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Phosphorylat ion of Nl-(1,4-dihydroxy-2-butyl)  derivatives of uraci l  and thymine with polyphos- 
phoric acid or f l-cyanoethyl phosphate in the presence  of dicyclohexylcarbodiimide gives the 
corresponding diphosphates as the chief react ion products.  

If Nl- (1 ,4-d ihydroxy-2-buty l  ) der ivat ives  of uraci l  (D are  considered to be analogs of pyrimidine nu- 
cleosides in which the glycoside portion is replaced by a dihydroxyalkyl grouping [1], their  phosphate es te rs  
seem of in teres t  as models of pyrimidine nucleotides and may be used as monomers  for the preparat ion 
of analogs of oligonucleotides. The present  paper  is devoted to the synthesis  of diphospbates of N~-(1,4- 
dihydroxy-2-butyl)  der ivat ives  of uraci l  and thymine (IIa, b). Polyphosphoric acid (I~PA) [2] and f l -cyano- 
ethyl phosphate in the p resence  of dicyclohexylcarbodiimide [3, 4] were used as the phosphorylating agents. 
Considering the p resence  in I of two nonequivalent hydroxyl groups with close react iv i t ies ,  one might have 
expected the format ion  of a complex mixture of phosphorylation products - a diphosphate (II), i somer ic  1 ' -  
and 4 ' -monophosphates ,  and a cyclophosphate.  The react ion conditions were selected in order  to achieve 
formation of p r imar i ly  diphosphates II. However, analysis  of the react ion mixture by paper chromatography 
showed in addition to diphosphate II, the yield of which was 80%, the presence  of other phosphorylation prod-  
ucts.* In order  to isolate diphosphates II f rom the react ion mixture we used the low solubilities of their  
bar ium salts in water  (in cont ras t  to the bar ium salts of the monophosphates and the cyclophosphate), and 
we used the difference in their  sorption on activated charcoal  to separa te  them from the inorganic phosphate. 
Diphosphates II were isolated in the form of their  sodium salts by the method used in the chemis t ry  of nu- 
cleotides [5], and their  degree  of purity was monitored by means of paper  chromatography [6]. 
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The UV spec t ra  of diphosphates II a re  close to the spectra  of uridine and thymidine 31-monophosphates 
[7] and Nl - (5 -hydro•  phosphate [8]. 

A charac te r i s t i c  feature of the PIVIR spec t rum of diphosphates II is the substantial  decrease  in the 
shielding of the protons of both O-methylene groups and splitting of each of their  resonance lines into doub- 

* The working out of the conditions of the directed synthesis and separat ion of the corresponding monophos- 
phates and cyclophosphate is repor ted in the following publication. 
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lets. The splitting (6 Hz) is cha rac te r i s t i c  for  the 3J31POCH s p i n - s p i n  coupling constants in compounds with 
pentavalent phosphorus.  

E X P E R I M E  NTA L 

Nl-(1 ,4-Dihydroxy-2-butyl ) thymine was obtained by the method in [1] and was dried in vacuo over 
P205. A solution of f l-cyanoethyl  phosphate in pyridine was prepared  by the method in [3] di rect ly  pr ior  to 
use. The pyridine was purified by t rea tment  with ehlorosulfonic acid (20 ml per  l i ter of pyridine), af ter  
which it was distilled over KOH and stored over Call 2. 

The puri ty of the substances was monitored by means of ascending chromatography on "Leningrad 
medium" paper in isobutyric  ac id -25% a m m o n i a - w a t e r  (66 : 1.5 : 33). The e lec t rophoret ic  mobilities on 
paper (Ure 1 5'-UMR) were  determined at 700 V in a phosphate buffer (pH 7.5). The PMR spect ra  of sa tu-  
rated solutions in D20 were obtained with a P e r k i n - E l m e r  R-12A spec t romete r  (60 MHz). The chemical  
shifts were  measured  relat ive to t e r t -bu ty l  alcohol as the internal  standard (81.23 ppm). 

Sodium Salt of Nl-(1 ,4-Dihydroxy-2-butyl ) thymine Diphosphate (IIb). Four  25-ml  portions of dry py-  
ridine were added to 32 ml of a solution of f l-cyanoethyl  phosphate in pyridine (32 mmole), and the mixture 
was vacuum evaporated to r emove  t r aces  of water .  The res idue  was dissolved in 25 ml of dry pyridine, 
and a solution of 1.68 g (8 mmole) of dihydroxybutylthymine Ib in 125 ml of dry  pyrid~ne and a solution of 
16.0 g (80 mmole) of dicyclohexylcarbodi imide in 25 ml of pyridine were added success ive ly .  The mixture 
was shaken vigorously  for  30 rain, a f ter  which it was allowed to stand at room tempera tu re  for 24 h. Water 
(30 ml) was added, and the mixture was allowed to stand at room tempera tu re  for  24 h. The precipitated 
dicyclohexylurea was removed by fi l t rat ion and washed with pyridine.  A total of 280 ml of 9 N NH4OH was 
added to the f i l trate,  and the mixture was heated at 100 ~ for 3 h. The solution was vacuum evaporated to 
give a yellowish oil and a smal l  amount of c rys ta l s  of dicyclohexylurea.  Water (50 ml) was added, and the 
mixture was fil tered. A solution of 10.2 g of bar ium acetate in 50 ml of water  was added to the fil trate,  and 
the mixture was allowed to stand at 5 ~ for 24 h. The resul t ing precipitate was removed by filtration, washed 
with 100 ml of water  and ethanol, and a i r  dried to give 6.35 g of the bar ium salt  of diphosphate IIb containing 
bar ium phosphate. The solid was dissolved in 100 ml of water  [in order  to facil i tate dissolving, ~ 40 ml 
of Dowex-50 (H +) was added]. The solution was passed through a column containing Dowex-50 (H +) (200 ml 
of the resin) and the column was washed with water .  The total eluate (~ 500 ml) was evaporated at a bath 
t empera tu re  no higher than 30 ~ . The residue was dried by the addition and removal  by distil lation of ab- 
solute ethanol and benzene (three 50-ml  port ions of each), 100 ml of absolute ether was added, and the mix- 
ture was shaken vigorously.  The ether layer  was decanted in order  to r emove  the phosphoric acid. The 
operation was repeated three t imes.  The res idue was dissolved in 20 ml of ethanol, and a solution of 4.8 g 
of sodium iodide in 30 ml of acetone was added; 50 ml of acetone was then added. The sod iumsa l t  ofdiphos-  
phate IIb began to precipi ta te  af ter  severa l  days,  and the solution took on a da rk - red  color.  Workup gave 
2.2 g (62%) of the salt  of IIb with mp 221-223 ~ (from aqueous acetone);  Rf 0.20, U= l . 16 .  UV spect rum (in 
water), kmax, nm (~.I0-3): pH 2 273 (8.4), pH 12 273 (7.1). IR spectrum, v, cm-i: 1075 (C-O-P), 1290 ' 
(P=O), 1700 (C=O), PMR spectrum, ~ : 1.90 (CH~, 7.52 (6-H), 4.10 (I'-H), 4.8 (2'-H), 2.18 (3'-H), and 
3.93 ppm (4'-H). Found: C 26.4; H 4.2; N 6.5%. CgHIsN2OIoP2Na.H20. Calculated: C 26.2; H 4.1; N6.8%. 

Sodium Salt of Nl-(l,4-Dihydroxy-2-butyl)uracil Diphosphate (Ila). A 1.05-g (5 mmole) sample of di- 
hydroxybutyluracil Ia was mixed with freshly prepared polyphosphoric acid (15 ml of 85% H3PO 4 and 20 g 
of P205), and the mixture was maintained at 50-60 ~ for 2 h. Water (75 ml) was added, and the mixture was 
heated at i00 ~ for 15 rain, after which it was cooled to room temperature and introduced into a columnfilled 
with 50 g of AGN activated charcoal. The phosphoric acid was eluted with water. When the eluate (~ 1 liter) 
no longer gave an acid react ion,  etution was continued with 50% aqueous ethanol containing 5% NH4OH. The 
eluate (700 ml) was evaporated to dryness  at 30 ~ The res idue was dissolved in 30 ml of water,  and a solu-  
tion of 2.55 g of (CH3COO)2Ba in 20 ml of water  was added. The resul t ing precipi ta te  was separated by cen- 
tr ifugation and washed with ethanol to give 1.95 g (68%) of the bar ium salt  of IIa. The sodium salt  was ob- 
tained by the method used to obtain the salt  of IIb to give 1.9 g (62%) of a product  with mp 208-211 ~ [from 
w a t e r - a c e t o n e  (1 : 10)]; Rf 0.14, U 1.22. UV spec t rum (in water),  kmax,  nm (e .10-3):  pH 2 267 (9.8), pH 
12 267 (7.4). IR spect rum,  v, cm -1" 1075 ( C - O - P ) ,  1290 ( P = O ) , a n d  1700 (C=O). Found: C 23.0; H 3.6; 
N 6.1%. CsH12N2010P2Na 2"H20. Calculated:  C 22.8; H 3.3; N 6.6%. 
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