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The natura l  nucleosides  and nucleotides,  including the pyr imid ine  se r i es ,  have been ass iduously  stud- 
ied for  a long t ime.  However,  in recent  y e a r s  a constantly increas ing  amount of attention is  being given 
to a study of the s imple  N-subst i tu ted  hydropyr imidines ,  which, in thei r  s t ruc ture ,  a r e  analogs of the natu- 
r a l  compounds.  

In continuation of studying the fo rma l  analogs of the pyr imid ine-nuc leos ides  and pyr imid ine -nuc leo-  
t ides  [1-4] we studied the synthesis  and some of the chemica l  t r ans fo rma t ions  of l - N - ( f i - h y d r o x y e t h y l ) - 3 , 6 -  
d imethylurac i l  (I). It was in teres t ing to compare  the p rope r t i e s  of (I) with the analogous p r o p e r t i e s  of the 
3-N-(f i -hydroxyethyl )urac i l s .  Compound (I) was obtained by the p rev ious ly  descr ibed  react ion  [1], s ta r t ing  
with 3 ,6-d imethylurac i l  and ethylene chlorohydrin,  as  a co lo r l e s s  c rys ta l l ine  substance that is soluble in 
alcohols  and ch lo ro fo rm.  Compound (I), the s ame  as other N-hydroxyalkylurac i l s  [2], is eas i ly  b romina ted  
to give the cor responding  5 -b romo der iva t ive  (II), which is a c rys ta l l ine  substance  that  is soluble in a lco-  
hols.  

In con t ras t  to 3 -N- ( f i -hyd roxye thy l ) -6 -me thy lu rac i l  [3], we were  unable to i so la te  the f l -chloroethyl  
der iva t ive  by reac t ing  (I) with thionyl chlor ide  in the p r e sence  of pyr id ine .  A c rys ta l l ine  substance  (A) of 
composi t ion C16H21N403SCI 2 is fo rmed  in the given case ,  which mel t s  at 176-178~ is read i ly  soluble in 
acetone,  and is p rac t i ca l ly  insoluble in wate r .  When compared  with the IR spec t ra  of (I) and l -N- ( f i - ch lo ro -  
e thy l ) -3 ,6 -d ime thy lu rac i l ,  a substant ia l  shift of the bands in the region of the v ibra t ions  of the u rac i l  r ing 
(1400-1700 cm -1) is observed  in the IR spec t rum of compound (A) (Fig. 1). A s imi la r  shift  of the band oc- 
cu r s  when a halogen a tom is inser ted  in the 5 posi t ion of (I). Thus, the IR spec t rum of the 5 -b romo de r iva -  
t ive  (I) in the 1400-1700 cm - i  region is analogous to the IR spec t rum of compound (A), but is quite different  
f rom the spec t rum  of (I) (see Fig. 1). A s imi l a r  p ic ture  of the shift  is a lso  observed  when the oxygen a tom 
in the 2 posit ion of the u rac i l  r ing is r ep laced  by sulfur [5]. In the IR spec t rum of compound (A), the ab-  
sorpt ion of YOH is absent  in the 3200-3600 em -1 region, and a lso  absorpt ion at 3080-3090 cm - t ,  which is 
a s soc ia ted  with the v ibra t ions  of the C - H  bond in the 5 posit ion in the u rac i l  r ing.  The d iscussed  data make  
it poss ib le  to p ropose  the following s t ruc tu re  for  compound (A), but due to 
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the absence  of data on the UV spec t ra  of the model  compounds it is imposs ib le  to ass ign an exact s t ruc tu re  
to compound (A). 

The reac t ion  of (I) with the dichloride of phenylthiophosphonie acid in the p r e s e n c e  of t r ie thylamine,  
the s ame  as in the ea se  of 3 -N- ( f i -hyd roxye thy l ) -6 -me thy lu rac i l  [4], p roceeds  no rma l ly  and leads to the 
fo rmat ion  of the phenyl thiophosphonate (llI). 
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TABLE 1. 

No. 
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I I  
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P r o p e r t i e s  of Synthesized Compounds 
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42,6 * 

87,5 

i~,5 
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13z.--136 Cd{,=~,0, 

l~3--1~t 5jlJ:nN ~O~Br 

139-142 122II2~*tO6P8 

95--9~ 

170~171 

217--2t8,5 CI~H22N,0,82 

276--279 C~llszN~O~P 
decompn.: 

Found/Calculated, % 

C I~ N P CI 

52,36 15,60 

) 3 % M  ~ g , 6 3  - -  

} %7g,5 VT, ga 

I 
I 50,98 10, I6 

j 46,68 1~,93 

52,67 

~8,20 1~,01 
7,,s~- ~,-g-,o~; 
69,73 14,~i 

7,07 - -  

t;, t31 
- -  t6,25 

17,5 

5,35 / 

* See "Experimental" section. 
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ha con t ras t  to b is - [ f i -  (2 ,4-d ioxo-  6 - m e t h y l -  1 , 2 , 3 , 4 - t e t r a h y d r o -  3-pyr imidinyl)e thyl ]phenyl  thiophos- 
phonate, phenyl thiophosphonate (III) is unstable  and i ts  pur i f icat ion is exceedingly difficult.  

The reac t ion  of {I) with the dichloride of chloromethylphosphonic  acid p roceeds  in an abnormal  man-  
ner ,  and he re  instead of the expected phosphonate was isola ted a smal l  amount of a product  that, based  on 
the I R - s p e e t r o s c o p y  data, is  mos t  p robably  ! -N- ( /3 - ch lo roe thy l ) -3 ,6 -d ime thy lu rac i l  (IV). Absorpt ion in 
the 3200-3600 cm - t  region, which is a s soc ia t ed  with the v ibra t ions  of the OIt group of a hydroxyalkyl  r ad i -  
cal,  is absent  in the IR s p e c t r u m  of (IV) (see Fig. 1). The absorpt ion  in the 1400-1600 crn -1 region is 
analogous to that for  (i). 

The reac t ion  of (I) with P2S~ a lso  p roceeds  in an abnormal  manner .  Ins tead of the expoeted acid with 
the s t ruc ture :  

,)-&o 
we isola ted two subs tances ,  devoid of phosphorus ,  which, on the bas i s  of the e lementa l  ana lys i s  and IR- 
s p e c t r o s e o p y  data, w e r e  as s igned  the s tructures  of sulf ide (V) and disulf ide (VI) 

II- ' r~N--CH3 
(vi) 
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The react ion of (I) with tr iphenyl phosphite at 210-220~ gave ester  (VII), which has one C -  P bond in 
the N-alkyl radical  

N~/~N~-CH3 HaC--N 
Ha.C O O cH 

'L_ l l \  __J ~ CH2CH~P ~--OCH2CH~ /2 
(vu) 

Es te r  (VII) is difficultly soluble in alcohols and is pract ica l ly  insoluble in benzene. In the IR spec-  
t rum of compound (VII) (see Fig. 1) the absorption of the P = O group appears  at 1225 cm -1, while the ab- 
sorption of the P -  O -  C -  appears  at 1050 cm - l .  Some of the data for the synthesized compounds are  
given in Table 1. 

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

l -N- ( f l -Hydroxye thy l ) -3 ,6 -d imethy lu rac i l  (I). To a s t i r red  suspension of 107.8 g of 3 ,6-dimethylura-  
cil in 300 ml of distilled water  was added a solution of 30.6 g of NaOH in 100 ml of water,  followed by the 
addition of another 100 ml of water .  The solution was heated up to 80~ 70 ml of ethylene chlorohydrin 
was added, and the mass  was refluxed for 1.5 h (to pH N6). Then the react ion mass  was cooled, allowed to 
stand overnight, and the obtained precipi tate  was filtered, washed in succession with water (50 ml) and 
acetone (30 ml), and dried.  We obtained 46.7 g of 3 ,6-dimethyluraci l  with mp 259-261~ The fi l t rate was 
evaporated in vaeuo. The crysta l l ine  residue was refluxed with 250 ml of ethanol, the NaC1 was fil tered, 
and the ethanol solution was evaporated to a volume of 70-80 ml. The crysta l l ine  product  was filtered, 
washed with acetone (~15 ml), and dried.  We obtained 55.8 g of (I). F rom the mother  liquor was isolated 
another 4.7 g of (I). The total yield was 60.5 g (42.6% of theory, or 75.5% when based on reac ted  3,6-di-  
methyluracil) .  After  one recrys ta l l iza t ion f rom n-butanol and a double recrys ta l l iza t ion  f rom chloroform,  
mp 134-136~ 

1 - N- ( f l - Hydroxye thy l ) -3 ,6 -d im e thy t -5 -b romourae i l  (1I). To a solution of 2 g of (I) in 20 ml of n- 
butanol, heated to 80~ was added Br 2 in drops until decolorization ceased.  Then the solution was evap- 
orated to approximately 1/3 volume and cooled. The obtained crysta l l ine  product was fil tered, washed with 
about 5 ml of acetone, rec rys ta l l i zed  f rom boiling n-butanol, washed with about 5 ml of absolute benzene, 
and dried in vacuo. We obtained 2.5 g (87.5% of theory) of (II) with mp 143-144~ 

Reaction of (I) with Thionyl Chloride. To a s t i r red  suspension of 50 g of (I) in 300 ml of absolute ben- 
zene ~ d  23.5 ml of pyridine at 20-40~ was added dropwise a solution of 30 ml of thionyl chloride in 30 ml 
of absolute benzene. Then the vigorously s t i r red  mass  was refluxed for 5.5 h. The solution was decanted, 
heated with active carbon, filtered, and evaporated in vaeuo. The residual  oily liquid was dissolved in 200 
ml of benzene and shaken in a separa tory  funnel with 300 ml of distilled water .  The benzene layer  was 
separated,  dried over Na2SO 4, filtered, and the benzene was vacuum distilled. The residual  oily produ3t 
was t rea ted  with about 10 ml of absolute benzene and allowed to crys ta l l ize .  After 20 days the obtained 
solid product was filtered, washed on the fil ter with n-butanol (4 x ~20 ml), and dried in vacuo. The en- 
t i re  product  was dissolved in acetone, filtered, and distilled water was added to the solution until a pe r -  
manent suspension appeared.  Then acetone was added in small  port ions until the suspension disappeared.  
The solution became c lear  and soon a crysta l l ine  product began to deposit f rom it. It was f i l tered and 
dried.  We obtained 7 g of substance with mp 176-178~ The complete evaporation of the acetone and 
water gave an additional 8.6 g of this substance.  The total yield was 15.6 g. The product  was r ec rys t a l -  
lized twice f rom acetone. We obtained a substance with mp 176-178~ Found: C 45.41, 45.22; H 5.00, 
4.71; N 13.27, 13.04; C1 17.10, 16.95; S 7.32, 7.57%. Ultraviolet  spec t rum (Xma x, nm): 297 (pH 1.2); 
303-305 (methanol); 303 (pH 11.9). 

b is -  [/3- (3, 6 -Dime thy l -  2,4-  dioxo - 1,2,3,4 - t e t rahydr  o - 1 -pyrimidinyl)  ethyl]phenyl Thiophosphonate 
(III). To a suspension of 5 g of (I) in 60 ml of absolute benzene and 2.8 g of t r ie thylamine at 2-3~ was ad- 
ded dropwise a solution of 2.9 g of the dichloride of phenylthiophosphonic acid in 30 ml of absolute benzene. 
Then the mixture was refluxed for 30 rain and fi l tered hot. The tr iethylamine hydrochloride was fi l tcrcd.  
The fi l t rate was allowed to stand overnight and the deposited Et~N.HC1 was filtered, while the solution was 
boiled with active carbon and fi l tered.  After 2 days the obtained Et3N'HC1 was filtered, the benzene was 
distilled f rom the solution in vaeuo, and a small  amouilt of oily liquid was obtained. It was dissolved in 

370 



�9 , , , ,  , 

Z7 - "! -~" k - - ,A . . - . - . - i . . - . . - - - f _  I I , 1, I .. I . . . .  I 

'3 )I,tX<Y' v L . f  
~ . _ k . . . _ . . i . . . . . . . . . _ . ~ .  i I I t I . . . . . . .  I I I I 1 

f L i  i i ~ i ,, i v I , t  l I . . . . .  
fYY h'UO lOOO /gO0 1/08 Z~OO ~OO ~, e m  " ~  

Fig. i. Infrared spectra: I) l-N-(/7-hydroxyethyl)-3,6-di- 
methyluracil; II) l-N- (/7-hydroxyethyl)- 3,6-dimethyl- 5- 
bromouracil; Ill) reaction product of I-N-~-hydroxyethyl) 
-3,6-dimethyluracil and thionyl chloride; IV) I-N-~7-ehlo- 
roethyl)- 3,6-dimethyluracil; V) bis-[/7- (3,6-dimethyl- 2,4- 
dioxo- 1,2,3,4-tetrahydro- l-pyrimidinyl)- ethyl]phenyl thio- 
phosphonate; VI) bis-[/3-(3,6-dimethyl- 2,4-dioxo-l,2,3,4- 
tetrahydro- l-pyrimidinyl)ethyl] sulfide; VII) his-[/7- (3, 6- 
dimethyl- 2,4- dioxo- I, 2, 3,4-tetrahydro- l-pyrimidinyl) eth- 
yl] disulfide; VIII) bis-[/7-(3,6-dimethyl- 2,4-dioxo- 1,2,3,4- 
tetrahydro- 1-pyrimidinyl)ethyl]/3- (3,6-dimethyl- 2,4-dioxo 
- 1,2,3,4-tetrahydro- l-pyrimidinyl)ethyl ph0sphonate. 

80 ml of absolute benzene and shaken in a separatory funnel with 40 ml of distilled water. The benzene 
layer was separated, dried over Na2SO 4, filtered, boiled with active carbon, filtered, and the solvent was 
distilled from the filtrate in vaeuo. After 5 days the residue was treated with about 5 ml of absolute petro- 
leum ether. After i0 days the produet crystallized. The sticky crystalline product was filtered, dissolved 
in about 20 ml of absolute benzene, boiled with active carbon and AI203, and filtered. The filtrate was 
evaporated to ..,2/3 volume. After 2 days the obtained crystals were filtered and washed with about 5 ml 
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of absolute petroleum ether.  The above purification was repeated.  We obtained 1 g (14.5% of theory) of 
(]]I) with mp t39-t42~ 

Reaction of (I) with the Dichloride of Chloromethylphosphonic Acid. To a s t i r red  suspension of 5 g 
of (I) in 60 ml of  absolute benzene and 2.8 g of t r iethylamine at 21-25~ was slowly added dropwise a so- 
lution of 2.3 g of the dichloride of chloromethylphosphonic acid in 30 ml of absolute benzene. Then the mass  
was refluxed for 1.5 h and cooled. The next day the t r ie thylamine hydrochloride was filtered, and the ben- 
zene was distilled f rom the solution in vacuo. The residual  pale orange oily liquid was dissolved in about 
50 ml of absolute benzene, boiled with active carbon, and f i l tered.  The benzene was distilled f rom the so-  
lution in vaeuo, and the obtained yellow oily liquid was allowed to c rys ta l l ize .  The crysta l l izat ion proceeded 
ve ry  slowly. About 7 ml of pet roleum ether was added and the mixture was allowed to stand. After a month 
the obtained product was filtered, washed with petroleum e t h e r - a c e t o n e  mixture (N10 ml, N8: 2), and then 
it was dissolved in about 30 ml of hot benzene, boiled with active carbon, and f i l tered.  The fi l trate was 
evaporated to a volume of about 7 m]. After 3 days the obtained product was f i l tered and washed with about 
30 ml of a pet roleum e t h e r - b e n z e n e  mixture (N3: 1). We obtained 1.3 g (23.6% of theory) of a substance 
with mp 90.5-93~ After three recrys ta l l iza t ions  f rom boiling absolute benzene, followed by washing with 
pet ro leum ether and drying, we obtained l -N-q3-ch lo roe thy l ) -3 ,6 -d imethy lu rac i l  (IV) with mp 95-96~ 

Reaction of (I) with P2S5. A suspension of 1.5 g of P2S5 and 5 g of (I) in 100 ml of absolute m-xylene 
was refluxed for 2 h. H2S was l iberated.  A small  amount of a sticky dark mass  deposited on the flask 
walls.  The solution was decanted and cooled. The obtained c rys ta l s  were  filtered, and after  a double r e -  
crys ta l l iza t ion f rom m-xylene  we obtained 0.5 g of (I) with mp 258-260~ The fi l trate was evaporated in 
vacuo to give an oily liquid. It was t reated with about 3 ml of methanol and allowed to c rys ta l l ize .  After 
a month the obtained c rys ta l s  were fi l tered and washed with absolute benzene. We obtained 0.9 g of sub- 
stance with mp 146-180~ which is readi ly soluble in ch loroform and pract ica l ly  insoluble in absolute ben- 
zene. The product was t r i tura ted  in about 30 ml of a b e n z e n e - c h l o r o f o r m  mixture (,.*1: 2), the solid p rod-  
uct with mp 206-211~ was filtered, while the f i l t rate (A) was allowed to stand for fur ther  work-up.  The 
solid product was d issolved in about 40 ml of boiling chloroform, fil tered, and the solution was evaporated 
to N2/3 volume. The obtained product  was filtered, mp 210-213~ After a second recrys ta l l iza t ion f rom 
chloroform,  mp 215-218.5~ The substance was refluxed with about 40 ml of absolute benzene, filtered, 
and the solid residue was again rec rys ta l l i zed  f rom chloroform.  We obtained b i s - [ f i - (2 ,4 -d ioxo-3 ,6 -d i -  
me thy l -1 ,2 ,3 ,4 - t e t r ahydro -1 -pyr imid iny l )e thy l ]  disulfide WI) with mp 214.5-215.5~ After drying in 
vacuo, mp 217-218.5~ The fi l t rate (A) was evaporated to incipient crys ta l l iza t ion.  The obtained solid 
product  was fi l tered and washed with about 5 ml of absolute benzene; mp 160-180~ An additional amount 
of this substance was isolated f rom the mother  liquor. After three recrys ta l l iza t ions  f rom boiling abso-  
lute benzene we obtained bis-[/3- (2,4-dioxo- 3 ,6 -d imethy l -  1 ,2 ,3 ,4 - t e t rahydro-  1-pyrimidinyl)ethyl] sulfide 
(V) with mp 170-171~ 

Reaction of {I) with Triphenyl Phosphite.  A mixture of 30 g of (i) and 16.9 g of triphenyl phosphite was 
heated-at 210-220~ for 5.5 h. Phenol was l iberated at 200~ and the mass  began to darken. The mass  
turned to a glass  on cooling. It was t rea ted  with about 50 ml of absolute benzene and allowed to stand. The 
powdery mass  was t r i tura ted  well in benzene.  This operation was repeated many t imes,  af ter  which the 
product was fil tered, washed on the fi l ter  with absolute benzene (5 • N30 ml), and dried in vaeuo. We ob- 
tained 19.2 g (60.5% of theory) of b i s -  [/3- (2,4-dioxo-  3 ,6 -d imethy l -  1 ,2 ,3 ,4 - t e t r ahydro-  1-pyrimidinyl)ethyl] 
f l - (2 ,4 -d ioxo -3 ,6 -d ime thy l - t ,  2, 3, 4 - te t rahydro-1-pyr imid iny l )e thy lphosphona tc  (VII) with mp 190-245~ 
(decompn.). About 10 g of the product  was dissolved in boiling n-propanol,  boiled with active carbon, and 
fi l tered.  The obtained product was filtered, washed with n-propanol  and benzene, and dried, mp 264-280~ 
(deeompn.). A second portion of the substance, with mp 267-275~ (deeompn.), was obtained f rom the 
mother  liquor. Reerysta l l iza t ion of this mater ia l  f rom boiling n-propanol  gave (VII) with mp 276-279~ 
(decompn.).  

The IR spectra  were taken on a UR-10 spectrophotometer .  The samples were p repared  as Nujol 
mulls .  The UV spect ra  were  taken on an SF-8 spect rophotometer .  

CONCLUSIONS 

A study was made of the synthesis and some of the chemical transformations of l-N-(fl-hydroxyethyl) 
- 3,6- dimethyluraeil. 
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