
P Y R I M I D I N E S  

XXIV. SYNTHESIS OF PYRIMIDOPYRIMIDINES AND THEIR 

CONVERSION TO 5H- INDENO[1 ,2 -d ]PYRIMIDINES*  

V .  F .  S e d o v a  a n d  V .  P .  M a m a e v  UDC 547.854.3 '859 .2  

C o n d e n s a t i o n  of s u b s t i t u t e d  a c e t o p h e n o n e s  wi th  a r y l i d e n e b i s u r e a s  at 50 ~ C has  g i v e n  2 , 7 - d i -  
oxo-4 ,5 ,  8 ' - t r i a r y l d e c a h y d r o p y r i m i d o [ 4 , 5 - d ] p y r i m i d i n e s .  The l a t t e r ,  o n b o i l i n g  wi th  CF3COOH , 
a r e  c o n v e r t e d  into  2 - o x o - 4 , 5 - d i a r y l - 5 H - i n d e n o [ 1 , 2 - d ] p y r i m i d i n e s ,  w h o s e  s t r u c t u r e  has  been  
c o n f i r m e d  by  s p e c t r a l  m e t h o d s  and b y  i ndependen t  s y n t h e s i s  f r o m  3 - p h e n y l - l - i n d a n o n e  and 
a r y l i d e n e b i  s u r e  a s .  

C o n d e n s a t i o n  of s u b s t i t u t e d  a e e t o p h e n o n e s  wi th  a r y l i d e n e b i s u r e a s  g i v e s  2 - o x o - 4 , 6 - d i a r y l - l , 2 , 3 , 4 -  
t e t r a h y d r o p y r i m i d i n e s  (t) o r  2 - o x o - 4 , 6 - d i a r y l p y r i m i d i n e s  (II) [2-4] .  Since the  f o r m a t i o n  of  II  by  the  d e -  
h y d r o g e n a t i o n  o r  d i s p r o p o r t i o n a t i o n  of I d u r i n g  the  c o u r s e  of the  r e a c t i o n  [5] would  be r e  d u c e d  o r  c o m -  
p l e t e l y  a v o i d e d  by  a r e d u c t i o n  in  the  t e m p e r a t u r e ,  we c o n d e n s e d  a c e t o p h e n o n e  wi th  a r y l i d e n e b i s u r e a s  
(ABU) at  50 ~ C. H o w e v e r ,  i n s t e a d  of the  e x p e c t e d  I, o r  a m i x t u r e  of I and I_I, a no the r  compound  was  i s o -  
l a t e d ,  wi th  m o l e c u l a r  f o r m u l a  C24H20N4021 ~ (where  R i s  the s u b s t i t u e n t  in  the b e n z e n e  r i n g  of the  ABU). 
T h i s  compound  m a y  be  c o n s i d e r e d  as  having  b e e n  f o r m e d  f r o m  1 m o l e  of ace tophenone ,  2 m o l e s  of u r e a ,  
and 2 m o l e s  of the  a ldehyde ,  w i th  the  e l i m i n a t i o n  of w a t e r .  

The  p r e s e n c e  of h y d r o g e n a t e d  p y r i m i d i n e  r i n g  cannot  be  d e d u c e d  u n a m b i g u o u s l y  by  the  p o s i t i o n s  of 
the  C =O,  NH, and C H a r o m  a b s o r p t i o n  b a n d s  in  the  !R  s p e c t r a  of t h e s e  c o m p o u n d s .  The  c o r r e s p o n d e n c e  

* For p a r t  ~ I I I ,  s e e  [I]. 

T A B L E  1. 

Compoun t 

IVa 

IVb 

IVc 

IVd 

NMR S p e c t r a *  of I V a - d  

Chemical shift, ppm 

CH arol-n C4H ( CSH )--C*'H CHatta 

Ratio of in- 
tegral in- 
tensities T 

A) 6,70m-- 4.36d -- 2.99 l:r --  --  
B) - -  --  4,15dd-- 3.241r --  --  
A) 6.75m-- 4.34d --  2,931r 
B) --  --  4,75d --  3.21 tr 
A) 6.66m-- 436d --  2.95 tr 
B) --  --  4.65d --  3,12m 
A) 6.55m-- 4.21d --  2.88 tr --  --  

1=6 Hz 
1=6 Hz 

--  1.82s t=6 Hz 
- - 2 . 1 0 s  l=6Hz  
- -  1 7 5 s  l = 6 H z  
- -  1 . 7 7 s  l = 6 H z  

1=6 Hz 

2 : !  
2 : 1  

2 : 1 : 6  
2 : 1 : 6  

2 : 1 : 3  
2 : 1 : 3  

2 : l  

* Solvent  A) CF3COOI-I , B) p y r i d i n e ;  m) m u l t i p l e t ,  d) doub le t ,  dd) dou -  
b l e  double t ,  t r )  t r i p l e t ,  s) s i n g l e t .  
t The  i n t e g r a l  c u r v e  in  the  7 . 5 - 6 . 0 - p p m  r e g i o n  ( so lven t  CF3COOH) c o r -  
r e s p o n d s  to  a g r e a t e r  n u m b e r  of p r o t o n s  than  e x p e c t e d  f o r  IV, b e c a u s e  
of p r o t o n a t i o n  of the  NH g roup ,  and a l s o  s o l v a t i o n  e f f e c t s  [9]. 

N o v o s i b i r s k  I n s t i t u t e  of  O r g a n i c  C h e m i s t r y ,  S i b e r i a n  Sec t ion ,  A c a d e m y  of  S c i e n c e s  of the  USSR. 
T r a n s l a t e d  f r o m  K h i m i y a  G e t e r o t s i k l i e h e s k i k h  Soed inen i i ,  Vol .  6, No. 5, pp .  691-696,  May,  1970. O r i g i n a l  
a r t i c l e  s u b m i t t e d  D e c e m b e r  8, 1968. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 ~/est 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 
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T A B L E  2. 2 , 7 - D i o x o - 4 , 5 , 8 ' - t r i a r y l d e c a h y d r o p y r i m i d o [ 4 , 5 - d ] p y r i m i -  
d ines  (IV) 

i I I ~ , I,,v .... [ '. Found, % Calculated. % 
o ~. f " " '  tra ~ Molecular - -  - -  " ~" 
~ ~I hmax, formula I o 

w~ _ [logs, nm I [ / / [ [ ] 

IVa 15 305--308 254 (2 .52) C24H22N402, V~H20 70 98 5 40 13 78 -- 70 80'5 65 13 80 -- 59 
259 ( 2 . 6 1 )  . . . . .  I " 

1264 (2,53) / i i ! 
IVb 7 309--314 264 (2,61) C26HzsN402" V2H20 69.76 16.15112.26 -- 70,27!6.30 12.61 -- 57 
IVo 85 301--303 252 (2.65)! C,~H,4N40,-'/,H, O170.93 6.03 13 19 -- 71 29 5.98 13.30 -- 60 

258 (2 68) I 
[ 262 i262/I ! I / 

IVd 2(78 ~') 309--3 2 264 (3.00) C24H2oF2N,~O~ -- -- 12 95!8 72 -- ~ 12 90!8 751 56 
271 (2193)1 " I " " 

IVe 85 270--272 233 (3 84)! C25H24N4Q . ~/2HeO ]69 04 5 . 7 3 ! 1 2 7 7  - -  68 63~5 7612 80 ! -  65 
259 (3.oo)i J . . . .  
265 (3.05)J [ I [ 

] 276 (3.02)] 
] 283 (3~176 I / I 

of the UV abso rp t ion  m a x i m a  with those  of the subs t i tu ted  to luenes  (see Tab le  2) sugges t s  that  the only 
c h r o m o p h o r i c  s y s t e m  p r e s e n t  i s  the unconjuga ted  benzene  r ing.  

Condensa t ion  of a l iphat ic  a ldehydes  with u r e a  y i e ld s  hydrogena ted  p y r i m i d i n e s  [7,8], p robab ly  by a 
double aminoa lky la t ion  at the ac t iva ted  CH 2 group ,  fo l lowed by  eyc l i za t ion  onto the ca rbony l  g roup .  Ace-  
tophenone is  known to give a b i s a m i n o m e t h y l  de r iva t ive  on aminome thy la t i on  [6]. T h e r e f o r e ,  we sugges t  
that,  under  the r e a c t i o n  condi t ions ,  ace tophenone  and 2 m o l e s  of the b e n z y l i d e n e b i s u r e a  (BBU) yie ld  the 
d iu re ido  de r iva t ive ,  which c y c l i z e s  to g ive  2 , 7 - d i o x o - 4 , 5 , S V - t r i p h e n y l d e c a h y d r o p y r i m i d o [ 4 , 5 - d ] p y r i m i d i n e  
(IVa). The N1V[R s p e c t r a l  da ta  a re  in a g r e e m e n t  with the p r o p o s e d  s t r u c t u r e  (see Table  1) (in view of the 
low so lub i l i t i es  of IV, the s p e c t r a  w e r e  obta ined in CF3COOH and in pyr id ine ) .  

Compounds  IVb-e  w e r e  obta ined f r o m  the subs t i tu ted  ace tophenones  and ABM at 50 ~ C (see Table  
1 and 2). 

Acid h y d r o l y s i s  of IVa gave,  in addi t ion to u r e a  and benza ldehyde ,  cha lcone  and 2 - o x o - 4 , 6 - d i p h e n -  
y l p y r i m i d i n e ,  while IVb gave  p - m e t h y l c h a l c o n e  and 2 - o x o - 4 - p h e n y l - 6 - t o l y l p y r i m i d i n e .  

It has  been  shown that so lu t ions  of IV in CF3COOH, on standing,  undergo  an i r r e v e r s i b l e  change,  
which  is  speeded  up c o n s i d e r a b l y  by heat .  On boi l ing IVa in CF3COOH , a compound  was  i so la ted  with the 
compos i t i on  C23H16_ISN20 , having an IR  abso rp t i on  band at 1640 cm-1  (PC=O) c h a r a c t e r i s t i c  of d e h y d r o -  
gena ted  p y r i m i d i n e  de r iva t i ve  of type II.  T h e  UV s p e c t r u m  of the compound  6kma x (log e), nm: 275 (4.12) 
and 355 (4.16) is  s i m i l a r  to that of 2 - o x o - 4 , 6 - d i p h e n y l p y r i m i d i n e  [2-4].  F r o m  the s t r u c t u r e  of IVa, and 

the ana ly t i ca l  and c o m p a r a t i v e  s p e c t r a l  data,  we sugges t  that  two compounds  p o s s e s s i n g  the o= -- : 

f r a g m e n t  could be f o r m e d ,  namely ,  2 - o x o - 4 , 6 - d i p h e n y l - 5 - b e n z y l p y r i m i d i n e  (VII, mol .  wt. 338), o r  2 -oxo -  
4 , 5 - d i p h e n y l - 5 H - i n d e n o [ 1 , 2 - d ] p y r i m i d i n e  (Va, mol .  wt. 336) (see s cheme  on top of page fol lowing).  The 
mol .  wt.,  a s  d e t e r m i n e d  by m a s s  s p e c t r o m e t r y ,  was  336, which  s u p p o r t s  s t r u c t u r e  Va. 

In o r d e r  to c o n f i r m  the i r  s t r u c t u r e s ,  V and VII w e r e  syn thes i zed  independent ly .  S tar t ing  f r o m  3-  
p h e n y l - l - i n d a n o n e  and w-benzy l ace tophenone ,  condensa t ion  with BBU gave 2 - o x o - 4 , 5 - d i p h e n y l - l , 2 , 3 , 4 -  
t e t r a h y d r o - 5 H - i n d e n o [ 1 , 2 - d ] p y r i m i d i n e  (VIII) and 2 - o x o - 4 , 6 - d i p h e n y l - 5 - b e n z y l - 1 ,  2 , 3 , 4 - t e t r a h y d r o p y r i m i -  
dine (IX), r e s p e c t i v e l y ,  which  w e r e  d e h y d r o g e n a t e d  by the b r o m i n a t i o n - d e h y d r o b r o m i n a t i o n  method .  C o m -  
pound VHI gave a p roduc t  iden t ica l  with Va obta ined  by t r e a t m e n t  of IVa with CF3COOH. 

Ace ty la t ion  of the compound  obta ined gave  2 - a c e t o x y - 4 , 5 - d i p h e n y l - 5 H - i n d e n o [ 1 , 2 - d ] p y r i m i d i n e  (Via). 
The  IR and UV s p e c t r a l  da ta  a r e  g iven  in Table  4 and in the E x p e r i m e n t a l .  

Dehydrogena t i on  of IX gave  VII, which on ace ty la t ion  gave 2 - a c e t o x y - 4 , 6 - d i p h e n y l - 5 - b e n z y l p y r i m i -  
dine CX). Both c o m p o u n d s  d i f f e red  f r o m  Va and Via.  
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IV a R ' = R " ' ~ H ;  b R ' ~ H ,  R" '~  Cll3; c R ' = C H 3 ,  R ' =  H d R'= H, R " =  F; ~R'=O_CIt3, R" '=I ' I .  
V a R'= R " = H ;  b r ' = u ,  r " = c n ~ ;  c R ' = F ,  R " = H ;  d R ' = H ,  R"= OCH 3. VI a R ' ~ R  " = 1 1 .  

b,r'=., r"= c.a; c R'= F, R "= H 

It would appear that the indenopyrimidine Va is obtained by the cyclizat ion of the carbonium ion XI 
under acid conditions, and that this could be formed f rom the ureido derivative.  Carbonium ions of a 
s imi la r  type in the a romat ic  hydrocarbon se r ies  are  known to eycl ize to f luorene der ivat ives  [10-13]. 

Compounds Vb-d (Table 3) and thei r  2-acetoxy der iva t ives  (Table 4) were  prepared  in a manner  
s imi la r  to Va and Via. 

Cyclization of the corresponding carboniUm ions in Vb-d could give two i somers ,  depending on which 
of the aryl  res idues  in the 4-  and 6-posi t ions of the pyrimidine ring is involved in cyclization.  Independent 
synthesis,  and a considerat ion of mass  spectral  data, allow us to draw conclusions concerning the s t ruc -  
ture of these compounds.  

Compounds Vf and Ve [f) R=CH30 , R '=  R" =H; and e)R=CH3, R '=  R"=H] were synthesized by con-  
densation of 3 -phenyl - l - indanone  with p -methoxy-  and p-methylbenzyl idenebisurea,  and were  found to 
differ f rom Vb and Vd (Table 3). 

In the mass  spec t rum of Va* (I~ = C6tt5) , the only lines occur r ing  at high mass  number were those 
with m / e  336 and 233 (mol. wt. 103). In the spec t ra  of Vf (R4=CH3C~H 4) and Ve (Ri=CH3OCsI-]4) lines were 
observed with respect ive  m / e  values of 350 and 233 (mol. wt. 127), and 366 and 233 (mol.wt. 133). In the 

* The mass  spec t ra  were determined on a modernized MI-1305 ins t rument  (the sample being introduced 
into the ion source) by L. Yu. Ivanovskii, to whom the authors express  their  s incere thanks. 1~ is the sub- 
stituent in the 4-posi t ion of the indenopyrimidine.  

TABLE 3. 2-Oxo-4 ,5-diary l -5H-indeno[1 ,2-d]pyr imidines  (V) 

R" m p ,  ~ 

1 
Va H I H 280--282 
Vb H i H CH3 280--285 
Vc oF's~H F H I 279--280 vd OCH~ 295--298 
V~ H H 1270--271 
Vf CHa H H 309--312 

Found, % 
Molecular ] 

formuta I c 

C-a~H~N~O ]81 99 
C2,HjsN20 '82 ,25  

C~3Ht4F~N~O 174,77 
Cq,HtaN~O: 179.14 

C~.4HIsN20~- H~O 74.93 
~,H,~N:O. H~O 78.11 

Calculated. % 

H N F C H N F 

4 .8 I I8A4  - -  82,1414.76 8,33 - -  
521826- -82265 .17799- -  
3.89 7,65 I0,32 74.48 4,08 7,52 10,20 
4.94 7,80 - -  78.66 4.95 7.65 - -  
5.49 7.32 - -  75.00 5,24 7~281 - -  
5.17 7,60 - -  78.26 5.43 7.60 l - -  

65 
75 
67 
58 
77 
60 
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spec t ra  of Vb (R 4 = C6H~) and Vd (I~ = C~Hs) , which are  i somer ic  with the last  
two compounds, the difference in the m a s s  numbers  of the l ines in question 
amounted to 103 m / e ,  as was also the case with Va. Since, in the mass  
spec t rum of Vc, this difference was equal to 121 m /  e, of the two possible 
s t ruc tures ,  this compound cor responds  to 2-oxo-4,5-di(p-f luorophenyl)-5H- 
indeno[1,2-d]pyrimidine.  Consequently, format ion of the indene sys tem f rom 
the carbonium ion XI involves an aromat ic  ring which p o s s e s s e s  donor sub- 
stitueuts, the p resence  of acceptor  substituents apparently hinders the cy-  
clization. 

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

The IR spec t ra  were taken on a UR-10 spec t romete r  in KBr disks, c 
0.25%. The UV spec t ra  were reg i s te red  on an Unicam SP-700 C instrument,  
with alcohol as solvent. The NMR spec t ra  were taken on a Varian A-60 in- 
s trument,  using HMSO as s tandard (6 = 0). 

The identity of the samples  was established by compar i son  of their  IR 
specta, and by the absence of depress ion  of the mixed mp ' s .  

2, 7-Dioxo--4,5, 8 ' - t r ip  henyldecahydropyrimido[4,5-d]pyrimidine (IVa). 
A 2.0-g (16.6 mmole) quantity of aeetophenone and 3.5 g (16.6 mmole) of 
benzyl idenebisurea  were heated with s t i r r ing  in 25 ml of alcohol containing 
0.6 g (16.6 mmole) of dry  HC1, at 50 ~ C for  15 hr.  The precipi tate  was f i l -  
te red  off, washed with e ther  and then with sodium bicarbonate solution and 
water  until neutral ,  to give 0.9 g of IVa, mp 270-276 ~ C. Mp after  r e c r y s t a l -  
l ization f rom alcohol, 305-308 ~ C. On standing in t[:e r e f r ige ra to r ,  an ad- 
ditional 1.0 g of IVa separated f rom the fi l trate,  giving an over--all yield of 
59%. 

In some experiments ,  no precipi ta te  separated.  In such case,  the mix-  
ture was evaporated, the res idue careful ly t r i tura ted  with ether until there  
was no reac t ion  with 2,4-dini trophenylhydrazine and then with water  (the 
oil crys ta l l ized) .  The solid was f i l tered off and washed with sodium b i ca r -  
bonate solution and aleohol, mp 260-270 ~ C. Recrysta l l izat ion f rom alcohol 
gave 55-60%, mp 300-306 ~ C. 

Compounds IVb-e were  obtained in a s imi lar  manner  f rom p-subs t i -  
tuted acetophenones and ary l idenebisureas  (Table 2). 

Acid Hydrolys is  of IVb. A 1.0-g (2.5 mmole) of IVb was boiled in 20 
ml of butanol containing 0.5 ml of cone HC1 for  4 hr.  The oil which remained 
after  removal  of the solvent was t reated with sodium bicarbonate solution 
and ether,  leaving a res idue of 0.45 g of 2-oxo-4-phenyl -6- to ly lpyr imidine ,  
mp 303-306 ~ C (according to [4], mp 309-310 ~ C). p-Methylehalcone was 
isolated f rom the f i l t rate .  

F r o m  IVa there  was s imi lar ly  obtained 2-oxo-4,6-diphenylpyrimidine 
and chaleone.  

2-Oxo-4,5-diphenyl-5 t t - indeno[1 ,2-d]pyr imidine  (Va). A) A 1.0-g 
(2.5 mmole) quantity of IVa was boiled in 50 ml of CF3COOH for  7 hr. The 
solvent was distilled off in vacuo, and the residual  oil neutralized with so- 
dium bicarbonate  solution and t rea ted  with ether .  The solid was f i l tered 
off and washed with alcohol to give 0.55 g (65-%) of Va, mp 272-280 ~ C (from 
alcohol). Similarly,  f rom IV we obtained Vb- d (Table 3). 

B) A 0.4-g (1.92 mmole) quantity of 3-phenyl - l - indanone  [15] and 0.4 
g (1.92 mmole) of benzyl idenebisurea were  boiled in 10 ml of absolute buta- 
nol containing 1.92 mmole  of dry  HC1, for  3 hr,  The precipi ta te  was f i l tered 
off, and washed with alcohol, ether, and sodium bicarbonate solutiom, 
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The product  (0.5 g) was suspended in 10 ml of ch loroform,  and to the solution was added dropwise 
a solution of 0.2 g of bromine  in 3 ml of ch loroform.  The solution became green ish  in color ,  and a yellow 
prec ip i ta te  quickly separa ted .  The l a t t e r  was f i l te red  off and boiled with 0.5 ml of pyridine in 7 ml of 
alcohol for  5 min. The white prec ip i ta te  was f i l te red  off and washed with alcohol to give 0.46 of Va, mp 
278-280 ~ C. 

2-Oxo-4-(p-methoxyphenyl) -5-phenyl-5H-indeno[1 ,2-d]pyr imidine  (Ve). A 1.0-g (5.5 mmole) quan- 
t i ty of 3 -phenyl - l - indanone  and 1.3 g (5.5 mmole)  of anisyl idenebisurea  were  boiled in 13 ml of absolute 
butanol in the p resence  of 0.2 g (5.5 mmole) of d ry  HC1 for  3 hr 30 min. Complete solution occur red  at 
f i r s t ,  followed by the separat ion of a prec ip i ta te .  The la t te r  was f i l t e redof fand  washed with sodium bi-  
carbonate  solution and alcohol to give 77% of Ve, mp 270-271 ~ C (from alcohol). 

2 -Oxo-4-(p- to ly l ) -5-phenyl -5H-indeno[1 ,2-d]pyr imidine  (Vf) was obtained in a manner  s imi la r  to Ve, 
f rom 3-phenyl - l - indanone  and p-methylbenzyl idenebisurea  (Table 3). 

2 -Oxo-4 ,6-d iphenyl -5-benzylpyr imidine  (VII). To a suspension of 0.5 g (1.5 mmole) of 2-oxo-4 ,6-  
d ipheny l -5 -benzy l - l , 2 ,3 ,4 - t e t r ahydropyr imid ine  (IX) [14] in 15 ml of ch lo roform was added 0.24 g of b ro -  
mine in 3 ml of ch loroform.  On adding the bromine,  IX gradual ly dissolved.  The solution was evaporated,  
and the res idue  was boiled fo r  30 min in 5 ml of methanol with the addition of 0.5 ml of pyr id ine .  The r e -  
sul t ing solution was evaporated,  and the res idue  washed with water  to give VII, mp 285-288 ~ C (from a l -  
cohol). Found, %: C 81.47, 81.41; H 5.71, 5.40; N 8.38, 8.10. Mol wt 338 (by mass  spec t romet ry) .  Cal-  
culated for  C23H28N20, %: C 81.63; H 5.36; N 8.25. hi1 wt 338. UV spect rum,  kma x (log ~) nm: 200 (4o84), 
230 (4.16), and 333 (3.91). 

2-Acetoxy-4,5-diphenyl-5H-indeno[1,2-d]pyr imidine  (Via). A 0.3-g (0.89 mmole) quantity of Vaboi led 
in 8 ml of acet ic  anhydride fo r  2 hr .  The solution was evaporated,  then t rea ted  with water,  and the solid 
was f i l t e red  off to give Via, mp 205-206 ~ C (from alcohol). 

Compounds Vb and Vc (Table 4) were  obtained in a s imi la r  manner .  IR spec t rum (v), cm-l :  1780 
(C=O) and 1200 ( C - O - C ) .  

2 -Acetoxy-4 ,6-d iphenyl -5-benzylpyr imidine  (X):was obtained in a manner  s imi la r  to Via by boiling 
VII in acet ic  anhydride,  mp 189-192 ~ C (from alcohol). Found, %: C 79.12, 79.14; tI 4.96,5.16; N7.39, 7.30. 
Calculated for  C25H20N202, %: C 78.92; H 5.29; N 7.36. NMR spec t rum (in CDC13): 7.20 (C--Harom) , 4.20 
(C-HcH2) , 2.27 (CIIacetoxy) (15 : 2 : 3). UV spectrum,  Xma x (log e), nm : 197 (4.72) and 284 (4.08). 
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