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ABSTRACT

Stability of aranatic phosphoramidates was studied using 2',3'-0-di-
benzoyluridine 5' -phospramidates and N,2', 3 '1--tribenzoylcytidine 5' -phos-
phate. The effect of dicyclohexylcarbodimiide in thlis mixture was investi-
gated. Deampcsition of the anilidate was slower in the presence of DCC.

Substituted anilidates of uridine 5'-phosphate were synthesized and the
stability of these amidates in anhydrous pyridine was studied.

2' --Benzoyluridine 3'-p)osphoranilidate and the corresponding 16-naphthy-
lidate were rared in their stabilities in anhydrous pyridine, 50% aqueous
pyridine and 80% acetic acid. 2'-O-Benzoyluridine 3'-phosphoro---naphthyli-
date was used for synthesis of dinucleotides.

Aromatic phosphoramidates of ribonucleosides have recently been shown to

serve as protecting groups of phospixhonoesters in the synthesis of oligo-

nucleotides2' During the ondensation reaction, however, a partial decot-

positin and further activation of phosphoramidates have been observed. To

inrprove the extent of the condensation and minimize side reactions in phospho-

diester synthesis further studies on the properties of aromatic phosphor-

amidates are required. In this paper fate of 2' ,3'-O-dibenzoyluridine 5'-

phosphoranilidate (I) in pyridine was investigated (Chart 1) in the presence

of N,2',3'-O-tribenzoyl cytidine 5'-phosphate (II). The effect of dicyclo-

hexylcarbodiimide (DCC) in this reaction was studied to find stability of I

during cndensation. To investigate the effect of the basicity of the aro-

matic amine of the phosphoraridates cn the stability of the P-N linkage,

substituted anilidates of uridine 5'-phosphate were synthesized and their

half lives in anhydrous pyridine were neasured.

Stability of arcmtic amn dates of 2'-0-benzoyluridine 3'-phosphate were

then neasured in anhydrous pyri4ine, 50% pyridine and 80% acetic acid. Two

types of dinucleotides were synthesized using 2'-O-benzcyluridine 3'-phospho

ro,--naphthylidate.
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Chart 1
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Treatment of 2',3' -0-dibenzoyluridine 5' -phoharanilidate with N,2',3 '-)-

tribenzoylcytidine

presence of DOC.

During coevaporation of 2' ,3'-0-dibenzoyluridine 5'-phosphoranilidate(I)
with pyridine in the presence of N,2 ',3'-0-tribenzoylytidine 5'-phosphate(II)
deocrposition of I to the corresponding phosphate (IV) was observed (27%) as

detected by paper oatograpy (Table I). After 10 hr mixed

(III) was detected together with Pl,P2-diuridine 5 '-pyxophnsphate, and the

phosphate IV increased to 40%. A trace of Pl,P2-diqytidine 5'-pyrophosphate
was also detected after 30 hr and did not increase arcablly. After 117

hr the coxrposition was as the following: the aate I, 24%; the phosphate

IV, 36%; P1,P2-diuridine 5'-pyrophosphate, 9%; the xed 31%.

In the presence of DCC the decosposition of the anilidate I was slower than

in the absence of DOC. Fifty-six percent of the anilidate survived after 100

hr. Ihis may be explained by formation of the p phoramidate frm the deco-

posed phosphate and the amine with DCC4). An exess of DCC could react also

with the liberated amne to yield the carboxyaridine base (V). This strong
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base may stabilize the phosphoranilidate. Hlweer, the activation of

5)Ioesters with DCC is inhibited by strong bases ) l[e fonrmtion of this

guanidine during the nsation using DOC might decrease a yield of phospho-
diester bond synthesis. Use of arylsulfcnyl chloride as the condensing re-

agent could give higher yield in ndensations. This reagent was used for

reaction of the amidate as described later.

Synthesisandproerties of scme uridine 5 '-p1xsporaxmatic amidates (VIII).

As shown in Chart 2, VII were synthesized from uridine 5'-phosphate and

amines. -Rate of fo ration of the phophoramidate depends upon pKa value of

th amine As sunmarized in Table II the rate of formation increased as the'

pKa of the amine becane smaller. However, nudh weaker bases siuh as m-chlcro-

aniline reacted slower than aniline. In reaction betwen uridine 5' -phosphate
(IV) and weaker bases a side reaction to yield Pl,P2-diuridine pyrophosphate

occured in larger extent. A larger excess of the weAk amine increased the

yield of te oshoramdate. Omversicn of the pyrophosphate to the phospho-

ramidate was observed.

Chart 2

- Ar-NH2, DC

HO-P-O CH Ar-N-P-0> C
0

(VI) (VII)
U

0

(VIII)

Stability of these amidates in anhydrous pyridine is also sumnarized in

Table II. idine '-phosphoranilidate shxwd the greatest stability. The

nedinisni of dexposition in pyridine of ramidates is not clear. In

50% pisidine pyridiniun uridine 5'-phosphoranilidate was about 7 times

stable than in ay puspyridine. Although protcnaticn on the nitrogen of

the anilidate could a lerate the liberation of the-amine, protcnation is not

likely to occur in pyridine. he yridiniun nd (VII) might

225



Nucleic Acids Research

Table I.

Paper Criomatography and Paper Electrophoresis
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Table II.

Prcperties of uridine
5'-arauatic piosprdates
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be foned as an in ediate in yridin soluti and further itn

to the oiresponding phosphate (V7I) could occur during pape elec resis.

Synthesis and pr erty of 2'--benoyluridine 3'-1h praratic aidates.

As discussed above Utic aospramdaztes could have different sta-

bility. It would be reasaible to assue.that an anisidate of nucleside 3'-

phosphates is nrDre unstable than the cor ding anilidate. Although use

of N,2' -dibenz~ladenosine 3 -phosphoro-p-anisidate and the anilidate gave

3)the sanre yield. in the synthesis of the trinucleotide3, side products might
be different in these cases.

9-Naphthylamidate of 2 '-O-benzcyluridine 3'-phosphate (IXa) was synthe-
sized since lipophilic substitution would facilitate isolation of the product
with organic solvent6l Ihe reaction to farm the naphthylidate IXa was not

quantitative and the product was isolated by extraction with organic solvents

in 63% yield. Other lipophilic aromatic nes, suci as p-triphenylnethyl
aniline and of-naphthylamine did not react with 2 '1-0-benzoyluridine 3'-pbos-
phate prcbably because of steric hindrance. Stability of the P-naphthylidate
IXa was carared with that of 2'-O-benzoyluridine 3'-phosphoranilidate I2b in

anhydrous pyridine, in 50% aoueous pyridine and in 80% acetic acid. The re-

sults are shaon in Fig. 1. The anilidate IXb was nore stable than the naph-

thylidate IXa in anhydrous or aquous pyridine. Crdpared with the 5'-iscier

Chart 3
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I% 0-------O 0

A

0203040.67 o. .

Time (hr)

Fig. 1 Stability of the naphthylidate (IXA) (&-A) and the anilidate (Ib)
(o-O) at 230 a, in anhydrous pyridine (0.2 Do; b, in 50% pyridine (0.2 );

c, in 80% acetic acid (0.2 N4. Aliqints (10 jl) were taken at appropriate
tine intervals and analyzed by paper electoresis (pH 7. 5) .
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(Table II) the 3'-phosphoranilidate Ib was slightly more stable. In 80%

aoetic acid both of the amdate were essencially 1 changed after 2 lir. This
neans the IX can survive during removal of the 5' -Orcnetcotrityl
group. rlhe naphthylidate IXa was then used for synthesis of dinucltide.

Synthesis of ribodinucleotides using 2' -O-benoyluridine 3'-s hr--

naphthylidate (IXa).

lhe naphthylidate IXa was used for synthesis of tw types of dinul

tides XI and XE (Chart 3). The internediate X was tried to isolateby ex-

tracticn with organic solvents after cndensation using TlPS. Partially puri-
fied Xa was treated with 80% acetic acid to yield XI which was separated from
the starting material IXa by extraction using carbn tetrachloride &q14chloro-
forn. The dinucleotide XLI was cbtained by treatment Xb with isoanXl nitrite
and further purified by extraction with.nethylene chloride and n-butanol.
The isolated yield was around 20"' in both cases. Although the naphthylidate
IXa showed reasanable lipophilicity the lw yield may be due to loss during
extraction.

iBuiIn another instance, iBuO-G (OiBu)-p-U(O1Bz)-p' was-btained in 25%
yield after condensation of the naphthylidate IXa followed by isoanyl nitrite
treatrnt and LEM-cellulose coluim chromatography8) Synthesis of ribodi-
nucleotides using anilidates of N,2'-0-protected nucleoside 3'-phosphates
gave 20 to 65% yield9) These dinucleotides were used for synthesis.of oligo-
nucleotides having sequences of the yeast tyrosine t1IA 5'-end and.the result

will be published elsewhere.

EXPERIEMTAL

General thds ----- Paper tograpy was perforrd in solvent systems:

A, n-butanol-acetic acid-water (5:2:3); B, ethnol-1 M ammmiun acetate, pH

7.5 (7:3). Paper electrcphoresis was perfarned at 900 V/40 an using 0.05 M

amnuniun formate, p 3.5 and 0. 05 M triethylamrnnium bi ote, iI 7. 5.
Rf values and relative nrbilities are given in Table I. Other general thds
are as described previously10)

Mblar absorptions at pH 1 were: pU, 10 x 103 at 260 mn; pC, 13 x 103 at'
280 nm; Pl,P2-diuridine 5'-pyrophosphate, 20 x 103 at 260 rm; Pl,P2-diqytidine
5'-pyrophosphate, 26 x 103 at 280 nm; pl-uridine 5', P2-cytidine 5'-pyroc3hs-
phate, 17 x 103 at 280nm. Iblar absorpticns in water were: 2' ,3'-0-dibenzoyl-
uridine 5' -phosphoranilidate, 12 x 103 at 260 nm; 2', 3'-0-dibenzcyluridine 5'-

plosphoro-R-naphthylidate, 14 x 103 at 260 nm; N,2',3'-O-tribenzoylcytidine
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5'-phosphate, 12 x 103 at 304 nm. Nblar absorpticns of uridine 5'-phosphor-

amidates were deterdned by phosphorus analysis using Allen's Irethod').
Synthesis 2',3'

--dibenzoyluridine 5' -phosphate Pyridinium

5 '-phosphate was benzoylated by a similar nethod used for benzoylation of de-

oxyadenosine 5'-phosphateH Acetolysis of the mixed benzoic anhydride with

2',3' -O-dibenzcyluridine 5 '-phosphate was perforned using acetic anhydride in

pyridine as described for N,2', 5' -O-tribenzoyladenosine 3' -phosphate The

yield was nearly quantitative and the product was contaminated with a trace

of N-acylated conpound.

Synthesis of N ,2', 3' -O-tribenzoylcytidine 5'-phosphate ----- The corrpound was

prepared by the saue procedure used for 2',3'-O-dibenzoyluridine 5'-phosphate.

The yield was nearly quantitative.

Synthesis of pyridinium 2 , 3'-O-dibenzcyluridine 5'-phosphoranilidate -----

Pyridinium 2',3'-O-dibenzoyluridine 5'-phosphate (0.4 irrole) was dissolved in

a mixture of t-butanol (4 ml), water (0.8 ml) and aniline (2.8 nmles, 0.255

ml) with warming. To the clear solution was added DCC (412 mrg, 2.0 mrles)

and kept at roan tenperature for 48 hr. Paper electrophoresis at pH 7.5

shawed no starting materials. The solution was evaporated and the residue

was dissolved in 30% pyridine. The solution was filtered and extracted with

n-hexane. 4-Aniline N,N'-dicyclohexylcarboxamidine was remroved by passing

the solution through a cnlumn of pyridinium Dcwex 50X2 (1 x 15 cm). The elu-

ent and washings of the column were evaporated and the residue was precipi-

tated with ether from its solution in pyridine (3 ml. The product was con-

taminated with pyrcphosphate of 2', 3' -O-dibenzoyluridine 5' -phosphate (ca. 10%).

The reaction of 2', 3' -O-dibenzoyluridine 5' -phosphoranilidate with N, 2', 3' -0-

tribenzcylcytidine 5' -phosphate in pyridine ----- Pyridinium 2', 3' -0-di-

benzcyluridine 5'-phosphoranilidate (890 A260 units) and pyridinium N,2' ,3'-C-

tribenzoylcytidine 5'-phosphate (1000 A304 units) were evaporated with dry

pyridine repeatedly. The residue was dissolved in dry pyridine (1 ml) and

aliquots (10 uil) were taken at time intervals at 230. The sanples were

treated with 15 N iTethanolic amrrnia for 12 hr and applied to paper chronrato-

graphy in solvent B. The pyrophosphate fraction was further separated in

paper electrcphoresis at pH 3.5.

The reaction of 2' , 3' -0-dibenzayluridine 5' -phosphoranilidate with N,2 ', 3' -O-

tribenz2xlcytidine 5'-phosphate in the presence of DCC ----- DCC (10 equiva-

lents to the phosphomrnoester mponent) was added to the above reaction
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mixture unless otherwise specified.

Synthesis of uridine 5'-p2hosphoramidates S---ubstituted aniline derivatives

(7 rrnles) were allowed to react with uridine 5'-phosphate (1 mrole) using DCC
(5 nrles) in a mixbure of t-butanol (10 ml) and water (2 ml) at 250. ¶-¶e
condition was similar to that used for the synthesis of adenosine 5'-phosphor-

4)amindate . The extent of the reaction was checked by paper electrophoresis at

pH1 7.5. The carboxamidinium salt of uridine 5'-phosphoranilidate was stable

in pyridine at least 48 hr at 250. the product was converted to pyridinium

salt as described in the case of 2',3'-O-dibenzoyluridine 5'-phosphoranilidate.

2 '-O-Benzoyluridine 3' -phosphoranilidate ----- Pyridinium 2' --benzoyluridine
10) (12720 A260 units) was dissolved in water (1.3 ml) and t-butanol (13 ml).
Aniline (0.65 ml) and DCC (1.1 g) were added and the mixture was reflux for

3 hr. Paper electrophoresis showed no starting material at this stage.

Solvents were evaporated and 50% pyridine (20 ml) was added. The urea was

removed by filtration and the filtrate was extracted with n-pentane (3 ml).

The nucleotides were precipitated with ether-pentane (3:2) from its solution

in pyridine. The precipitate was dissolved in 50% pyridine and applied to a

colurn (1.2 x 22 cm) of Dowex 50X2 (pyridinium form). The effluent and

washings were evaporated and dissolved in 50% pyridine (12 ml). The product

was extracted with nethylene chloride (4 ml, 3 portions) to separate from the

pyrophosphate. The anidate was precipitated with ether-pentane (3:2) from
its solution in anhydrous pyridine. The yield was 7500 A260 units 59%.

2'--Benzoyl 3'-phosphoro4-naphthylidate (IXa) ----- Pyridinium 2'-O-beuizqyl-
uridine 3'-phosphate (2 niroles) was dissolved in t-butanol (50 ml) and water

(10 ml) at 600. DCC (2.12 g) was added and the mixture was heated at 600 for

12 hr. The urea was reiroved by filtration and the solution was evaporated.
The residue was dissolved in 10% pyridine (40 ml) and chloroform (50 ml).
The aqueous phase was exthacted with chloroform (50 ml) three times and the

ccrbined chloroform solution was ooncentrated. The naphthylidate was precipi-
tated with ether. mTe yield was 1.3 g (1.8 x 104 A260, 1.24 iriles, 62%).

a 235, 260, 290(sh), 340(sh).

CBZ (CBZ) --U (OBz) -p-NH-j-Naph (XI)---- Pyridinium 5 '--trityl-N,21-Odiben-
zoylcytidine 3'-phosphate (0.75 mrole) and carboxamidinium salt of the naph-
thylidate (IX) (0.4 nirole) were treated with ?IPS (2.4 Droles) for 8 hr at 100.
Tri-n-butylamine (1.14 ml), pyridine (4.8 ml) and water (4.8 ml) were added
in an ice bath. Ihe mixture was kept at roonm teperature for overnight and
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concentrated. The residue was dissolved in chloroform (25 ml) and washed with

water (10 ml). Chloroform layer was then washed with 10% pyridine and evapo-

rated to dryness. The residue was treated with 80% acetic acid at room tenper-

ature for 1 hr. Acetic acid was renoved and the residue was dissolved in 20%

aqueous pyridine. The starting material (IXa) was extracted with carbcn tetra-

chloride and the dinucleotide (XI) was extracted with carbon tetrachloride-

chloxoform (1:1). The organic layer was washed with 20% aqueous pyridine to

remove N,2'-O-dibenzqylcytidine 3'-phosphate and evaporated to dryness. The

residue was dissolved in pyridine and precipitated in ether-pentane 1:1. The

yield was 116 mg, 900 A305 (0.073 nrle) (18%).

BzO-CBZ(CBz)-p-U(OBz)-p (XII)----- Pyridinium N,2' ,5'-O-tribenzoylcytidine 3'-

phosphate (1.44 x 104 A262, 0.8 mirle) and the naphthylidate (IXb) (1.63 x 104

A260, 0.79 irirole) were treated with TPS (909 mrg) in anhydrous pyridine (5 nil)

for 8 hr at 180. Tri-n-butylamine (1.5 ml) in pyridine (6 ml) and water(6 ml)

were added. The mixture was kept at roam tenperature for ovemight and concen-

trated. The residue was dissolved in methylene dichloride (20 ml) and washed

with water (5 ml, 2 portions). The solvent was evaporated and the residue was

dissolved in 50% pyridine (20 ml). The naphthylidate (IXb) was extracted with

carbcn tetrachloride (10 ml, 3 portions). The dinucleotide intermadiate (Xa)

was extracted with chloroform and precipitated with ether-pentane (3:2) from

its solution in small amount of pyridine. The precipitate was treated with

isoanyl nitrite (2 ml) in pyridine-acetic acid (1:1) (16 ml) at room tenipera-

ture for 4 hr. Volatile materials were rerved by evaporation and the residue

was dissolved in 10% pyridine (15 ml). BzO-CBz(OBz)-p was extracted with

chloroform (4 ml, 3 portions) and the product was extracted with methylene

chloride-n-butanol (2:1) (5 mnl, 3 portions). The organic phase was washed with

small amrount of water and evaporated. The dinucleotide (XII) was precipitated

in ether (100 ml) with its solution in pyridine. The yield was 1.37 x 103

A305, 0.15 mrrle (19%).
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