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By means of the crotonic condensation of 1, 4-diacetylbenzene 
with various aromatic and heterocyclic aldehydes, thirteen ct, ~- 
unsaturated diketones (diarylidene-1, 4-diacetylbenzenes) were synthe- 
sized. The majority of these compounds are characterized by means 
of their bis(2,4-dinitrophenylhydrazones), the absorption maxima of 
which were deteImined in a solution of chloroform. By means of the 
interaction between diarylidene-1, 4-diacetylbenzenes and phenylhy- 
drazine hydrochloride, ten 1,4-bis(1-phenyl-5'-R-&X-pyrazolinyl-3')- 
benzenes were obtained which possess a bright green or blue lumi- 
nescence 

At present, the ~,~-unsaturated diketones, the 
so-called p-dichalcones [i], havenotbeenwell studied. 

The literature only describes information concerning 

the synthesis of dibenzal-p-diaeetylbenzene (1) [2-4] 

and dianisal-p-diacetylbenzene (Ill) [2]. In addition, 
these compounds are of undoubted interest as potential 
physiologically active substances and also as interme- 

diate products in organic synthesis [5-7]. 
As a continuation of the studies concerning the 

synthesis and properties of ~, ~-unsaturated diketones 

and their derivatives, an attempt was made to achieve 

a crotonic condensation of i, 4-diacetyibenzene with 
various aromatic and heterocyclic aldehydes accord- 

ing to the scheme: 

/~ O, NaOH 
R--C~H+ CH3--CO-~CO--CH3 + H ~ C - '  " 

R--CH=CH--CO--~--CO--CH=CII--R + 2H20 

It is well known that electron donor substitutes in 
the aromatic nucleus by the aldehyde component hinder 

the crotonic condensation [8]. Thus, the interaction 
between i, 4-diaeetylbenzene and 4-dimethylamino- 
benzaldehyde proceeds much less readily than with 
the unsaturated benzaldehyde, and in order to conduct 

this reaction, it was necessary to include a large 
excess of catalyst. The yield of the condensation 
product was only 66%. Under various conditions (var- 
ious levels of catalyst, temperature, order of addition 
of reagents, etc. ), it was impossible to separate the 
product of the condensation between 2-pyrrolaldehyde 
and I, 4-diacetylbenzene in a sufficiently pure form. 
The pyrrole nucleus possesses electron donor prop- 
erties and corresponding condensations always proceed 
in stable conditions [9]. However, in the majority of 
other cases, even when electron donor substitutes (II, 
Ill) were present in the aromatic nucleus, the reac- 
tions proceeded readily at room temperature in an 
alcohol--water medium in the presence of a small 
quantity of a 20% solution of NaOH, and the yield of 

the condensation products reached 80-967c. 

In a previous study [4] of dibenzilidene-p-diacetyl- 
benzene (1) the mp was found to be 199-200 ~ C. By 
condensing benzaldehyde with i ,  4-diacetylbenzene, 
we obtained a product with anmpof 214 ~ C, which cor- 
responds to other data in the literature [2, 3]. 

All p-dichalcones and their heterocyclic analogs 
synthesized in this laboratory (Table 1) are solid 
crystalline substances, readily soluble in acetic acid, 
chloroform, and chlorobenzene. They are almost 
insoluble in alcohol, ether, and other organic solvents. 
They all possess well-pronounced halochromic prop- 
erties and in solutions of cone H2SO 4 they intensify 
in color to orange or red-violet. Certain of the di- 
chalcones obtained possess the ability to luminesce 
under the influence of ultraviolet irradiation in the 
solid state or in solution. Thus, crystals of compounds 
Ill, IV, and XI and Xll have a yellow, red, and yellow- 
blue luminescence, respectively. Toluene solutions 
of compounds III, IV, VI, and XII possess yellow, 
green*, green-blue, and blue luminescence, respec- 
tively. 

When acetate solutions of the diarylidene-1, 4-di- 
acetylbenzenes synthesized are boiled for prolonged 
periods (2-15 hr) with alcoholic solutions of 2, 4-di- 
nitrophenylhydrazine, in the presence of small quan- 
tities of HCI, the corresponding bis (2, 4-dinitrophenyl- 
hydrazones) are usually formed (Table i) [11]. One 
should note that the attempt to characterize the anal- 
ogous diketones, derivatives of 2,5-diformylthiophene 
synthesized by us previously, by means of the bis 
(2, 4-dinitrophenylhydrazones) was not successful [12]. 

From the interaction between acetate solutions of 

unsaturated diketones (I-III, V-VII, IX-XII) and al- 
coholic solutions of phenylhydrazine hydrochloride, 
the corresponding i, 4 bis (l'-phenyl-5'-R-A 2-pyro- 
zolinyl-3')benzenes (characterized in Table 2) were 

obtained. 
The Interaction usually proceeded readily with a 

good yield and was complete within 2-7 hr. The syn- 
thesized dipyrazolinylbenzenes are solid crystalline 
substances and are not readily soluble in normal or- 
ganic solvents. The reaction of Knorr [ 13] (the forma- 

*For a more accurate account of the luminescence 

of compound IV see [i0]. 
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TabLe 1 

C h a r a c t e r i s t i c s  of  t h e  U n s a t u r a t e d  D i k e t o n e s  R--CH=CH--CO--CsH4--CO--CH=CH--R 

Com- 
pound 

vii 
VII 

VIII 

IX 

X 

Xl 

XII 

XlI[ 

Phenyl 

4-Tolyl 

4-Methoxy- 
phenyl 

4-Dimethyl 
aminophenyl 

4-Fluorophenyl 

4-Chlorophenyl 

4-Bromophenyl 

4-Nitrophenyl 

4-Diphenylyl 

2-Furyl 

2-Thienyl 

2-Selenienyl 

2-Quinolyl 

.)14 

.~41 

212 

216 5 

250 5 

275 

277 

315 

26~ 

241 

205.5 

213 

246.5 

External 
appearance 

, Colorless 
flakes 
Colorless 
prisms 
Light yellow 
prisms 
Orange flakes 

Colorless 
prisms 
Colorless 
prisms 
Colorless 
prisms 
Greenish 
flakes 
Colorless 
flakes 
Yellow prisms 

Yellow-green 
prisms 
Yellow prisms 

Yellow 
flakes 

Empirical 
formula 

I 
C24HIsO2 

C2sH~O~ 

C~H~O~ 

C~sH~sN~O2 ~* 

C~4HIsF~O2 

C~4H~CI~0~ ~* 

C~4H~6Br~O~ a* 

C24H~N2Os 4. 

C~sH~sO~ 

C~oH1404 

C~oH140~$2 ~* 

C2oH 1402Se~ 6. 

C3oH~oN~O2 TM 

I *Found, %: N, 6.71, 6.75. Calculated, %: N, 6.60. 
2 *Found, %: CI, 17.38, 17.70; Calculated, %: CI, 17.48 
s * F o u n d ,  %: Br, 32.30, 32.50; Calculated, %: Br, 32.25. 
4 * F o u n d ,  %: N, 6.55, 6.64; Calculated, %: N, 6.53. 
s *Found, %: S, 18.25, 18.40; Calculated, %: S, 18.27. 
6 *Found, %: Se, 35.34, 35.15; Calculated, %: Se, 35.59. 

* F o u n d ,  %: N, 6.28, 6.28; Calculated, %: N, 6.36. 

Found, % 

C H 

84,80; 84.85 6,08; 6.28 

76,90; 77.20 4.16; 4.22 

87.90; 88.10 5.41; 5.60 

75.40; 75.60 4.43; 4.53 

caic., % 

-- , - -  a16 

85.2C 3.01 260 

_ _ _  [304 

77.0 t.28 32O 

- -  - -  254 

- -  250 

88.10 5.34 310 

75.50 4.40 de- 
~om I 

- -  de- 
coml 

- -  d e -  

: o m t  

Bis(2,4-dinitrophenylhydrazones) 

empirical 
formula " 

396 Ca~H~sNsOs 

399 [ CssHsoNsOs 

405_ C3sHsoNsO,o 

400 C36H24NsF2Os 

396 C~H24NsCI2Os 

390 Ca~H24NsBr2Os 

~06 C4sHa4NsOs 

407 C32H2~NsO',0 

406 Cs2H2~NsOsS2 

408 C32H22NsOsSe2 

N, % 

found I 

16.04; 16.07 16.04 

15.62; 15.701 15.56 

14,71; 14,811 14.77 
I 

15.30; 15.44 15,25 

15.08; 15.17 15.09 

13.13; 13,20 13.08 

13.12; 13.14 

16,56; 16.59 

15.72; 15.86 

14.15; 14.16 

95 

96 

98 

66 

98 

87 

96 

- -  80 

13,17 94 

16.5C 96 
i 

15.77 95 

13.93193 

- -  86 

T a b l e  2 

C h a r a c t e r i s t i c s  of  1 , 4 - B i s ( l V - p h e n y l - 5 * - R - A  2- p y r a z o l i n y l - 3 ' ) b e n z e n e s  

Com- 
poundl 

XlV Phenyl 

XV 4-Tolyl 

XVI 4-Methoxy- 
phenyl 

XVII 4-Fluorophenyl 
XVIII  4-Chlorophenyl 

X|X 4-Bromophenyl 
XX 1 4-Diphenylyl 

XXI ] 2-Furyl 

XXII 2-Thienyl 

XXIH 2-Selenienyl 
[ 

t Time [ 
of 

M~' boil- External 
ng, appearance 

265 

274 

264 

253 
273 
267 
285 
244 

235 

245 

3 

3 

3 

7 
3 
2,5 

3 

4 

Yellow 
flakes 

Green-yellow 
flakes 

Pate-yMlow 
flakes 

I Yellow prisms 
Yellow flakes 

[ Yellow flakes 
! Yellow needles 

Orange-yellow 
needles 

Orange-yellow 
flakes 

Orange-yellow 
flakes 

Empirical 
formula 

C36Hs0N4 

CssH34N4 

CssH~4N402 

Cs6H2sN4Fs 
Cs~H2sN4CI2 
C~H~sN4Bra 
CisHasN4 
C32H26N40s 

Ca2Hs6N4Ss 

'Cs~H2sN4Se2 

N.% 

~o found calc. 

10.56; 10.74 10,81 77 

10.20; 10.25 10.25 75 

9.65; 9 .91 9,68 92 

10.27; 10.32 10.14 91 
9.71; 9.75/ 9.55 83 
8.10; 8.12 1 8.28 i56 
8.50; 8.55l 8.36 87 

11.12; 11.22]11.15 78 
I 

10.36; 10.37l 10.56 i 96 

9.04; 9.05[ 8.97 ! 81 



796 KHIMIYA G E T E R O T S I K L I C H E S K I K H  SOEDINENII  

tion of a blue color on addition of cone. H2SO 4 and 
FeCI3) is characteristic for the pyrazolines, and all 
compounds obtained by us showed a positive reaction. 
The structure of the dipyrazolinylbenzenes was con- 

~ o =- ,~ 

1600 ~400 1200 1000 800 c m  "~ 

I n f r a r e d  s p e c t r u m  of c o m p o u n d  XIV 

in K B r  t a b l e t s .  

firmed by the study of their infrared spectra (fig- 
ure). In the spectrogram presented, two intensive 
absorption bands are visible in the 1600 cm -I and 

1503 cm -I regions, which is characteristic for i, 3, 5- 
triarylpyrazolines [14]. The first band is associated 

with the valence vibrations of the ~N bond, and 
the second band is associated with the horizontal va- 

lency oscillations of phenyl. The methylene group 
appears as a band at 1458 cm -i. Of the other charac- 

teristic bands for the i, 3, 5-triarylpyrazolines, it is 

also possible to observe the Ar--N oscillations at 
1325 cm -i. In addition, in the study of the solutions of 

all dipirazolinylbenzenes obtained the band of the va- 

lence vibrations of the N--H group in the 3200-3500 
cm -I region was not found. When solutions of these 

compounds in benzene are irradiated with UV light 

they possess a bright blue or green luminescence, 
which is also characteristic for pyrazolines [15]. 

One should note that dipyrazolinylbenzene (XIV) has 

been previously described [4] in the form of two ro- 

tatable isomers with mp of 216-217 ~ C and 249-250 ~ C. 
In all our experiments, which included a repetition of 
the synthesis under previously described conditions 
[4], only one product with an mp of 265 ~ C was obtained. 

EXPE RIM E NTA L 

Crotonlc condensation Stoichiometric quantities of p-diacetyl- 
benzene (0.01 moIe) and the corresponding aromatic or heterocyclic 
aldehyde (0.02 mole) were dissolved in 20-40 mt methanol and 1-3 
ml of a 2090 or 40% (IV) aqueous solution of NaOH was added dropwise. 
The precipitate which had formed by the following day was removed 

by filtration, washed with aqueous alcohol, and recrystallized from 
acetic acid. 

Preparation of pyrazoline derivatives. A 0.005 mole quantity of 
unsaturated diketone, preliminarily dissolved in hot acetic acid, and 
0.012-0.015 mole of an alcoholic solution of phenylhydrazinr hydro- 
chloride were boiled in a reflux condenser for 2-7 hr. The compounds 
were purified by chromatography of the benzene solutions on alumina. 
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