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Etllvl esters of l-R-2-oxo-4-hy~bo.D'qtdnoline-3-carbo_vvlic acids under tllermolvsis conditions are 
converted to 5,9-di-R-6,7,8-trioxodiquinolino[3,4-b :3',4'-e]-4H-pyrans. One of the synthesized compolmds 
was studied by X-ray diffraction. 
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We earlier noted the possibility of carrying out a Claisen condensation [2] and its intramolecular version, 
the Dieckmann reaction 13] under therrnolysis conditions without using basic catalysts. Another interesting 
example of thermally activated ester condensation is thermolysis of ethyl esters of I-R-2-oxo-4-hydroxyquinoline- 
3-carboxylic acids 1. 
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Fig. 1. Structure of compound 2c. 

As we tbund, when they are heated up to 230-250~ novel products can be obtained in high yields whose 
formation, according to mass spectrometry, involves at least two molecules of the starting ester; and judging from 
the 'H NMR spectra, these compounds have a symmetric structure. X-ray diffraction on the N-ethyl derivative 
confirmed these data and furthern~ore allowed us to establish that the compounds under study are 5,9-di-R-6,7.8- 
trioxodiquinolino[3A-h:3',4'-e]-4H-pyrans 2. Formation of such condensed systems obviously can be explained by 
the ability of 4-hydroxy-2-quinolones to exist in different tautomeric forn]s at elevated temperatures [4]. A 
significant contribution to the resonance hybrid from one of these (the 2A-dioxo form 3) is responsible for the 
possibility of internlolecular acylation, leading to carbonyldiquinoline 4, after which the usual pyrolytic 
decomposition of the second ethoxycarbonyl group (probably as ethylene and CO. I5]) and subsequent irreversible 
closure of the pyran ring follow. 

X-ray diffraction (Tables 1-3) established that in independent parts of the unit cell of the crystal of 
compound 2c, there are two molecules (A and B) which differ in the structure of the pyran and pyridone moieties. 
The pyridone rings of molecule B are flat, while in molecule A they are found in a sofa conformation (the 
deviations of the C,., and C,,,, atoms from the mean-square planes of the rest of the atoms of the ring are 0.06 
and -0.07 ,~ respectively). The pyran rings of both molecules are found in the boat conformation, but with 
different degrees of puckering. The deviations of the C,,,,, and O,,, atoms from the mean-square planes of the rest of 
the atoms of the ring are -0.09 ,~ CA), -0.17 A (B) and -0.05/~ (A). -0.08 A (B) respectively. The O,:,, O.,, and O., 
atoms deviate in opposite directions relative to the mean plane of both molecules. 

The ethyl groups are rotated relative to the C,,,,,-N,_., and C,,,,-N,, bonds (torsional angles C,,~-N,.,-C,.,)-C,.,, 
82.3(3) ~ (A). 90.2(2) ~ (B), C,,,,-N,,,-C,..,-C,.,,-75.1(2) ~ CA), -80.8(3) ~ (B)). 

Repulsion between alkyl substituents on the N,,,, N,,, and O,.,, O,, atoms (shortened intramolecular contacts 
H,..,,...O,_., 2.26 .~ (A), 2.01 .~ (B), H,.+...O,, 2.30 A. (A), 2.31 A (B), sum of the van der Waals radii 2.45 A. 16]) 
leads to lengthening of the bonds N,,,-C,,,, 1.390(2) A. (A), 1.389(3) A. (B). N,.~S,,.,, 1.393,,, A, CA). 1.388(3) A. (B) 
compared with the mean value 1.371 A, 17] and N,,~C,,, 1.398(3)/k (A), 1.397(3) A (B), N,.,~:?,,,, 1.397(3)/k CA), 
1.400(3) A (B) (mean value 1.355 /~). Similar effects have been observed in other N-alkyl derivatives of 
2-quinoline [81. 

EXPERIMENTAL 

The 'H NMR spectra of the synthesized compounds were recorded on a Bruker WP-100 SY in DMSO-d., 
internal standard TMS. The mass spectra were recorded on a Finnigan MAT lncos 50 quadrupole spectrometer in 
full scanning mode in the range 33-700 m/:, ionization by electron impact at 70 eV, direct injection, heating rate 
-5~ The ethyl esters of i-R-2-oxo-4-hydroxyquinoline-3-carboxylic acids la-c  were obtained by the 
procedure in [9]. 
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TABLE I. Coordinates of Non-hydrogen Atoms (xl0  ~) and 
Isotropic Thermal Parameters (/~x 10') in the Pyran 2c Structure 
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8721(21 
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(~14412) 
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774912) 
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1018412) 
10290( 2 ) 

I 1155121 
10512(2) 
12258(2) 
I 1833(3) 
8181(2) 
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6395(2) 
3210(2) 
3850( I ) 
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518711) 
4583(2) 
174812 ) 
I 19612) 
143912) 

2261(2) 

2843(2) 
3668(2) 
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8619121 
8730(2) 
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1079712) 
1070512) 
11658(2) 
111473(2) 
10283(21 
9106(2) 

8853(2) 
6880(2) 
763(I(2 ) 

6687(3 ) 
12781(2) 
12431131 
5358(2) 
95112) 

3983( I ) 
3629121 
164712) 
568121 

1369(2 ) 
2105(2) 

3151(21 
3457(2) 
2715121 
295312) 
437112) 
554812 ) 
622512) 
7357(2) 
7845(2) 
7211121 
6037(2) 

4179(2) 

3679(2) 

243612) 
221812) 
1187(2) 
1656(2) 
-123(2) 

-1370(21 
5872(3) 

559713) 

447911 ) 
20'06( I } 
3530( I ) 
3760(2) 
2444(2) 
1682(2) 
223912) 
2582(2) 
3031(21 
3155(2) 
2824(2) 
2985(21 
3832121 
4465(2) 
4776(2) 
5367(2) 
5670(2) 

539112) 
477912) 
3919121 
354212) 
2839(2) 
2636(2) 
2067(2} 
2342(2) 
1597121 

414121 
4738121 
398512) 
69861 l ) 
931311) 
8525( I ) 
6586(2) 
702411 ) 
849012 ) 

1022512) 
10553(2) 
10314(2) 
9730(2) 
938412) 
874712) 
798612 ) 

793012) 

8368(2) 
829912 ) 
7813(21 
7391(2) 
7426(2) 

6998(2) 

7540(2 ) 
7587(2) 

8359(2) 
869712) 
9636(2) 
9603(2) 

873612) 
646912 ) 

5305(2) 

Equivalent 

40( I ) 

44111 
4211 ) 
63( I ) 
80( I ) 
64( I ) 
49( I ) 

55111 
56111 
4911 ) 
39( I ) 
36( I ) 
37( I ) 
37(I) 
43(I) 
48111 
49( l ) 

45111 
38(I) 
42( I ) 
39( I ) 
45(I) 
39[ 1 ) 
44( I ) 
40( 1 ) 
57(I) 
82( I ) 

50( 1 ) 
63111 
44( 1 ) 
43111 
42111 
64( I ) 
51111 
69( I ) 
51( I )  
58111 
55( I ) 
46( I ) 
37111 
36(I) 
37(I) 
39( I ) 
46( 1 ) 

5511 ) 
55111 
5011) 
42111 
43( I ) 
38111 
38( I ) 
38( I ) 
45( I ) 
40( I ) 
52111 
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60( I ) 
72( I )  
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TABLE 2. Bond Lengths (/) in the Pyran 2c Structure 

Bond 

Nm C,.:, 

N,_,~ Cw,, 
O,,, C,,,, 

()~,~ ( ' .  ~.~ 

C,,~ C,,, 

(-',m (-'~ I':~ 

C',~ C,,, 
('*m~ C,m 
(', ,.'~ C,~h 

Cmt C, tm 
C. . ,  C.~. 

C,..~, (',2 ~, 
N,n C,, ~., 
N,?., C, ,,~., 

N,z'I ~',2~n 
O,,~ C,~.~ 
O,v, C, .,,~ 

C~.~ (',2.~ 
(',:,~ (',,.~ 

C,,., C,,., 
(2,,., (_',,., 
C,~, ( 'm' ,  
C,.,., (',,,.~ 
(',~', (',~m 

(',~ r, C,~,.~ 
(',,.~ -C,,r~ 

C,2ff, C121.I 

1.3011121 
1.475131 
1.397(31 
1.36(1121 
1.220(21 
1.220(21 
1.40113) 
1.36913 ) 
1.403( 3 ) 
].35313) 
1.420~ 3 ) 
1.41113) 
1.388131 
1.40N 3 ) 
1.477(31 
1.472(31 
1.512(31 
1.397(31 
1.388(3) 
1.47313) 
1.37O( 2 ) 
1.213(21 
1.35q(31 
1.38q(3) 
1.4111131 
1.423131 
1.3570) 
1.4O4( 3 ) 
1.369(3 ) 
1.30713~ 
1.47(1131 
1.4~0( 31 
1.501(31 

Bond 

N I I r C r I H  

NI2~ C, io~ 

N,2~ C,2m 
Om C,7~ 
O,~, C,,~ 
Cm (", _.~ 
C,..,-C,~ 
C~,~ -C,~, 
C , ,  C,,, 
C, 7~ -C, ,. ) 
C,~.~ C,~, 
C',,, C .m 

C, tli-Cr 
( ' ,  1.11 (-', I s l  

C,2m C, zn 
NH,j ('~l v~ 

N~n C~:2,~ 
N,:.~ C,,~.~ 
O,,.,-C,-~ 

O,:.~ C,l ,'~ 
O,~.j C,,~., 
C,r~ C,,~, 

(",~', s 
C-,  C,~., 
(.', x'l (',1 ~~ 

CH ,..~ (', I~.'~ 
C,,7.~ C, ,~-~ 

C,22', (-',2r~ 

~i),-- 

1.398(31 
1.393(31 

1.474(31 
1.363(21 
1.217(21 
1.374(31 
1.381(31 
1.402(31 
1.434(31 
I.M~7(31 
1.410(31 
1.363(31 
[.374(31 
1.473(31 
1.477(3) 
1.5(1414) 

1.389(31 
1.478(3) 

1.4(~)( 3 ) 
1.369(21 
1.21913) 

1.222(31 
1.4(17(31 
1.369( 3 
1.415(31 
1.356(31 
1.42N31 
1.412(31 
1.393(31 
1.4(X)( 3 ) 
1.477(3) 
1.470( 3 ) 
1.518(4) 

6,7,8-Trioxodiquinolino[3,4-b; 3',4'-e]-4H-pyran (2a). Ethyl ester of  l H-2-oxo-4-hydroxyquinoline-3- 
carbo• acid ( la)  (2.33 g, 0.01 tool) was maintained on a metal bath at 250~C for 15 rain, then cooled, washed 
with alcohol, and dried. Yield 1.62 g (98%): mp > 360~ (DMF). 'H NMR spectrum: l 1.54 (2H, s, NH); 8.46 (2H, 
d. I.t3-H); 7.83 (2H, t, 3. 1 l-H): 7.63 (2H, d. 4, IO-H); 7.37 ppm (2H, t, 2.12-H). Mass spectrum, ml: (In,, %): 330 
(32) [M]*, 302 (44), 274 (10), 44 (56), 39 (100). Found, %: C 69.21; H 3.10; N 8.34. C,,H,,N:O4. Calculated, %: 
C 69.09; H 3.05; N 8.48. 

5,9-Dimethyl-6,7,8-trioxodiquinolino[3,4-b; 3' ,4'-e]-4H-pyran (2b) was obtained similarly. Yield 96c/c; 
mp > 360~ (DMF). 'H NMR spectrum: 8.48 (2H, d, 1,13-H); 7.84 (2H, t, 3,1 l-H); 7.66 (2H. d, 4,10-H); 7.41 
(2H, t, 2.12-H): 3.58 ppm (6H, s. Me). Mass spectrum: 358 (36) [M]*. 329 (100). Found. c/c: C 70.28: H 3.99: 
N 7.84. Q,,H,4N:O~. Calculated, %: C 70.39; H 3.94; N 7.82. 

5,9-Dielhyl-6,7,8-trioxodiquinolino[3,4-b;3',4'-e]-4H-pyran (2c) was obtained similarly. Yield 94%; 
m p >  360~ (DMF). 'H NMR spectrum: 8.48 (2H. d. 1.13-H); 7.86 (2H, t, 3,1 l-H); 7.65 (2H. d. 4.10-H); 7.44 
(2H, t. 2.12-H): 4.29 (4H, q, NCHz); 1.29 ppm (6H, t, Me). Mass spectrum: 386 (100) [M]', 357 (61), 343 (121, 
315 (33). Found, %: C 71.43; H 4.67; N 7.29. C:,H,~N,O~. Calculated, %: C 71.49; H 4.70; N 7.25. 

X-ray Diffraction Study. The crystal system of  pyran 2c is triclinic; at 20~ a = 12.555(31. 
b =  12.617(3), c = 13.630(3) /~; cc = 110.43(21 ~ , [3 = 95.82(2) ~ y = 114.32(21~ V = 1766.1(71 ,~'; 
d~, = 1.453 Jcm';  space group P,; Z = 4. 
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TABLE 3. Bond Angles (m) in the Pyran 2c Structure 

Angle 

C,,~, N,t, C,,,, 
(',,+, N,u C,:2, 
C,i,,, N,2+ (',2,, 
C,,, O,u (',7~ 
( ' , .  C,> (',,, 
C~, ( ' ,n ('~, 

C~n C,m Oa, 
O,,, C,,,~ (',,, 
O, 1+ C~+~ (',xi 
C,,:, C',s~ C,m 
C,,,, (',~, C,:~ 
(-',.~ C,u, C,u, 

(),:, (',~,, N<,, 
N,,,-C,~,, C,,~, 

(',-, (',,'., (',t,,,, 
0o, C,,,,, ( ' . , ;  

C,,,, C,,~, C,;,,, 
0,,~ (',,,, N,_~, 
N~:~ C',~s, C'+,-; 
N,:~ (',>+, ( 'm 
N,:, C,:tu ( ' ,:u 
C, tv~ N,I't C<LI'I 
C,,r~ N,,.~ C,::,, 
('~,,~ N,r, C,2r 
(',+, O,,., C,,,, 
C,,, C<:., C,v, 
C,,., C,,.~ C,~,, 
C,., ('~,'1 (',,,'~ 
C,,-, (',.., (},t', 
O,,, C,,,., C,+, 
C,,5., (-',-, (',~', 
C',,~ C,x.,-C,,r, 
('ttVI (-*,X'I C,-I 

(',U'~ C,,r~ C<~,.~ 
N,:.~ C,,v~ C,s,; 
O,:., C,~;.~ -Na.; 
N<,., (',, r,- (',+~', 

0,;., C,t+,, C',~,.; 
C,~.~ 4.",~,, C,.v.. 
Clt,'l-C, I'1 C~t~' I 
0,+', C<~,+, N,:., 
N,:,, C,,,-, C,,+, 
N,2 r) C, Ha.I ely I 
Nt:.I C~2trl Ct21"l 

<O. deg. 

124.1(2`1 
117.0(2) 
110.7(2) 
119.7(2,1 
121.2(2J 
120.7( 2 ) 
122.9( 2 ) 
123.2(21 
113.0(2) 
113.7(2~ 
119.6(2 ) 
123.0(2 ) 
119.0(21 
120.{1(2 ,1 
119.3(2,1 
120.I(2,1 
116,4(2) 
120.2( 2 ) 
123,2(2) 
114,1(2) 
120,0( 2 ) 
12(I,0( 2 ) 
116.3(2l 
119.7(2} 
112.8{2,1 
123.6{2) 
116.2(2) 
120.4( 2 ) 
119.5(2) 
121.712) 
120.4(2 '1 
123.(1( 2 ) 
122.2(2,1 
113.g(21 
124.1(2,1 
120.2(21 
116.q(2) 
I ItL5(21 
120.5(2 ,1 
110.9(2) 
120.1(2) 
116.7(2) 
120.312 ) 
123.7(2,1 
I 13.3(2) 
12O.3(2 ) 
119.9(2,1 
I Ib.2(2) 
I 10+7(21 
11(I.9(2"1 

An~le 

C,L~ N,u ('c:,  

(',,*, No, C,:., 
C,:,-C,,, C,,+, 
( ' ,u C~, C,:~ 
C,,, C,~,-C,,,,, 
C,.,, C,~, C,., 
C,,,, C,., C,., 

C,s~ (',.+, C**, 

C.,u-Cr,+~ (',m 
C,L_,~ C,,u C,,,. 
N,u (-',~3~ ( ' ,c,  
CH_.cC, I~ ('~,, 
O,_~, ( ' , , .  C,,,, 

Ctl41-(_+,I 5,- C, t~l 
0,3, C',*m ( ' , n  

C, is~ C,~:~ ( ' , ~  

Nc~ Cil,~l CII, 
Cu, (',,,,~ C,,, 

C,~,.,-N,c, C,_.> 
C,~,,~ N,:.~ (',i~~ 
(',1~'1 N,eh (',2tr~ 
C,:., (',r, C,p,, 
C,v, C,,., C,:+, 
C,,., C',~., C,,,,, 
C,,.., (',~., (',,r 
C,,,., (',~,, (',~., 
C,,,., C,.,-.-O,r, 
O.., C,-r( ' , ,-,  
C,,,, C,~.,-C,~, 
C,.,.,-C,.,, C,~-, 

N,r~ C<~v~ C,I:-~ 
C,,2.,-C,,~., C,,., 
O,2,,-C, ~r,- C, ,5'~ 
C,~ ('Hs"~ C,~r~ 
( ' .v ,  C',,..~ -C,,,,,~ 
O,v, C,,,,.+ C',,-~ 
C,,,.,<',,7~ C,~., 
C<is'l (',lr~ C',l,.'~ 
Oil. I elL,- I C, IT I 
N,_-,~ C,w~ C+n 
C,, ,-C,,,,, C,+, 
N,r, C,22T'G,:yl 

m. de 8. 

I I g.'4(2) 
123.;'q2) 
I I e,.5(21 
120.512`1 
I 1'4.412) 
119.q(2) 
117.1(2l 
123.g(21 
122.2~21 
124.2(2) 
117.4{2} 
120.5(21 
121.3(2} 
122.0(2) 
I 1g.7(2J 
123.4{2) 
118.3(2) 
121.5OI 
t22.'7(21 
119.0{21 
121.1(2"~ 
123.7{2) 
122.1(2) 
118.2{2t 
11 {0(2"1 
12(I.2(2) 
123.812l 
115.g(2) 
120.5(2) 
110.5(2) 
1211.H2l 
116.9(2} 
124.0121 
122.3(2} 
113.7(2,1 
123.0(2) 
120.3(2) 
121.4{2,1 
121.0(2,1 
118.2{2) 
123.312,1 
118.812) 
120.8(2) 
123.0(2) 
I I g.9(2) 
12(I.8( 2 ) 
123.8t2) 
122.4t21 
117.9(2) 
112.2(2) 

The unit cell parameters and the intensities of 5960 independent reflections (R,, = 0.03) were measured on 
a Siemens P3/PC autolnatic difffactometer (kMoKot, .graphite monochromator, 0/20-scanning, 20 ..... = 50~ The 
structure was deciphered by the direct method using the SHELXTL PLUS program package [10]. The positions of 
the hydrooen atoms were calculated geometrically and refined usin_o the "rider" model with fixed U,+ = nU for the ~- ~ eq 

nonhydrogen atom bonded to the given hydrogen atom (n = i.5 for methyl groups and 1.2 for the remaining 
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hydrogen atoms). F: full-matrix least-squares refinement in the anisotropic approximation lot the non-hydrogen 
atoms was done down to wR, = 0.128 (R. = 0.051 using 4198 reflections with F > 4or(F), S = 1.07). 
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