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10-Chloro-2,4 - dioxo de r iva t ives  of pyr imido[  5,4 -b] quinoli ae have been synthes ized ,  and nu- 
cleophil ic  subst i tut ion reac t ions  in these  compounds have been studied. 

Invest igat ions  in the field of l i t t le-studied [1, 2] de r iva t ives  of pyrimido[5,4-b]quinol ine a re  of in te r -  
es t ,  s ince pyr imido[5,4-b]quinol ine  is a deaza  analog of benzopter idine ,  and subs tances  of natural  or igin 
a re  found in the benzopter id ine  s e r i e s .  

We have desc r ibed  the synthes is  of pyr imido[5,4-b]quinol ines  f rom der iva t ives  of orot ic  acid subst i -  
tuted in pos i t ion  5 by aniline or p - m e t h o x y -  or  p - c h l o r o a n i l i n e  r e s idues  (Ia-d) synthes ized p rev ious ly  [3]. 
Ring c losure  with the fo rma t ion  of 1 ,2,3,4,5,10-hexahydropyrimido[5,4 -b] quinoline-2,4,10-tr iones was p e r -  
f o r m e d  by boiling compounds (Ia-d) with an excess  of phosphorus  oxychloride.  At a higher  t e m p e r -  
a tu re ,  in addition to r ing c losu re  the r e p l a c e m e n t  of one of the hydroxy groups by chlorine took place .  
The monochloro  der iva t ive  fo rmed  f rom the acid (Id) can have only s t ruc tu re  (IIId), while in the monochloro  
de r iva t ives  obtained f rom the acids (In-c) the chlorine m a y  be p r e s e n t  in one of three  poss ib le  posi t ions :  
2, 4, or  10. 
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To p rove  the s t r u c t u r e s  of subs tances  (IIIa-c), the halogen in (IIIb) was rep laced  by a p iper id ine  r e s i -  
due, and the resu l t ing  compound (IV) was c leaved with aqueous alkali .  This gave 3 -amino-4-p iper id inoquin-  
o l ine-2-carboxyl ic  acid (V), which was conf i rmed by i ts  convers ion  into butyl 3 -buty lamino-4-p iper id inoquin-  
ol ine-2-carboxulate  (VI). 

Under fa i r ly  s eve re  conditions, the chlorine in compounds (IIIa-d) r e a c t s  with amines .  Thus, com- 
pound (IV) was obtained by heat ing subs tance  (IIIb) with p iper id ine  in d ime thy l fo rmamide  at a high t e m p e r a -  
ture .  S imi lar ly ,  the amines  (VII) and (VIII) were  obtained f rom (IIIb). In the 8 ,10-dichloro der iva t ive  (IIIc), 
the mobi l i ty  of the chlorine in pos i t ion  10 was reduced,  and to obtain compound (IX) it was n e c e s s a r y  to heat  
the chloride (IIIc) with morphol ine  for  a longer  per iod .  The reac t iv i ty  of the chlorine in the der iva t ive  (IIIa) 
and (IIId) containing a methoxy group in pos i t ion  8, is lowered to a pa r t i cu l a r l y  apprec iab le  degree .  Under 
the conditions ment ioned above,  these  compounds did not take p a r t  in the reac t ion  with amines .  An a t tempt  
to r ep lace  the chlor ine in (IHd) by p iper id ine  by heat ing the r eac t an t s  in phenol [4] led to the fo rmat ion  of 
the 10-phenoxy der iva t ive  (X). The reduct ion in the mobi l i ty  of chlorine on the introduction of an e lec t ron-  
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T A B L E  1. P y r i m i d o [ 5 , 4 - b ] q u i n o l i n e s  

Com-] Mp,: ~ 
pound[ (decomp.) 

I 

Empirical i 
formula 

Ilia, i >350* CI2HsCIN3Os 
Illc >340* CItHsCbN302 
III& 258* C t4HI2C1N~O~ 
VII 334* ~ CtsHIoN 40~ 

V l I l  278 ~ / CIsHI4N402 
IX 340"[" i Ct~HI~CIIN403 

' Found, % 

C H 

51,9 2,9 
46,8 1,8 
55,0 3,9 
60,4 4,7 
67,9 4,4 
54,1 3,9 

C H CI N 

52,2 3,0 12,4 [ 14,9 
46,5 1,7 24,9 I 14,6 
55,3 4,0 ll,3 13,6 
60,5 4,8 - -  19,1 
68,0 4,7 - -  18,0 
54,5 3,7 ll,0 17,0 

Calculated, % 

Cl N 

12,8 1 15,1 
25.2 [ 14,9 
11,6 13,7 

- -  18,8 
17,6 

10,7 ! 16,8 

* F r o m  d i m e t h y l f o r m a m i d e .  
F r o m  a q u e o u s  d i m e t h y l f o r m a m i d e .  

40,0 
33,6 
62,0 
55,5 
66,1 
64;2 

d o n a t i n g  s u b s t i t u e n t  i n to  p o s i t i o n  8 w a s  a l s o  s h o w n  i n  the  d i f f e r e n t  s t a b i l i t i e s  of c o m p o u n d s  ( I l i a  and  b) to  
the  a c t i o n  of  a c i d s .  T h u s ,  on b e i n g  h e a t e d  wi th  d i l u t e  h y d r o c h l o r i c  a c i d  c o m p o u n d  (IIib) w a s  c o n v e r t e d  
c o m p a r a t i v e l y  r e a d i l y  i n to  t he  c o r r e s p o n d i n g  10-0xo  d e r i v a t i v e  (IIb),  w h i l e  s u b s t a n c e  (IIIa) r e m a i n e d  un-  
c h a n g e d  u n d e r  the  s a m e  c o n d i t i o n s .  
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EXPERIME NTAL 

8-Methoxy-l,2,3,4,5,10-hexahydropyrimido[5,4-b]quinoline-2,4,10-trioae (IIa). A mixture of 3.5 mmoles 
of compound (In) and I0 ml of POCI 3 was heated at 80~ for 1 h and cooled, the precipitate was filtered off, 
it was treated with glacial acetic acid and again filtered off, and was then washed with dimethylformamide 
and with water. This gave 0.6 g (67%) of substance (IIa). It did not melt below 350~ Found" C 55.0; H 
3.4; N 16.6%. CI2H2N304. Calculated" C 55.6; H 3~ N 16.6%. IR spectra, cm-1: 3240, 3140, 3080, 3000 
(NH); 1730, 1690, 1640 (amide C = O). 

10-Chloro-l,2,3,4-tetrahydropyrimido[5,4-b]quinoline-2,4-dione (IIIb). A mixture of 3.8 mmoles of 
compound (Ib) and 15 ml of POCI 3 was boiled for 3 h and cooled, the precipitate was filtered off and was 
treated with ice water and again filtered off; the filtrate was distilled in vacuum and the residue was worked 
up as is described above and was p~ified by crystallization from dimethylformamide and was then added 
to the main reaction product. This gave 0.52 g (56%) of compound (IIIb). Mp 320~ (decomp., from dimethyl- 
formamide). Found- C 53.6; H 2.4; C1 14.0; N 16.9%. CIIH~CIN302. Calculated. C 53.3; H 2.4; C1 14.3; N 
17.0%. IR spectrum, cm -I- 3320, 3220, 3080 (NH); 1730, 1710, 1690 (amide C =O). 

Compounds (Ilia), (IIIc), and (IIId) were obtained similarly (see Table I). In the preparation of sub- 
stance (IIId), the reaction time was 50 rain. 

3-Amino-4-piperidinoquinoline-2-carboxylic Acid (V). A mixture of 4 g (13.5 mmoles) of substances 
(IV) and 90 ml of 15% aqueous NaOH was heated in an autoclave at 160~ for 5 h. The precipitate was fil- 
tered off, treated with dilute hydrochloric acid to pH 3.4, again filtered off, and repreeipitated from aqueous 
alkaline solution with hydrochloric acid. This gave 2.7 g (74%) of substance (V). Mp 168~ (decomp., from 
water). Found" C 66.9; H 6.4; N 15.4%. CIsHITN302. Calculated; C 66.7; H 6.3; N 15.5%. IR spectrum, 
em-~: 3400, 3240 (NH2); 1660 (amino acid C = O with the possible saperpositioa of 6 NH2). PMR spectrum 
(DMSO), ppm: 1.70 (B, T-CH2 of the piperidiae substituent), 3.23 (~-CH 2 of the piperidine substituent), 7.44, 
7.80  ( m u l t i p l e t s  of the  b e n z e n e  r i n g ) .  
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Bu~yt 3-Butylamino-4-piper idiuoquiaol ine-2-carboxylate  (VI). A mixture  of 0.3 g of substance (V), 
10 ml of n-butanol, and 0.5 ml of concentrated sulfuric acid was boiled for 5 h. Then the solution was evap-  
orated in vacuum and the res idue was t rea ted  with aqueous NaHCO 3 to pH 7 and was extracted with ch lo ro -  
form.  This gave 0.2 g (48%) of (VI). Mp 78~ (decomp., f rom aqueous ethanol). Found: C 72.2; H 8.6; N 
11,0%. C23H33N302. Calculated: C 72.1; H 8.6; N 11.0%. IR spectrum, cm-~: 3440, 3330 (NH); 1690 (ester 
C = O). 

10-Piper id ine- l ,2 ,3 ,4- te t rahydropyr imido[5,4-b]quiaot i~e-2 ,4-dione (IV). A mixture of 2 g (8.1 
mmoles)  of (IIIb), 3.4 g (40 mmoles)  of piperidine and 30 ml of dimethylformamide was boiled for 3 h and 
was then cooled, and the precipi ta te  was f i l tered off and washed with water .  This gave 1.3 g (54%) of the 
amine (IV). Mp 340~ (decomp., f rom dimethytformamide) .  Found: C 64.5; H 5.4; N 19.2%. C16H16N402. 
Calculated: C 64.9; H 5.4; N 18.9%. IR spect rum,  cm-l: 3260, 3190, 3070 (NH); 1730, 1700 (amide C~---O). 
Compounds (VII), (VIII), and (IX) were obtained s imi la r ly  (see Table 1). In the prepara t ion  of (VIII), the 
d imethylformamide was distilled off in vacuum and the res idue was t reated with aqueous d i m e ~ y l f o r m -  
amide. In the prepara t ion  of {IX), the react ion t ime was 8 h. 

8-Meth•xy-••3-dimethy•-••-phenoxy-1•2•3•4-tetrahydr•pyrimid•[5•4-b]qui•o•ine-2•4-dione (X). A mix- 
ture of 0.5 g (1.6 mmole) of the chloride (IIId), 2 g of phenol, and 0.6 g (7 mmoles)  of piperidine was heated 
at 140~ for 2 h and was cooled and t rea ted  with 5% aqueous NaOH, and the precipi ta te  was fi l tered off and 
washed with water .  This gave 0.33 g (55%) of compound (X) with mp 296~ (decomp., f rom dimethylform- 
amide). Found: C 66.5; H 4.9; N 11.6. C20H~TN304. Calculated: C 66.1; H 4.7; N 11.6%. 

1,2,3,4,5,10-Hexahydropyrimido[5,4-b]quinoline-2,4,10-trione (lib). A mixture  of 0.5 g of the chloride 
(IIIb) and 10 ml of dilute hydrochlor ic  acid (1 : 1) was boiled for 3 h and was cooled, and the precipi ta te  was 
fi l tered off and washed with water .  This gave 0.4 g (87%) of the derivative (IIb). It did not mel t  below 
350~ Found: C 57.3; 'H 2.9; N 18.3%. CllHTN303. Calculated: C 57.6; H 3.0; N 18.3%. 
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