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The reaction of substituted 3-chloro-l,2,4-triazino[2,3-f]theophyllins with secondary amines gives new 

water-soluble active media for dye lasers. The luminescence and generation characteristics of these compounds 

were studied. These properties were found to depend on the lactam-lactim tautomerism of 1, 2, 4-tri- 

azino[2, 3-f]theophyllin-4H- 3-ones. 

In previous work [2, 3], we synthesized previously unreported substituted 1,2,4-triazino[2,3-j']theophyllins, which are 

water-soluble active media for dye lasers, and studied the spectral-generational properties of these compounds. In a continuation 

of this work, we synthesized new 1,2,4-triazino[2,3-J]theophyllins, varying the substituent at C(3 ). 

We found that heating 2-methyl-l,2,4-triazino[2,3-j']theophyllin-4H-3-one (I) and its 2-phenyl analog II in POCI 3 with 

PC15 at reflux gives the corresponding 3-chlorotriazinotheophyllin derivatives III and IV [2]. In order to study the lability of 

the chlorine atom at C(3 ) in tricyclic products III and IV and obtain active media with electron-donor substituents in the triazine 

fragment of the triazinotheophyllin molecule, we investigated the reaction of III and IV with diethylamine, morpholine, and 

piperidine. The reaction of 3-chlorotriazinotheophyllin III with diethylamine proceeds only upon heating in a sealed ampule 

at 120-130~ while the reaction with piperidine and morpholine proceeds in toluene at reflux. Products VIII and IX were 

obtained in maximum yield upon heating chloroderivative IV with piperidine and morpholine, respectively, in DMF at reflux. 

We note that the use of anhydrous solvents in these reactions is mandatory. Thin-layer chromatography showed that, in the 

presence of water, hydrolysis occurs at the chlorine atom to give the corresponding triazino-3-theophyllinones I and II. 
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I, Ill, V, Vl, VlI R t = Me; II, IV, VIII, IX R ~ = Ph; 

V R 2 = R 3 = Et; VI, VIll  R 2 + R 3 = (CHz)5; 
VII, IX R 2 + R 3 = (CH2)40 

Products II, III, and V-X luminesce and their solutions are capable of generating laser emission (Table 1). The 

efficiency of luminescence and laser generation depend markedly on the nature of the substituent in the triazine fragment. Thus, 

II has the lowest luminescence and generation efficiency and has a significant Stokes shift. Similar behavior was observed in 

our previous work in the case of I and was tentatively attributed to proton transfer in the excited state due to tautomeric A~-B 
transformations [3]. 

*For Communication 28, see [1]. 
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TABLE 1. Spectral Indices of  II, III, and V-IX 

Com- 
pound 

:ion 

Efficiency, 
% 

Ill 

V 

VI 

VII 

VI[I 

IX 

9 

25* 

2 

1,5 

l 

2 

Stokes 
shift, 
nln 

145 

120 

95 

Solvent 

Ethanol 

0.05 N 
NaOH in 
ethanol 
0.1N 
NaOH in 
ethanol 
95% 
H2SO4 

Ethanol 

Water 

DMF 

DMF 

DMF 

DMF 

*Laser generation efficiency for solutions in ethanol, ethanol with HCI, and acetic 

acid was 12, 10, and 3%, respectively. 

In order to support this hypothesis, we took the absorption and luminescence spectra of II in neutral and alkaline 

solutions. Analysis of  these spectra showed a steady bathochromic shift for a series of  ethanol solutions from 0.05 N 

NaOH/ethanol to 0.1 N NaOH/ethanol, indicating structural rigidity of  the transition of lactam A into lactim B. This may 

account for the increase in luminescence and generation of II with increasing solution basicity. We should note that no 

significant change in the absorption specmun of II was observed in 0.1 N NaOH/ethanol, while a hypsochromic shift was 

observed in 95 % aq. H2SO 4, probably due to protonation of the nitrogen atoms in tricylic derivative II. 

Thus, II presumably exists in neutral and acid media predominantly in lactam form A, while proton transfer from N(4 ) 

to the oxygen atom occurs in basic solutions to give tautomeric structure B. 

R R 

O N~N,. ~ O N 
M e . . L ~ , , . . i  b~ ̀~ j N H  O . _ _ "  t ~ . . . ~ 0  H HO- Me'~N~',,~ t N  II 

" 

I I 
Me A Me B 

The introduction of a chlorine atom at C(3 ) to give III leads to a slight bathochromic shift of  the luminescence band 

and a sharp increase in the quantum yield and generation efficiency in comparison with tricyclic derivative I [3]. We should 

note that aqueous solutions of chloro derivative III are incapable of efficient luminescence and generation due to partial 

hydrolysis at the chlorine atom as indicated by thin-layer chromatography. 

The aqueous solution of V, for which laser generation efficiency reaches 25%, is the most efficient active medium. 

Of these products, V has the smallest Stokes shift and greatest quantum yield, indicating its aromatic nature. The generation 
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TABLE 2. Indices for ll-lX 

Com- Chemical 

pound ~rmula 

11 CIsHI2N603 

I I 1 C t0HoCIN602 

l V C 15H 1 ICIN603 

V C 14t419N702 

VI CI5HIgN702 

VII CI4HITNTO3 

VIII C20H21NTO2 

IX CIgHI9N703 

C 

55,48 
55,52 
42,67 
42,75 
50,11 
50,19 
52,88 
52,96 
54,63 
54,67 
5o,ao 
50,71 
61,40 
61,35 

57,93 
57,97 

Found. % 

Calculated, % 

H N 

3,81 25,77 
3,73 25,92 

29,99 
3,23 29,95 

23,37 
3,09 23,43 
598 31,00 
6.04 30,91 
5,90 29,77 
5,82 29,78 
5,08 29,55 
5,17 29,60 
S.40 
5,41 25,06 

4,90 25,01 
4,87 24,94 

mp, ~ 

>350 

252...253 

>350 

246...248 

269...270 

271...273 

343...344 

346...347 

Yield, % 

64 

49 

53 

47 

44 

61 

57 

63 

efficiency drops upon going to protic solvents such as ethanol, HCI in ethanol, and acetic acid. This effect is attributed to 

protonation of  the nitrogen atom of the diethylamino group. 

Replacement of  the diethylamino group at C(3 ) by bulky morpholinyl or piperidinyl substituents leads to loss of 

coplanarity, likely due to steric hindrance, which is manifest in a decrease in the Stokes shift. Although the luminescence 

quantum yields for 2-phenyl derivatives VIII and IX are only 1% less than for the tricyclic derivative V, their generation 

efficiency is negligible. The poor solubility of  these compounds prevents study of  the change in their spectral indices relative 

to solvent polarity and pH of the medium. 

Therefore, this study has added efficient water-soluble active media in the imitrine series [4] with enhanced generation 

efficiency to 25 % in the generation band at 483-503 nm. 

E X P E R I M E N T A L  

The electronic absorption and emission spectra were taken on a Hitachi ESP-3T spectrophotometer equipped with a 

G-3 fluorescence attachment. The luminescence quantum yields and laser generation parameters were determined according 

to a well-known method [4]. A solution of  coumarin-10 in ethanol was used as ethanol. The purity of  the products was 

monitored by chromatography on Silufol UV-254 using 1:2 2-propanol-toluene as the eluent. The indices for II-IX are given 

in Table 2. 

2-Phenyl-l,2,4-triazino[2,3-fltheophyllin-4H-3--one (II). A mixture of 2.1 g (10 mmoles) 7,8-diaminotheophyllin and 

1.65 g (11 mmoles) phenylglyoxalic acid in 50 ml acetic acid was heated at reflux for 2 h. The reaction mixture was cooled 

and the precipitate formed was filtered off, washed with ethanol, and crystallized from aqueous DMF. 

3-Chloro-l ,2,4-triazino[2,3-f]theophyllins (III and IV). A sample of 0.84 g (4 mmoles) PCI 5 was added to a solution 

of 3 mmoles corresponding triazinotheophyllin-4H-3-one (I or II) in 20 ml freshly distilled POCI 3 and heated at reflux for 2 h. 

The reaction mixture was concentrated at reduced pressure to 5 ml, cooled, and poured onto 100 g ice. The precipitate formed 

was filtered off, washed with ice water and then 5% aq. NaHCO 3, and dried in the air. Product III was crystallized from 

methanol and IV from 1-butanol. 

2-Methyl-3-diethylamino-l ,2,4-triazino[2,3-fl theophyUin (V). A mixture of 0.56 g (2 mmoles) III and 0.37 g 

(5 mmoles) diethylamine in 30 ml anhydrous methanol was maintained in a sealed ampule at 120-130~ for 3 h. The reaction 

mixture was concentrated at reduced pressure to 5 ml. The precipitate was filtered off, washed with methanol cooled to 0~ 

and crystallized from 2-propanol. 

3-Amino-l ,2,4-tr iazino[2,3-fl theophyll ins (VI-IX). A solution of 3 mmoles chlorotriazinotheophyllin llI or IV in 

80 ml anhydrous toluene (or in 15 ml anhydrous DMF in the case of VIII and IX) and 6 mmoles piperidine or morpholine was 

heated at reflux for 4 h. The reaction mixture was concentrated in vacuum until a precipitate formed. Product VI was 

crystallized from toluene, VII from 2-propanol, and VIII and IX from DMF. 

490 



REFERENCES 

1. 

2. 

3. 

4. 

V. P. Kruglenko, N. A. Klyuev, M. V. Povstyanoi, and A. A. Timoshin, Khim. Geterotsikl. Soedin., No. 2, 258 

(1998). 
M. V. Povstyanoi, V. P. Gnidets, and V. P. Kruglenko, Dep. UkrNIINTI, No. 2089Uk-85 (1985). 

V. P. Gnidets, V. P. Kruglenko, M. V. Povstyanoi, P. B. Kurapov, and I. I. Grandberg, Ukr. Khim. Zh., 54, No. 5, 

531 (1988). 
V. P. Kruglenko, O. A. Logunov, and A. V. Startsev, Kvant. l~lektronika, 7, No. 10, 2136 (1983). 

491 


