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A number of 7-diethylamino-4-(2-arylethenyl)coumarins were obtained by condensation of 7-diethylamino- 
4-methylcoumarin with aromatic aldehydes, while only a product of addition to the carbon --nitrogen double 
bond is formed with benzalaniline. The spectral-luminescence properties of the compounds obtained were 
investigated. 

Coumarin derivatives with electron-donor substituents in the 7-position are of interest as organic luminophores 
[1] and effective laser dyes of the blue-green region of the spectrum [2]. 

It is known that the introduction of substituents into the pyran part of the molecule has a substantial effect on 
the spectral-luminescence properties of coumarin derivatives. The presence of an activated methyl group in the 4 
position for most luminophores of the coumarin series makes realization of condensation reactions with its 
participation tempting, particularly for obtaining previously unknown 7-diethylamino-4-(2-arylethenyl)coumarins by 
a condensation of the Knoevenagel type in the reaction of 7-diethylamino-4-methylcoumarin (I) with aromatic 
aldehydes. 

4-Styrylcoumarins (with a free 7 position) have been previously obtained either by condensation of 4-coumarinyl- 
acetic acid with aromatic aldehydes [3-6], which gives the products in low yields, or from 2-hydroxychalcones as a result 
of their reaction with phenylacetic acid derivatives (only 3-aryl-substituted 4-styrylcoumarins) [4] of with Ph3P------CHCO- 
OEt via the Wittig reaction [7]. The known attempts to obtain 4-styrylcoumarins by condensation of 4-methylcoum- 
arins with various aldehydes were unsuccessful [4], presumably because of the low reactivity of the CH 3 group in the 
4 position of coumarin [8]. 

We have accomplished the condensation of coumarin I with aromatic aldehydes in strongly basic media. 
Derivatives IIa-f were obtained in 9-50% yields when tert-BuOK was used as the condensing agent in DMSO at room 
temperature. Electron-acceptor substituents in the aldehyde molecule promote the reaction, while electron-donor 
substituents (p-hydroxy, p-methoxy, and p-amino groups), on the other hand, hinder it markedly. 7-Diethylamino-4-[2 
(4-aminophenyl)ethenyl]coumarin (IIg) was obtained by reduction of lie. 

R 

Me XCg" P~" H 

+ R-ClIO -.-.--m- 

F,t~N 0 E t 2 N ~""~v'~ 0 "'~ 0 

I l l t a ' f  

II a R=CGII.~; b R= 1-naphthyl; c R=g-pyridyl  d R=4-C~H4CHO; e R=4-C6H4NO2; 
f R = 2-Otl-4-EI~NC~H.~ 

A product (III) of addition to the carbon--nitrogen double bond of benzalaniline is formed instead of the expected 
IIa in the reaction of I with benzalaniline. 

Cll ~CllPhNllPh 

Ill 

The structures of the compounds obtained were confirmed by the results of elementary analysis and the PMR and 
mass spectra (Tables 1 and 2). 
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TABLE 2. PMR Spectra of II in CDCI 3 

Chemical shifts, ppm SSCC (J, Hz) 
Com- 
pound d l=.t~ 3-H. s 5-H. G-H.dd 8-H.d ~-H, d 13-H. d 1~ J68 

l la  
l ib 
l l c  
lid 
l i e  
I l f  
Ilg 
I Ia* 

6,25 
6,36 
6,23 
6,24 
6,23 
6,41 
6,20 
6,27 

7,56 
7,59 
7,50 
7,54 
7,52 
7,66 
7,57 
7,25 

6,59 
6,59 
6,59 
6,59 
6,59 
6,60 
6,57 
6,25 

6,53 
6,55 
6,53 
6,53 
6,52 
6,54 
6,51 
6,43 

7,46 
8,04 
7,47 
7,42 
7,43 
7,83 
7,21 
7,01 

7,37 
7,34 
7,16 
7,28 
7,28 
7,12 
7,08 
6,86 

8,9 
9,1 
8,9 
9,0 
9,0 
9,0 
9,0 
8,9 

2,5 
2,6 
2,6 
2,6 
2,5 
2,5 
2,6 
2,5 

14,9 
15,7 
16,0 
16,1 
16,1 
15,9 
16,0 
16,1 

*The spectrum of IIa was recorded in C6D e 

In the PMR spectra of II in CDCl 3 the signals of the protons of the coumarin system are found in the region that 
is customary for such compounds [9], while the signals of the tx-H and ~-H protons attached to the double bond are 
found at 7.0-8.1 ppm in the form of two doublets with SSCC J~,,# -16I-tz, which is evidence in favor of a trans- 
configuration for these compounds. 

According to the spectral-luminescence characteristics, the long-wave absorption maximum of all coumarins II 
except lib undergoes a significant bathochromic shift as compared with starting coumarin I; the intensity of the long 
wave band does not change when the substituent in the 4 position has electron-donor character and decreases when 
an electron-acceptor substituent is present in this position. The slight effect of  substitution on the position of the long 
wave absorption band of IIb is possibly due to the large volume of substituent R (R = naphthyl) attached to the 
ethylene double bond. 

An additional band at 330-350 nm in toluene and 320-335 nm in ethanol with an intensity that, in a number of 
cases, exceeds that of the long-wave band appears in the absorption spectra of  IIa-e. 

Compounds II have fluorescence; however, its quantum yield is low (r/< 0.2) with a Stokesian shift of up to 165 
nm. The large Stokesian shift is evidently due to the fact that the molecule in the excited state becomes more planar, 
and the effective conjugation chain increases [10]. 

EXPERIMENTAL 

The PMR spectra of saturated solutions of  II in CDCI 3 were recorded with a Bruker AM-400 spectrometer under 
pulse-buildup conditions at 40~ with an internal standard [tetramethylsilane (TMS)]. The electronic absorption 
spectra were recorded with an SF-26 spectrophotometcr. The fluorescence spectra were measured with an apparatus 
of the SDL-1 type with a DKSSh-1000 lamp as the source of excitation. The spectra were corrected for the sensitivity 
of the apparatus. The fluorescence quantum yield (r/) was measured relative to a standard, viz., 3-aminophthalimide 
(r/ -- 6.0 [11]). The mass spectra were recorded with an MKh-1320 mass spectrometer at an ionizing voltage of 50 
eV. 

The results of elementary analysis of  IIa-g and III for C, H, and N were in agreement with the calculated values. 
General Method for Obtaining 7-Diethylamino-4-(2.arylethenyl)coumarins (IIa-f). A mixture of 10 mmoles of 

coumarin I and 10 mmole of tert-BuOK in 15 ml of DMSO was stirred for 10 rain, after which 15 mmole of the 
aromatic aldehyde was added, and the mixture was stirred (-20"C,5 h). The reaction mass was then poured into 100 
ml of water, and the aqueous mixture was neutralized with acetic acid. The precipitated coumarins IIa, b, e were 
reerystallized from aqueous DMF, while coumarins IIc, d, f were recrystallized from aqueous ethanol; IIa, b, c, f were 
purified beforehand by column chromatography (silica gel, benzene--ethyl acetate). 

7-Diethylamino-4-[2-(4-aminophenyl)ethenyl] coumarin (Ilg). A 0.78-g (14 mmole) sample of activated ironpowder 
was added to a suspension of 0.73 g (2 mmole) of lie in 20 ml of  90% ethanol, and the reaction mass was refluxed for 
1.5 h. The sludge was removed by filtration and washed with 30 ml of hot ethanol, the combined filtrate was poured 
into 200 ml of water, and the product was extracted with ethyl acetate (three 70-ml portions)~ The extract was dried 
over  CaCI2, the solvent was evaporated in vacuo, and the residue was recrystallized from aqueous ethanol to give 0.50 
g (74%) of IIg. 

7-Diethylamino-4-(2-anilino-2-phenylethyl)coumarin 011). A solution of  2.31 g (10 mmoles) of coumarin I, 2.72 
g (15 mmole) of benzalaniline, and 2.24 g (20 mmole) of tert-BuOK in 20 ml of DMFA was stirred for 2 h at 40-45* 
in a stream of argon, after which the reaction mixture was poured into 200 ml of  water, and the aqueous mixture was 
neutralized with 5% hydrochloric acid. The product was extracted with ethyl acetate (three 70-ml portions), and the 

261 



extract was dried over CaCI 2 and evaporated in vacuo. The residue was purified by column chromatography [silica gel, 
benzene--ethyl acetate (5:1)] and recrystallized from benzene--heptane to give 1.98 g (48%) of III. 
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MASS SPECTROMETRY OF MACROHETEROCYCLES. 
L MASS SPECTRA OF ISOMERIC BICYCLIC CROWN ETHERS 

Ao I. Gren', A. V. Mazepa, A. V. Lobach, 
N. G. Luk'yanenko, and O. S. Timofeev 

UDC 547.543.51:547.898 

The fundamental, fragmentation paths under electron impact of bridged crown ethers and the condensed, 
bicyclic crown ethers isomeric to them have been established by means of a combination of techniques 
(DADI, metastable defocusin~ high resolution). The mass spectral criteria of the compounds in the 
series considered have been determined, as well as the characteristic ion peaks, the intensity of which 
permit the isomeric compounds to be distinguished. 

The fragmentation of the basic kinds of crown ethers by electron impact has been studied in [1-7]. It has been 
shown that, for crown ethers with the general formula 3n-crown-n and for macrocyclic, polyoxaethylenethioureas, the 
nonvalance C--H...O [1] and N--H...O [5] interactions in the molecules of these compounds determine the path of 
dissociative ionization under the conditions of the mass-spectroscopic experiment. In a continuation of our 
investigations [8], the present work deals with a study of the fragmentation paths of bicyclic, crown ethers of type I-VI. 
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I-Ill IV-VI 

I, IV n=l;  II, V n=2;  III, IV il=3 
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