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COMMUNICATION 5. SYNTHESIS OF fl-(OXOPYRIMIDINYL-N)-ETHYLPHOSPHONIC ACIDS 
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a n d  N.  G.  P a s h k u r o v  

As a continuation of our r e s ea r ch  on the synthesis  of pyrimidinylalkylphosphonic acids we studied 
some of the routes  for  the prepara t ion  of f l-(oxopyrimidinyl-N)-ethylphosphonic acids.  

P rev ious ly  it was mentioned [1] that the prepara t ion  of f i-(oxopyrimidinyl-N)-ethyl  phosphonates f rom 
the Na sal ts  of hydroxypyrimidines  and dialkyl B-chloroethyl phosphonates is impossible due to the dehydro-  
chlorination of the phosphorus component.  For  this reason  we studied the react ion of 3-(f l -chloroethyl)-6-  
methyluraci l  (I) and 1 ,3-bis - (B-chloroethyl ) -6-methylurac i l  (II) with t r ie thyl  phosphite (III) by the Arbuzov 
reac t ion .  F r o m  the react ion products  of (i) and (iII) were  isolated 2 ,3 ,4 ,5 - t e t r ahydro-5-oxo-7-methy l -  
oxazolo[3,2-a]pyrimidine (IV), descr ibed  by us previous ly  [2], and diethylphosphorous acid 
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1 ,3-Bis-( /~-chloroethyl)-6-methyluraci l  (II), which lacks groups capable of t au tomer i sm,  reac t s  smooth-  
ly with (III) at 150-160 ~ to give 1,3-bis-[B-(diethylphosphono)ethyl]-6-methyluraci l  (V) 
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Compound (V) is a c lear  reddish viscous oil that is soluble in most  organic solvents,  and is insoluble 
in the pe t ro leum and diethyl e the r s .  The IR spec t rum of this compound does not contradict  the assigned 
s t ruc tu re .  

The synthesis  of alkylphosphonic acids by the react ion of the appropriate  tosylates  with the salts of 
dialkylphosphorous acids is descr ibed in the l i t e ra tu re  [3]. We t r ied  to use this react ion for the synthesis  
of f l-(oxopyrimidinyl-N)-ethylphosphonic acids.  However,  the tosylate of 3-(f i -hydroxyethyl)-6-methyluraci l  
(VI) could not be obtained. Compound (IV) is formed when (VI) is reac ted  with p-toluenesulfonyl chloride in 
basic media.  3 ,6-Dimethyl- l -q3-hydroxyethyl )urac i l  (VII) fo rms  the tosylate in 24% yield.  The react ion of 
the tosylate of compound (VII) with sodium dibutyl phosphite gave the dibutyl e s t e r  of ~-(3 ,6-dimethyl-2 ,4-  
d ioxo- l ,2 ,3 ,4- te t rahydropyr imidinyl - l -N)-e thylphosphonic  acid (VIII) as a color less  viscous oil that is readi ly  
soluble in benzene and CC14. The obtained resu l t s  test i fy to the fact that the p resence  in the molecules  of 
the 3-(/3-hydroxyethyl)- or 3- (~-chloroethyl ) -6-methylurae i l s  of an OH group that is capable of tau tomer ism 
in the 2 position of the pyr imidine r ing facil i tates c losure  of the f ive -membered  oxazole r ing.  

In o rde r  to obtain 4-oxopyrimidinyl-N-ethylphosphonic  acids that contain a group capable of tauto- 
m e r i s m  in the molecule we studied the react ion of (VI) and 2 -amino-3- (~-hydroxye thy! ) -4 -oxo-6-methy l -  
3,4-dihydropyrimidine (IX) with tr iphenyl phosphite (X). The react ion of (VI) with (X) proceeds  at 230-240 ~ 
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After  hydro lys i s  of the reac t ion  m a s s ,  together  with the s ta r t ing  (~r we isolated f l - (2 -hyd roxy-4 -oxo-6 -  
methy l -3 ,4 -d ihydropyr imid iny l -3 ) -e thy lphosphonic  acid (XI) as an amorphous  powder that is insoluble in 
atcohol and readi ly  soluble in wa t e r .  The p re sence  in the IR spec t rum of compound (XI) of intense a b s o r p -  //o 
tion at 930-1250 cm -1, is c h a r a c t e r i s t i c  for  the grouping P N  [14]. The diffuse absorp t ion  in the 2250- 

OH 
3600 cm -I  ::egion is caused by the super impos i t ion  of the vP_OH and VN_ H of the pyr imid ine  ring; the vC= O 
appear  at 1660 and 1715 cm - i .  

The i eact ion of (IX) with (X) begins at 160 ~ and leads to f l - ( 2 - a m i n o - 4 - o x o - 6 - m e t h y l - 3 , 4 - d i h y d r o -  
pyr imidiny]-3) -e thylphosphonic  acid (XII) and 2 , 3 , 4 , 5 - t e t r a h y d r o - 5 - o x o - 7 - m e t h y l i m i d a z o l o [ 3 , 2 - a ] - p y r i m i -  
dine (XIII). Acid (XII) is an amorphous  subs tance  that is insoluble in alcohols and readi ly  soluble in wa te r .  
An aqueous solution of acid (XII) has a pH of 6, which sugges ts  the inner sa l t  c h a r a c t e r  of this compound.  
In the IR s p e c t r u m  of (X/I) in the 900-1250 cm -I  region a r e  p re sen t  th ree  bands at 1080, 1175 and 1230cm -1, 

O # 

a re  c h a r a c t e r i s t i c  for  the ionic grouping P~ [14]. The 1000-1300 cm -i  region in the IR s p e c t r u m  which 

O- 

of (XII) is ~nalogous to the s a m e  region in the IR spec t rum of 2 - a m i n o - 4 - o x o - 6 - m e t h y l - 3 , 4 - d i h y d r o p y r i m i -  
d inyl -3-methylphosphonic  acid,  desc r ibed  by us p rev ious ly  [5]. Broad absorp t ion  at 2300-3500 cm -1 is p r e s -  
ent in t he  h igh- f requency  region of the s p e c t r u m ,  the max imum of which masked  by the vC_H; the ~P-OH 
and the s t re tch ing  v ibra t ions  of the NH~ group a r e  supe r imposed  in this region.  

The fo rma t ion  of imidazolo[3 ,2-a]pyr imid ine  (XIII) is explained by the a t tack of the amino group of 
the pyr imi6 ine  ring on the f l -carbon a tom,  the e lec t rophi l ic  p rope r t i e s  of which a r e  enhanced due to the in-  
duction effect  of the hydroxyphosphoryl  group 

O O ,O 

(xm) H 

COml:ound (XIII) is a c rys ta l l ine  compound that is read i ly  soluble in wate r ,  modera t e ly  soluble in hot 
n-butanol ,  and insoluble in ace tone .  In ha rmony  with the s t ruc tu r e ,  the v ibra t ions  in the vOH region a re  ab -  
sent in the [R s p e c t r u m  of (XIII), while the VN_ H appea r  at 3060-3125 cm-1; the vC= O appea r s  at 1670 cm -1. 

The reac t ion  of (X) with 1 ,3-b is - ( f~-hydroxyethyl ) -6-methylurac i l  p roceeds  v igorous ly  at 160-165 ~ 
and as the main product  a f t e r  hydro lys i s  was isolated 1 ,3-b is - ( f i -phosphonoethyl ) -6-methylurac i l  (XIV) as 
an amorphcus  powder that is insoluble in alcohol and read i ly  soluble in wa te r .  Toge the r  with (X'IV), f r o m  
the reac t ion  m a s s  was isola ted a product  that,  on the bas i s  of the e lementa l  ana lys is  data and the IR s p e c -  
t rum,  was i dentified as being 1,3-bis  ( f l -phenoxyethyl) -6-methyluraci l  (XV). 

The fo rma t ion  of e ther  (XV) can be depicted as being due to the alkylat ion of the phenol fo rmed  during 
the reac t ion  p r o c e s s  by the phosphonate .  The alkylat ion of phenol and thiophenol by alkyl phosphates  was 
desc r ibed  i:a [6]. 

Compound (XV) is a c rys ta l l ine  compound that is r ead i ly  soluble in benzene and acetone,  modera t e ly  
soluble in a lcohols ,  and insoluble in wa te r .  In ha rmony  with the ass igned s t ruc tu re ,  absorp t ion  is absent  
in its IR s p e c t r u m  in the 3000-3600 cm -I  region (OH and NH); the VC= O appear  at 1670 and 1710 cm -1. In 
the region (ff low f requenc ies  the s p e c t r u m  has  two intense bands at 690 and 760 cm - l ,  the posi t ion of which 
is c h a r a c t e r i s t i c  for  the out -of -p lane  deformat ion  v ibra t ions  of the C - H  of monosubst i tuted benzenes ,  and 
a ve ry  s t rong band at 1255 cm -i ,  which can be ass igned  to the v ibra t ions  of the e ther  l inkage [7]. 

EXPERIMENTAL M E T H O D  

The I~ spec t r a  we re  taken on a UR-10 spec t ropho tomete r ;  the solids as Nujol mul ls ,  while the liquids 
we re  taken between KBr p la tes .  

Reac t ion  of 3 - ( f l -Chloroe thy l ) -6 -methy lurac i l  (i) with Tr ie thy l  Phosphite (III). A mix tu re  of 5.6 g of 
(I) and 5 g of {III) was heated for  8 h at 150-155 ~ cooled, and dissolved in benzene .  The solution was t rea ted  
with act ive  carbon and evapora ted  in vacuo at 30-40 ~ After  s e v e r a l  days the res idue  c rys ta l l i zed  par t i a l ly .  
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The crys ta l s  were fi l tered (filtrate "A"), washed with petroleum ether,  and extracted with cold benzene (2 
x 75 ml). The benzene solution was treated with active carbon, fi l tered, and evaporated in vacuo. The r e -  
sidue was rec rys ta l l i zed  f rom a 2 : 1 benzene-d ie thy l  ether mixture,  and then f rom benzene. We obtained 
2.9 g (63%) of (IV) as needles,  mp 113-114 ~ Fi l t ra te  "A" was vacuum-dist i l led.  We obtained 2.1 g (51%) of 
diethylphosphorous acid, bp 70-74 ~ (10 mm); n~ 1.4093; see [8]. The IR spect rum has a band at 2400 cm -1 
( P -  H). 

1,3-Bis-[f i-(diethylphosphono)ethyl]-6-methyluracil  (V). A mixture of 5 g of (II) and 6.7 g of {iII) was 
heated at 160-165 ~ for 6 h. After cooling, the mass  was dissolved in benzene, treated with active carbon, 
then with A120.~ , f i l tered,  evaporated, and dried in vacuo at 0.01 mm and 100 ~ We obtained 7.1 g (80%) of 
(V) as a viscous oil; n~ 1.5030. Infrared spec t rum (v, cm-l) :  1665 and 1705 (C=O); 1265 (P=O); 1035 and 
976 ( P - O - C ) .  Found: C 44.71; H 7.05; N 6.22; P 13.94%. C17H$2OsN2P 2. Calculated: C 44.89; H 7.09; N 
6.16; P 13.63%. 

•-(3•6-Dimethy•-2•4-di•x•-••2•3•4-tetrahydr•pyrimidiny••N-1•-ethy••p-t••uenesu•f•nate• To a suspen-  
sion of 5 g of (VII) in 12 g of t r iethylamine was gradually added 5.5 g of p-toluenesulfonyl chloride in such a 
manner that the tempera ture  of the mixture did not exceed 40 ~ The mixture was cooled to 20 ~ t reated with 
100 ml of water ,  and rubbed well. The insoluble precipitate was fi l tered and dried. We obtained 2.2 g (24%) 
of •-(3•6-dimethy•-2•4-di•x•-1•2•3•4-tetrahydr•pyrimidiny•-N-•)-ethy•-p-t••uenesu•f•nate• mp 153.5-155.5 ~ 
(frombenzene).  Infrared spect rum (v, cm-i) ;  1665, 1695 (C=O), 1185, 1370 (SO2). Found: C 53.33; H 5.32; 
N 8.36%. CisHisN20~S. Calculated: C 53.25; H 5.33; N 8.28%. 

Dibutyl Es te r  of f l - (3 ,6-Dimethyl-2 ,4-dioxo- l ,2 ,3 ,4- te t rahydropyr imidinyl- l -N)-e thylphosphonic  Acid 
(VIII). To 0.36 g of Na in 200 ml of absolute benzene was added 2.5 g of dibutyl phosphite and the mixture 
was refluxed until all of the Na had dissolved. Then 4.5 g of f i - (3 ,6-d imethyl -2 ,4-d ioxo- l ,2 ,3 ,4- te t rahydro-  
pyr imidinyl-N-1)-e thyl-p- toluenesulfonate  was added and the mixture was refluxed until neutral .  The r e a c -  
tion mixture was s t i r red  well with active carbon and f i l tered.  The benzene was vacuum-dis t i l led f rom the 
f i l t rate .  The residual  oily liquid was dissolved in ether,  t reated with active carbon, and the ether was d is-  
tilled off. We obtained 1.5 g (36%) of (VIII); the lat ter  was dissolved in absolute benzene, refluxed with Na, 
and the solvent was vacuum-dis t i l led.  We obtained a pale yellow undistillable oily liquid; n}~ 1.4895. In-  
f r a red  spect rum (v, cm-i) :  1.675, 1703 (C=O), 1270 (P=O), 1000, 1025 ( P - O - C ) .  Found: N 7.09; P 8.57%. 
Ci6H28N2PO 5. Calculated: N 7.78; P 8.61%. 

f l - (2-Hydroxy-4-oxo-6-methyl-3 ,4-dihydropyr imidinyl-3)-e thyl-phosphonic  Acid (XI) r A s t i r red  mix-  
ture of 27 g of (VI) and 15.5 g of (X) was heated at 230-240 ~ for 2 h. After cooling, 200 ml of acetone was 
added. The obtained precipitate was fi l tered,  boiled in 200 ml of isopropanol,  and fi l tered.  The insoluble 
residue was refluxed in dilute HC1 solution for 2 h, and then the solution was evaporated in vacuo. The solid 
residue was boiled in isopropanol,  f i l tered,  and then extracted with isopropanol in a Soxhlet apparatus until 
all of the (VI) impurity was removed.  After extraction we obtained 4.8 g (51%) of (X[) as a pale yellow 
powder that decomposes slowly above 200 ~ Found: C 35.78; H 4.76; N 12.07; P 12.95%. CTHliOsN2P. Cal-  
culated: C 35.90; H 4.71; N 11.95; P 13.22%. 

Reaction of 2-Amino-3-( f i -hydroxyethyl ) -4-oxo-6-methyl-3 ,4-dihydropyr imidine  (IX) with Triphenyl 
Phosphite (X). A s t i r red  mixture of 30.5 g of (IX) and 18.6 g of (X) was heated at 220-230 ~ for 3 h (at 160 ~ 
the mixture heats up spontaneously up to 230~ After cooling, the mixture was boiled twice with benzene, 
and the benzene solutions were decanted (solution "A"). The residue was treated with 300 ml of n-butanol, 
and the precipitate that separated after some time was fi l tered and extracted with isopropanol in a Soxhlet 
apparatus to remove any possible (IX). After extraction we obtained 4.5 g (42%) of (XII), which decomposes 
when heated above 200 ~ Found: C 36.42; H 4.75; N 17.86; P 12.95%. CTH1204N3P. Calculated: C 36.0; H 
5.15; N 18.0; P 13.3%. Solution "A" was evaporated in vacuo. The residue crysta l l ized part ial ly after  a day. 
Acetone was added, and the obtained crys ta ls  were fi l tered and recrys ta l l i zed  three times f rom n-butanol. 
We obtained 7.4 g (36%) of (XIII) as color less  needles, mp 234-236% Found: C 55.80; H 6.06; N 27.60%. 
CTHgON 3. Calculated: C 55.60; H 5.96; N 27.8%. 

Reaction of 1 ,3-Bis-(f i -hydroxyethyl)-6-methyluraci l  with Triphenyl Phosphite (X). A s t i r red  mixture 
of 30 g of 1 ,3-bis-(f i -hydroxyethyl)-6-methyluraci l  and 21.8 g of (X) was heated at 230-240 ~ for 2 h (at 160- 
165 ~ the mixture heats up spontaneously up to 230~ After cooling, 250 ml of 20% HC1 solution was added 
and the mixture was refluxed for 9 h. The aqueous layer  (solution "A") was decanted f rom the separated 
t a r ry  mass .  The lat ter  was s t i r red  with 150 ml of acetone and then fi l tered.  The substance that remained 
after evaporation of the acetone was washed on the fil ter with isopropanol,  and then recrys ta l l i zed  twice 
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from isop~opanol. We obtained 8 g (21%) of (XV) as colorless needles, mp 144-145.5 ~ Found: C 69.27; H 
6.15; N 7.66%~ C21H22OtN2. Calculated: C 69.0; H 6~ N 7.65%. 

The aqueous solution "A" was treated with active carbon, fil tered, and evaporated in vacuo. The r e s -  
idue was rubbed with isopropanol, and the insoluble precipitate was filtered and then extracted with iso- 
propanol in a Soxhlet apparatus to remove any (XV). After extraction we obtained 7.5 g (33%) of (XIV), which 
decomposes in a wide temperature range above 200 ~ Infrared spectrum (v, cm-1): 1655, 1715 (C=O), 940- 
1010, 1075, 1225, and 2100-3500 (P(O)(OH)2). Found: C 31o28; H 5.20; N 7.95; P 17.88%. CgHIGOsN2P 2. Cal- 
culated: C 31.6; H 4.68; N 8.2; P 18.1%. 

CONCLUSIONS 

i. A study was made of the reaction of 3-(fl-chloroethyl)-6-methyluracil and 1,3-bis-(fi-chloroethyl)- 
6-methylu::acil with triethyl phosphite. 

2. A study was made of the reaction of 3-(fl-hydroxyethyl)-6-methyluracil, 1,3-bis-(fi-hydroxyethyl)- 
6-methylu:cacil and 2-amino-4-oxo-3-(~-hydroxyethyl)-6-methyl-3,4-dihydropyrimidine with triphenyl phos- 
phite. 
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