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R E A C T I O N  O F  D I M E T H Y L A M I N O M E T H Y L E N E M A L O N -  

A L D E H Y D E  B I S - N , O - A C E T A L  W I T H  KETONES.  

A NOVEL ROUTE T O  N - M E T H Y L P Y R R O L E S  

Zh. A. Krasnaya, Yu. V. Smirnova, and V. S. Bogdanov 

Condensation of the bis-N,O-acetal of dimethylaminomethylenemalonaldehyde with ketones, B-dimethyl- 

aminovinylketones, and 8-dimaethylaminodienones is accompanied by an unusual intramolecular o, clization to 

give cross conjugated cyclic or acylic ketones containing an N-methyl-pyrrole ring in the B- or ~3- and B '- 

positions. This is a novel route to substituted pyrroles. Treatment of the bis-N,O-acetal of 

dimethylaminomethylenemalonaMehyde with 2-(3'-dimethylaminopropen-2'-ylidene)~clopentanone gave a 

polyenyl tris-dimaethylaminodiketone. 

We have previously studied the condensation of conjugated ¢o-dimethylaminoaldehyde animals with cyclic and acyclic 
ketones [ 1-4]. The varied oe,ee'-bis(oa-dimethylaminopolyenyl)-ketones (BDAK) obtained have two chromophores which interact 
through the carbonyl group. As a result, they have a readily activated r-electronic optical system leading to a number of 
specific properties. These include a clearly observed solvatochromism [4], powerful thermochromism [5], fluorescence and 
generation of high efficiency laser radiation [6], and very ready alkylation and protonation at the carbonyl function with a 
marked change in color [7, 8]. In their monochromophoric mono-(~o-dimethylaminopolyenyl)ketones (MDAK), these properties 
are seen much more weakly or are altogether absent. 
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In this connection it was of interest to look at the properties of mono-, bis-, and tris-aminocarbonyl polyenes containing 
2, 3, or more polyenyl chromophores in a single molecule. To synthesize compounds of this type we have studied the reaction 
of the B-dimethylaminomethylenemalonaldehyde bis-N,O-acetal (I) recently obtained by us [9] with ketones, B-dimethyl- 
aminovinylketones, and &dimethylaminodienones. Depending on the structure of the ketone and the ratio of reagents, the 
formation of polyenyl ketones of types A, B, or C might be expected: 
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In order to prepare polyenyl type A bisdimethylaminoketones, we attempted condensation of bis-N,O-acetal I with 

acetone (lla), cyclopentanone (llb), and cyclohexanone (llc) in the ratio I:II of 2:3. However, this ratio of reagents at 75-85°C 

gave only a complex mixture of products from which single compounds could not be separated. It was expected that a ratio 

of I:II of 2:1 would yield BDAK (Ilia-c) containing bis-N,O-acetal groups in the y,',/'-positions. Use of llla-c as bis-N,O-acetals 
in reactions with ketones might then allow synthesis of BDAK of type A. However, it was not possible to prepare BDAK llla-c 

since an unexpected intramolecular cyclization reaction occurred to give the previously unknown B,B'-bis(N-methylpyrrol-3-yl)- 

divinylketones IVa-c in moderate yields. Their structures were shown by PMR, UV, and mass spectra (Tables 1, 2). 

Assignment of the proton signals in the N-methylpyrrole ring was based on literature data for N-methylpyrroles [10]. 
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Treatment of bis-N,O-acetal I with ~-dimethylaminovinylketones (Va-c, equimolar ratio of reagents) also occurred with 

this intramolecular cyclization to give the non-symmetrical ~/-dimethylamino-~/'-(N-methylpyrrolyl)-c~,ct'-divinylketones (Via-c) 
for the first time (35-56% yields). 
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Reaction of I with &dimethylaminodienones (Vlla-d) in equimolar amounts occurs similarly to give the previously 
unknown c~-(&dimethylaminopropen-3,-ylidene)-cc'-(N-methylpyrrol-3-yl)methyleneketones (VIIIa-d) in 20-44% yields. 
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In the example of condensation of I with dienone Vllc, it was possible to separate the intermediate crystalline product 

(X) and the structure was confirmed by PMR spectroscopy (Table 2). Ketone IX, which contained by CH(OMe)NMe 2 group 
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in the y'-position, gave the conjugated polyenyl ketone Vlllc in 50% yield when treated with silica gel in CH2CI 2 solution. 

The mass spectrum of IX showed only an m/z 270 ion which is apparently M ÷ for Vlllc, formed in the mass spectrometer 
as a result of intramolecular cyclization. 

O 

I + ~ NMe2 _I:VIIc= I: 1 

VIItc 

O 

~ | e 2 N ~ N x I e ,  
MoO" "NMe ('x../ SiO, VIIc 

CII,CI, 
IX 

For separation of the conjugated polyenyl ketones IVa-c, Vlc, and Vllla-d the reaction mass, after heating had finished, 

was diluted with CH2C12 and held for 24 h in the presence of silica gel (see Experimental section). 

Separation of the intermediate ketone IX indicates that cyclization to the N-methylpyrrolyl fragment during the synthesis 

of IV, VI, and VIII apparently occurs not in the starting bis-N,O-acetal I but in the initially formed products of its condensation 

with ketones. We have shown that heating I for 0.5 h at 80-120°C does not give the corresponding N-methylpyrrole. 

Hence the condensation of I with ketones is a novel route to substituted pyrroles and is based on the reaction of the 

N,O-acetal function with one of the methyls of the dimethylamino group to form the pyrrole ring C 2 - C  3 bond. This reaction 

evidently occurs very readily since, even in the presence in the reaction mixture of an excess of starting aminoketone, the N,O- 

acetal group in the intermediate BDAK does not react with a second molecule of ketone but takes part in pyrrole ring 

formation. It should be remembered that we had previously [10] reported N-methyl-3-phenylpyrrole as a by-product formed 

in an analogous intramolecular cyclization from the N,O-acetal of ~-phenyl-B-dimethylaminoacrolein. 

Cleavage of two protons from a methyl radical in the NMe 2 group in the intermediate BDAK (e.g., in III, IX) 

occurring with N-methylpyrrole ring formation is unusual and can be envisaged in BDAK through the existence of ionoid form 

contributions to their electronic structure [5, 11]. 
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In this work, there was also found a single example where the reaction of the bis-N,O-acetal I with ketone Vllb (ratio 

of I:VIIb = 1:2) gave the previously unknown 1,15-dimethylamino-5,11-dioxo-4,6-dimethylene- 10,12-dimethylene-8-dimethyl- 

aminomethylene-pentadeca-l,3,6,9,12, 14-hexadiene (X) in 65% yield. Its structure was confirmed by PMR and UV data. 
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From the PMR spectral data given (Table 2), it appears that all of the synthesized ketones have a trans-configuration 

of the methine protons (3j = 12-16 Hz) and that Vllla-d and X exist in an S-transs conformation (3jfl. .y = 3jf l ,  = 12.5 Hz). 

Both diketone Vllld and starting diketone Vlld [12] exist as a chelate with an intramolecular hydrogen bond, as 

confirmed by PMR spectroscopy (Table 2). 
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From a comparison of the electronic absorption data in various solvents (see Table 1) it is apparent that all of the 

synthesized polyenyl ketones show a positive solvatochromism and that, in going from toluene to ethanol, kma x undergoes a 

bathochromic shift of 21 to 40 nm. 

Change of the N-methylpyrrole ring in the synthesized ketones to a dimethylaminovinyl fragment causes a significant 

bathochromic shift of kma x. This is apparent when comparing the electronic absorption spectra of ketones IVa,c, Vla,c with 

the absorption spectra of compounds synthesized before [1, 2] which contain the dimethylaminovinyl group in place of 

heterocyclic substituents. The most pronounced shift of kma x (90 and 77 rim) to the short wavelength region occurs in the 

symmetrical ketones IVa,c which contain two N-methylpyrrole rings. 

O 

R R ~ 

Xla-d 

)~m~* nm 

a R + R l =  (CH,)3 ,n  = m = l 490 

b R = R I = H , n = m =  1 470 

c R + R l =  (CHz)3, n =  m = 0  440 

d R =  R | =  ll, n = m = 0  430 

The results of a study of the protonation, alkylation and spectroluminescence of the polyenyl ketones synthesized will 
be given in a subsequent publication. 

EXPERIMENTAL 

UV spectra were recorded on a Specord UV-VIS instrument. PMR spectra were obtained on a Bruker WM-250 (LH 

250 MHz) with chemical shifts relative to TMS. 

The starting ketones were synthesized by known methods: Va [13], Vb [14], Vc [15], Vlla-c [1], and VIIId [12]. 

Reaction conditions and compound parameters for IVa-c, Via-c, Villa-d, IX and X are given in Table 1. 

Condensation of Ketones Ha-e, Va-e and VHa-d with bis-N,O-acetal I (general method). A mixture of I and ketone 

II, V, or VII (with the relevant reagent ratio, temperature, and reaction time) was held as shown in Table 1. Different methods 

were used for work up of the reaction product once it had been cooled to room temperature (methods A-D below). 

A. Dry acetone was added to the reaction mixture containing the crystalline product and the precipitate was separated 

and washed with dry acetone to give VIb and X. 

B. The reaction product was triturated with absolute ether and the crystalline product (Via, IX) filtered and washed 
with absolute ether. 

C. The product was dissolved in CH2CI 2 and LA0/100/~ SiO 2 was added (2.5 g SiO 2 and 35 ml CH2CI 2 to every gram 
of product), After 24 h the silica was filtered off, washed with CH2C12, and the filtrate evaporated. Dry acetone was added 

to this residue and the precipitate was separated and washed with dry acetone to give IVb, c. 
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D. To the silica gel treated reaction product (method C) after evaporation of CH2CI 2 there was added absolute ether 

and the precipitate was separated and washed with absolute ether to give IVa, Vlb, c, and Vllla-d. Product Vlllc can also be 
prepared by work up of IX according to method C. 
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