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5-Substituted(butyl,  pheny l ) -5 - ska ty l (5 -methoxyska ty l )ba rb i tu r i c  acids were  obtained by 
alkylat ion of the cor responding  ba rb i tu r i c  acids with g ramine  and 5 -methoxygramine  An 
d ime thy l fo rmamide  and dimethyl  sulfoxide.  5 ,5-Dialkylat ion products  were  obtained in 
the a lky la t i ono fba rb i tu r i e  and th iobarb i tur ic  acids with g ramine .  

Alkylation with Mannich bases  is widely used for  the synthes is  of de r iva t ives  of fl-keto, malonie,  and 
n i t roace t ic  e s t e r s ,  f l-diketones,  and n i t ro  compounds.  We have developed a method for  the alkylation of 
2- th iobarb i tur ic  acid (7) and ba rb i tu r i c  acid (ii) and its de r iva t ives  by the action of g ramine  (7II) or  5 -me th -  
oxygramine  (IV). The reac t ion  in alcohol, dioxane, and pyridine is compl ica ted  by the fact  that both com-  
ponents a re  only slightly soluble in these  solvents .  Judging f rom the l i t e r a tu re  data [2], d imethy l fo rmamide  
(DMF) and dimethyl  sulfoxide (DMSO) cannot be used, inasmuch as they condense with acids I and II on 
heating and even at r oom t e m p e r a t u r e .  

5 -Buty l (pheny l ) -5 - ska ty lba rb i tu r i c  acids (VIII-IX) were  obtained in 70-75% yie lds  in the alkylation 
of sodium sa l t s  of 5-butyl(phenyl)barbi tur ic  acids (VI, VII) by g ramine  methiodide (V) by the method p r e -  
viously used for  the introduction of the skatyl  group into malonic e s t e r s  [3]. 

Consider ing that the more  acidic [than malonic  e s t e r s  (pK a ~ 13)] fi-diketones (pK 5-6) a re  alkylated 
d i rec t ly  by g ramine  (and not in the fo rm of sodium sal ts)  without a ca ta lys t  o r  in the p r e sence  of catalyt ic  
amounts  of KOH [4], we applied this method fo r  the alkylat ion of ba rb i tu r ic  acids (pK 4-5).  

Barb i tur ic  acids VIII and X were  obtained in yie lds  of 95 and 80% when a catalyt ic  amount of KOH 
was used: 
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III X=H; IV X=OCH3; VI R=C4Hg; h c ~ ' ~ - - ~ C H 2  
VII R=C6Hs; VIII X=H, R~C4H~; 
IX X= H, R=C6Hs; X X=OCH w R=C4Hg; H 
XI, Xlll X=O; XII, XIV X =S XIII, X|V 

The yield of acid IX was 86% during alkylat ion with g ramine  of acid VII in the p r e sence  of 0.5-1 mole of 
KOH. 

*See [1] for  communica t ion  XCI. 
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Dialkylat ion produc ts  - 5, 5 - d i s k a t y l b a r b i t u r i c  and th iobarb i tu r ic  
ac ids  (XII and XIV) - a re  formed in the a lkyla t ion  of sodium sa l t s  XI 
and XII of b a r b i t u r i e  and th ioba rb i tu r i e  ac ids  with g ramine  methiodide .  
Under  these condit ions,  the fo rmat ion  of condensat ion  produc ts  of ac ids  
I and II was not obse rved  in DMSO. 

Diska ty lba rb i tu r i c  ac ids  XIII and XIV a re  obtained in the bes t  
y i e lds  (80-85%) by the r eac t ion  of an equ imo la r  amount of sa l t s  XI 
and XII with methiodide V. A complex mix tu re  of p roduc ts  is  fo rmed  
in the case  of a twofold excess  of methiodide V as compared  with sa l t s  

XI and XII. 

Dialkylat ion produc ts  XIII and XIV are  a lso  the p r inc ipa l  r e a c -  
t ion products  in the a lkyla t ion  of b a r b i t u r i c  and th ioba rb i tu r i c  ac ids  
with g ramine  in equ imola r  r a t ios .  The monoalkyla t ion  produc ts  can-  
not be obtained in the a lkyla t ion  of a fivefold to tenfold excess  of ac ids  
I and II. The same pr inc ip le  was a lso  obse rved  in the a lkyla t ion of 
dimedone and d i h y d r o r e s o r e i n o l  (pK a "~ 5.2-5.6 [4]) with g ramine .  

D i ska ty lba rb i tu r i c  acids  XIII and XIV are  obtained as a r e su l t  
of the reac t ion  in the fo rm of s table  complexes  XV and XVI containing 

two DMSO molecu les .  

The format ion  of side complexes  due to hydrogen bonds of the 
NH groups  of phenobarb i ta l  was p rev ious ly  observed  with compounds 
that  a re  e l ec t ron  donors - DMSO and N,N-d imethy lace tamide  (DMA) 
[5]. Complex XV of acid XIII is s table  in wa te r  and a lso  on prolonged 
heating (for g r e a t e r  than 40 h) but decomposes  in alkal ine media  at 
100 ~ Complex XVI of thioacid XIV is l e s s  s table  and gradual ly  decom-  
poses  on repea ted  r e c r y s t a l l i z a t i o n s  f rom alcohol .  Thioacid XIV is 
r e s in i f i ed  on s torage  and on heating in wa te r  and in most  organic  so l -  
vents and is pur i f ied  only by rapid  r ep rec ip i t a t i on  f rom methanol  by 
the addit ion of water .  The ska ty lba rb i tu r i c  acids  do not complex with 

DMF. 

The absorp t ion  bands of carbonyl  groups  l ie  at 1680, 1700-1720, 
and 1740-1760 cm -1 [6] in the IR s p e c t r a  of acids  VIII-X and XIII. 
There  are  s e v e r a l  bands apparent ly  due to di f ferent  fo rms  of i n t e r -  
m o l e c u l a r  hydrogen bonds with pa r t i c ipa t ion  of NH groups  of the b a r -  
b i tu r ic  acids  at 3060-3300 cm -I ,  and bands involving the NH groups  
of indoles a re  found at 3400-3480 em -1. In addit ion to absorp t ion  
bands of two carbonyl  groups ,  the IR spec t rum of thioacid XIV con- 
ta ins  a C = S absorp t ion  band at 1530 em -1 [7]. 

The a l iphat ie  por t ion  of the PMR s p e c t r a  of ac ids  XIII and XIV 
contains only one s inglet  at 3.5 ppm with an intensi ty  of four proton 
uni ts .  The s p e c t r a  of ac ids  VIII and IX contain the same s ignal  with 
an intensi ty of two proton  units;  th is  excludes  i s o m e r i c  s t r u c t u r e s  of 
t h e  p roduc t s  of N- or  O-a lkyla t ion  of the s t a r t i ng  b a r b i t u r i c  ac ids .  

The s ignals  of a roma t i c  r ing pro tons  in the fo rm of a mul t ip le t  
l ie  at 6.8-7.3 ppm. The absence of indole 3-H s ignals  at 6.4 ppm [8] 
and the p re sence  of an indole 2-H doublet at 6.7 ppm conf i rms  the 
5 - (3 - indo ly lmethy l )ba rb i tu r i e  acid s t ruc tu re  (VIII-IX, XHI-XtV). 

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

The IR s p e c t r a  of m i ne r a l  oil suspens ions  of the eompoundswere  
r e c o r d e d  with a UR-10 s p e c t r o m e t e r .  The mel t ing points  of the com-  
pounds, the r e su l t s  of ana lyses ,  and the IR s p e c t r a l  data a re  p r e sen t ed  

in Table 1. 
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5,5-Diskatylbarbi tur ic  Acid CKIII). A mixture of 0,64 g (5 mmole) of acid II, 1.74 g (10 mmole) of 
gramine,  and 0.01 g of KOH in 10 ml of DMSO was heated at 80-100 ~ in a s t r eam of nitrogen for 6 h. The 
react ion mixture was cooled and diluted with water,  and the result ing precipitate was removed by fi l tration 
to give 2.4 g (88.670) of complex XV with mp 135-137 ~ and 208-210 ~ 

Acid XIII [1.2 g (6270)] with mp 221-223 ~ was obtained when this reaction was ca r r i ed  out in DMF with 
the same amounts of start ing mater ia l s .  

A 2.4-g sample of complex XV was dissolved in saturated sodium carbonate solution and extracted 
three t imes with ether .  The sodium carbonate solution was acidified with 5% HC1 and extracted with ether  
and ethyl acetate.  The ext rac t  was dried with MgSO4, and the solvents were removed by distillation to give 
1.5 g (78%) of acid XIII. 

A) Gramine methiodide (V). A 3.69-g (2.5 mmole) sample of methyl iodide was added dropwise to a 
solution of 4.52 g (2.5 mmole) of gramine in 10 ml of DMSO, and the mixture was allowed to stand for  10- 
12 h. 

B) Alkylation with methiodide V. A 3.8-g (30 mmole) sample of acid II was added to sodium ethoxide, 
p repared  f rom 0.57 g of Na (2.5 mmole) and 30 ml of absolute methanol, and the mixture was refluxed for  
15 rain, af ter  which the alcohol was evaporated to dryness .  A total of 45 ml of DMSO and the ea r l i e r  p re -  
pared methiodide V were added to salt  XI, and the mixture was heated at 90-100 ~ for 6 h in a s t r eam of 
nitrogen. The unchanged salt  XI was removed by filtration, and the filtrate was diluted with water.  The 
result ing precipi tate  was removed by fi l tration and washed with water  to give 6.15 g (90.770) of complex XV. 

5 ,5-Diskatyl -2- th iobarbi tur ic  Acid (XIV). A mixture of 1.1 g (7.5 mmole) of acid I, 2.6 g (15 mmole) 
of gramine,  and 0.01 g of KOH in 10 ml of DMSO was heated at 80-100 ~ in a s t r eam of nitrogen for 6 h. It 
was then diluted with water  and acidified with 570 HC1. The result ing precipi tate  was removed by filtration 
and washed with water  to give 3.8 g (9270) of complex X-VI with mp 130-134 ~ To free the complex of DMSO, 
3.8 g of complex XVI was passed through a column containing silicon dioxide (pure for luminophores) with 
elution by a c e t o n e - c h l o r o f o r m  (1 : 3) to give 2.4 g (8070) of acid XW with mp 192-195 ~ 

Acid XIV was obtained in 7570 yield when this react ion was ca r r i ed  out in DMF with the same amounts 
of s tar t ing mater ia l s .  

5-Butyl -5-skaty lbarbJ tur ic  Acid (VIII). This compound was obtained f rom 2.3 g (12.5 mmole) of acid 
VI, 2.17 g (12.5 mmole) of gramine,  and 0.01 g of KOH in 20 ml of DMSO in analogy with the synthesis of 
acid XIII. The alkylation time at 80-100 ~ was 5 h. The yield of product  with mp 208-210 ~ was 3.7 g (95.970). 

5-Butyl -5-(5-methoxyskatyl )barbi tur ic  Acid (I). This compound was obtained f rom 1.84 g (10 mmole) 
of acid VI, 2.04 g (10 mmole) of gramine W, and 0.01 g of KOH in 10 ml of DMSO in analogy with the syn- 
thesis  of acid VIII. The yield was 2.6 g (75.870). 

5 -Phenyl -5-ska ty lbarb i tu r ic  Acid (IX). This compound was obtained f rom 1.3 g (6.2 mmole) of acid 
VII, 1.09 g (6.2 mmole) of gramine,  and 0.35 g (6.2 mmole) of KOH in 10 ml of DMSO in analogy with the 
synthesis of acid XW. The yield was 1.8 g (86.570). 
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