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Treatment of orotidine (1) with ethyl orthoformate afforded the 2' ,3 ' -0-ethoxymethylene deriva
tive Il, the reaction of which with triphenyl phosphite followed by an acidic removal of the protec
ti~g group led to orotidine 5'-phosphite (III). Phosphorylation of compound Il with 2-cyano
ethyl phosphate in the presence of N,N'-dicyclohexylcarbodiimide gave orotidine 5'-phosphate 
(IV) in a low yield. Phosphorylation of compound I with pyrophosphoryl chloride resulted 
in a selective formation of orotidine 2'(3')-phosphate (V) while the reaction with phosphorus 
oxychloride afforded orotidine 5'-phosphate as the predominant product . N 3 -Methylorotidine 
(VI) was converted to the 2' ,3 ' -O-ethoxymethylene derivative VIl, the phosphorylation of which 
with 2-cyanoethyl phosphate and N,N'-dicyclohexylcarbodiimide led after removal of the pro
tecting group to N 3 -methylorotidine 5' -phosphate (VIII). None of the above nucleotidic deriva
tives IIl, IV, and VIII represents a substrate for the snake venom 5'-nucleotidase. 

In connection with investigations on the specificity of orotidylate-decarboxylase 
. (EC 4.1.1.23) and snake venom 5'-nucleotidase (EC 3.1.3.5) we have been interested 

in the preparation of some 5' -nucleotidic derivatives of orotidine (6-carboxyuridine) 
(1). Thus, orotidine 5-phosphite (III) , differs from the naturally occurring substrate 
of orotidylate-decarboxylase, i.e., from orotidine 5'-phosphate (IV) by dissociation 
under the formation of a monoanion only. Compound III was prepared according 
to the general method for the synthesis of ribonucleoside 5' -phosphites1

. On treat
ment with ethyl orthoformate2

, orotidine (1) was converted to the 2',3'-0-ethoxy
methylene derivative II which was not isolated. Reaction of compound II with tri
phenyl phosphite in the presence of triethylamine and the subsequent acidic hydrolysis 
afforded a fair yield of compound III . 

The preparation of orotidine 5' -phosphate (IV) has been reported earlier3 . The presence 
of a carboxylic function on the heterocyclic moiety of compound I interferes with condensations 
in which the phosphomonoester (2-cyanoethyl phosphate) is activated by N,N'-dicyclohexyl
carbodiimide since this agent interacts also with the carboxylic function. Consequently, orotidine 
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was used in the esterified form (as methyl ester). The preparation of this ester, however, requires 
a relatively great quantity of the starting I and the yield is not satisfactory. For this reason, we have 
reinvestigated the synthesis of the phosphate IV with a special respect to the small-scale prepara
tion. The low yield of compound IV in the direct phosphorylation in the presence of N,N'-di
cyclohexylcarbodiimide might be due, inter alia, to the lability of the nucleosidic bond in com
pound I in acidic media. We have therefore attempted the preparation of compound IV from the 
2' ,3' -O-ethoxymethylene derivative II, the protecting group of which on the cis-diol system may be 
removed under far milder conditions than in the case of the previously used3 2' ,3 '-O-isopropyli
dene derivative. 

The pyridinium salt of compound II reacts with 2-cyanoethyl phosphate in pyridine 
very badlyin the presence of N ,N' -dicyclohexylcarbodiimide. After hydrolysis of the 
reaction mixture first in alkaline and then in weakly acidic media, the yield of the 
phosphate I V was 5 - 8%. The yield did not improve with the use of 2,4,6-triisopropyl
benzenesulfonyl chloride4 as the activating agent for the 2-cyanoethyl phosphate. 
The phosphate IV was isolated by chromatography on DEAE-cellulose and purified 
by paper chromatography. The product was free of any isomers and differed from the 
2'(3')-isomer Vobtained by an independent routes. The alkaline phosphatase Escheri
chia coli degradation led to orotidine (1) as the sole product. 

Recently, two novel phosphorylation methods for ribonucleosides have been 
reported 6

,7 which do not require the protection of the cis-diol system of the nucleo
side and should afford selectively ribonucleoside 5' -phosphates. We have now ap
plied these methods to orotidine (I). Thus, the reaction with pyrophosphoryl chloride 
in acetonitrile6 resulted in a complete conversion of orotidine (I) to a nuCleotidic 
derivative. As shown on comparison with authentic nucleotidic derivatives IVand V, 
the phosphorylation of orotidine (I) with pyrophosphoryl chloride led in contrast 
to other ribonucleosides to the exclusive formation of the 2'(3')-monophosphate V. 
On the other hand, the phosphorylation of the cyclohexylammonium salt of com
pound I with phosphorus oxychloride in triethyl phosphate 7 afforded a mixture 
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of mononucleotides containing roughly 90% of the 5'-isomer IV. This mixture was 
separated by preparative paper chromatography in a system containing boric acid. 
Orotidine 5'-phosphate (IV) was isolated in 30-40% yield, based on the starting 
nucleoside I. The latter method is thus suitable for the preparation of compound IV. 
In small scale preparations, the novel method is to a certain degree more advantage
ous than the original method3

• The occurrence of the 2'(3')-isomer Vin phosphoryla
tions of orotidine (I) with phosphorus oxychloride 7 and especially with pyrophospho
ryl chloride6 is obviously due to the presence of the carboxylic function on the hetero
cycliG moiety of compound I and its influence on the character of hydroxylic functions 
attached to the sugar portion of the molecule; the difference in nucleophilicity 
of these functions (leading with other nucleosides6

•7 to the selective reaction at 
position 5') is lowered. 

N 3-Methylorotidine 5'-phosphate (VIII) was prepared from N 3-methylorotidine3 

(VI) via the 2',3'-O-ethoxymethylene derivative VII by phosphorylation with 2-cyano
ethyl phosphate in the presence of N,N' -dicyclohexylcarbodiimide and removal 
of protecting groups first in alkaline and then in weakly acidic media. Compound 
VIII was isolated by paper chromatography as a homogeneous substance. The yield 
was as low as in the preparation of compound IV. Alkaline phosphomonoesterase 
E . coli degradation of compound VIII led to N 3-methylorotidine (VI) as the sole 
product. 
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As shown elsewhere8
, the presence of a carboxylic function at position 5 or 6 of the hetero

cyclic moiety exerts considerable influence on the affinity of some nucleolytic enzymes towards 
the corresponding nucleotidic derivatives. It is of interest in this connection that neither orotidine 
5' -phosphate (IV) nor N 3 -methylorotidine Sf -phosphate (VIII) are substrates for the snake venom 
Sf-nucleotidase. A preliminary report on negative results obtained with orotidine Sf-phosphite 
(Ill) and Sf-phosphate (IV) has appeared earlier9

: These observations along with those obtain~d 
~ith analogous 5-carboxyuridine derivatives8 are in accordance with the idea that the acidic 
function on the heterocyclic moiety interferes with the interaction between the heterocyclic base 
and the enzyme molecule, which interaction is necessary in the case of the snake venom Sf-nucleo
tidase for the complex formation between the enzyme and the substrate10 •11 • 
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EXPERIMENTAL 

Unless stat ed otherwise, the solutions were t aken down on a rotatory evaporator a t 30-350 C / 15 Torr. The pyridine solu-' 
tioh of the pyridinium salt of2-cyanoethyl phosphate was prepared from the barium sa1t(Calbiochem , Los Angeles, U.S.A .) 
with the use of pyridinium D owex 50 ion exchange resin, dried by coevaporation with pyridine at 30oC /0'1 Torr, and diluted 
to the value of 0·5M. 

Methods. Paper chromatography was performed by the descending technique on paper What
man No 1 (preparative runs on paper Whatman No 3 MM)in the solvent systems SI' 2-propanol
concentrated aqueous ammonia-water (7: 1 : 2); S2 , ethimol-IM ammonium acetate (5 :2); 
and S3' I-propanol-concentrated aqueous ammonia-O·lM triethylammonium borate pH 7'5' 
(55 : 5 : 40). Paper electrophoresis was performed by the technique of Markham arid Smith12 
.on Whatman No 3 MM in the buffer solutions £1' O' IM triethylammoniilm hydrogen carbonate 
(pH 7'5), and £2' 0·05M sodium hydrogen citrate (pH 3'5) at 40 VJcm (60 min). For RF values 
and electrophoretic mobilities see Table I. Enzymatic degradations were performed as follows: the 
substance (1Ilmol) in 50 III of 0·05M-Tris-HCI (pH 9·0) contg. 0'005M-MgS04 was incubated 
at 37°C for 4 hours with a) 10 III of a solution of alkaline phosphatase £ . coli in ammonium sulfate 
(Worthington), b) 60llg of Crotalus adamanteus 5'-nucleotidase (Worthington), ,and c) 100llg 
of the crude snake venom Vipera russe/li. 

Orotidine 5'-Phosphite (III) 

A mixture of the cyclohexylammonium salt of orotidine (J; 100 mg; 0·26 mmol), dimethyl forma
mide (2 ml), ethyl orthoformate (0' 7 ml), and 6M hydrogen chloride in dimethylformamide (0' 1 ml) 
was stirred until a solution was obtained and then kept at room temperature for 3 days. Sodium 
hydrogen carbonate (0'5 g) was then added, the mixture stirred for 30 min, the solid filtered off, 
and washed with dimethylformamide (2 ml). ' The filtrates were combined and evapora~ed ' at 
40°C/0'1 Torr. The residual compound II was diluted with dimethylformamide (5 ml) and the' 
solution treated with triethylamine (0·75 ml) and triphenyl phosphite (1'5 ml). The mixture was 
kept at room temperature for 3 days, treated with dilute (1 : 4) aqueous ammonia (10 ml), kept 
for additional 2 hours, and washed with two 5 ml portions of ether. The aqueous phase was 
evaporated to dryness at 40°C/0'1 Torr and the residue dissolved in 10% aqueous acetic acid 
(5 ml). The solution was kept at room temperature for 6 hours, diluted with pyridine (10 ml), 
and evaporated to dryness under diminished pressure. The residue was then coevaporated with 
two 10 ml portions of pyridine. The final residue was chromatographed on two sheets of paper 
Whatman No 3 MM in the solvent system SI' Bands of the product were eluted with dilute 
(1 : 100) aqueous ammonia (20 ml), the eluate evaporated to a small volume, and freeze-dried . 
Yield, 80 J.Imol of the ammonium salt of compound III (31 %), homogeneous on chromatography 
and electrophoresis. 

Orotidine 5' -Phosphate (IV) 

A. Using N,N'-dicyclolzexylcarbodiimide. Oroti9ine cyclohexylammonium salt (I; 2'5 mmol) 
was converted to the 2',3 '-O-ethoxymethylene' derivative II analogously to the preparation 
of compound III. A solution of the residual coml?ound II in 30% aqueous pyri'dine (10 ml) was 
applied to a column (20 ml) of pyridinium Dowex 50 X 8 ion exchange resin and the column 
eluted with 30% aqueous py,ridine (100 mI). The eluate was concentrated to the volume of about 
10 ml, the concentrate tr,eated with the stock solution of 2-cyanoethyl phosphate pyridinium salt 
(10 mmol), and the whole mixture dried by repeated coevaporations with pyridine (six 20 ml 
portions) at 30°C/0'01 Torr. The final residue was dissolved in pyridine (20 ml), the solution 
shaken with N ,N '-dicyclohexy1carbodiimide (10 g), and then kept at room temperature for , 7' 
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days. Water (5 ml) and triethylamine (1 ml) were added, the solution kept at room temperature 
for 1 hour, diluted with additional water (100 ml), and washed with ether (50 ml). The aqueous 
phase was evaporated to dryness and the residue heated at 50°C in 100 ml of 0·5M-NaOH for 
2 hours. The mixture was neutralised with pyridinium Dowex 50 X 8 ion exchange resin, the solid 
material filtered off, and washed with 30% aqueous pyridinc. The filtrates were combined, made 
alkaline with aqueous ammonia, and evaporated to dryness. The residue was heated at 50°C 
in 50% aqueous acetic acid (50 m!) for 30 min, the solution evaporated to dryness, and the residue 
chromatographed on Whatman No 3 MM in the solvent system 8 1 . Bands at the start line were 
eluted with dilute (1 : 50) aqut::ous ammonia (100 ml) and the eluates evaporated to dryness. 
Yield (determined spectrophotometrically at pH 2),0·39 mmol (15·5%) of the crude IV, conta
minated with orotidine. polyphosphate derivatives. 

B. Using 2,4,6-triisopropylbenzenesulfonyl chloride. Orotidine cyclohexylammonium salt (I; 
7·S mmol) was converted to compound II according to the above procedure (see preparation 
of compound III). The condensation mixture was prepared from 30 mmol of 2-cyanoethyl 
phosphate as··given in paragraph A. The mixture was dried by coevaporation with pyridine, 
the residue dissolvcd in pyridine (40 ml), the solution shaken .. with 2,4,6-triisopropylbenzene
sulfonyl chloride (9 g), the whole kept at room temperature overnight, and processed analogously 
to paragraph A. After chromatography and elution with dilute aqueous ammonia there was 
obtained 0·12 mmoI (1·5%) of the ammonium salt of compound IV, homogeneous on paper 
chromatography and electrophoresis. 

Phosphorylation of Orotidine (I) 

A. With pyrophosphoryl chloride ill acetonitrile. A suspension of orotidine cyclohexylammonium 
salt (I; 1 mmol) ·in acetonitrile (70 ml) was treated at O°C under stirring with 50 ml of 0·4M tri
ethylammonium hydrogen carbonate (pH 7·5) and 10 ml of triethylamine. The mixture was 

TABLE I 
Paper Chromatography and Electrophoresis 

RF Eup 
a 

Compound 
8 1 8~ 8 3 E1 E2 

Uridine 0·50 0·70 0 0 

Uridine 3' -phosphate 0·12 0·30 0·20 1·00 1·00 

0·34 0·58 0·60 1-12 
II 0·65 0·58 
III 0·20 0-42 1·15 1·07 
IV 0·02 0·16 0·16 1·30 1·92 
V 0·02 0·14 0·19 1-48 2·15 
VI 0·58 0·65 
VII 0·79 0·62 

" "VIII 0·06 0·26 1-07 1·85 

a Electrophoretical mobility referred to uri dine 3'-phosphate. 
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evaporated to dryness under diminished pressure and the residue applied (in 20 ml of water) 
to a 80 X 4 cm column of DEAE-cellulose (Cellex D, standard capacity, HCO;-). The elution 
was performed with the use of a linear gradient of triethylammonium hydrogen carbonate, 
pH 7'5 (21 of water in the mixing chamber, 21 of 0'5M buffer solution in the reservoir) at the rate 
of 3 ml per min, the fraction s being withdrawn in 10 min intervals. The ultraviolet absorption 
of eluates was measured continuously on a Uvicord apparatus. The fractions were evaporated, 
the residues co evaporated with methanol, and the yield determined spectrophotometr ically at 
pH 2 for e~~5 9600 (ref.13) . The 0'40- 0-42M fraction afforded 0·14 mmol (14%) of a mixture of 
compounds IV and V which was separated by chromatography on Whatman No 3 MM in the 
solvent system S3' Yield, 42 ~mol (4,2%) of the 5'-isomer IVand 85 ~mol (8 '5%) of compound V. 
The 0'42-0'50M fraction contained 0·47 mmol of the pure 2'(3')-isomer V which was converted 
to the diammonium salt on a 20 ml column of ammonium Dowex 50 X 8 ion exchange resin. 
Overall yield of orotidine 2'(3 ')-phosphate diammonium salt (V), 55'5%. The product was homo
geneous on paper chromatography and electrophoresis, and identical with a specimen prepared 
by an independent route5 • For NjP calculated: 4'0; found: 4·18. 

B. With phosphorus oxychloride in triethyl phosphate. A suspension of orotidine cyclohexyl
ammonium salt (1; 55 mg; 143 ~mol) in triethyl phosphate (1 ml) was treated at O°C under stir
ring with phosphorus oxychloride (50 ~I ; 84 mg; 550 ~mol), the mixture stirred at O°C for 3 hours, 
diluted with ether (100 ml), and extracted with three 25 ml portions of water. The aqueous phase 
was made alkaline (pH 9) with 10% aqueous lithium hydroxide, heated at 70°C for 15 min, and 
concentrated. The concentrate was chromatographed on one sheet of paper Whatman No 3 MM 
in the solvent system S1' The band at the start line was eluted with dilute (l : 100) aqueous am
monia (20 ml), the eluate concentrated, and the concentrate rechromatographed for 48 hours 
on 2 sheets of the above paper in the solvent system S3' The main ultraviolet-absorbing band 
of product IV was eluted as above, the eluate evaporated to dryness, and traces of the borate 
buffer were removed by coevaporation with three 20 ml portions of methanol. The residual pro
duct IV (diammonium salt) was homogeneous on paper chromatography and . electrophoresis, 
and identical with an authentic specimen; yield, 38%. The 2' (3 ')-isomer V was isolated in 6% yield. 

N 3-Methylorotidine 5'-Phosphate (VIII) 

A mixture of N 3 -methylorotidine ammonium salt3 (VI; 2 mmol), dimethylformamide (6 ml), ethyl 
orthoformate (3 ml), and 6M hydrogen chloride in dimethylformamide (0'5 ml) was kept at room 
temperature for 2 days (as shown by chromatography in the solvent system S1' the reaction 
was quantitative). Triethylamine (2 ml) was then added, the mixture filtered, the filtrate evaporated 
to dryness at 35°CjO'1 Torr, the residue coevaporated with 50% aqueous pyridine and then with 
four 20 ml portions of pyridine, and the final residue (compound VII) diluted with a pyridine solu
tion (6 ml) of 2-cyanoethyl phosphate pyridinium salt (3 mmol). The resulting mixture was dried 
by coevaporation with six 20 mlportions of pyridine at 35°CjO·l Torr and the final residue 
was disolved in pyridine (10 ml). N ,N '-Dicyclohexylcarbodiimide (2 '5 g; 12·5 mmo!) was added 
to the solution and the mixture kept at room temperature for 5 days. Water (5 ml) and triethyl
amine (0'5 ml) was then added, the mixture kept for additional 1 hour, evaporated almost to dry
ness, the residue diluted with aqueous (1 : 1) ammonia (50 m!), and heated at 60°C for 2 hours. 
The mixture was then diluted with water (l00 ml), washed with two 50 ml portions of ether, 
and the aqueous phase filtered through a layer of Celite. The . filtrate was evaporated almost 
to dryness, the residue dissolved in 10% aqueous acetic acid (25 ml), the solution heated at 50°C 
for 1 hour, evaporated, the residue coevaporated with two 25 ml portions of water, the final residue 
dissolved in water (25 ml), the solution adjusted to pH 8 by the addition of aqueous ammonia , 
and processed as above on a column of DEAE-cellulose analogously to the preparation of com-
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pound IV by phosphorylation of compound II with 2-cyanoethyl phosphate. The peak corres
ponding to compound VIII was chromatographed on Whatman No 3 MM in the solvent system 
S1. Elution of the ultraviolet-absorbing band of compound VIII with dilute (1 : 100) aqueous 
ammonia (25 ml) afforded 18 ~mol (0·9%) of the ammonium salt of compound VIII, homogene
ous on paper chromatography and electrophoresis. From the main fraction after chromatography 
on DEAE-cellulose, there was recovered 1·7 mmol (85%) of the starting nucleoside derivative VI. 

One of the authors' (R. W. B.) wishes to acknowledge the hospitality of the Institute of Organic 
Chemistry and Biochemistry, Czechoslovak Academy of Sciences, Prague. Thanks are due to Pro
fessor Dr J. Skoda of this Institute for the generous gift of orotidine and Mrs B. Kopeckd for an 
excellent technical assistance. 
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