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A number  of pyrimido[5,4-b]quinoline der iva t ives  were  synthesized.  It is shown that in the 
reac t ion  of 2 ,4 ,10- t r ichloropyrimido[5,4-b]quinol ine {II) with s t rong  nucleophilic reagents  
(OC'--H 3 and ~H) both of the halogens of the pyr imidine  ring are  replaced,  while with amines  
subst i tut ion of the halogens of the pyr imidine  ring p roceeds  success ive ly ;  under  more  seve re  
conditions, all three  halogen a toms of II a re  replaced by amine res idues .  

We have prev ious ly  descr ibed  the snythesis  and p r o p e r t i e s  of a number  of 2 ,4,10-tr ioxo and 2,4-dioxo 
der iva t ives  of hexahydro-  or, respec t ive ly ,  te t rahydropyr imido[5 ,4-b]quinol ines .  In o r d e r  to synthesize  a 
comple te ly  a romat i zed  pyrimido[5,4-b]quinoline s y s t e m  and obtain a number  of mono- ,  di-,  and t r i s u b s t i -  
tuted der iva t ives  of this heterocycle ,  which s e e m  of in te res t  for  biological  study, we obtained 2 ,4 ,10- t r i -  
chloropyrimido[5,4-b]quinol ine (II) f r o m  2,4-dioxo-10-chloropyr imido[5,4-b]quinol ine  (I) by heating it with 
PC15 and POC13 and studied its reac t ions  with nucleophilic reagents .  The reac t ion  of II with s t rong nucelo-  
philic reagents  (CH3ONa or  NaSH) p roceeds  with r ep lacement  of two halogens by methoxy or  mercap to  
groups;  we were  unable to obtain the cor responding  monomethoxy or monomercap to  der iva t ives  even when 
we used m o l a r  ra t ios  of the reagents  and c a r r i e d  out the reac t ion  under  mild t empe ra tu r e  conditions. Inas -  
much as the halogens in the 4- and 2-posi t ions  in II should have higher reac t iv i t i e s  than the halogen in the 
10-position, the s t ruc tu res  of the dimethoxy and d imercap to  der iva t ives  obtained probably  co r respond  to 
III and IV; this was conf i rmed by hydrolys is  of HI to the s ta r t ing  2,4-dioxo der iva t ive  of I. 

The pur i f icat ion of IV presen ted  cons iderable  difficulty, and it was the re fo re  identified as the S -meth -  
ylated der ivat ive  W). 

The apprec iable  difference in the reac t iv i t i es  of the halogens in the 2- and 4-posi t ions  was manifes ted  
in the reac t ions  of chloro der ivat ive  II with weaker  nucleophilic reagents .  On reac t ion  with concentra ted  
ammonium hydroxide, II underwent r ep lacement  of only one chlorine a tom by an amino group; the react ions  
of II with p r i m a r y  or  secondary  amines  p roceed  s imi la r ly .  In analogy with halogen der iva t ives  of pyr imidine  
and condensed pyr imidine  s y s t e m s  [2-4], for  which the reac t iv i ty  o rde r  is 4-CI > 2-C1, we suppose that we 
obtained a number  of 4-amino der iva t ives  of pyrimido[5,4-b]quinoline (Via-f). 

In the reac t ion  of II with an e x c e s s  of the corresponding amine we observed  r ep lacemen t  of both chlo- 
rine a toms (VIIa, b). Monoamino der iva t ives  Via  reac t  with amines  to give pyrimido[5,4-b]quinol ines  (VIIIa- 
c) that a re  subst i tuted in the 4- and 2-posi t ions by different amine res idues .  In VIIa, aminolys is  of the 
chlorine in the 10-posit ion is rea l ized only under  more  s eve re  conditions. Thus, IX was obtained by p r o -  
longed refluxing of VIIa or  II with excess  piperidine in d imethy l fo rmamide  (DMF). 

A ce r t a in  amount of ant ibacter ia l  act ivi ty was detected in v i t ro  in the case  of VIc and VIIb. 

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

2,4 ,10-Trichloropyr imido[5,4-b]quinol ine  (II). A mix ture  of 6 g (24 mmole)  of I, 20 ml  of phosphorous 
oxychloride,  and 17.4 g (83 mmole)  of phosphorus  pentachlor ide  was refluxed for  8 h, a f t e r  which the POC13 
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was removed by vacuum distillation. Ice was added to the residue, and the mixture was fi l tered after 1-2 h. 
The fi l trate was extracted with chloroform,  and the ch loroform was evaporated to give 4.6 g (66.5%) of II 
with mp 226 ~ (from ethyl acetate).  Found: C 46.6; H 1.6; C1 37.1; N 14.5%. CllH4N3C13. Calculated: C 46.4; 
H 1.4; C1 37.4; N 14.8%. 

2,4-Dimethoxy-10-chloropyrimido[5,4-b]qutnol ine 0II). A 0.6-g (2 mmole) sample of II was added 
to a solution of sodium methoxide, obtained f rom 0.13 g (5.6 mmole) of Na and 40 ml of CH3OH , and the 
react ion mixture was s t i r red  at 20-25 ~ for 4 h. The precipi tate  was then removed by fi l trat ion to give 0.4g 
(66.5%) of III with mp 240 ~ (from alcohol). Found: C 56.3; H 3.8; C1 12.7; N 15.3%. Ct3H10N302CI. Calcu- 
lated: C 56.6; H 3.7; C1 12.9; N 15.2%. 

2,4-Dimethyl thio-10-chloropyrimido[5,4-b]quinol ine (V). A 1.2-g (4.2 mmole) sample of II in 60 ml 
of ch loroform was added gradual ly with s t i r r ing  to 6 ml (11 mmole) of 10% aqueous NaSH solution. After 
2 h, the ch lo roform was decanted, and the residue was dissolved in 500 ml of water .  The solution was 
acidified to pH 4-5 with acetic acid, and the mixture was fi l tered to give 1.2 g (4.3 mmole) of 2 ,4-d imer-  
capto-10-chloro- l ,2 ,3 ,4- te t rahydropyr imido[5 ,4-b]quinol tne  (IV), to which a solution of 0.5 g (9 mmole) of 
KOH in 60 ml of water  was added. A 1.4-ml (15 mmole) sample of dimethyl sulfate was added gradually 
at 20-250 to the result ing solution, and the mixture was s t i r red  at 20-25 ~ for 2.5 h. Workup of the mixture 
gave 1 g (61.8%) of V with mp 187 ~ (from acetone). Found: C 50.7; H 3.5; C1 11.6; N 13.3; S 20.8%. 
C13H10N3C1S 2. Calculated: C 50.7; H 3.3; C1 11.5; N 13.6; S 20.8%. 

4-Piper idino-2,10-dichloropyrimido[5,4-b]quinol ine  (Via). A 0.2-g (2.3 mmole) sample of piperidine 
was added to 0.3 g (1 mmole) of II in 10 ml of alcohol, and the mixture was s t i r red  at 20-25 ~ for  4 h. It was 
then fi l tered to give 0.3 g (87.0%) of Via with mp 156 ~ (from alcohol). Found: C 57.9; H 4.2; C1 21.0; N 
16.9%. C16H14ClzN 4. Calculated: C 57.7; H 4.2; C1 21.3; N 16.8%. 

Compounds Vlb-d were s imi lar ly  obtained. 

Compound VIb (65.7~0) had mp 141 ~ (from alcohol). Found: C 56.2;H4.3; C121,7; N17.3%. CisHI4C12N4. 
Calculated: C 56.1; H 4.4; C1 22.1; N 17.4%. Compound VIc (60%) had mp 183 ~ (from alcohol). Found: C 
59.8; H 5.0; C1 18.7; N 14.5; H20 2.1%. CI�HlsN4C12-0.5H20. Calculated: C 59.7; H 5.0; C1 18.6; N 14.6; 
H20 2.4%. Compound VId (52.6%) had mp 160 ~ (from alcohol). Found: C 55.8; H 5.0; C1 19.1; N 19.0%. 
C17H19NsC12. Calculated: C 56.0; H 5.2; C1 19.5; N 19.2%. 

4-Amino-2,10-dichloropyrimido[5,4-b]quinol ine (Vie). A 0.2-g (0.7 mmole) sample of II was allowed 
to stand in 10 ml of ammonium hydroxide at 20-25 ~ for 4 days, after  which the precipitate was removed by 
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f i l t ra t ion  to give 0.1 g (55.0%) of Vie with mp 305-308 ~ (from aqueous DMF). Found: C 49.4; H 2.1; C1 26.5; 
N 21.0~. C10H6NtC12. Calculated: C 49.8; H 2.3; C1 26.8; N 21.1~0. 

4-( f l -Chloroethylamino)-2 ,10-dicMoropyrimido[5,4-b]quinol ine  (VIf). An aqueous solution of 0.23 g 
(2.7 mmole)  of NaHCO 3 in 5 ml  of H20 was added gradual ly  with s t i r r ing  to a mix ture  of 0.3 g (1 mmole)  
of II and 0.15 g (1.3 mmole)  of /~-chloroethylamine hydrochloride in 15 ml of ch loroform.  After  1 h, the 
ch lo ro fo rm was sepa ra ted  and evaporated,  and the residue was t rea ted  with water .  The aqueous mixture  
was f i l te red  to give 0.1 g (28.6%) of VIf with mp 170 ~ (dec., f r o m  ethyl acetate) .  Found: C 47.6; H 2.9; C1 
32.3;N17.5%. CIsH9NtC13. Calculated:  C 47.6; H 2.7; C1 32.2; N 17.1%. 

2 ,4-Dipiper idino-10-chloropyr imido[5,4-b]quinol ine  (VIIa). A mix ture  of 0.6 g (2.1 mmole)  of II, 20 
ml  of a lcohol ,  and 1.2 g (14 mmole)  of piper idine was refluxed fo r  2 h, a f t e r  which the p rec ip i ta te  was r e -  
moved by f i l t ra t ion to give 0.5 g (60.6%) of VIIa with mp 155 ~ ( f rom alcohol).  Found: C 66.9; H 6.3; C1 9.1; 
N 17.7%. C22H24NsC1. Calculated:  C 66.8; H 6.1; C1 9.0; N 17.8~o. 

2 ,4-Dimorphol ino-10-chloropyr imido[5,4-b]quinol ine  (VIIb). A mix ture  of 1 g (3.5 mmole)  of II, 25 
ml  of DMF, and 3.3 g (38 mmole)  of morpholine was heated at 140 ~ for  6 h. It was then cooled, and the c r y s -  
talline prec ip i ta te  was removed  by f i l t ra t ion to give 0.6 g (44.5%) of VIIb with mp 198 ~ (from aqueous DMF). 
Found: C 59.0; H 5.0; C1 8.8; N 17.9%. CtgH20N502C1. Calculated:  C 59.1; H 5.2; C1 9.2; N 18.1~. 

2-Die thylamino-4-p iper id ino-10-ehloropyr imido[5 ,4-b]quinol ine  (VIIIa). A 0.6-g (1.8 mmole)  sample  
of Via was allowed to stand in 10 ml of diethylamine at 20-25 ~ for  48 h, a f ter  which the diethylamine was 
vacuum evapora ted ,  and the residue was t r i tu ra ted  with acetone.  The mixture  was f i l te red  to give 0.3 g 
(45%) of VIIIa with mp 108 ~ (from alcohol). Found: C 65.4; H 6.6; C1 9.4; N 18.9~0. C20H24NsC1. Calculated: 
C 65.0; H 6.5; C1 9.6; N 18.9%. 

2 -P ipe r id ino -4 -cye lohexeny le thy lamino-10-ch lo ropyr imido  [5~4-b]quinoline (VIIIb). A mix tu re  of 1 g 
(2.7 mmole)  of VIc and 0.46 g (5.4 mmole)  of piper idine in 35 ml  of alcohol was s t i r r ed  at 20-25 ~ for  5 h, 
a f te r  which the prec ip i ta te  was removed  by f i l t ra t ion to give 0.5 g (44.3%) of VIIIb with mp 140 ~ (from a l -  
cohol). Found: C 68.2; H 6.6; C1 8.0; N 16.470. C24H28NsC1. Calculated:  C 68.3; H 6.6; C1 8.4; N 16.6~o. 

2-Diethanolamino-4-piper id ino-10~chloropyr imido[5,4-b]quinol ine  (VIIIc). A mixture  of 0.3 g (0.9 
mmole)  of Via and 0.2 g (1.8 mmole)  of diethanolamine was heated at 100-110 ~ for  3 h. The reac t ion  mix-  
ture  was t rea ted  seve ra l  t imes  with water ,  and the wa te r  was decanted. The solid ma t e r i a l  was t r i tu ra ted  
with acetone, and the mixture  was f i l te red  to give 0.2 g (55.0%) of VIIIc with mp 187 ~ (from alcohol). Found: 
C 60.2; H 5.9; C1 8.6~. C20H2402NsC1. Calculated:  C 59.8; H 6.0; C1 8.8%. 

2~4~102Tripiperidinopyrimido[5,4-b]quinoline (IX). A 0.3~g (0.76 mmole)  sample  of VIIa was refluxed 
with 0.34 g (4 mmole)  of p iper idine  in 10 ml of DMF for  3 h, and the prec ip i ta te  was removed  by f i l t ra t ion 
to give 0.2 g (61%) of IX with mp 118 ~ (from alcohol). Found: C 72.4; H 7.9%. C26H34N 6. Calculated:  C 72.5; 
H 7.9%. Compound IX was s imi l a r ly  obtained in 55% yield f r o m  1.8 mmole  of II and 18 mmole  ofpiper id ine .  
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