in glacial
acetic acid (20 ml) with some drops of pyridine was re-
fluxed for 5 hr. After cooling the reaction mixture was
poured into ice/water where the obtained solid pro-
duct was recrystallized from ethanol to give 0.181 g
(83%) of VII as colourless crystals, mp 269-71°,
Compound VII: C, 41-120N202(368.44); Calced. C:
78.24%, H: 5.47%,N: 7.60%
Found C: 78.11% H: 5.49%, N: 7.71%
MS (rel. int. %), m/e = 368(M™, 74),351(12),
321(4),265(31), 248(84),233(21),219
(45), 193(37). 178(24),146(75),131(100),
117(87),103(100),91(74) and 63(51).
1H.n.m r. PMSO-d¢), 6= 7.9-6.8 ppm(m,14H
Ar-H), 3.55-2.82
ppm(m,6H,2CH2,2CH-O).
Bromination of Il: Formation of tetrabromide

vil. To 068 g (2.01 mmol) of II in 30 ml glacial

acetic acid, 0.5 ml of bromine was added and the
reaction mixture was refluxed for 1.5 hr. ‘After
cooling the solid product was filtered off and recrystallized
from acetic acid to give 1.12 g (85%) of the corresponding
tetrabromide VIII, mp more than 300°.
Compound VIII: C24H1802Br4 (658.04)- Calcd. Ci43.81%.
H: 2.76%,
Found C: 43.98%, H: 2.89%. .
MS (relint.%), m/e = 658(M*, 3), 474(17)417(77),
338(100),309(19),259(16),233(86),202(34),189(7),
178(10),127(25),105(75) and 77(72).

Treatment of VIII with hydrazine hydrate: formation
of IX. A mixture of 0.5 g (0.76 mmol) of VIII in ethyl
alcohol (30 ml) and 0.3 g (3 mmol) hydrazine hydrate was
heated under reflux for 5 hr. The reaction mixture was
cooled, the solid product filtered off and recrystallized
from ethanol to give 0.204 g (74%) of 1X as colourless
crystals with mp of over 310°,

Compound IX: C,H, ¢N,(362.44); Caled. C: 79.54%, H.
5:01%, N: 15.46%.
Found C: 79.41%, H: 4.93%, N: 15,32%.

MS (relint. %)m/e = 362(M*,100),336(10),304(6),

230(11),184(16),181(52),167(42),152(46),139(34),

105(52),104(92) and 77(86).

Reaction of VIII with hydroxylamine hydrochloride:
formation of X. A mixture of 0.5 g (0.76 mmol) VIII and
0.21 g (3 mmol) hydroxylamine hydrochloride in 30 ml

ethanol and a few drops of pyridine was refluxed for
6 hr. After cooling the reaction mixture was poured in-
to ice/water, filtered off, recrystallized from acetic acid
to give 0.196 g (72%) of X as colourless crystals mp
258°.

Compound X: C,,H, (N,0,(364.41); Calcd. C: 79.11%,

H:4.43%,N:7.69%.
Found C: 78.92%, H: 4.63%, N: 7.52%.

Reaction of VII with toluene (under Friedel-Crafts
reaction conditions ), formationof XI. To 0.5 g (0.76 mmol)
VIII in dry toluene (30.ml), 2.6 g of anhydrous aluminium-
chloride were added and the temperature was not allowed
to rise above 40°. The reaction mixture was heated as 80°
for 6 hr., then cooled and poured into ice/hydrochloric
acid and the excess of toluene was evaporated by steam
distillation. The solid product was filtered through column
chromatography over silica gel using carbon tetrachloride/
chloroform (2:1) as as eluant. The solvent was evaporated.
and the solid product crystallized from ethanol to give
0.254 g (54%) of X1 as red crystals, mp 244.6°,

Compound XI: Cs,H,,0, (698.91); Cale.d. C: 89.36%, H:

6.06%.

Found C: 88.82%, H: 6.17%.

Acknowledgment. We thank Prof. Dr. Henning Hopf
(Institute for Organic Chemistry, Technology University of
Braunschweig, Federal Republic of Germany) for providing
facilities for measuring 14 n.m r, and mass spectra,

REFERENCES

1. H.H.Wasserman and E.N.Aubry, J.Am, Chem. Soc., 77,
590 (1955). g

2. A. Sammour and M.El-Kasaby, U.A.R.J. Chem., 13,
151 (1970).

3. W, Dilthey, O. Trosken, K. Plum and W, Schommer, J.
Prakt. Chem., 141, 231 (1934),

4. L.A.Carpine, J. Org. Chem., 30, 736 (1965).

5. A, Sammour, Tetrahedron, 20, 1067 (1964).

6. V. Knorr, Liebigs Ann, Chem., 238, 200 (1887).

7. N.Coker and M. Fielsa, J. Org. Chem., 27, 2226
(1962).

8. A. Sammour, M.L.B. Selim and G.H.El-Sayed, U.A.R J.
Chem., 14,235 (1971).

9. H.V. Lendenfeld, Monatsh., 27, 969 (1907).



