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Abstract  - The 3-tetrahydropyranyl u rac l l  derivatives 1 and 2 have been - 
ohtained by reaction of tetrahydropyranylurea (THPU) wlth dlethyl ethoxy- 

methylenemalonate. The sodium sal t  (monohydrate) of 1 was a l so  lsolated 

in the same reactmn. In a s imi la r  way, THPU has  been condensed with 

ethyl ethoxymethylenecyanoacetate to give the open chain compound - 3, which 

was ldentifled as a mixture of the E (g) and Z (s) isomers.  Heating of 

THPU wlth triethyl orthoformate and ethyl cyanoacetate afforded an identmal 

mixture of i somers .  By using this  l as t  procedure, the ureidoethylene 

derivatives of diethyl malonate, malononitrile and malonic acld (4, 5 and 6, - - - 
respectively) have also been isolated and identified. 

1 -3  
During the las t  few years ,  some papers  have panted  out the biological interest  of 

u rac i l  derivatives substituted by a cyclic ether  a t  the N-3 position. In connection with thls matter ,  

we a r e  now studying the synthesis of 3-tetrahydropyranylpyrimidines. By nsing similar reaction 

conditions to those described by Whitehead fo r  the preparation of 3-methyl substituted 

pyrimidines, we  have attempted some condensatmn reactions of tetrahydropyranyl urea.  

Treatment  of THPU with diethyl ethoxymethylenemalonate in the presence of sodium ethoxlde 

(25°C , 7 days), afforded a solid, which was ldentlfled as  the sodium sal t  (monohydrate) of the 

e s t e r  1 on the basis  of i t s  spectroscopic data and analysis (C H N 0 Na. l H  0 ;  mp 208-210°C; 
AEtOH 12 15 2 5 2 

Uv, max , nm ( E ) ,  224 (1900). 242 (2900), 301 (4300); ~r (nujol) Z, 3530, 3300, 1705, 1650, 

1580 c m- l ) .  Thls  compound was dissolved in water  and treated wlth HCl 6N untll pH = 7. Work up 

on this solution led to the isolation of tetrahydropyranyl-5-ethoxycarbonyluracil, 1 (C H N 0 ; 
EtOH 12 16 2 5 

mp  127-8°C, 4070 yleld, uv A max , m ( E ) ,  222 (8000), 276 (10000). ir (nujol), 5 , 3100, 1750, 

1710, 1655, 1620, 1505 cm- l ) .  

When the same reactlon was performed a t  40°C part ial  hydrolysis a t  the es te r  group 

took place and, in  addition to compound 1, the carboxylic acid 2 was obtained (Cl0HI2N2O5; 

mp  1 2 3 - P C ;  uv, EtOH, nm ( E ) ,  220 (8500). 280 (9600), ir (nujol) 5 ,  3300-2500, 1750, 1630, 
max 

1525 an-'). If the reaction is car r ied  out in  refluxing ethanol, the hydrolysis is total, and only 

compound - 2 is obtained, (F lgure  1). 



1 
The Hnmr data for  these compoun d s  a r e  summarize d in Table 1. When the spectra  a r e  recorded 

in CC13D, it can be seen that the H-6 signale appear  as doublets (collapsing to singlets by D 0 
2 

Table I. ' ~ n m r  data of compounds 1 and 2. Shifts a r e  given in ppm. Coupling constants in  Hz. 

Compound No. Solvent R1 R, 6~~ dH2'a AH, JH6H1 JH2laH3la 

Sodium sal t  of 
DMSO-d6 Na C2H5 8.46 5.95 

1. 1 H 2 0  11.5 
- 6 dd 

2 - DMSO-d6 H H 8.23 5.80 12.25 8.0 
6 dd m,  broad 

2 - C13CD H H 8.65 6.02 10.40 2.0 10. 6 
d dd m ,  broad 

treatment) both in 1 and 2 a t  6 = 8.35 and 6 = 8.65 ppm, respectively. However, this coupling 

with the neighbouring NH cannot be observed in DMSO-d6, and this fact could be indicative of a 

change from the amidic to the imidic form,  which should be favoured by the grea te r  polarity of 

this l as t  solvent. 

The H-2' proton a t  the tetrahydropyran n n g ,  which is close to the N-3 atom, i s  strongly 
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deshrelded ( 6  6 ppm) and appears a s  a double doublet. One of i t s  coupling constants has a value 

of about l lHz ,  corresponding to an axial axial arrangement. Therefore,  the urac i l  ring must be 
5 in an equatorial orientation, with respect to the tetrahydropyran chair  form . 

The most slgniflcative 13cnmr  features for  these compounds (measured in DMSO-d 
6 

solution) a r e  shown in Table U. The slgnal corresponding to C 1s readlly differentiated because 
6 

Table 11. 13cnmr  data of compounds 1 and 2 

Compound No. R1 
='2 4 5 '6 

Sodium sal t  of 
Na+ C ~ H ~  i 6 2 . 9 "  165.4 96.4 162.2 158.2 80.6 

1. 1H20 I - 
s s s d t d 

" The two marked s ~ g n a l s  may be considered interchange. 

~t appear a s  a doublet in the "off resonance" spectrum. C2, C6 and C4 carbons exhibit chemlcal 

s h f t s  analogous to those described f o r  the same carbon atoms in uridine and related compounds 

(very  close to those of the 5-bromouridine). The C, slgnal i s  shielded about 5 ppm in compound 

1 (both in the f r ee  form and the sodlum salt,  158.2 and 158.3 ppm, respectively) with respect  to - 
2 (163.0 ppm). The 13cnmr  data supply some information about the electroluc structure of the - 
sodium salt. Although C2, C4 and C6 are  clearly deshielded in i t  regarding to the f r ee  ester ,  

atoms C2 and C a r e  much more  affected than C4. Thls is consistent with a situatmn in which 
6 

the Na* 1s closer  to C and C and therefore, among the three cannonical s tmctures  shown in 
2 6 

figure 2, the fo rms  l a  and l b  appear a s  the most significative. - - 



Reaction of THPU wlth ethyl ethoxymethylene-cyanoacetate in basic medium (250C. 5 days) 
1 led to a mixture of i somers  which have been identifled from their  Hnmr spectrum a s  2 and 3b 

formed m a 45/55 ratlo. Isomer Z ($) could be isolated from the mixture by crystallisation 

from benzene (mp 139-400C, C12H17N304, w (KBr) ), 3320, 3250, 3060, 2240, 1750, 1695, 

1630, 1610, 1560 cm-'1, An   den tical resul t  was obtained by reactlon of THPU wlth triethyl 

orthoformate and ethyl cyanoacetate (85"C, 7 days). By usmg this l as t  procedure, treatment of 

THPU with diethyl malonate, malononitrile o r  malonic acld afforded compounds 5, 5 o r  6, 
respectively (4, C14HZ206N2, mp  1080 C,  crystallised from benzene/cyclohexane, ir (KBr) 3 ,  

-1 
3340, 3250, 3080, 1745, 1700, 1615, 1555 cm . 5, Cl0Hl2N4O6. mp  186-7°C. crystalllsed 

from ethyl acetate/petroleum ether ,  ir (KBr) j, 3370, 3280, 3070, 2240, 2230, 1745, 1695, 1635, 
1 

1550 cm' . 6,  CIOH 4N206, mp  176-7OC, ir (nujol) 5 .  3600-2300, 3330, 3270. 1740, 1710, 
-1 

1625, 1610, 1540 cm ). 

The most significative h m r  data among those obtamed f o r  i somers  2 and 3b and 

also f o r  4, 2 and 5, a r e  gathered in Table 111. In all these compounds, the signals corresponding 

to H-4 and H-6 a r e  readily differentiated. The ethylenic protons exhibit a coupling constant 

J H  H = 12 Hz in 3. 4 and 5. 
3 4 

Two doublets centered a t  8.70 and 8.25 ppm can be seen in the mlxture of i somer s  

and s. These chemical shif ts  a r e  consistent with those calculated f rom the Matter  equation7 f o r  

the ethylenx protons a t  g and 3b respectively (Table IV). It  must be noted that the D/H 
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Table 111. ' ~ m r  data of compounds 3 - 2  

ZOm~ound Solvent 
No. R R' dH3 6H4 6H6 dHZt  JH3H4 JH6H 

3a * - C13CD C02Et  C N  8.70 9.20 7.02 5.00 12.0*** (a) 
d d m ( a )  m ( c )  

3b * - C13CD CN C02Et  8.25 10.75 7.02 5.00 12.0 (a)  
d m ( b )  m ( a )  m l c )  

* 
Data obtained f rom the mixture of 2 and (crude reactmn product). 

* * 
Data obtained f rom pure simple of $ CrystaUised f rom benzene. 

- * * *  
This  coupling constant s eems  to depend on the concentration. a) The  slgnals corresponding 
to H-6 in both i somer s  overlap and JH6H2, cannot be measured in this spectrum. b) 
broad. c) Appearing as a triplet.  

Table IV. Estimation of the chemical shifts of the olefmic proton H-3 of the 3a (E) 

and 3b ( Z )  Isomers using additive increments 

Compound 
No. Rgem Rc,s %ans Zgem Zcis  Zt rans  6H3ca1c. 6H3exP.  

I 
" Average of the Z values calculated from the experimental chemical shif ts  of H-3 i n  

gem compound 4 and 5. 



exchange r a t e  in the p resence  of D 2 0  i s  c l ea r ly  dif ferent  in both signals.  

Thus,  the doublet assigned to the E i s o m e r  5 ( b  = 8.70 ppm) readi ly  col lapses  to a 

singlet a f t e r  deuteration, whereas  that one correspondmg to the Z i s o m e r  ( b = 8.25 ppm), 

r equ i res  a slow s t i r r m g  wlth D 2 0  fo r  a long t ime  in o r d e r  to  achieve the  complete collapse of the 

mtermediate  slgnal to a singlet.  A s l m i l a r  behaviour regardmg to the exchange r a t e  of H - 4  has 

a l so  been found in compounds - 4 and 6. These  facts  could b e  explained by supposing that the 

spacial orientation of the carbonyl  groups in % (and a l so  in 4 and 6) m u s t  favour  the format ion 
8 

of hydrogen bonding with the  N-H group . (F igure  3).  
4 

Such hypothesis is supported by great  deshieldmg found f o r  H-4  in with r e s p e c t  

to the same  proton i n  (1 .  5 ppm) and a l s o  by the fact  that the  ir hands corresponding to the NH 

groups of display h lgher  wave n u m b e r s  than those of 3. 
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