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Crotonaldehyde-type condensation in alkaline medium of 2-acetylpyrrole or pyrrole-2-aldehyde with 
aromatic or heterocyclic aldehydes and methyl ketones gives a number of hitherto undescribed pyrrole 
analogs of chalcone, and their 2, 4-dinitropheixylhydrazones are prepared. 

The first pyrrole analog of chalcone, 1-(pyrryl-2')-$-phenylpropene-a-one, was prepared by crotonaldehyde-type 
condensation of 2-acetylpyrrole with benzaldehyde [1]. An isomer of it, corresponding to the propene-1-one-a, mp 
l aS-1a9  ~ was similarly synthesized by E. Lyubrzhinskaya [2], from pyrrole-2-aldehyde and acetophenone; subsequently 
this compound was stated to have mp l a a - l a 4  ~ [a]. Some derivatives of 1-(pyrryl-2')-a-phenylpropenes with p-methyl, 
p-methoxy, m-  and p-nitro, p-dimethylamino groups and certain other substiments have been described [4, 5]. At pres- 
ent analogs of chalcone with the pyrrole nucleus and the furan and thiophene rings all present simultaneously, are known 
[6-8]. Papers by A. Ponomareva relate to synthesis of vinylogous pyrrole analogs of chalcone [9]. 

The present aim was systematic synthesis of a series of chalcone analogs, containing the pyrrole ring and having 
the carbonyl group in various positions, with a view to further study of their spectral characteristics, halochromic prop- 
erties, physiological action, etc. The route chosen for preparing the requisite ~x, B-unsaturated ketones was crotonalde- 
hyde condensation of 2-acetylpyrrole or pyrrole-2-aldehyde with the appropriate aromatic or heterocyclic aldehydes, 
and methyl ketones, the equations being 

~-~_CO_CH3 + O=CIt--R-------~ ~CO--CH=CH--R+H20 
tt H 

I, !II, V, VII, IX, X1, Xlll, XV, XVII, XlX, XXl, XXII 

~ - - C H = O  + H3 C--CO--R =- ~--CH=CH--CO--R -t- H~O 
H tt 

II, IV, VI, VIII, X, XI1, XlV, XVI, XVIII, XX, XXl, XXlll 

R = phenyl {I, I1), 4-methylphenyl (III, IV), 4-chlorophenyl (V, VI), 4-nitrophenyl (VII, 
VIII), 4-methoxyphenyl (IX, X), 2, 4-dimethoxyphenyl (XI, XI1), 4-dimethylaminophen- 
yl (XIII, XIV), 4-diphenylyl (XV, XVI); 2-furyl (XVII, XVII1), 2-thienyl {XIX, XX), 2- 
pyrryl (XXI), and 2-quinolyl (XXII, XXlII). 

Reaction proceeds readily in aqueous alcohol, on adding a few drops of alkaline condensing catalyst, 10% sodium 
hydroxide, and only in a few cases was it necessary to reflux for 2-15 hr. 

It was also desired to prepare the product of crotonaldehyde condensation between 2-pyrrole aldehyde and 2, 4, 6- 
trimethoxyacetophenone. However, despite attempts to prepare it under various conditions, among them in glacial 
acetic acid containing acetic anhydride [10], it proved impossible to isolate the corresponding chalcone analog. Pro- 
longed refluxing (15 hr) of the reactants in alkaline medium gives a crystalline product whose elementary analysis is 
that of a compound formed by reaction of two molecules of the pyrrole aldehyde with one of 2, 4, 6-trimethoxyacetophe- 
none. It is known that pyrrole-2-aldehyde can react in the hydroxymethylene form [2], and it was recently shown [8] 
that this latter form with 2-hydroxyacetophenone gives a product from 2 molecules of aldehyde and one molecule of ke- 
tone, so that by analogy the compound here obtained is assigned the structure 1, 3-di(pyrrylidene-2')-2-(2", 4", 6"-tri- 
methoxybenzoyl)-propane (XXIV). 
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It is of  interest that, as was shown by two of the present authors, 2, 4, 6- t r imethoxyacetophenone does not undergo 
crotonaldehyde condensation with 5 -n i t ro -2- th iophene  a ldehyde [10] or 5-nitrofurfural [11]. Apparently this is connected 
with an accumulat ion  of methoxy groups in the acetophenone molecu le  affect ing its react ivi ty ,  it may  be mentioned 
that crotonaldehyde condensation could not be effected between 2-acetylpyrrole  and 2, 4, 6-tr imethoxybenzaldehyde.  

Table 1 

Pyrrole Analogs of Chalcone 

o 

1 
II 

III 
IV 
V 

VI 
VII 

VIII  
IX 
X 

XI 
XII 

XlI I  
XIV 
XV 

XVI 
XVII 

XVIII 
XIX 
XX 

XXI 
XXII 

XXIII 

Mp, ~ 

141" 
134" 
156" 
160 
161,5 
183 
207* 
193 
138" 
167 
114 
126 
205* 
207 
190 
2O8 
133" 
169 
154" 
149" 
172"* 
250 
189 

Ketone form and color Formula 

N,% 
. . . . . . . . . . . . . . . . . . .  Yield, 

% 
Found Calc.  

Colorless paral le lepipeds 
Green plates 
Colorless plates 
Yel lowish-green prisms 
Colorless ngedles 
Yellow p l a t e s  
Green paral le lopipeds  
Orange needles 
Colorless needles 
Yel lowish-green plates 
Yellowish-~reen cubes 
Dark green~needles 
Yellow prisms 
Yellow needles 
Colorless prisms 
Yellow needles 
Colorless prisms 
Yel lowish-green needles 
Green plates 
Orange prisms 
Yel ldwish-green plates 
Colorless prates 
Yellow needles 

CI3HuNO 
CI3HI~NO 
Ct4H13NO 
CI4HI3NO 

CIaHIoC1NO 
C1aHIoCINO 
ClaHioN2Oa 
ClaHIoN2Oa 
CI4HI3NO2 
CI4HlaNO2 
CIsHIsNOa 
ClsHlsNO3 
ClsHI6N20 
CIsHI6N20 
C19HIsNO 
C19HIsNO 
CI~HgNO2 
CIjH9NO~ 
CnHgNOS 
CIIHgNOS 
C11HloN20 
C16HI2N20 
CI6HI2N20 

_ m  

6.70; 6.82 
6.03; 6.02 
6.32; 6.09 

11,80; 11.75 

6.13; 6.27 
5.20; 5.16 
5.51; 5.20 

11.75; 11.75 
5.23; 5.12 
5.23; 5.06 

7.41; 7.41 

11.44; 11.16 
11.18; 11.15 

.... 76 
- -  73 

95 
6.63 70 
6.06 70 
6.06 97 

86 
1 1 5 5  50 

- -  53 
6.16 50 
5.44 60 
5.44 4l 

30 
1 1 ~ 6  25 
5.12 36 
5.12 40 

55 
7~48 53 
--- 75 
- -  90 

30 
111~5 95 

1.25 72 

*In the main  the mp corresponds to the l i terature values [1-8]. 
**Mp 153 ~ after recrysta l l iz ing from aqueous methanol.  

All the pyrrole analogs of chalcone prepared in the course of the present work (see Table 1) are solids which crys- 
t a l l i ze  well,  and which are usually soluble in alcohol,  sparingly soluble in ether and benzene,  and insoluble in water. 
They al l  have halochromic  properties, and in 155 sulfuric a c i d - g l a c i a l  ace t i c  acid  darken to an orange- reddish-v io le t  
color, while solutions in sulfuric acid  resinify in t ime.  

2-4-Dini t rophenylhydmzones of the pyrrole chalcones form with diff icul ty when prepared by the usual methods 

[12, 13], the ketones resinifying rapidly in acid,  so that in some cases they could not be obtained (see Table  2). 

Table  2 

2, 4-Dinitrophenylhydrazones of Ketones 

Compound 

n o .  

t 
II 

III 
VII 

IX 
X 

XI 
XVII 
XIX 

Mp, ~ 

230 
256 
236 
236 
234 
214 
232 
235 
243 

m/J* 

432 
435 
435 
434 
444 
434 
440 
434 
434 

Formula 

C19HIsNsO4 
C19HIsNsO4 
C2oH17NsO4 
CIgH14N606 
C2oHITNsO5 
C2oH17N505 
C21H19NsO6 
C17HI3NsO5 

CITHI~NsO4S 

N,% 
Found 

18.70; 18.69 
18.73; 18.75 
18.05; 17.95 
20.01; 19.65 
17.34; 17.23 
17.23; 17.06 
16.11; 15.90 
18.70; 18.58 
18.33; 18.27 

Calculated 

18.56 
18.56 
17.90 
19.90 
17.19 
17.19 
16.05 
18.56 
18.27 

*Measured in chloroform solution, with a SF-2M spectrophotometer.  
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Experimental 

Pyrrole-2-aldehyde was prepared by the method of [14], mp 44-45", and 2-acetylpyrrole was prepared by the 
method of [15], mp 90*. 

Crotonaldehyde condensation. Equimolecular quantities of the appropriate aldehyde and methylketone (0.01mole) 
were dissolved in a minimum amount of methanol (5-30 ml), and a 10% solution (1.5-4 ml) of sodium hydroxide slow- 
ly dropped in. The resultant solution was left for a few hours at room temperature. The crystalline precipitate formed 
was filtered off, washed with water containing alcohol, and recrystallized from methanol, aqueous methanol, or ben- 
zene to constant melting point. With ketones XIII, XIV, XV, and XVI, refluxing for 2-15 hr was used in condensation. 

2, 4-Dinitrophenylhydrazones of ketones I-III, XI, XVII were prepared by the method of [12], those of ketones 
VII, IX, X, XIX, by the method of [13] and they were recrystallized from benzene, chlorobenzene, or chloroform. 

1, 3-Di(pyrrylidene-2')-2-(2", 4", 6"-trimethoxybenzoyl)propane (XXIV) was prepared similarly to XVI. Yield 20%, 
yellow, long needles, mp 226* (from alcohol). Found: N 7.60, 7.90%. Calculated for CliH20NzO4: N 7.69%. 
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