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The chemistry of naphthazarine derivatives 
5.* The structure of dehydroechinochrome monohydrate 
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Based on [R and tH and 13C NMR spectroscopic studies, the oxidation product of 
echinochrome with Ag20 was assigned the structure of 2,3-epoxy-7-ethyl-2,3-dihydro-2,3,5,6,8- 
pentahydroxy- 1,4-naphthoquinone. 

Key words: echinochrome, 7-ethyl-2,3,6-trihvdroxynaphthazarine, 7-ethyl-2,3,5,6,8- 
pentahydroxy-l,4-naphthoquinone, 2,3,6-trihydroxy-7-propylnaphthazarine, 2,3,5,6,8- 
pentahydroxy-7-propyt-l,4-naphthoquinone, dehydroechinochrorne, 7-ethyl-2,3-dihydro- 
5,6,S-trihydroxy-2,3-dioxo- 1.4-naphthoquinone, 2,3-epoxy-7-ethyl-2,3-dihydro-2,3,5,6,8- 
pentahydroxy-1,4-naphthoquinone, silver(t) oxide, oxidation. 

It is known that di- and polycarbonyl vicinal com- 
pounds are prone to hydration, which is why they are 
often isolated in the form ofgem-diols, z The study of the 
chemical properties of 2,3-dihydroxynaphthazarines 
(2,3,5,8-tetrahydroxy- 1,4-naphthoquinones) showed 3,4 
that ech inochrome (7-ethyl-2,3,5,6,8-pentahydroxy- 
1,4-naphthoquinone, la) is easily oxidized by such re- 
agents as HCIO, A,g,20, or H20 2 in the presence of 
peroxidase to give a product that was assigned (from 
spectrophotometric measurements and some qualitative 
reactions) the structure of dehydroechinochrome or 
7 -et.hyl - 2,3 - di hydro - 5,6,8 - tr ihydroxy- 2,3-dioxo- t ,4- 
naphthoquinone monohydrate (2a). However, these 
methods were not adequate to determine the exact 
structure of compound 2a. The product that had 
been assigned structure 2a was later obtained 5 by 
autooxidation of echinochrome (la)  in aqueous solu- 
tions at pH 7.2--7.4. 

*For part 4, see Ref. 1. 

In recent years, echinochrome ( la)  became the sub- 
ject of extensive investigations 6 because of its use as a 
cardioprotector in clinical practice. 7 That is why a study 
of the mechanism of action of echinochrome and prod- 
ucts of its metabolism (first of all, oxidation products) is 
of current interest. 
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In the context of current works on the synthesis and 
study of the chemical properties of polyhydroxy- 
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naphthazarines, in particular, their 2,3-dihydro-2-oxo 
derivatives, we reinvestigated the nature of echinochrome 
oxidation products. Recently, we showed 7,s that 2,3-di- 
hydro-2-oxonaphthazarine monohydrates of type 3 have 
the structure of gem-diols 4, which correlates well with 
their properties as et-dicarbonyl compounds)  Taking 
into account that 2,3-dihydro-2-oxo- and 2,3-dihydro- 
2,3-dioxonaphthazarines are structurally similar, one can 
assume that an echinochrome oxidation product is gem- 
diol 5a (one of its possible isomers is shown). 

OH 0 OH 0 OH 
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3: R = H. CI, Me 4: R = H, C], Me 
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5 a , b  
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To check this assumption, echinochrome la and its 
homolog lb were oxidized with Ag20 under the condi- 
tions described earlier. 4 The pattern of the ll-I NMR 
spectra of the products does not rule out tentative struc- 
tures of gem-diols 5a and 5b. Indeed, the signals for the 
ct-OH protons in the oxidation products are shifted 
upfield 05 -11.10 and 11.60) as compared to analogous 
signals for the starting 2,3-dihydroxynaphthazarines la 9 
and lb 10 (8 12.10 and 12.30, respectively), which sug- 
gests that the compounds obtained have the 2,3-di- 
hydronaphthazarine structure, in the range of signals for 
the gem-OH protons of diols of type 4 (~ -3.70 and 
-5.30), their IH NMR spectra exhibit two broadened 
singlets (I H each) at ~5 4.46 and 4.53 and 5 4.35 and 
4.43, respectively. However, a band a t -1750 cm -I in the 
medium-frequency range, which is due to absorption of 
the C=O group in position 2 and characteristic ~ of 
2,3-dihydro-2-oxonaphthazarine derivatives of type 3, is 
absent in the IR spectra of the oxidation products. The 
C=O stretching vibrations manifest themselves as in- 
tense absorpt ion  bands at 1655 cm" I, suggesting that the 
oxidation products have the dihydronaphthazar ine 
structure. Their integral intensity measured together 
with the intensity of bands of the C=C stretch- 
ing vibrations (1601 and ~596 cm - | )  amounts to 
(6.54+0.08)- 104 L mol -I cm -2, which coincides with 
that of dihydronaphthazarine 6. The 13C NMR spectrum 
of the oxidation product exhibits signals only for two CO 
carbon atoms (~i 196.6 and t98.5), which is in full 
agreement with the IR spectroscopic data. In addition, 
this spectrum contains signals (5 94.7 and 94.8) for two 
carbon atoms, each being bonded to two oxygen atoms. 

Based on the data obtained, we assigned structures 7a 
and 7b to the oxidation products of echinochrome la  
and its homolog lb, respectively. 

OH 0 OH 0 

OH 0 OH 0 

6 7a ,b  

R = Et (a), Pr (b) 

It is interesting to note that in compounds 7a and 7b 
there is 11o marked intramolecular hydrogen bond be- 
tween the hydroxy groups in positions 2 and 3 and the 
carbonyl groups at C(I)  and C(4), respectively, and 
between the hydroxy groups in positions 5 and 6, which 
is evidenced by a shift of a band of the 13-OH stretching 
vibrations upon replacement of weakly basic solvents by, 
e.g., CHC13 and CH2CI 2 (see Experimental). 

An analysis of the literature data 3-5 and our results 
suggests that epoxide 7a is one of the intermediates in 
the chain of transformations of echinochrome la  under 
the action of oxidants, including oxygen, at physiological 
pH values of the medium. 

Exper imenta l  

Melting points were determined on a Boetius hot microstage 
and are uncorrected. IR spectra were recorded on a Specord 
M-82 spectrophotometer in dioxane and on a Vector-22 Fou- 
rier-spectrophotometer in CHCI 3 and CH2CI 2. IH and ]3C 
NMR spectra were recorded on a Bruker WM-250 spectrom- 
eter (250.13 and 62,9 MHz, respectively) in CDC13, acetone-d 6, 
and CD3CN with Me4Si as the internal standard. Mass spectra 
were obtained with an LKB-9000S instrument (direct inlet, 
70 eV). The starting compounds la and lb were prepared 
according to the known procedure, l~ 

Oxidation of hydroxyuaphthazarines la and lb with silverO) 
oxide. ,Ag20 (350 rag, 1.5 retool) was added to a solution of 
substrate |a (lb) (0.5 mmol) in 150 mL of anhydrous diethyl 
ether. The reaction mixture was stirred at -20 ~ for 2 to 3 h 
(the course of the reaction was monitored by TLC with a 1 : I 
hexane--acetone solvent system) and filtered. The filtrate was 
concentrated, and the precipitate that formed was filtered off 
and dried. 

2,3- Epoxy-7-ethyl-2,3-dihydro-2,3,5,6,8-pentahydroxy- 
1,4-naphthoquinone (Ta), m.p. t68--170 ~ (decomp.). IR 
(dioxane), v/era-l: 3280 b (O--H); 1666 sh.s, 1655 v.s (C=O); 
1601 s, 1596 s (C=C). IR (CHCI3) , v/era-l: 3520 m (O--H); 
3165 w (a-OH); 1662 sh.s, 1651 v.s (C=O); 1604 s, 1589 s 
(C=C). IR (CH2CI2), v/era-l: 3507 m (O--H); 3165 w (c~-OH); 
1662 s, 1651 v.s (C=O), 1605 m, 1590 s (C=C). IH NMR 
(CDC13), 8:1.20 (tr3 H, CH 3, J =  7.5 Hz); 2.80 (q, 2 H, CH2, 
J = 7.5 Hz); 4.46 (brs, I H, OH); 4.53 (br.s, 1 H, OH); 6.77 
(br.s, 1 H, 13-OH); 11.08 (s, 1 H, a-OH); 11.59 (s, 1 H, 
co-OH). IH NMR (acetone-d6), 5:1.17 (t, 3 H, CH3, J = 
7.5 Hz); 2.78 (q, 2 H, CH 2, J =  7.5 Hz); 5.94 (br.s, I H, OH); 
6.00 (br.s, l H, OH); 9.58 (br.s, 1 H. B-OH); tl.29 and tl.89 
(both s, 1 H, cL-Ol-t). 13C NMR (acetone-d6), 8: 12.9, 17.3, 
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94.7, 94.8, 105,6, 111.5, 127.3, 145.5, 152.8, 157.8, 196.6, 
198.5. MS, m/z (lret (%)): 266 (92), 265 (100), 223 (52). 

2,3-Epoxy-2,3-dihydro-2,3,5,6,8-pentahydroxy-7-propyl- 
1,4-naphthoquinone (711), m.p 152--156 ~ (decomp.). IR 
(dioxane), v/cm-J: 3298 b CO--H); 1666 sh.s, 1656 v.s (C=O); 
1602 s, 1598 s (C---C). JH NMR (CDCI3), 6:0.99 (t, 3 H, 
CH3, J = 7.5 Hz): 1.63 (m, 2 H, CH2); 2.77 (t, 2 H, CH2, J = 
7.5 Hz); 4.35 and 4.43 Cboth br.s, 1 H, OH): 6.59 (br.s. I H, 
[3-OH); 11.09 and 11.60 (both s, 1 H, ~x-OH). IH NMR 
(CD3CN), & 1.03 (t, 3 H, CH 3, J = 7.5 Hz}; 1.64 (m, 2 H, 
CH2); 2.75 (t, 2 H, CH 2, J = 7.5 Hz), 5.07 (br.s, 2 H, 2 OH); 
7.98 (br.s, I H, I~-OH); I1.13 and 11.77 (both s, 1 H, a-OH). 
MS, m/z (l~ej (%)): 280 (63), 279 (I00), 252 (15), 251 (28), 250 
(22), 224 (18), 223 (77), 222 (67). 

This  work was suppor t ed  in part by the Rus- 
sian F o u n d a t i o n  for Basic  Research  (P ro jec t  
No. 96-15-97316). 
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Laser study of photooxidation of chloranyl-sensitized 
1,2,3,4-tetrachlorodibenzo-p-dioxine 
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The kinetics of quenching of the triplet state of chloranyl (CA) by 1,2,3,4-tetra- 
chtorodibenzo-p-dioxine (TCD) in benzene and acetonitrile was studied by nanosecond laser 
flash photolysis. The reaction proceeds via electron transfer (ET) with the rate constants of 
15" 109 and 3.7. 109 L tool - l  s -1, respectively. In benzene ET results in the formation of 
short-lived triplet radical ion pairs (lifetime 100 ns). In acetonitrile relatively long-lived 
(lifetime _>I 0 .us) radical anion C A -  and radical cation T C D ' -  are formed and decay due to 
bimolecular reactions in the bulk of the solvent accompanied by the consumption of TCD. 

Key words: laser photolysis, p-chloranyt, 1.2,3,4-tetrachlorodibenzo-p-dioxine, electron 
transfer, radical ion, triplet radical ion pair. 

Investigation of  the kinet ics  and mechanism of pho- 
tochemical  reactions involving polychlorinated dibenzo-  
p-dioxines is urgent because o f  the high toxicity of  these 
organic compounds  formed as admixtures in several 

important industrial processes, t,?" Dye-sensit ized pho to-  
destruction o f  d ioxmes  can be a promising method for 
their demol i t ion  because it allows one  to perform the 
process tinder i rradiat ion with visible light. In this work, 
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