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3H,4H- Quino [1 ,2 -a ] -2 -pyr imidone ,  1- (2-carboxyethyl)  aminoquinolininm beta ines ,  and methyl  
e s t e r s  of N-quinol iny l - f i -a lan ines  were  i so la ted  f rom the reac t ions  of aminoquinolines with 
methyl  ac ry la t e .  Hydro lys i s  of the l a t t e r  yielded the cor responding  amino acids,  two of which 
were  conver ted  to 1 - (3 -  and 6-quinol inyl)dihydrouracf ls ,  and the l a t t e r  was reduced  to 1- (6-  
quinolinyl) -2 -oxohexahydropyr imid ine .  

I t  is known that  s eve ra l  f i - subs t i tu ted  alanines of the quinoline s e r i e s  have bac te r ic ida l  p rope r t i e s  
[1], and N- (6 -me thoxy-8 -qu ino l iny l ) -~ -a l an ine  is a potential  ant icarc inogenic  p repa ra t ion  [2]. These c o m -  
pounds were  obtained by the reac t ion  of the appropr ia t e  aminoquinolines with propiolactone and e s t e r s  of 
(~,f i -unsaturated acids [2] o r  by the reac t ion  of [3-alanine with haloquinoline de r iva t ives  in the p re sence  of 
phenol [3]. In this study we c a r r i e d  out the reac t ions  of 2-,  3-,  4- ,  5-,  6-,  7-, and 8-aminoquinol ines  with 
methyl  ac ry la te  in the p r e s e n c e  of water ,  acet ic  acid, or  acet ic  anhydride and conver ted  some of the N- 
quinol inyl- f i -a lanines  obtained to the co r respond ing  pyr imid ine  de r iva t ives .  

The reac t ion  of 2-aminoquinol ine (ia) with methyl  ac ry la te  p roceeds  smoothly  when these compounds 
are  heated in the p r e s ence  of acet ic  acid or  acet ic  anhydride [4] and r e su l t s  in the p r e p a r a t i o n  of 3H,4H- 
quino[1 ,2-a] -2-pyr imidone  (Ha). When wa te r  is used  as the ca ta lys t  the reac t ion  p roceeds  (at e levated  
p r e s s u r e s )  to f o r m  1- (2 -ca rboxye thy l ) -2 -aminoqu ino l in ium betaine (II-[a); the l a t t e r  is a ve ry  unstable c o m -  
pound which on s to rage  in a i r  or  on heating is conver ted  to IIa,  which gives IIIa on heating with water :  

[•N.: \ %  It 
CH2= 

"--~r'-~/\N H2 
I l ia CH~CH2COO0 

The reac t ions  of 3- ,  4 - ,  5-,  6- ,  7-,  and 8-aminoquinol ines  with methyl  ac ry la te  in the p re sence  of 
acet ic  acid p roceed  with the fo rmat ion  of the cor responding  methyl  e s t e r s  of N-quino! inyl - f l -a lan ines  (IVb- 
g), which give the co r respond ing  N-quinol inyl - f i -a lan ines  (Vb-g) on hydro lys i s :  

'IP,--:NH 2 ~ CH2.----CHCOOCIf 3 ~ R~NHCH2CH2COOCH3 ~ "R--NHClt2CH2COOH 
Ib-g ,vb-g v b-g 

I, IV, Vb R=3-CgHsN;c R=4-CgH6N; dR=5-CoH6N; ~R=6-%H6N; fR=7-CgH6N; g R=8-CgH6N 

During the hydro lys i s  of IVe, Vc is i so la ted  f rom the reac t ion  mix tu re  as a hydra te ,  which on vacuum 
drying over  phosphorus  pentoxide is conver ted  to the anhydride fo rm.  On mel t ing  (205-207~ the hydra te  of 
Vc loses  a molecule  of wate r ,  begins to c ry s t a l l i z e ,  and mel t s  at a t e m p e r a t u r e  which coincides with the 
mel t ing  point of Vc.  
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Fig. 1. IR spec t ra :  1) 1 - (2-carboxyethyl ) -  
4-aminoquinolinium betaine (IIIc); 2) N- (4- 
quinolinyl)-~-alanine (Vc); 3) methyl e s t e r  
of N-(4-quinolinyl)-f i -alanine (IVc). 
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Fig. 2. UV spec t ra  in 0.001~0 NaOH: 1) 1-  
(2-c arboxyethyl)-4-aminoquinol inium bet -  
aine (IIIc); 2) N- (4-quinolinyl)-~ -alanine 
(Vc).  

In the presence  of water,  4-aminoquinoline (Ic) r e -  
acts with methyl acrylate  to form 1-(2-carboxyethyl ) -4-  
aminoquinolinium betaine (IIIc), which decomposes  during 
alkaline hydrolysis  to form the start ing mater ia l :  

N H  2 

IC 

CH2=CHCO2CH 3 

N HCH2CH2CO2CH 3 

NaOH 

IVC NH 2 

~ NaOH Ic 

lllc CH2CH2COO- 

Compound Vb is not acylated by acetyl chloride,  
acetic anhydride, or  benzoyl chloride.  

The corresponding 1-quinolinyldihydrouracils  (VIb 
and Vie) are isolated only from Vb and Ve by the action of 
urea  [4, 5] on the N-quinolinyl-f l -alanines (Vb-g). The 
fact that fl -alanines V, which are derivat ives  of 4-,  5-, 7-, 
and 8-aminoquinolines,  are not inclined to form dihydro-  
urac i l s  can be explained by the a m i n o - i m i n o  tau tomer i sm 
[6-8] of these compounds.  Attempts to obtain 1-(3-  and 6- 
quinolinyl)-2-thiodihydrouraci ls  by the action of potassium 
or ammonium thiocyanates on Vb and Ve were unsucces s -  
ful, and the s tar t ing fl-alanines and their  hydrochlor ides  
or  hydrothiocyanates  were isolated f rom the react ion mix-  
ture .  

Vb,e - -  
CO(Ni-12) ~ 

NaOH 

L,A,.. (" - i r  ~ 

o Vl b , e  VII e 

1- (6 - Quinolinyl) - 2-oxohexahydropyrimidine (VIIe) 
was isolated by the reduction [9] of dihydrouraci l  Vie with 
lithium aluminum hydride in ether .  Only the hydrob rom-  

ide of dihydrouraci l  Vie was isolated by brominat ion of Vie with bromine in acetic acid at room t e m p e r a -  
ture .  Compounds VIb and Vie are decomposed to the s tar t ing fi -alanines (Vb and Ve) by alkali. 

The IR spec t ra  of Vb-g and IVc contain the cha rac te r i s t i c  frequencies of NH valence vibrations at 
3150-3450 cm -1 and bands of the valence vibrations of the = C  - H  group of the quinoline ring at 3000-3100 
cm -1. The bands at 1680-1730 cm -1 cor respond  to the valence vibrations of the C = O  group. The carbonyl 
absorption at 1720 cm -1, which is present  in the spec t rum of IVc, disappears  in the IR spec t ra  of IIIc and 
Vc (Fig. 1); this indicates the formation of a carboxylate ion in IIIc and Vc [10]. 

The differences in the UV spec t ra  of IIIc and Vc are i l lustrated in Fig. 2. While IIIc has maxima at 
217, 237-239,327,  and 340 urn, Vc is cha rac te r i zed  by only two maxima at 214-216 and 316-318 rim. 

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

The puri ty of the substances  was moni tored by means of th in- layer  chromatography on a loose layer  
of aluminum oxide. 

Starting Mater ia ls .  7-Nitroquinoline was synthesized according to the method in [11]; the 5-, 6-,  7-, 
and 8-aminoquinolines were obtained f rom the corresponding nitroquinolines [12]. 

3H,4H-Quino[1,2-a]-2-pyrimidone (IIa). A mixture of 14.4 g (0.1 mole) of 2-aminoquinoline (Ia), 10 
ml  (0.11 mole) of methyl  acryla te ,  and 0.1 g of acetic anhydride was heated at 120 ~ for 8 h, and the volatile 
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T A B L E  1. N-Quino l iny l - /3  - :a lan ines  and T h e i r  D e r i v a t i v e s  

Co~p. 

IVb 

IVe 

IVd 

IVe 

IVf 

IVg 

Vb 

Vc 

Hy- 
drate 

Vc 

vd 

Ve 

Vf 

v g  

Mp (crystallization f2und, 
solvent) 070* 

103-- 103,5 
(ethanol) 

94,2--9b,2 
(petroleum ether) 

39,5--40 
(pe~oleum ether) 

O6,O--Ot~ 
(ether) 

61,5--62,5 
(petroleum ether) 

69--69,5 
(petroleum ether) 

190 
(ethanol) 

260--260,5 
( eth ano 1) 

205--207 
(dec. ethanoD 

194,5--195 
(ethanol) 

210,5--211 
(dioxane) 

162--162,5 
(ethanol) 

147,2--148 
(benzene) 

12,33 

12,27 

12,35 

2,17 

2,22 

i2,27 

2,87 

12,88 

:1,91 

12,93 

13,09 

12,80 

13,12 

Hydroehlorides 

mp (crystallization 
so lvent) 

202--205 
(dee., ethanol -- ethe~) 

161--162 
ethanol) 

i91--191,5 
methanol) 

145--146 
methanol- ether) 

t57--158 
(methanol) 

222--223 
(ethanol- ether) 

277--278 
(ethanol - ether) 

238,5--239 
(ethanol) 

184--186 
(ethanol- ether) 

212,5--214 
(ethanol - ether) 

188--189 
(ethanol- ether) 

found %I" 

Cl 

t3,25 

13,26 

t3,25 

[3,44 

13,38 

14,08 

14,00 

13,98 1 

14,20 

13,95 

14,08 

~ I" Yield, % 

10,35 31,5 

10,54 98,0 

10,57 45,0 

10,42 80,0 

5,0 

10,59 50,0 

l 1,05 70,0 

10,95 

93,5 

10,9~ 86,0 

10,9~ 93,5 

I 1,2( 80,0 

ii,l~ 83,0 

* The  e m p i r i c a l  f o r m u l a  of I V b - g  is  C13H14N20. C a l c u l a t e d  %: N 
12.16.  The e m p i r i c a l  f o r m u l a  of V b - g  i s  C12H12N202. C a l c u l a t e d  %: 
N 12.95.  The e m p i r i c a l  f o r m u l a  of the  h y d r a t e  of Vc i s  C12H12N202 �9 
HaO. C a l c u l a t e d  %: N 11.90.  
t The  fo l lowing  v a l u e s  w e r e  c a l c u l a t e d  fo r  the  h y d r o c h l o r i d e s  of  
I V b - g :  C1 13.29; N 10.50.  The fo l lowing  v a l u e s  w e r e  c a l c u l a t e d  f o r  

the h y d r o c h l o r i d e s  of V b - g :  CI 14.02; N 11.08.  

f r a c t i o n s  w e r e  v a c u u m  d i s t i l l e d .  The r e s i d u a l  v i s c o u s  m a s s  b e g a n  to c r y s t a l l i z e  in a v a c u u m  d e s i c c a t o r  to 
g ive  13.5 g (68%) of  a p r o d u c t  wi th  m p  167-168  ~ ( f rom abso lu t e  e thano l ) .  Compound  I Ia  was  s o l u b l e  in  hot  
a b s o l u t e  e t hano l  and s l i g h t l y  so lub l e  in w a t e r  and e t h e r .  Found  %: C 72.96; H 5.20; N 13.95.  C12H10N20. 
C a l c u l a t e d % :  C 72.96; H 5.20; N 1 4 . 1 4 .  

1 - ( 2 - C  a r b o x y e t h y l ) - 2 - a m i n o q u i n o l i n i u m  B e t a i n e  (IIIa).  A m i x t u r e  of 14.4 g (0.1 mo le )  of In,  10 m l  
(0.11 mole )  of m e t h y l  a c r y l a t e ,  and 2 m l  of w a t e r  was  h e a t e d  in an a m p u l e  at 120 ~ fo r  8 h.  The e x c e s s  
m e t h y l  a c r y l a t e  was  d i s t i l l e d  f r o m  the r e a c t i o n  m a s s ,  and 15.8 g (73%) of I I Ia  wi th  m p  167-168 ~ p r e c i p i t a t e d  
on s t a n d i n g  (24 h) .  F o u n d  %: C 66.75; H 5.52;  N 12.95.  C12HI2N202. C a l c u l a t e d % :  C 66.66; H 5.55; N 12.95.  

1 - ( 2 - C a r b o x y e t h y l ) - 4 - a m i n o q u i n o l i n i u m  B e t a i n e  (IIIc). A m i x t u r e  of 1.44 g (0.01 mole )  of Ic ,  1 m l  
(0.011 mole )  of m e t h y l  a c r y l a t e ,  and 1 ml  of w a t e r  was  h e a t e d  at  100 ~ fo r  1.5 h, c o o l e d ,  and f i l t e r e d  to  g ive  
1.39 g (60.5%) of IIIc  wi th  m p  233-234 ~ ( f rom e thano l ) .  F o u n d  %: N 12.97.  Ct2Hl~N202. C a l c u l a t e d  %: N 
12.95.  The h y d r o c h l o r i d e  of  I I Ic  m e l t e d  at  230 ~ (decomp. ,  f r o m  m e t h a n o l - e t h e r ) .  Found  %: C1 13.96.  
C12HI2N202 �9 HC1. C a l c u l a t e d  %: CI 14.02.  

Me thy l  E s t e r s  of N - Q u i n o l i n y l - f i  - a l a n i n e s  ( IVb-g) .  A m i x t u r e  of 1.44 g (0.01 mole )  of I b - g ,  1 m l  
(0.011 mole )  of m e t h y l  a c r y l a t e ,  and 0.05 ml  of a c e t i c  a c id  was  h e a t e d  fo r  10-60 h, and the e x c e s s  m e t h y l  
a c r y l a t e  was  r e m o v e d  by  d i s t i l l a t i o n .  The r e a c t i o n  m i x t u r e  was  d i s s o l v e d  in c h l o r o f o r m ,  and the  s o l u t i o n  
was  p a s s e d  t h r o u g h  a c o l u m n  f i l l e d  wi th  a l u m i n u m  ox ide .  The c h l o r o f o r m  was  e v a p o r a t e d ,  and I V b - g  w e r e  
c r y s t a l l i z e d  f r o m  a p p r o p r i a t e  s o l v e n t s  (Table  1).  

The h y d r o c h l o r i d e s  of the  m e t h y l  e s t e r s  of the  N - q u i n o l i n y l - f l  - a l a n i n e s  ( iVb-g)  w e r e  o b t a i n e d  by p a s s -  
ing d r y  HC1 t h r o u g h  m e t h a n o l  s o l u t i o n s  of I V b - g  (Table  1). 
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N-Quinolinyl-/3 -a lanine  (Vb-g). A. A mix tu re  of 1.15 g (5 mmole)  of IVb-g  and 5 ml  of 15~c sodium 
hydroxide was heated  at 60-70 ~ fo r  1.5 h, cooled, the sa l t s  were  sepa ra t ed  by f i l t rat ion,  and Vb-g  were  
i so la ted  by acidif icat ion with acet ic  acid. 

B.  A mix tu r e  of 0.24 g (1 mmole)  of VIb or  Vie and 3 ml  of 10% sodium hydroxide was heated at 100 ~ 
fo r  1.5 h, cooled,  and 3 ml  of wa te r  was added. The mix tu re  was f i l tered,  acidified with acet ic  acid, and 
the p rac t i ca l ly  quanti tat ive p rec ip i t a t e s  of Vb or  Ve were  f i l te red  (Table 1). The hydrochlor ides  of Vb-g 
were  obtained by vacuum evapora t ion  of solut ions of Vb-g in hydrochlor ic  acid with Subsequent c r y s t a l l i z a -  
t ion (Table 1). The hydroth iocyanate  of Vb me l t ed  at 172-172.5 ~ (from ethanol).  Found %: C 56.88; H 4.78; 
N 15.52. C 1 2 H t 2 N 2 0 2  " HCNS. Calcula ted  %: C 56.88; H 4.77; N 15.31. 

1-(3-Quinol inyl)dihydrouraci l  (VIb). A. A total  of 0.75 g (3.5 mmole)  of Vb was dissolved in 1.5 ml  
of acet ic  acid, 0.8 g (13 mmole )  of u r e a  was added, the mix tu re  was heated at 100 ~ for  6 h, 1 ml  of concen-  
t ra ted  HC1 was added, and the mix tu re  was heated for  another  2 h. The reac t ion  mix tu re  was cooled, diluted 
with wa t e r  (1 : 2), and neu t ra l i zed  with sodium carbona te .  The resul t ing  c r y s t a l s  were  f i l te red  and c r y s t a l -  
l ized f rom ethanol to give 0.37 g (45%) of a product  with mp 270-271 ~ Found ~c: N 17.67. CI3HilN302. Ca l -  
culated %: N 17.43. 

B. A mix tu re  of 0.21 g (1 mmole )  of Vb and 0.7 g of u r e a  was heated at 135-140 ~ for  4 h. The m i x -  
tu re  was cooled, the g l a s s y  m a s s  was t r ea t ed  with water ,  and the resul t ing prec ip i ta te  (0.22 g) was f i l te red  
and c rys t a l l i zed  f r o m  ethanol to give 0.1 g (42.5%) of product .  A sample  of this product  did not depress  the 
mel t ing  point of a s ample  of VIb obtained via method A. 

1-(6-Quinol inyl)dihydrouraci l  (Vie), A mix tu re  of 1.8 g (80 mmole)  of Ve and 5.5 g (91 mmole)  of 
u r e a  was heated  at 140-150 ~ for  9 h. Af te r  cooling, the reac t ion  m a s s  began to c rys t a l l i ze  and was d isso lved  
in wa te r  and repea ted ly  ex t r ac t ed  with ch lo ro fo rm.  The ex t r ac t  was evapora ted ,  and the res idue  was c r y s -  
ta l l ized  f rom ethanol to give 0.7 g (35%) of a product  with mp  251-252 ~ which was sl ightly soluble in ethanol 
and soluble in ch lo ro fo rm.  Found %: C 64.66; H 4.46; N 17.62. Ct3HlIN302. Calcula ted %: C 64.72; H 4,52; 
N 17.43. The hydrob romide  of Vie was p r e p a r e d  as fol lows.  A total  of 0.24 g (1 mmole)  of Vie was d i s -  
solved in 5 ml  of acet ic  acid, 0.2 g of sodium aceta te  was added, and 0.1 ml  of b romine  in 2 ml of acet ic  
acid was added dropwise  to this solut ion.  A quantitative yield of yel low c r y s t a l s  of the hydrobromide  with 
nap 298 ~ (decomp.,  f r o m  ethanol) prec ip i ta ted  f r o m  the solution.  Found %: Br  24.75. C 1 3 H l l N 3 0 2  " HBr.  
Calcula ted  %: Br  24.95. 

1 - (6-Quino l iny l ) -2 -oxohexahydropyr imid ine  WIIe). A total of 1.5 g (0.037 mole) of l i thium aluminum 
hydride was d isso lved  in 150 ml  of absolute  diethyl e ther ,  2.4 g (0.01 mole) of Vie was added in smal l  p o r -  
t ions,  and the mix tu re  was ref luxed with s t i r r i ng  for  40 h. The excess  l i thium aluminum hydride was de-  
composed  with e t h a n o l - e t h e r ,  the solvents  were  r emoved  by dist i l lat ion,  and the res idue  was ex t rac ted  with 
acetone in Soxhlet appa ra tus .  Evapora t ion  of the acetone yielded 0.22 g (10%) of VIIe with mp 191-192 ~ 
(from acetone).  Found%:  N18.50 ,  18.60. Ct3H13N3 O. Ca lcu la ted%:  N18.44 .  

The IR spec t r a  of the sol ids were  obtained with a UR-10 s p e c t r o m e t e r .  The UV absorpt ion s p e c t r a  
for  concentra t ions  of 0.5 �9 10 -3 to 2 �9 10 -3 M were  m e a s u r e d  with an SF-4  spec t ropho tome te r .  
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