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SUWINIARY 

d 4 C  Labelled 5-alkyluracils were prepared by 

condensation of the diethylacetals of o(- formyl- carbonic 

acid esters with 14C- thiourea. Compounds labelled at 

4-C were synthesized by condensation of the labelled car- 

boxylic acid derivatives with thiourea. 

,&An0 m e r s  of 5lalkyl- 2'-deoxyuridines were obtained 

in a fairly good radiochemical yield, Alkyl substituents 

ranged from methyl to tetradecyl, isopropyl a n d  tert- 

-bUtyl. 

Key words: 5-alkyluracils1 5- alkyl- 2*,deoxyuridines, C02 -exchange 

4- 14C- labelled, 

* For Parts I and I1 see Ref, 3 and 4, respectively. 
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INTRODUCTION 

The p- isomers of S-alkyl-2'-deoxyuridines a r e  compounds of 

different therapeutical interest. For example many of them have 

antiviral effect against Vaccinia a n d  IGerpes simplex and they a r e  

not toxic (1,2),  The  synthesis  of the compounds in larger amounts 

h a s  been elaborated (3,4). Study of the in vitro or in vivo, 

mechanism of activity of these compounds is much more effective in 

their labelled form. During the metabolism, conversion of the 

molecules m a y  take place through splitting, therefore better results 

could be attained by labelling at different positions. With this in 

view the synthesis w a s  carried out as follows, 

The  synthesis  of 2-14C labelled uracils was  based  upon the 

condensation of 14C- thiourea with the diethylacetals of o(- formyl- 

-carbonic acid esters. For 4-14C labelling we used the method of 

Szabolcs,  Szammer and Noszk6 (5)  developed for the exchange of 

COOH group for 14COOH group in aliphatic carboxylic acids. T h e s e  

acids  were used for preparing the corresponding diethylacetals and  

the b a s e s  as described above, W e  prepared the deoxy-nucleosides 

by condensation of the protected H,/3 - halogenated deoxyribose 

with the silylated b a s e  in the presence  of HgEr2 and  molecular 

sieves as described earlier by Szabolcs ,  S&gi and  Otvos (3).  In 

this way we could separate  the -anomers  of 5alkyl-2'-deoxy- 

uridines in good yields, 

P 

RESULTS AND DISCUSSION 

T h e  generally applied procedure for the preparation of 

2- 14C- uracils i s  the condensation of 2- 14C-thiourea with the 

sodium-salt of o(- formyl- carboxylic acid es te rs  as described f i rs t  

by Burckhalter and Scarborough ( 6 )  and Johnson a n d  Hemingway 

(7). By this method the yields were rather low (10-20 %) 

especially in the case of uracils containing longer a l e 1  chains(6) t  
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isopropyl or tert-butyl groups ( 8 )  in position 5. The method of Den0 

( 9 )  and Benett (10)  applied for the synthesis of 2-thiothymine by 

condensing thiourea with ethyl 3,3-diethoxy-2-methylpropionate in 

the presence  of sodium ethoxide gave, however, satisfactory results 

(with 43-55 % yield). This compound was  desulphurized by aqueous 

monochloroacetic acid according to Wheeler and Liddle (11) whicn 

produced 2-14C-thymine in 40-50 % yield, 

Our reaction scheme i s  presented in Figure 1. W e  used 

longer refluxing periods both in condensation and desulphurization 

than the above authors and obtained the compounds IV a-1 in better 

radiochemical yield with an  average  of 55 %, also in the case of 

long alkyl and  branched chains in position 5 of the uracil ring. The  

feasibility and good results of these reactions suggest the prefe- 

rence of this method to that of Surckhalter and Scarborough (6) .  

The  exchange of C02 for 14C02 in the sal ts  of carboxylic 

acids  i s  based on the reaction presented in Figure 2 (on top of 

Fig.). Such  reactions were investigated by Szabolcs,  Szamriier and 

Noszk6 (5). The  exchange reaction proceeds as follows: 1 4 c ~ 2  i s  

distilled in vacuum on salt, This mixture i s  then heated a t  tempera- 

tures where the decomposition of the corresponding salt  was not 

more than 1-2 %. The 14C labelled carboxylic acid was liberated by 

HC1 gas. These  acids  were used then for the synthesis of 4-14C 

labelled 5-alkyl-uracils according to the reaction scheme in Fig.2 

to produce the substituted bases  V.a,b,h,l in a yield of 25-35 %. 

For the preparation of 5-alkyl-2'-deoxyuridines we used our 

previous method (3)  which i s  a modification of the "silyl I-Iilbert- 

Johnson"  reaction, Our method i s  based on the condensation of 

30 % excess of silylated base  with 3',5'-di-O-p-chlorobenzoyl- 

- OC,p-D-ribofuranosyl chloride in acetonitrile a t  room temperature 

for 1 4  hours by joint application of l-Igi3r2 and molecular s ieves  

(Fig.3). In this way most of the protected -anoniers precipitated /s 
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from the solvent in crystalline form in the course of the reaction, 

Deacylation of the compounds was performed with sodium methoxide. 

This method was used for condensing both 2-14C and 4-14C 

labelled base  analogues with protected halogenated deoxyribose. 

For better radiochemical yields two additional s teps  were added to 

t h e  procedure. The  first was the recovery and re-use of excess 

unreacted labelled bases ,  recovered by continuous alcoholic ex- 

traction in 25-30 % yield. The  second procedure was  separation of 

the unprotected anomeric mixture of 5- alkyl- 2'- deoxyuridines by 

column chromatography. This was the extension of a TLC separation 

method described previously ( 3 ) .  

EXPERIMENTAL 

W e  used silica gel H F  (Nterck, Darmstadt) for thin-layer 

chromatography and 7 5 - 2 5 0  mesh silica gel for the column chroma- 

tographic separation of anomeric nucleosides. Radioactivity m e a s u r P  

rnents were carried out in a Carbon-Tritium Automatic G a s  Analyzer 

Typ OE-973 (CHINOIN RT, Hungary). All melting points and boiling 

points a r e  uncorrected, 

254 

,d. =B~om~-_ca~bgx-.&~ acid _etkyl- %stEr-( Ipg 
T O  0.3 mole of carboxylic acid, 38 ml  of freshly distilled 

thionyl chloride w a s  added carefully. The mixture was then warmed 

up Slowly to boiling and  w a s  refluxed for 2 hours to remove SO2 

and HCI. Af te r  the mixtures cooled to room temperature, 1- 2 

crystals of I2 and then 16.1 m l  of 13r2 were added dropwise in the 

course of 3 hours. This w a s  followed by a refluxing period of 

10-12 hours in order to remove HBr; 57 ml  of EtOH was then 

added carefully at room temperature and  the mixture was  refluxed 

again for 40 minutes, to rermove I-ICl. The cool solution w a s  poured 

into a separatory funnel and  extracted twice with 50 ml  of distilled 

water, After separation the organic phase was  distilled under 
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reduced pressure ,  Table 1 snows the boiling points and  yields of 

the products. 

- Die_tnii-aaetgls_ of ~ f ~ r ~ y ~ - c _ r ~ o ~ y ~ c - a ~ i ~  e_titl?yl -es_ters-( za=l)- 
For this type of reactions activated zinc w a s  used. 

Activation w a s  perforiiied by shaking 0 5  g of zinc chip in 100 ml 

of 1 0  ”/. HC1. T h e  zinc w a s  washed by decantation 3 t imes with 

water, and then with methyl alcohol; 1-2 

and  tne zinc w a s  dried at 100 C in vacuuii: for 10-15 minutes; 

12.5 ml of abs.  benzene was  added to 50 g of activated Zn, with 

stirring; 0.1 mole of K- bromo-carboxylic acid ethyl es te r  (Ia-1) a n d  

0.12 mole ( 2 0  ml) of orthdormic ester in 35 nil abs. benzene were 

added dropwise in 40-50 minutes. T h e  iwixture should b e  warmed if 

necessary .  Once the reaction h a s  started, it requires  ice-cooling. 

In a few minutes a n  elastic material precipitated, Stirring w a s  stopped 

and  a n  additional 12.5 g of activated zinc w a s  added, followed b y  

a n  10-12 hour refluxing period. T h e  cool solution was  poured by 

decantation into a flask containing a 50 m l  mixture of diethyl ether 

and  ice. T h e  zinc s lurry was  washed with 30 ml of ether wich w a s  

then combined with the solvent mixture. This w a s  acidified at 0 C 

with acetic acid, the organic layer w a s  separated and wasned  witn 

K1iCO3 solution ( 1 0  %), After drying over  IWgS04, tne ether w a s  

removed by evaporation and the residue w a s  distilled under 

reduced pressure,  Data on b.p. and  yields of products are given in 

Table 1. 

crystals  of I2 were added  

0 

0 

I,z= 14 -cA2=~hie +iiQlu_ra_cik L Iga i )  

To 4.41 mmole of Ha-1, 0.3 g (18 mCi) of 14C-tniowea 

( 14C- thiourea w a s  prepared from Ba14C03 according to reference 

( 1 2 )  and had a specific activity of 25 mCi/mmole) and  a solution 

of sodiurn ethoxide (0.15 g sodium in 7.7 ml of abs .  Et0I-I) were 

added and refluxed for 40-48 hours, then cooled, Most of the 
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ethanol w a s  removed from the mixture by evaporation in vacuum. 

T h e  semisolid residue, w a s  dissolved in 10-15 m l  of water and  

acidified to pH=l  by concl HC1. T h e  solution was  kept at 0 C for 

severa l  hours. T h e  crystalline material w a s  filtered off, then 

washed with water and petroleum ether;  0.3 g of the corresponding 

2-thio-5-alkyluracil w a s  dissolved in the remaining solvent by 

adjusting the p H  value to 8-9 with NaOIH then the solution w a s  

acidified again to pli=l. In this way a n  additional 0.5 mCi of the 

labelled product, altogether 8- 10 mCi of [ 2-14C] 2-thio- 5alkyluraci l  

could be obtained. 

0 

5.0 mwole of IIla-1 in 1 0  % inonocnloroacetic acid ('7.5 m m o l e )  

0 
w a s  refluxed for 20-24 hours, then kept at 0 C for a few hours, 

The  crystals  were filtered off and wasned with cold water, T h e  

b a s e s  obtained in 80-90 "/o yield were used for the synthesis  of 

deoxynucleosides without further purification, Physical  parameters a r e  

presented In column IV of Table  1. 

I ( 4z1'CJ 5=+k$u,ra,cil_s lVa,b_lh,l)- 

10.0 mmole of carboxylic acid potassiurii sa l t  was placed in 

a thick-walled g l a s s  tube of 10 ml volurne on a vacuum stand, T h e  

compound was  dried in vacuum a t  150-200 C, T h e  tube w a s  then 

cooled with liquid iU 

B a  C03 

sea led  in vacuum. T h e  sealed tube was  placed in a metal bomb 

under 3-4 -a tm N2 p r e s s u r e  to balance the inner p r e s s u r e  of the 

g l a s s  tube (4-5 atin). This  metal tube was  kept in a metal bath for 

1-2 nours a t  an  appropriate temperature, T h e  tube w a s  then cooled 

in liquid N2$ opened and the e x c e s s  1 4 C 0 2  w a s  recovered as 

d 4 C 0 3 .  T h e  labelled carboxylic acid sal t  was  washed  with water 

into a flask and dried by evaporation. An equivalent amount of WC1 

gas obtained from dry NaCl and H 2 S 0  

0 

1 4 C 0 2  obtained from 1 mmole (0.197 g )  2' 
1 4  and  conc. t12S04, was  distilled on the salt, the tube w a s  

w a s  distilled on the 
4 
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salt  and  the liberated labelled acid w a s  lyophilised in vacuum in 

80-90 %. T h e s e  labelled ac ids  were used as starting materials for 

the preparation of [ 4-I4C] 5-alkyluracils, Reaction s t e p s  were as 

described above:  acid, d-bromocarboxylic acid ester, diethylacetals, 

2-thio-5-alkyluracils1 5-alkyluracilse Radiochemical yields of the 

products are shown in Table  2. 

L2= 1 4  -Cl n n i  L41:Cl2&-,bi~_--0;.- ~ T y i m _ e ~ y ~ s i ~ ~ - 5 - a _ l k y l ~ r a _ c i ~  1 Gad)- 

T h e s e  derivatives were prepared according to Nishirnura 

et al. (13) in 85-90 % yield, T h e  compounds were used for further 

synthesis  without distillation, 

k2= -Cl ZncJ L42 - 4 ~ , ~ - D _ i ~ - p - ~ h ~ r _ o b _ e n _ z o y l = 5 ~  a$yl--2'+e_ox~- 

- ur'_dikees_ L,v&a+ z n g  gI&-- - 
1 4  1 4  

The  coupling reactions were carried out as descr ibed 

earlier b y  Szabolcs  e t  al, ( 3 )  with the only iiiodification that the 

cloroform- insoluble materials of the precipitated protected /3-anomer 

and  that of the protected CX@ -anomeric mixture were  corubined and  

extracted with EtOIl in a Soxhlet extractor for 6-8 hours. T h e  

alcoholic solvent w a s  evaporated and  the labelled 5- alkyluracils 

were recovered in 20-25  % yields. 

h2= 1 4  -Cl s n g  1 4 ~ 4 - C ~ 5 ~ - ~ ~ - 2 ~ e ~ ~ ~ ~ d ~ n ~ ~ ~ ~ =  iso_me&s,( ga=lL 

Deacylation of the compounds VIIa-1 and  VIIIa-1 were carried 

out according to Prystas a n d  Sorm (14) .  Compounds IXa-f were 

recrystallized from ethanol- petroleum ether, and  Xi-k from ethyl 

acetate .  Yields were between 35- 45 %, specific activities between 

2.5- 4 , l  mCi/mmole. T h e  physical constants  and radiochemical yields 

of the products are shown in Table 2 ( t h e  starting thiourea had a 

specific activity of 2 5  mCi/mmole). 
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- Sepa&akon Of JhE Sk -an_on?_er~c,la_bble_ddnucleo_sid_ees_ LJXz-- a_n& 

- X a S k  b j  -colu,mn, c&rgm~to~r,ap-hr 

The  column (2.5 c m  x 50 c m )  w a s  packed with 200-210 ml 

of 75-250 mesh silica gel  and washed with 2-3 volumes of ethyl 

acetate;  0.5 g of the deacylated m i x t u r e  of 

dissolved in 10-15 ml of EtOH; 10-15 g of silica gel w a s  added to 

this solution a n d  the EtOH evaporated in vacuum. Ethyl acetate 

evaporation w a s  repeated 2- 3 t i m e s .  This  silica gel containing the 

mixture of nucleosides was  packed on the column which w a s  washed 

witn 2 volumes of EtOAc. T h e  compounds were separated by elution 

with EtOAc containing 5 "/o EtOH; 10-15 ml fractions were collected, 

Separation w a s  controlled in e a c h  fraction on TLC with EtOAc:EtOH= 

=95:5 solvent mixture. T h e  fractions were then evaporated to small 

volumes, petroleum ether w a s  added  and the precipitate w a s  filtered 

of f ,  In this way 0.2-0.25 g of 

could be obtained depending on the ratio of anomeric nucleosides in 

the starting mixture, 

d1/3-nucleosides  was  

d- and 0.1-0.15 g of b-nucleosides 
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