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The reaction of cyclohexanone with arylidenebisureas (e.g. benzal- 
bisurea) in an acid medium has given 4, 4'-diary1-2, 2'-dioxo-5,5'- 
trimethylene-6,0'-spirobishexahydropyrimidines (II). The acid hy- 
drolysis of IIa (aryl-Cdts) in the presence of 2,4-dinitrophenylhy- 
drazine leads to the 2,4-dinitrophenylhydrazone of 2-hydroxy-8-oxo- 
4-phenyl-5, 6,7,8-tetrahydroquinazoline (IV). Compound IV was also 
obtained by the ozonization of 2-acetoxy-8-benzal-4-phenyl-5,6,7, 
8-tetrahydroquinazoline (IX) and subsequent decomposition of the 
ozonide with a solution of 2,4-dinitrophenylhydrazine. The structure 
of the compounds obtained was confirmed by means of their IR, UV, 
and PMR spectra. Corresponding 6,6'-spirobishexahydropyrimidines 
have also been obtained from 2~methyIcyclohexanone, acetone, and 
methyl ethyl ketone and benzalbisurea. 

We have p r e v i o u s l y  r epo r t ed  [21 that the condensa -  
t ion  of eye lohexanone  and b e n z a l b i s u r e a  (BBU) gave 
two products :  8 - b e n z a l -  2 - h y d r o x y - 4 - p h e n y l -  3 ,4 ,  5, 6, 
7, 8 -hexahydroqu inazo l ine  (I) and a compound having 
the e m p i r i c a l  f o r m u l a  C22H24N402 (Ha), the s t r u c t u r e  
of which was not e s t ab l i shed .  In o r d e r  to e s t ab l i sh  the 
s t r u c t u r e  of th i s  compound we have cons ide red  i ts  
spec t r a l  c h a r a c t e r i s t i c s  and have c a r r i e d  out the syn-  
t he s i s  of a n u m b e r  of i ts  analogs  us ing  o ther  a r y l i d e n e -  
b i s u r e a s  IRC~H4CH(NtlCONHu)z, where  tl = p-NO2 and 
p -CH 30 .  Compounds were  obtained with the e m p i r i c a l  
f o r m u l a  C22H22N4021R2 (Ill), e) having p r o p e r t i e s  s i m i -  
l a r  to those  of IIa. 

Compounds II give nega t ive  qual i ta t ive  r eac t i ons  
with d ime thy laminobenza ldehyde  (absence  of a u re ido  
group) and with 2, 4 - d i n i t r o p h e n y l h y d r a z i n e  (DNPH) 
(absence  of a keto group) and do not deco lo r i ze  so lu-  
t ions  of b r o m i n e  and p o t a s s i u m  p e r m a n g a n a t e  ; IIa, b 
do not abso rb  hydrogen  over  5% Pd /C  at r oom t e m -  
p e r a t u r e  (absence  of C~-C and C = N  bonds) �9 The com-  
ple te  oxidat ion of I I a - c  with p o t a s s i u m  p e r m a n g a n a t e  
solut ion [3] gave the co r r e spond ing  acids p- RC ~H4COOH 
in an amount  of 2 moles  pe r  mole  of the in i t ia l  II. The 
IIR s p e c t r a  of I I a - c  have the absorp t ion  bands  of NH, 
CH2, C = O a m i d  e and p-C6H4R groups .  The UV spec t r a  
of IIa and e exhibi t  the abso rp t ion  only of the a ry l  sub-  
s t i tuents ,  and the ex t inc t ion  coeff ic ients  (e) a re  double 
the ex t inc t ion  coeff ic ients  of the abso rp t ion  of the c o t -  
r e spond ing  p - subs t i t u t ed  to luenes  (see f igure) .  

O 

,, o5_ L< o O Rc#'cH(suc~ .;~ "3( ~. 

RC6H4 ~ C a H ~ R  

a R-- H, b R = p-CH30, 
c R= p-NO 2 

*For part XIV, see [i]. 

~ 6H5 

~ I ~ N H  ''J'~O + CsHsCH=N NHC~H'~(NO2)r 

NNHC6H3(NO2) 2 
IV 
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~ Ilt DNPH V+lV DNPH ~ %  
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I [11 

The PM1R spe c t r a  (taken on a Var i an  60 MHz i n s t r u -  
men t  with CF 3 COOH as so lvent  and (CH 3 )4Si as s t an -  
dard) have th ree  groups of s ignals :  5 1 . 0 - 2 . 0  (CH2 
and CH groups ,  mu l t i p l e t ) ,  5 4 .5  (N--H, doublet) ,  
7 .0  (C--H a t o m '  s inglet )  with a ra t io  of the in t ens i t i e s  
of 10 : 2 : 10 (two N--H groups  a re  pro tona ted  in 
CF 3 COOH and the i r  s igna l s  coincide  with the s igna l  of 
the so lvent  [4]). The r e s u l t s  obtained p e r m i t  the s t r u t -  
t u r e  of 4, 4 ' - d i a r y l - 2 ,  2 ' -d ioxo-5 ,  5 ' - t r i m e t h y l e n e - 6 ,  6 '-  
s p i r o b i s h e x a h y d r o p y r i m i d i n e s  to be a sc r ibed  to com-  
pounds I I a - c .  

Sp i robis  compounds  of the p y r i m i d i n e  s e r i e s  a re  
known. Thus, the condensa t ion  of acetone and u r e a  
has given 4, 4, 4 ', 4 ' - t e t r a m e t h y l - 2 ,  2 ' -d ioxo-6 ,  6 '-  
s p i r o b i s h e x a h y d r o p y r i m i d i n e  (VI) [5, 6]. The syn thes i s  

of 4, 4 - d i me t hy l - 2 ,  2 ' -d ioxo-4  ' -pheny l -6 ,  6 ' - s p i r o b i s -  
hexahydropyr imid ine  (VII) has been  repor ted  [7]. It 
m u s t  be men t ioned  that  t r i c y c l i c  s y s t e m s  of type VIII, 
s i m i l a r  in s t r u c t u r e  to II, a re  also known [8]. 

0 / It H 'to 0 ~ vi i i  %0 It A 0 

VI It=R~=Rss=RIsr=Cll3 R ~v=ll 
VII R=RI=CH3 RII=C~H5 R t i t=  R I v = H  
XIII R=Rn=C6He R~=R I I I :  RIV=H 
XIV R=RII=C6H~ RIv=CH3 R t=  R III=H 

In a study of the p r o p e r t i e s  of IIa, it was found that 
acid hydro lys i s  gave a complex  m i x t u r e  of p roducts ,  
and f rom this  two subs t ances  were  i sola ted  by t r e a t -  
ment  with a solut ion of DNPH. One of them proved to 
be benza ldehyde  2, 4 - d i n i t r ophe ny l hyd r a z one  (V),while 
the other  subs t ance  had the e m p i r i c a l  f o r m u l a  
C20H16NGO5 (IV) . The pos i t ion  and n a t u r e  of the absorp -  
t ion  band of the C ~O  group at 1660 cm -1 [2] pe rmi t t ed  
the a s s u m p t i o n  that  th is  mo lecu le  conta ined  a dehydro-  
genated p y r i m i d i n e  r i ng  ( f ragment  A) .  It might  be a s -  
sumed that  on the hyd ro ly s i s  of IIa the spl i t t ing  out of 
u r e a  f i r s t  took p lace  with the f o r m a t i o n  of compounds  
I, which we have desc r ibed  p r ev ious ly  [2]. In actual  
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UV absorption spectra:  1) doubled adsorp-  
tion spectrum of toluene [18] (in cyclo- 
hexane) ; 2) 2, 2 V-dioxo-4, 4 '-diphenyl- 5, 5 ' -  
t r imethylene-6,  6 '- spirobishexahydropyri-  
midine (Ha) (in acetic acid); 3) doubled ad- 
sorption spectrum of p-methoxytoluene 
[19] (in ethanol); 4) 4, 4V-di-(p-methoxy - 
phenyl)-2, 2 V-dioxo- 5, 5 V-trimethylene-6, 6 v_ 
spirobishexahydropyrimidine (IIb) (in acetic 
acid); 5) doubled absorption spectrum of p- 
nitrotoluene [20] (in ethanol); 6) 4, 4V-di - 
(p-nitrophenyl)-2, 2 ' -dioxo- 5, 5 V-trimethy- 
lene-6, 6 ,_ spirobishexahydropyrimidine (IIc) 
(in acetic acid); 7) 5-methyl-2,  2 ' -dioxo-4,  4 ~- 
diphenyl-5, 5 Vtrimethylene-6, 6 ' - sp i rob i s -  
hexahydropyrimidine (XII) (in acetic acid). 
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f a c t ,  t h e  a c i d  h y d r o l y s i s  of  I w h e n  i t  w a s  b o i l e d  w i t h  

CH 3 COOH + HC1 and  t h e  s o l u t i o n  w a s  t h e n  t r e a t e d  

w i t h  D N P H  l ed  t o  a c o m p o u n d  i d e n t i c a l  w i t h  p r o d u c t  

IV o b t a i n e d  f r o m  I Ia .  An  i n t e r m e d i a t e  in  t h i s  r e a c t i o n  

c o u l d  b e  8 - b e n z a l - 2 - h y d r o x y - 4 - p h e n y l - 5 ,  6, 7, 8 - t e t r a -  

h y d r o q u i n a z o l i n e  ( IN) ,  s i n c e  i t  i s  k n o w n  [9] t h a t  in  a n  

a c i d  m e d i u m  c o m p o u n d s  of  t y p e  I a r e  c a p a b l e  of  d i s -  

p r o p o r t i o n a t i o n .  In a c t u a l  f a c t ,  w h e n  I l l  w a s  t r e a t e d  

w i t h  a s o l u t i o n  of D N P H ,  I V  w a s  a g a i n  f o r m e d .  T h e  

s t r u c t u r e  of  IV  w a s  e s t a b l i s h e d  by  o z o n i z i n g  IX,*  o b -  

t a i n e d  f r o m  I I I  [2] .  T h e  o z o n i z a t i o n  m e t h o d  h a s  b e e n  

u s e d  p r e v i o u s l y  in  t h e  p y r i m i d i n e  s e r i e s  f o r  t h e  s y n -  

t h e s i s  of  a l d e h y d e s  f r o m  s t y r y l p y r i m i d i n e s  [10, 11] .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  o z o n i z e d  X i s o l a t e d  

p r o v e d  t o  b e  a c o m p a r a t i v e l y  s t a b l e  c o m p o u n d  a t  r o o m  
t e m p e r a t u r e .  It  w a s  i m p o s s i b l e  to  i s o l a t e  2 - a c e t o x y -  

8 - o x o - 4 - p h e n y l - 5 ,  6, 7, 8 - t e t r a h y d r o q u i n a z o l i n e  (XI) in  

t h e  p u r e  f o r m  by  h y d r o g e n a t i o n  of  t h e  o z o n i d e  o v e r  

P d / C .  C o m p o u n d  X I  w a s  c h a r a c t e r i z e d  in  t h e  f o r m  of 

a s e m i c a r b a z o n e  and  a 2, 4 - d i n i t r o p h e n y l h y d r a z o n e ,  

t h e  p r e p a r a t i o n  of  w h i c h  w a s  a c c o m p a n i e d  b y  t h e  s p l i t -  

t i n g  off  of  t h e  a c e t y l  g r o u p .  T h e  2, 4 - d i n i t r o p h e n y l -  

h y d r a z o n e  p r o v e d  to  b e  i d e n t i c a l  w i t h  c o m p o u n d  IV 

o b t a i n e d  in  t h e  h y d r o l y s i s  of  I, IIa,  and  HI.  

Coi l  s 

~ O  C6HsCH IX X 3 

C6HsCH 

+ C6HsCH( 

Xl 

DNPH 
IV+V 

T h e  s t r u c t u r e  of  X w a s  c o n f i r m e d  no t  o n l y  by  t h e  

a n a l y t i c a l  d a t a  a n d  t h e  p o s i t i v e  q u a l i t a t i v e  r e a c t i o n  

w i t h  p o t a s s i u m  i o d i d e  s o l u t i o n  [12], bu t  a l s o  by  s p e c -  

t r a l  d a t a .  I t s  IR s p e c t r u m  h a s  s t r o n g  b a n d s  a t  1020 

and  1080 c m - i ,  o n e  of w h i c h  c a n  b e  a s c r i b e d  to  t h e  

a b s o r p t i o n  of t h e  o z o n i d e  g r o u p - - O - - O - -  of t h e  o z o n i d e  

X [13, 14] .  In t h e  UV s p e c t r u m ,  t h e  m a x i m u m  of t h e  

a b s o r p t i o n  c u r v e  of  c o m p o u n d  X is  d i s p l a c e d  to t h e  

s h o r t w a v e  r e g i o n  in  c o m p a r i s o n  w i t h  IX  b y  60 m # ,  

w h i c h  i s  c o n n e c t e d  w i t h  a d i s t u r b a n c e  of t h e  c o n j u g a -  
t i o n  of  t h e  p y r i m i d i n e  r i n g  w i t h  t h e  b e n z e n e  r i n g .  T h e  

f o r m a t i o n  of t h e  s p i r e  c o m p o u n d  II  f r o m  c y c l o h e x a n o n e  
i s  a p p a r e n t l y  c o n n e c t e d  w i t h  t h e  p r e s e n c e  in  t h e  l a t t e r  

of two  a c t i v e  m e t h y l e n e  g r o u p s  in  t h e  a -  and  a ' - p o s i -  
t i o n s  a t  w h i c h  c o n d e n s a t i o n  w i t h  B B U  to  f o r m  a d i -  
u r e i d o  d e r i v a t i v e  c a n  t a k e  p l a c e  ; t h e  l a t t e r  c y c l i z e s  

to  I I .  
W i t h  2 - m e t h y l c y c l o h e x a n o n e ,  w h i c h  a l s o  h a s  a n  a -  

CH2 and  a n  a ' - C H  g r o u p  of s i m i l a r  r e a c t i v i t i e s ,  t h e  
r e a c t i o n  t a k e s  p l a c e  a n a l o g o u s l y  w i t h  t h e  f o r m a t i o n  of 
5 - m e t h y l - 2 ,  2 ' - d i o x o - 4 ,  4 ' - d i p h e n y l -  5, 5 ' - t r i m e t h y l e n e -  

6, 6 ' - s p i r o b i s h e x a h y d r o p y r i m i d i n e  ( X I I ) .  

* C o m p o u n d  IX w a s  s e l e c t e d  b e c a u s e  i t s  s o l u b i l i t y  
w a s  b e t t e r  t h a n  t h a t  of I l l  a n d  b e c a u s e  of t h e  p o s s i -  

b i l i t y  of t h e  e a s y  e l i m i n a t i o n  of  t h e  a c e t o x y  g r o u p .  

T h i s  r e a c t i o n  h a s  a l s o  b e e n  s u c c e s s f u l l y  e x t e n d e d  

to  a l i p h a t i c  k e t o n e s  ; a c e t o n e  and  m e t h y l  e t h y l  k e t o n e  

g a v e  2, 2 ' - d i o x o - 4 ,  4 ' - d i p h e n y l - 6 ,  6 ' - s p i r o b i s h e x a h y -  

d r o p y r i m i d i n e  (XIII) and  5 - m e t h y l -  2, 2 ' - d i o x o - 4 ,  4 ' - d i -  

p h e n y l - 6 , 6  ' -  s p i r o b i s h e x a h y d r o p y r i m i d i n e  (XIV) ,  

r e s p e c t i v e l y .  C o m p o u n d  XI I I  w a s  i d e n t i c a l  w i t h  t h e  

c o m p o u n d  o b t a i n e d  f r o m  d i b e n z a l a c e t o n e  and  u r e a  b y  

t h e  m e t h o d  of Z i g e u n e r  e t  a l .  [6]. I t  w a s  i m p o s s i b l e  

to  o b t a i n  IIa u n d e r  a n a l o g o u s  c o n d i t i o n s .  

EXpER IMENTA L 

The compounds were identified by an absence of the depression 
of the melting point of mixtures and by comparisons of IR spectra and 
of Rf values (thin-layer chromatography on silica gel). 

Preparation of 6, 6'-spirobishexahydropyrimidines. A mixture of 
20.0 mM of the ketone (80 mM for the aliphatic ketones), 40.0 mM 
of the arylidenebisurea, 25 ml of absolute ehtanol, and 20 drops of 
concentrated HC1 was boiled with stirring for 4 hr. The gradual dis- 
solution of the arylidenebimrea took place and then, after 40 rain. a 
precipitate deposited which was filtered off and was carefully washed 
with ethanol and water. The corresponding 6,6'-spirobishexahydro- 
pyrimidines were obtained (see table). 

Acid hydrolysis of Ha. A mixture of 4.0 g (10.5 mM) of IIa, 60 
ml of acetic acid and 12 ml of concentrated HC1 was boiled for 1 hr 
30 rain and then the solvent was distilled off in vacuum. The residual 
off was triturated with ether and dried; this gave 2.4 g of residue. The 
residue was dissolved in ethanol, and 2.0 g (10.0 raM) of DNPH in 
60 ml of ethanol and 2 ml of concentrated H2804 were added; the mix- 
ture was boiled for 5 rain. After some hours, a precipitate of V depos- 
ited; 1.0 g, mp 238-241 ~ The filtrate was neutralized with ethanolic 
KOH and the precipitate was filtered off and carefully washed with 
water to eliminate the inorganic salts. This gave 0.75 g of IV, mp 
315-317 ~ (from acetic acid). Found, %: C 57.0, 56.9; H 3.84, 3.74; 
N 20.2, 20.2. Calculated for C20H16N60 ~, % C 57.1; H 3.83; N 20.0. 
IR spectrum (v, cm -1) 1650 (C=O); 1630 (C=N); 1610, 1540, 1450 
(C=Carom); 1515, 1350, 840 (NOz); 1440 (CH2); 700, 750, 760, 790 

(C--Harem). 
Ozonization of 2-aeetoxy-8-benzal-4-phenyl-5,6, 7, 8-tetrahydm- 

quinazoline (IX) [2]. Ozone was passed through a solution of 1.0 g 
(2.8 mM) of IX in 40 ml of CC14 at 5-10 ~ for 1 hr 30 min. Then the 
resulting solution was purged with nitrogen in order to eliminate the 
excess of ozone and the solvent was distilled off in vacuum. The resi- 
due was triturated with ether, and the precipitate was filtered off, 
giving 0.82 g (77%) of the ozonide X. mp 139-141 ~ (from ethanol). 
Found, %: C 68.3, 68.5; H 5.23, 5.11; N 7.20, 7.04. Calculated for 
CzsHz0NzOs, ~: C 68.3; H 4.98; N 6.92. IR spectrum (v, era-l): 1795 
(C=O); 1195 (C--O--C); 2870, 2950 (CHz); 1620, 1510 (C=Carom); 
1020 and 1080 (--O--O--); 700, 760 (C--Harom). UV spectrum (in 
C2HsOH): kma x, nm 284(1% ~4.04). 

Decomposition of the ozonide X. a) A hot ethanolic solution of 
0.19 g (1.0 raM) of DNPH containing 10 drops of concentrated H2SO4 
was added to a hot saturated solution of 0.20 g (0.5 raM) of X in etha- 
nol [15]. The precipitate that deposited was filtered off and was then 
boiled twice successively with ethanol (40-50 ml). The evaporation of 
the ethanolic filtrate gave V, mp 239-240 ~ The residue insoluble in 
ethanol amounted to 0.2 g and this was recrystallized from acetic acid 
to give IV, mp 315-317 ~ 

b) A mixture of 0.50 g (1.24 raM) of the ozonide X in 10 Iili of 
ethanol, 0.30 g (2.7 raM) of semicarbazide hydrochloride in 7 mI of 
ethanol, and 0,22 g (2.7 raM) of sodium acetate in 3 ml of water was 
boiled for 3 hr. The precipitate was filtered off, giving 0.55 g of 2- 
hydroxy-8-oxo-4-phenyl-5,6,7,8-tetrahydroquinazoline semicarba- 
zone, mp 276-279 ~ (from acetic acid). Found, %: C 60.3, 60.3; 

H 5.33, 5.41; N 23.2, 23.4. Calculated for C15HIsNsO 2, %: C 60.6; 

H 5.08; N 23.6. 
2,2'-Dioxo-4, 4'-diphenyl-6, 6'-spirobishexahydropyrimidine 

(XlI1). A mixture of 2.3 g (10.0 raM) of dibenzalacetone [16] and 
2.7 g (45.0 raM) of urea in I0 ml of ethanol containing 0.5 mt of 

concentrated HCI was boiled for 9 hr. The precipitate was washed 
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with ethanol and ether, giving 1.2 g (35~ of XIII, mp 305-310 ~ 
(from acetic acid and ethanol.) 

8-Benzal-2-hydroxy-4-phenyl-3,4, 5, 6,7, 8-hexahydroquinazo- 
line (I). A mixture of 2.0 g (7.3 raM) of dibenzalcyclohexanone [17], 
0.9 g (t4.6 raM) of urea. 10 ml of ethanol, and 0.5 ml of concen- 
trated HC1 was boiled for 8 hr. The precipitate was carefully washed 
with ether to eliminate dibenzalcyclohexanone. This gave 0.1 g(4%) 
of I, mp 198-203 ~ identical with the I obtained previously [2]. 
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