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In 1939 Boese [i] took out a patent for a method of preparing 6-methyluracil (I) by the reaction of 
urea with ketene dJmer in an inert solvent. In 1954 lwakura and co-workers [2] gave a detailed descrip- 
tion of the conditions for this reaction, which went in 25% yield when the reactants were boiled for 12 h in 
toluene. Somewhat later, Khromov-Borisov and Karlinskaya [3] reported increase in the yield of 6-methyl- 
uracil to 64-65% by the use of pyridine as catalyst and performance of the reaction in chlorobenzene at 
80-125 ~ for 1 h. In accordance with a generally accepted mechanism it was assumed [4] that the formation 
of 6 -me thy tu r ac i l  f r o m  ke tene  d imer  and u r e a  goes  through the i n t e rmed ia t e  s tage of a ce toace ty lu r ea  (II), 
which, however ,  had not been i so la ted  and cha rac t e r i zed .  

H2NCONH 2 + ~ ~ H~NCONHCOCH~COCH 3 

OR tt 0 I 

hV ~ H - -  -CONHCONH~ H--/CONHCONH~ 

oA .k - -  -3i 
H "oc,. c,.o/'C"cH. 

(Xti) (Vl) (Vll) 

W e  have s h o w n  t h a t  ill p r e s e n c e  of  p y r i d i n e  ill  t o l u e n e  a t  2 0 - 6 5  ~ u r e a  c o n d e n s e s  w i t h  k e t e n e  d i m e r  

with fo rmat ion  of ace toace ty lu rea  in 74% yield,  whose s t r u c t u r e  is conf i rmed  by i ts  eyc l iza t ion  into (I) 
when heated  for  5 h in boiling toluene.  (I) can be obtained in an overa l l  y ie ld  of 70-90% in one opera t ion  
without isola t ion of the in t e rmed ia t e  ure ide  if pyr id ine  p- to luenesul fonate  is  used  as cyc l iza t ion  agent or  
the reac t ion  is  conducted in acet ic  acid without any cata lys t .  In p r e s e n c e  of f r ee  p- to luenesu l fonic  acid 
in a toluene medium,  ketene  d imer  r e a c t s  with u r e a  only on heating with fo rmat ion  of (I) in 40% yield. In 
p r e s e n c e  of pyr id ine ,  however ,  even at an e levated  t e m p e r a t u r e  the fo rmat ion  of (I) in a toluene med ium 
goes  with ve ry  much  g r e a t e r  difficulty, which is  c o n t r a r y  to the data in [3]. Under  the conditions s ta ted  
by these  au thors  we were  only able to i s o l a t e  a m i x t u r e  of a ce toace ty lu r ea  and (I). The condensat ion of 
b u t y h r e a  with ke tene  d imer  in toluene or ch lorobenzene  in p r e s e n c e  of pyr id ine  goes  at an apprec iab le  
r a t e  only at an e levated  t e m p e r a t u r e  and g ives  a m ix tu r e  of the i s o m e r i c  bu ty lure ides  (VIII) and (IX), one 
of which (VIII) was  i so la ted  in the pure  state.  When this  mix tu re  was heated in boiling toluene with an 
addition of p- to luenesul fonic  acid,  the co r respond ing  u r a c i l s  (X) and (XI) w e r e  fo rmed ,  and these  a r e  
s epa ra t ed  by ch romatography  on alumina.  (XI) was identical  in mel t ing  point to 3 -bu ty l -6 -me thy lu r ac i l ,  
p r e p a r e d  by the reac t ion  of butyl i socyana te  with 3 -aminocro ton ic  e s t e r  [5] (see scheme  on following page).  

it is in te res t ing  that the condensat ion of buty lurea  with ketene  d imer  in pyr id ine  solution at r o o m  
t e m p e r a t u r e  has  a se lec t ive  c h a r a c t e r  and leads  main ly  to one of the i s o m e r i c  bu ty lure ides  (VIII). A ce to -  
ace ty lu rea  gives  a c h a r a c t e r i s t i c  reac t ion  with f e r r i c  chlor ide ,  but judging f rom the weak absorp t ion  in 
the UV region i ts  enol content mus t  be v e r y  smal l  [Xmax 260 mp (e 3600 in ethanol and e 151 in hexyl 
alcohol)]. The  IR spectI~am of the u re ide  (II) de t e rmined  in dilute ch lo ro fo rm solution contains  only two 
carbonyl  f requenc ies  at 1645 and 1635 cm -1, which may  be ass igned  to the s t re tch ing  v ib ra t ions  of ketonic 
and amide carbonyl  groups  which a r e  hydrogen-bonded in t ramolecu la r ly .  The IR spec t rum of the bu ty l -  
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n-C4HgNHCONH2 + = = ~  ----~ n-C4HgNHCONHCOCH2COCH 3 
(VIII) 

.o ~ .  9, + 

HN n -C4Hg--N 

o ~ " ~  ~ \ o~  " ~  \ \ (,x~ 
n-C4H 9 H ~ 

(x) (x~) 
NH. ~ C2HsOOCCH " 
"f-~ "- II 

n-C4HgN~C~O + %H5OOCCH~CCH 3 ~ a-C4HgNHCONHCCH 3 

ure ide  (VIII) contains the usual  ketonic  and amide  carbonyl  bands at 1707 and 1655 cm -1, which i s  evidently 
indicat ive of the lack of hydrogen-bonding in this  ca se  because  of s t e r i c  h indrance due to the butyl group. 
The  absence  or  weakening of the hydrogen bond stabi l izing the keto f o r m  m a y  explain the higher  enolizabil i ty 
of the butylure ide  (VIII) [Xmax 263 mg (in alcohol),  e 9800)], as c o m p a r e d  with the unsubst i tu ted ure ide  (II). 
Ace toace ty lu rea  is  dis t inguished by the high tendency for  cycl iza t ion into (I), which g ives  r i s e  to diff icult ies  
in the study of i t s  r eac t ions  with par t i c ipa t ion  of keto and methylene  groups.  For  th is  r e a s o n  we w e r e  
unable to br ing about such s imple  r eac t ions  as C-a lkyla t ion  with benzyl  chlor ide  in t -bu ty l  alcohol and 
oxime format ion  in aqueous-a lcohol ic  solution. 

However ,  the ure ide  was able to fo rm the following der iva t ives  by r eac t ion  at the keto group: the 
2 ,4-dini t rophenylhydrazone,  the enol ace ta te  (IH) and benzoate  (IV) by t r e a t m e n t s  with acet ic  anhydride 
and with benzoyl  chlor ide in pyr id ine ,  the enol methyl  e ther  (VI) by t r e a t m e n t  with e therea l  d iazomethane,  
and the N-cyclohexyl  enamine (V) by t r e a t m e n t  with cyclohexylamine  in boiling toluene. Toge the r  with 
these  de r iva t ives  of ace toace ty lu rea ,  in a lmos t  all  ca ses  (I) was  isolated.  The enol e s t e r s  and e the r s  
(III), (IV), and (VI) can be conver ted  into (I) by t r e a t m e n t  with hot dilute hydrochlor ic  acid for  a shor t  
t ime ,  and the ellamine (V) can be  conver ted  into (I) by heating it for  5 h in boiling toluene in p r e s e n c e  of 
p- to luenesul fonic  acid. 

Nei ther  the u re ide  (II) nor  i ts  enol e ther  (VI) f o r m s  an enamine with morphol ine  under  f a i r ly  s ev e re  
conditions (boiling toluene). In the f i r s t  case ,  ins tead  of the fo rmat ion  of the enamine the usual  cycl iza t ion 
of the u re ide  into (I) occurs ,  and in the second case  a subs tance  is  obtained of m.p.  200 ~ and with a Xma x 
of 235 m/~ (e 21,000),but with a v e r y  s i m i l a r  IR spec t rum and the s a m e  e lementa l  composi t ion  as the 
or iginal  low-mel t ing  enol e ther  (VI) (m.p. 139~ Like the enol e ther  (VI), i ts  h igh-mel t ing  i s o m e r  u n d e r -  
goes  acid hydro lys i s  with s imul taneous  cycl iza t ion into (D. On the bas i s  of t hese  r e su l t s  it may  be sup-  
posed  that ,  in the heating of ace toace ty lu rea  enol e ther  with morphol ine  in toluene i somer i za t i on  of the 
cis  fo rm (VI) into the t r a n s  fo rm (VII) occur s ,  in a s i m i l a r  way to the c i s - t r a n s  i somer i za t i on  of 
2 ,4-pentanedione [6]. The bromina t ion  of ace toace ty lu rea  is  accompanied  by cycl iza t ion and leads  to the 
fo rmat ion  of 5 - b r o m o - 6 - m e t h y l u r a c i l  (XII). 

EXPERIMENTAL 

Preparation of Acetoacetylurea (II). To a stirred suspension of 7.9 g of urea in 65 ml 
of dry toluene at about 20 ~ first 15 ml of ketene dimer and then 2.5 ml of dry pyridine were added. During 
the next 30 mill the temperature of the mixture attained 65 ~ . When the mixture had cooled to 20 ~ , the pre- 
cipitate was separated and washed successively with toluene, ether, water, and methanol. We obtained 
14.3 g (74%) of (H), m.p. 139-141 ~ raised by recrystallization from aqueous alcohol to 146-147 ~ Rf (here 
and later thin-layer chromatography was conducted on silica gel) 0.72 in 5 : 1 acetone--water and 0.65 in 
1 : 5 heptane--acstone; v 1645 and 1635 cm -i (here and later CHCI3); Xmax 260 m~ (~ 3600) (ill alcohol), 
260 m/~ (~ 151) (in hexyl alcohol). Found %: C 41.79, 41.50; H 5.70, 5.91; N 19.65, 19.45. CsHsO3N 2. 
Calculated %: C 41.67; H 5.59; N 19.43. 2,4-Dinitrophenylhydrazone, m.p. 219-220 ~ (mixture of methanol 
and dioxane); Xmax 357 m# (in alcohol). Found %: N 26.09, 26.02. CiiHi2OsN 6. Calculated %: N 25.91. 

Preparation of 6-Methyluracil (I). Imlofdrypyridinewas addedto 15.8g ofurea 
and 23 ml of ketene dimer in 125 ml of dry toluene at 80 ~ and the mixture was heated to 105 ~ At the end 
of the exothermic reaction when the mixture had cooled to 40 ~ 200 mg of p-toluenesulfonie acid was added, 
and the mixture was boiled with a water separator for about 5 h. The crystals which separated were 
filtered off and washed successively with ether, alcohol, water, alcohol, and ether. We obtained 24 g (72%) 
of (1), m.p. 306-308 ~ raised by crystallization from aqueous methanol to 310-312 ~ Rf 0.68 in 5 : I acetone-- 

1172 



wate r  and 0.51 in 1 : 5 heptane--ace tone .  Xmax 259 mp (e 11,800) (in alcohol). Found %: C 47.66, 47.56; 
H 4.63, 4.'75; N 21.99, 21.90. C5H602N. Calcu la ted  %: C 47.50; H 4.75; N 22.20. The l i t e r a t u r e  gives:  
m.p.  of (I) 300 ~ (decomp.) [7]; k m a x  for  u rac i l s  260 mp [8]. 

A mix tu re  of 3 g of u rea ,  5.8 ml  of ke tene  d imer ,  100 mg of p- to luenesul fonic  acid,  and 30 ml  of 
dry  toluene was boiled with a w a t e r  s e p a r a t o r  until no m o r e  wa te r  s e p a r a t e d  (about 5 h). The c r y s t a l s  
wMch sepa ra t ed  on cooling w e r e  t r e a t e d  as indicated above. We obtained 2.5 g (40%) of (I), m.p.  307-308 ~ 

A suspension of I g of (II) in 20 ml  of dry to!uene was  boi led for  5 h. The c r y s t a l s  which c a m e  down 
on cooling w e r e  f i l t e red  off and washed  with ether .  We obtained 0.85 g (98%) of (I), m.p.  305-308 ~ 

A mix tu re  of 1.2 g of u rea ,  3 ml  of ke tene  d imer ,  and 15 ml  of acet ic  acid was  boiled for  6 h. The 
mix tu re  was left for  12 h at room t e m p e r a t u r e ,  and the p rec ip i t a t e  f o r m e d  was f i l t e red  off and washed  
with e ther  and methanol ,  We obtained 2.3 g (91%) of (I), m.p.  308-310 ~ 

1 - A c e t o a c e t y l : 3 - b u t y l u r e a  ( V I I I ) .  0 .84g  of ke tene  d imer  was a d d e d t o  1 .16g  of bu ty l -  
u r e a  in-1'0 ml  of pyr id ine  at 15 ~ Exo thermic  reac t ion  o c c u r r e d  with r i s e  in t e m p e r a t u r e  to 35 ~ 30 min 
a f te r  the mixing of the r eac t an t s  the m i x t u r e  was heated  to 60 ~ and then it was  left  for  12 h at 20 ~ The 
p rec ip i t a t ed  (VIII) (0.4 g) me l t ed  at 140-142 ~ and gave a color  with f e r r i c  chlor ide.  The f i l t r a t e  was  
evapora ted ,  the solid res idue  was  washed  with e ther ,  and we i so la ted  a fu r the r  0.9 g of (VIII), m.p.  143-- 
144~ the to ta l  yield was  65%. R f  0.35 in 2 : 1 benzene -- ethyl ace ta te ;  v 1707 and 1658 cm-1; Xmax 263 mp 
(in alcohol) (e 9800). Found %: "C 54.22, 54.12; H 8.02, 8.03; N 14.36. CgH1603N 2. Calcula ted  %: C 54.20; 
H 8.0; N 14.00. 2 ,4-Dini t rophenylhydrazone,  m.p.  155-156 ~ (methanol). Found %: N 22.14, 22.22. CisH2006N 6. 
Calcula ted  %: N 22.10. 

C y c l i z a t i o n  o f  1 - A c e t o a c e t y l - 3 - b u t y l u r e a  i n t o  1 - B u t y l - 6 - m e t h y l u r a c i l  ( X ) .  
0.4 g of (VIII) was  heated in boiling toluene in p r e s e n c e  of cata lyt ic  amounts  of p- to luenesul fonic  acid for  
2 h; the mix tu re  was  then evapora ted ,  and the p rec ip i t a t e  was  f i l t e red  off and washed  with ether .  We ob-  
ta ined 0.3 g (83%) of {X), m.p.  135-136 ~ (from benzene).  Rf  0.47 on a lumina of ac t iv i ty  II  in 30 : 1 butanone--  
water ;  v 1692 and 1618 cm-1; Xma x 268 mp (e 15,200) (in alcohol). Found %: C 59.31, 59.35; H 7.32, 7.40; 
N 15.28, 15.46. CgHI402N 2. Calcula ted  %: C 59.40; H 7.86; N 15.30. 

The cycl iza t ion of the buty lure ide  (VIII) can also be brought  about by t r e a t m e n t  with boiling w a t e r  
o r  with dilute hydrochlor ic  acid at room t e m p e r a t u r e .  

P r e p a r a t i o n  o f  1 -  a n d  3 - B u t y l - 6 - m e t h y l u r a c i l s  (X) a n d  ( X I ) .  0 . 6 m l o f p y r i d i n e  
was added to a solution of 3.5 g of bu ty lurea  and 3 g of ke tene  d i m e r  in 20 ml  of ch lorobenzene  at 85 ~ 
Exothermic  reac t ion  occur red ,  and the t e m p e r a t u r e  of the mix tu re  rose  to 105 ~ When the mix tu r e  had 
cooled to room t e m p e r a t u r e ,  it was  s t i r r e d  for  1 h, and the p rec ip i t a t e  f o r m e d  was f i l t e red  off and washed  
with boiling ether .  We obtained 1.6 g of (VIII), m.p.  140-142 ~ F rom the combined f i l t r a t e s  we i so la ted  a 
mix tu re  of products .  This  m i x t u r e  was heated with p- to luenesul fonic  acid in boiling toluene until no m o r e  
wa te r  separa ted .  In subsequent  ch roma tog raphy  on a lumina  of act ivi ty  H (elution with ch lo roform)  we 
obtained 0.8 g of (X), m.p.  131-132 ~ and 0.6 g of (XI), m.p.  179-180 ~ (mixture  of heptane and i sopropyl  
alcohol). Rf  0.71 on a lumina of act iv i ty  II in 30 : 1 butanone--water ;  v 1712 and 1653 cm- l ;  Xma x 260 mp 
(e 8190) (in alcohol). Found %: C 59.16; 59.14; H 7.74, 7.82; N 15.82, 15.86. C9H1402N 2. Calcula ted  %: 
C 59.32; H 7.'74; N ]5.37~ For  the mel t ing  point of (XI) the l i t e r a t u r e  [5] g ives  182-183 ~ 

E n o l  A c e t a t e  o f  A c e t o a c e t y l u r e a  ( I I I ) .  1. S g of acet ic  anhydride was  added t o a s u s -  
pension of i g of (II) in 10 ml  of dry  pyridine.  After  20-30 rain the p rec ip i t a t ed  c r y s t a l s  w e r e  s epa ra t ed  
and washed  with ether .  We obtained 0.57 g of contaminated  enol ace ta te  (III), m.p.  128-129 ~ C r y s t a l l i z a -  
t ion f r o m  methanol  gave  0.4 g (30%) of pure  substance ,  m.p.  151-153% Rf  0.75 (1 :5  heptane--ace tone) ;  
v 1762, 1731, 1700, 1658 cm- l ;  k m a x  227.5 mp (~ 8110) (in alcohol). Found %: C 45.23, 45.38; H 5.58, 
5.51; N 14.64, 14.75. CTH10OaN 2. Calcula ted  %: C 45.16; H 5.41; N 15.04. 

In the t r e a t m e n t  of 100 mg of the enel ace ta te  {III) with 5 ml  of boiling dilute (1 : 1) HC1 for  5 min we 
i so la ted  60 mg (88%) of (I), m.p.  302-305 ~ 

E n o l  B e n z o a t e  o f  A c e t o a c e t y l u r e a  ( I V ) .  2 g o f b e n z o y l c h l o r i d e w a s a d d e d t o a s u s p e n -  
sion of 2 g of (II) in 20 ml  of dry  pyr idine.  The mix tu re  was  left for  24 h at room t e m p e r a t u r e  and then 
evapora ted  to dryness ;  the r e s idue  was t r e a t e d  with 10 ml  of water .  The p rec ip i t a t e  was f i l t e red  off and 
washed  with wa te r  and alcohol. We obtained 1.2 g of contaminated  enol benzoate  (IV), m.p.  148-150 ~ C r y s -  
ta l l iza t ion f r o m  methanol  gave 0.9 g of pu re  substance,  m.p.  174-176 ~ R f  0.72 (7 : 5 heptane--acetone) ;  v 
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1727, 1705, 1693, 1658 cm -1. Found %: C 58.07; 57.93; H 4.59, 4.76; N 11.52, 11.43. CI2HI204N 4. Calcu -  
la ted  %: C 58.06; H 4.87; N 11.28. 

E n o l  M e t h y l  E t h e r  o f  A c e t o a c e t y l u r e a  ( V I ) .  0 . 5 g o f ( I I )  was  t r e a t e d  with an e therea l  
solution of 0.5 g of d iazomethane ,  and the mix tu re  was  left  at r oom t e m p e r a t u r e  for  72 h. We obtained 
0.47 g (85%) of (VI), m.p.  136-138 ~ After  r e c r y s t a l l i z a t i o n  f r o m  ethyl ace ta te  the mel t ing  point of the 
enol e ther  did not change. Rf  0.35 (5 : 1 acetone--heptane) ;  ~ 1714, 1673, 1624, 1550 cm-1; Xmax 253 my  
(e 16,310) (in alcohol). Foun~%: C 46.02, 45.90; H 6.64~ 6.50; N 17.54, 17.50. C6H1003N 2. Calcula ted  %: 
C 45.57; H 6.37; N 17.72. 

N - C y c l o h e x y l  E n a m i n e  o f  A c e t o a c e t y l u r e a  ( V ) .  A m i x t u r e o f 2 g o f ( I I ) ,  1 . 4 g o f  
cye lohexylamine ,  and 25 ml  of dry  toluene was  boi led with a wa t e r  s e p a r a t o r  until no m o r e  wa te r  s e p a r a t e d  
(about 5 h). The p rec ip i t a t e  was  f i l t e red  off and w a s h e d w i t h  boiling water .  We obtained 1 g (32%) of (V), 
m.p.  194-196 ~ Af te r  r e c r y s t a l l i z a t i o n  f r o m  methanol  the mel t ing point of the enamine did not change. 
Rf  0.63 (1 : 5 heptane--ace tone) ;  v 1703, 1636, 1605, 1543 cm-1; Xmax 305 m y  (e 29,700) (in alcohol). 
F'ound %: C 58.71, 58.50; H 8.43, 8.27; N 18.73, 18.78. CllHlsO2N3. Calcu la ted  %: C 58.68; H 8.49; 
N 18.65. F rom the aqueous m o t he r  solution we i so la ted  (I). 

C y c l i z a t i o n  o f  t h e  N - C y c l o h e x y l  E n a m i n e  ( V ) .  A mix tu r e  of 300 mg of the enamine 
(V), 50 mg of p- to luenesul fonic  acid, and 5 ml  of dry toluene was  boi led for  5 h. When the mix tu re  was 
cool, the c r y s t a l s  w e r e  s e p a r a t e d  and washed  with methanol  and ether .  We obtained 150 mg of (I), m.p.  
305-307 ~ . 

I s o m e r i z a t i o n  o f  t h e  A c e t o a c e t y l u r e a  E n o l  E t h e r  ( V I ) .  A mix tu re  of l g of the 
enol e ther  (VI), 0.55 g of dry morphol ine ,  and 20 ml  of toluene was  boiled for  2 h. The c r y s t a l s  which 
came  down on cooling w e r e  s epa ra t ed  and washed  with e the r ,  methanol ,  and water .  We obtained 0.48 g 
(48%) of the i s o m e r i c  enol e ther  (VII), m.p.  188-190 ~ r a i s e d  by r ec rys t a l l i z a t i on  f rom aqueous methanol  
to 199-200 ~ Rf  0.55 (1 : 5 heptane--acetone) ;  v 1716, 1681, 1617, 1554 cm-1; Xmax 246.5 my  (~ 21,000) 
(in alcohol). Found %: C 45.51, 45.61; H 6.35, 6.31; N 17.80, 17.86. C6H1003N 2. Calcula ted  %: C 45.57; 
H 6.37; N 17.72. 

B r o m i n a t i o n  o f  A c e t o a c e t y l u r e a .  l ml  of b romine  was  added to a solution of 2 g of 
ace toace ty lu re ide  in 50 ml  of g lac ia l  ace t ic  acid at 20 ~ The mix tu r e  was  left  for  3 h, and the p rec ip i t a t ed  
c r y s t a l s  w e r e  f i l t e red  off and r e c r y s t a l l i z e d  f rom acet ic  acid. We obtained 1.8 g (65%) of 5 - b r o m o - 6 -  
me thy lu rac i l  (XII), m.p.  238-240 ~ (decomp.),  undep re s sed  by admix ture  of the product  of the b romina t ion  
of (I). 

B r o m i n a t i o n  o f  6 - M e t h y l u r a c i l  ( I ) .  In the b romina t ion  of 2 g of (I) in 75 ml  of g lac ia l  
acet ic  acid as desc r ibed  above we obtained 1.8 g (55%) of (XII), m.p.  237-240 ~ (deeomp.).  The l i t e r a t u r e  
[9] g ives  m.p.  238-240 ~ 

C O N C L U S I O N S  

1. By the reac t ion  of u r e a  with ketene  d imer  in p r e s e n c e  of pyr id ine  in a toluene med ium we obtained 
ace toace ty lu rea ,  and some  of i ts  r eac t ions  at the keto and methylene  groups  w e r e  studied. 

2. The method of p r epa r ing  6 -me thy lu rac i l  was  improved;  it was  obtained by the  condensat ion of 
u r e a  with ke tene  d imer  in toluene in p r e s e n c e  of pyr id ine  and p- to luenesul fonic  acid and by conducting 
this  condensat ion in acet ic  acid in absence  of any additions. 

3. Conditions were  found for  the fo rmat ion  of 1 - ace toace ty l -3 -bu ty lu r ea  and also of 1-  and 3-bu ty l -  
6 -me thy lu rac i l s  by the reac t ion  of ke tene  d imer  with butylurea.  
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