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The reaction of iminium salts of 1,2,3,4-tetrahydropyrimido[1,2-a]indole-lO-carbaldehydes with sodium 
hydrosulfide, amines, and nitroalkanes leads to the formation of the corresponding thioaldehydes, azomethines, 
and nitrovinyl derivatives, existing predominantly in the enamidine form. 

We showed previously that tetrahydropyrimidoindoles (I) having a methyleniminium grouping in position 10, prepared 

by the reaction of acylarylpyrazolidines with a Vilsmeier-Haack complex, react readily with several nucleophilic reagents [1- 
3]. We have broadened this reaction in view of the importance of condensed indole derivatives with heteroatom substituents. 

In a short communication [2] we considered the synthesis of thioaldehydes (IIa, b) of several pyrimidoindoles formed 

by the reaction of sodium hydrosulfide in water or in chloroform* with the iminium salts (I). In the present work we have 
extended the series of initial salts (I) (see Table 1). 

Since the iminium salts (I) are markedly sensitive to the nucleophile strength, the process of thiolysis in water goes 

fairly rapidly. Only traces of hydrolysis products were detected, the formation of the formyl derivative requires time or heating 

[5]. The use of chlorot'orm as solvent is preferable for preparative thiolysis for this reason. 
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*Carrying out the thiolysis of the iminium salt (Ia) in DMSO leads to the formation of a crystalline solvate of thioaldehyde (Ila) 

with DMSO of composition 3:1 (40% yield). A similar solvate was isolated in the synthesis of indole-3-thioaldehyde [4]. 
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The compounds obtained (IIa-d) (see Table 1) have a signal for the thioaldehyde proton at - 1 0  ppm in the PMR 

spectra and a diffuse absorption band for the salt-forming NH group (2600-3200 cm-  1) in the IR spectra. The existence of an 

intramolecular hydrogen bond was demonstrated by measuring the IR spectra in chloroform solution with dilution. The mass 

spectra of these compounds, containing fragment peaks with m/z [M-CHS]  + and [M-S]  +, confirmed the presence of the 

thioaldehyde group. The relative stability of the derivatives obtained, by analogy with known examples of thioaldehydes of the 

heterocyclic series [6], suggests the existence of the substances to be predominantly in the mesoionic form (II'). In reality the 

UV spectra of these compounds (Xma x 290, 400 nm) were closely similar to the spectrum of the corresponding 10-oxo analog 
having the structure of a cis c~-iminoketone [7]. 

A similar result was obtained on carrying out thiolysis of the iminium salt of 2-amino-3-formyl-l-methylindole 

synthesized by the formylation of the appropriate indole according to Vilsmeier-Haack [5]. The thioaldehyde (lie) possesses 

somewhat lower stability than compounds (IIa-d). 
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We noted previously [1] that the reaction of iminium salt (Ib) with p-toluidine and p-nitroaniline leads to the 

corresponding Schiffs base (III). We showed that Schiff's bases may also be obtained with other aromatic amines such as 

aniline, p-anisidine, and p-bromoaniline, viz. compounds (IIIa, c, d) respectively. A change in the conditions of isolating the 

reaction products (omitting the column chromatography) enabled us to identify the intermediate products of this conversion in 

two cases (with p-anisidine and p-bromoaniline). These are the corresponding animals (IVc, d). Signals were observed in the 

PMR spectra of these compounds for protons of the dimethylamino group and of aniline simultaneously and also a signal for 

the anainal proton at - 8 . 2 0  ppm. There were absorption bands for a salt-forming amino group (2800-3200 cm -1) in the IR 

spectra. The imines (IIIc, d) are formed on chromatographing compounds (IVc, d) on a column of aluminum oxide. 
Condensation of the iminium salt (Ia) with amines of the heterocyclic series, such as 3-aminoquinoline and 2- 

aminothiazole, proceeds in a similar manner and leads to the methyleninaines (IIIf, g). The aminals (IV) were not isolated in 
these cases. 

The reaction was common to aliphatic and aliphatic-aromatic amines. Thus on reacting the salt (Ia) with benzylamine 

the aminal hydrochloride (IVh) was isolated as in the previous cases and was converted into the corresponding inaine (Va) on 

chromatography on aluminum oxide. 
The corresponding imines (Vc-e) (see Table 1) were isolated from the reaction of iminium salts with such low-boiling 

liphatic amines as t-butylamine and methylamine. Aminals (IV) were not isolated in these cases. 
On the basis of the fact that the UV spectra of the derivatives of aliphatic amines (Va-e) are close to the spectra of 2- 

arnino-3-formylindoles (Xma x 259, 324 nm) [5], it may be assumed that they exist predominantly in the indole form. The 

azomethines of the aromatic series (llla-e) have UV spectra of a different character which is close to the spectrum of the 

thioaldehydes (II), i.e. they are probably in the enamidine form. According to the data of IR spectroscopy, the structure of these 

compounds is also stabilized by an intramolecular hydrogen bond. The absence of an effect from the substituent in the para 

position of the phenyl nucleus of the aniline fragment of imines (Ilia-e) on the stability of this hydrogen bond may be explained 
by conjugation in the quasi-aromatic structure generated. The displacement of the absorption band of the NH group on forming 

the hydrogen bond was - 5 0  cm-1 for all the azomethines (Ilia-e). 
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The nitrovinyl derivatives (Via-d) (see Table 1) were obtained in good yield on reacting the iminium salts (I) with 

nitroalkanes in the presence of sodium ethylate. These were intensely colored compounds (Xma x 475-490 rim). In their IR 

spectra, apart from the expected absorption bands of the nitro group and the C ~ N  bond, absorption bands were present in 

dilute solutions of compounds (IVa, b) corresponding to the vibrations of free and bonded OH groups (3600, 3200-3400 c m -  1), 

which suggests the existence of a prototropic transfer to an oxygen atom of the nitro group. 
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This transfer was absent from the spectrum of compound (VId) which has an alkyl substituent at the vinyl group, 

probably for steric reasons. 

The possibility of forming an enamidine system of bonds and its relative stability are characteristic properties of 2- 

aminoindole derivatives having a substituent at position 3 with conjugated multiple bonds. 

EXPERIMENTAL 

The UV spectra of compounds were taken on a Cary 40 instrument in alcohol, and the IR spectra on UR 20 or Specord 

IR 75 instruments in Nujol mulls or chloroform solution. The PMR spectra were measured on a Tesla BS 476A (60 MHz) 

instrument, and the mass spectra on a Varian MAT 111 (70 eV) instrument with insertion of samples into the ion source. 

Preparative chromatography was carried out on columns of silica gel (40/100) or neutral aluminum oxide (100/250). The 

constants and yields of the compounds obtained are given in Table 1. 

The data of elemental analysis for C, H, and N and/or of mass spectrometry (M +) agreed with calculated values. 

3-Methyl-l,2,3,4-tetrahydropyrimido[1,2-a]indol-10-ylmethylenedimethyliminium chloride (Ib) was synthesized 

by the method of [5]. The remaining iminium salts (I) were obtained analogously. 

1,2,3,4-Tetrahydropyrhnido[1,2-a]indol-10-yhnethylenedimethyliminium Chloride (Ia) C14H19CIN 3. Yield was 

63% 0fmp 254°C. PMR spectrum (DMSO-D6): 2.33 (2H, m, 3-H); 2.40-3.50 (4H, m, 2-H, 4-H); 3.51 (6H, s, NMe2); 7.40 

(4H, m, At); 8.70 (1H, s, CHN+); 9.85 ppm (1H, s, NH). 
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8-Br~m~-3-methy~-~2~3~4-tetrahydr~p)~mid~[~2-a]ind~-~-y~methy~enedimethy~inium Chloride (Ic) CIS- 
HzI-BrCIN3. Yield was 66% of mp 220°C (with decomposition). PMR spectrum (DMSO-D6): 1.05 (3H, d, 3-CH3); 3.80 (4H, 

m, 2-H); 4.15 (IH, m, 3-H); 7.40 (2H, m, Ar); 7.75 (1H, s, 9-H); 8.80 (1H, S, CHN+); 9.90 ppm (1H, s,  NH). 

1,2,3,4-Tetrahydropyrimido[1,2-a]indole-10-thials (lla-e). A. The iminium salt (I) (3.5 mmole) was stirred with 

anhydrous sodium hydrosulfide (3.5 mmole) in absolute chloroform (5 ml) for 2-3 h at room temperature. The mixture was 

washed three times with water, the chloroform evaporated, and the residue recrystallized from a mixture of benzene and 

hexane. 
B. Sodium hydrosulfide (3.5 mmole) was added to a solution of the iminium salt (I) (3.5 mmole) in distilled water (5 

ml), the mixture stirred for 5 min, then chloroform (5 ml) added. The chloroform layer was separated, the solvent evaporated, 

and the residue recrystallized. 

10-Dimethylamino-(p-anisidino)methyl-l,2,3,4-tetrahydropyrimido[1,2-a]indole Hydrochloride (IVc) 

CztHz6N40.HCI. A solution of iminium salt (Ia) (0.66 g; 2.5 mmole) and p-anisidine (0.4 g; 3.25 mmole) in dry pyridine 
(10 ml) was boiled for 2 h. The pyridine was distilled off in vacuum, the residue washed with water and with ether, dried, and 

recrystallized from methanol. Compound (IVc) (0.73 g; 75%) was obtained having mp 230°C (with decomposition). PMR 

spectrum (CD3OD): 2.16 (2H, m, 3-H), 3.45-4.20 (4H, m, 2-H, 4-H); 4.00 (3H, s, OCH3); 4.35 (6H, s, NMe2); 7.00-7.70 
(SH, m, Ar); 8.50 (1H, s, 10-CH); 9.00 ppm (1H, br.s, NH). 

••-Dimethy•amin•-(p-br•m•ani•in•)methy•-••2•3•4-tetrahydr•pyrimidin•[•,2-a]ind••e (lVd) C2oH23BrN4.HCl. 
A solution of iminium salt (Ia) (0.66 g; 2.5 mmole) and p-bromoaniline (0.56 g; 3.25 mmole) in dry pyridine (10 ml) was 

boiled for 1 h. The pyridine was distilled off in vacuum, the residue washed with water, and recrystallized from methanol. 

Compound (IVd) 1 g: 92%) was obtained of mp 220°C (with decomposition). PMR spectrum (CD3OD): 2.12 (2H, m, 3-H); 
3.40-4.10 (4H, m, 2-H, 4-H); 4.40 (6H, s, NMe2); 7.0(-)-7.80 (8H, m, Ar); 8.40 (1H, s, 10-H); 9.10 ppm (1H, br.s, NH). 

10-Dimethyl~ino(benzylamino)methyl-l,2,3,4-tetrahydropyrimido[ 1,2-a]indole Hydroehloride (IVh) 

C21H26N4"HCI. A solution of iminium salt (Ia) (0.66 g; 2.5 mmole) and benzylamine (0.35 g; 3.25 mmole) in dry 
triethylamine (6 nal) was boiled for 2 h. The triethylamine was distilled off in vacuum, the residue washed with water, and 

recrystallized from methanol. Compound (IVh) (0.85 g: 88 %) of mp 250°C (with decomposition) was obtained. PMR spectrum 

(DMSO-D6): 2.21 (2H, m, 3-H); 3.20-4.05 (4H, m, 2-H, 4-H); 4.20 (6H, s, NMe2); 4.90 (2H, s, CH?Ph); 7.01-7.90 (9H, 

m, At); 8.10 (1H, s, 10-CH); 9.20 ppm (1H, br.s, NH). 
1,2,3,4-Tetrahydropyrimido[1,2-a]indol-10-ylmethyleninfines (III), (Va, b). A. A solution of aminal (IV) in 

chloroform was chromatographed on a column of aluminum oxide. The solvent was distilled off in vacuum. 

B. A mixture of the iminium salt (I) (1 mmole) and the substituted aniline (1.3 mmole) in dry pyridine (5 ml) [isopropyl 

alcohol for compounds (IIIf, g)] was boiled for 2 h. The solvent was distilled off in vacuum, the residue washed with water, 

dried, and chromatographed on a column of aluminum oxide in chloroform. The solvent was distilled off in vacuum. 
1,2,3,4-TetrahydropyriInido[1,2-a]indol-10-ylmethylenimines (Vc-e) were synthesized by method B using a 2-3 fold 

excess of t-butylamine for compounds (Vc, d) or a 15-fold excess of methylamine for compound (Ve). 

10-(2-Nitrovinyl)-l,2,3,4-tetrahydropyrimido[1,2-a]indoles (Via-d). Nitromethane (4 mmole) and 2N sodium 

ethylate in alcohol solution (2 ml) were added to a solution of the iminium salt (I) (2.5 mmole) in dry pyridine (10 ml). The 
mixture was stirred for 2 h at room temperature, the pyridine distilled off in vacuum, the residue filtered off, and washed with 

water. After recrystallization from DMF, the product was washed with water, and dried. 

The authors are grateful to the Russian Fund for Fundamental Investigations for financing the investigations in the area 
of heterocyclic chemistry (Project Code 93-03-4593). 
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