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Ahdract-2’,3’-0-Phenylhoronates of adenosine (I), uridine (II), inosine (III) and cytidine (rv) have 
heen prepared from corresponding nuckosides and phenylhoronic acid (PBA). The protecting group 
can he removed with propane-1,3diol under mild conditions in anhydrous medium On heating r(J’)- 
monophosphates of adenosine and cytidine with PBA a speciiic dephosphorylation was achieved leading 
to 2’,3’-phenylhoronates (I, IV) The synthetic aspects of the application of nucleoside phenylhoronic 
esters (tritylation. tosylation and phosphorylation) have heen studied. 

IN A previous paper we showed that phenylboronic acid (FBA) can be used for 
protection of 2’,3’-cis-glycol groups in the phosphorylation of adenosine.’ The 
present paper deals with a synthesis as well as with some properties and reactions 
of phenylboronates of adenosine (I), uridine (II), inosine (III) and cytidine (IV). 

We have prepared 2’,3’-0-phenylboronic esters of nucleosides from PBA and 
nucleosides in pyridine solution. The reaction afforded the crystalline solids, stable 
in air, soluble in acetone, pyridine, dioxan and dimethylformamide. 

The esters are easily hydrolysed in water. The spectrophotometric measurements 
of the quantity of phenylboronic acid formed during the hydrolysis showed that 
the hydrolysis of the esters at pH 6-5 was complete within 10-15 min. The protecting 
phenylboronic group could be also removed in organic solvents in the presence of 
propan-1,3diol. 

Table 1 lists some properties of the compounds prepared. IR spectra of all the 
phenylboronates obtained exhibit absorption bands at 1370 and 1440 cm-’ which 
could be due to B-O and B-C,,i-vibrations.2 Phenylboronate of cytidine also 

provides a band at 1725 cm- ’ (8 = &1-H).3 The same band was observed in 

spectra of three cytidyl acids existing in the form of bipolar ions. Moreover, hydroxy 
vibrations caused an absorption at 3630 cm- ’ .4 Considering the above data, phenyl- 
boronate of cytidine may be assigned the structure IV : 

2’3’-0-Phenylboronic esters of nucleosides were shown to be convenient inter- 
mediate compounds for the synthesis of 5’-O-derivatives of nucleosides. Thus, in 
the reaction of adenosine-2’,3’-0-phenylboronate with toluene psulphonyl chloride 
the totally protected nucleoside (V) was obtained, which after treatment with propane- 
1Jdiol gave 5’-0-tosyladenosine (VI) ; on the other hand the reaction of I with 
triphenylchloromethane and further work up with aqueous pyridine afforded 5’- 
trityladenosine (VII). 

We have also studied the possibility of using phenylboronates of nucleosides in 
a synthesis of nucleoside-5’-monodi- and triphosphates. 
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Phenylboronates were phosphorylated with P’diphenyl-Pz-morpholidopyro- 
phosphochloride, as well with morpholidophosphodichloride5 or with Bcyanoethyl 
phosphate in the presence of N,N’dicyclohexylcarbodiimide6 and corresponding 
treatment led to 5’-monophosphates (IX-XI ; cf. Table 2). 

Mild hydrolysis of intermediate morpholidophosphochlorides of 2’,3’-O-phenyl- 
boronates of nucleosides (VIII) and subsequent removal of phenylboronic protection 
with propane-lJdio1 yielded the 5’-phosphormorpholidates of nucleosides (XII, 
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TABLE 2. PHOSPHORYLATION OF 2’,3’-0-PHENYLBORONATES OF NUCLl4XIDEs 

2’,3’- 
Pheuyl- 
boronic 
ester of 

nucleoside 

Phosphory- 
lating 
agent 

Yield % 

Initial 5’-MCF 273’~ML+ 2’(3’)- s’- 
nucleo- nophos- nophos- diphos- 

Uniden- 

side phate phate phate 
tilied 

Adenosine Morph* 
lidophosphe 
dichloride 

Adenosine l3Cyanoethyl 
phosphate 

Adenosine P’-Diphmyl- 
P2-Morpholido. 
pyrophos- 
phochloride 

Uridine Pi-Diphenyl- 
P2-Morpholido- 
pyrophos- 
phochloride 

Cytidine P’-Diphenyl- 
P*-Morpholido- 
pyrophos- 
phochloride 

57.5 18.0 23.0 - 

6.9 61.0 200 30.0 - 

2.8 775 1.5 13.0 3.1 

82a 6.4 8.1 3.0 

- 80.0 - 18.6 0.8 

XIII) in the form of their salts with strong amines which were used in reaction with 
inorganic phosphate and pyrophosphate for the synthesis of di- and triphosphates’ 

(C H 0) j-&i- -\o Om 6, I ! 

Cl 
I, II, IV 

, b J-rCH# p_HC+OC@ 

0 0 HO OH 

IX, x, XI 

VIII 

I 

(1) PH 7.0 

(2) HO(CHd,OH 

HO OH 
XII, XIII I, IX, XII @ = adenine 

II, X. XIII @ = uracil 
IV, XI @ = cytosine 

VIII @ = adenine, uracil, cytosine 
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The reaction of isomeric 2’(3’)-monophosphates of adenosine and cytidine with 
PBA proceeds via dephosphorylation and provides nucleoside phenylboronates 
(I and IV). The reaction was carried out in dimethylformamide at various tempera- 
tures (100, 120, 140”). The results are shown in Table 3. 

The data of this Table show that the heating of nucleoside 2’(3’)-monophosphates 
with PBA in dimethylformamide at loo” led to a cyclophosphate and to isomeriza- 
tion of 2’-monophosphate into 3’-monophosphate of adenosine. Increase in tempera- 
ture (120”) caused a considerable decrease in yield of monophosphates, while the 
content of nucleoside phenylboronates (I, IV) increased. Thus, phenylboronate of 
cytidine (IV) was obtained in 74.6% yield. 

The same method provides 703% of adenosine from phenylboronic ester (I; 
spectrophotometric determination). In the control runs in absence of PBA the heating 
of 2’(3’)-mononucleotides in dimethylformamide yielded adenosine-2’,3’-cyclo- 
phosphate showing a notable increase in yield with temperature (75x, 140”, 3 hr). 
2’,3’-Cyclophosphates of nucleosides should be the intermediates in the reaction 
of nucleoside-2’(3’)-phosphates with PBA. The elucidation of the reaction mechanism 
is now in progress. 

t”,DMF “OCp$ 

HOT, $0 

HOOPbH 
&“OH 

9 OH 

O=&OH 

bHO= adenosinco, cytosinc 

EXPERIMENTAL 

Whatman No. 1 paper and the following solvents systems were used in chromatography : (1) propan- 
2-ol<onc NH,OH-water (7: 1:2); (2) EtOH-OSN NH,OAc, saturated with sodium tetraborate (5 :2); 
(3) EtOH-1M NH,OAc, pH 7.5 (5:2); (4) BuOH-AcOH-water (4: 1 :S); (5) propan-l-ol-conc NH,OH- 
water (6:3: 1); (6) cone (NH&SO,-1M NaOAc-propan-2-ol (80:12:2); (7) BuOH-HCO,H-water 
(77:20:3). 

Paper electrophoresis was carrnzd out at a voltage gradient l&m v/cm for 1 hr in 005 M triethyl- 
ammonium bicarbonate soln @H 7.5). Inorganic phosphorus was detected by molybdate method;’ 
PBA was delined by a qualitative reaction with diphenylcarbazone,’ and the sec. OH groups-by the 
Dekker’s method.‘O Electrophoretic mobilities of the compounds were calculated relative to those of 
nucleoside-S-monophosphates. 

Nucleoside phenylboronates (I-IV). To a stirred 2G mM soln of nucleoside in 100 ml pyridine, 20 mM 
PBA in 50 ml of the same solvent was added while heating under rellux for 2 hr. The mixture was evaporated 
in vacua, the residue was washed with ether and recrystallized (Table 1). 

Determination of the stability of 2’,3’-phenylboronic esters of mrcleosides. Aliquot parts of aqueous solns 
of phenylboronatcs of nucleosides (30 pg/ml) were shaken with equal volumes of eater (20 set) in lo,30 
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and 60 min and the optical density of the solns was measured at 217 mp. A quantity of PBA, formed during 
the hydrolysis was determined by comparing the extinctions of the solns with the extinction of the control 
ester solution of PBA, prepared in the same manner. 

During the tint 10 min m&e than 90% of phenylboronic acid was extracted from aqueous solns of 
phenylboronates of nucleosides. 

S’-0-Tosyl adenosine-2’,j’-0-phnylboronate (V). To a stirred soln of 1.76 g of I in 40 ml pyridine, @94 g 
toluene psulphonylchloride was added at 0”. and the mixture was left for 18 hr at the same temp. The 
cold mixture was neutralized and extracted with chloroform. After evaporation in UC&O, the ether was 
added yielding 1.26 8 of V (49.5%); R, O-72 (system I); 078 (system 4); UV spectrum (in M&H): A.,,_ 
260 mp log E 416. (Found: C, 54.22; H, 4.64. Calc. for C,,H,,BN,O,S: C, 5446; H, 4.37%). 

5’-0-Tosyl adenosine (VI). To a soln of 03 g of amorphous V in 10 ml CHCI,, OG8 ml propane-1,3diol 
was added dropwise. The solvent was removed and the residue washed with petroleum ether. 0.22 g 
(96.5%) of VI was obtained (dec at 15S156”). UV spectrum (in MeOH): L_ 260 rnh log E 4.11. (Found: 
C, 48%; H, 591. Calc. for C,, H,,NS06S: C, 48.45; H, 502%). 

5’-Trityl ademsine (VII). 1.0 g of I and 1.15 g of triphenylchloromethane was heated at 100” in 30 ml 
pyridine and left at 18-20” for 20 hr. 200 ml of ice water was added (10 hr, 0”) and the solid was separated, 
yield of VII was 0.67 g (46%). m.p. 254” (pyridine-alcohol), [a] 6” = -22” (pyridine. li)) lit. m.p. 250”.” 
(Found: C, 68.63; H. 5.36; N, 13.4. Calc for CmH2,NS01: C, 68.35; H, 5.34; N, 13.7:/,). 

Adenosine-S-monophosphute (IX) 
(a) With PI-diphenyl-P2-tnorpholidopyrophosphochloride. To a soln of 0-M g morpholidophosphodi- 

chloride and 005 g diphenylphosphoric acid in O-5 ml dioxan, 006 ml 2,6-lutidinl was added and in 15 min 
O-035 g phenylboronic ester of adenosine. The mixture was left for 48 hr and then hydrolysed with 100 ml 
water at pH 29. After 2 days standing, the mixture was worked up with chloroform (for removing phenyl- 
boronic and diphenylphosphonic acids), mixed with 5% NH,OH to pH 8Q extracted with ether (amines) 
and chromatographed over the “Dowex 1 x 4”. 2C0-4W mesh (HCOO-). The column was washed with 
water. The compounds were eluated, using the concentration gradient of formic acid. The eluting solutions 
were: (1) 100 ml water-100 ml @125 N formic acid; (2) 50 ml @125 N acid-50 ml @5 N acid; (3) 50 ml 
05 N acid-50 ml 1 N acid; (4) 5 N acid. Fraction volumes were 5 ml. Fractions 11-17 gave adenosine: 
R, 064 (system 1), E,, C-12. Fractions 21-35 gave adenosine-5’-monophosphate (IX): R, values were: 
0.12 (system 1), 002 (system 2). @2 (system 3). @22 (system 5), E, la. 

Fractions 4144 gave adenosine-2’(3’)-monophosphate: R, values were 011 (system 1). @15 (system 2). 
026 (system 3) : EAyp 1.0 Fractions 83-88 gave adenosme-2’(3’).5’-dlphosphate E,,, 1.32. 

The compounds from the 58-63 and 73-78 fractions were not identified. The results of the chromato- 
graphic resolution are given in Table 2. 

(b) With morpholidophosphodichloride. To a soln of 0.051 g morpholidophosphodichloride in 19 ml 
dioxan, 0044 g of I and OQl6 ml 2,6-lutidine was added. The reaction mixture was stirred at 80” for 3 hr. 
left at 18-20” for 20 hr, then hydrolysed with 25 ml water (pH 2Q, worked up with chloroform, 5% NH,OH 
and ester in succession and chromatographed over the “Dowex-1” as it is described in A. 

(c) With fbcyanoethyl phosphute. A soln of 0,035 g of I in 2Q ml dioxan was mixed with @3 ml of a 
standard soln of p-cyanoethyl phosphate and the reaction mixture was dried by azeotropic distillation 
with pyridine. The syrup was treated with a soln of @ 18 g N,N’dicyclohexylcarbodiimide in 14 ml pyridine 
and left standing at 18-20” for 2 days. Then 1 ml water was added and alter standing 30 min, the solvent 
was removed; 2 ml water was added to the residue and N,N’dicyclohexylurea was filtered off; 4 ml water, 
1 ml 25% NH,OH was added to the liltrate, the mixture was heated at 60” for 1 hr and evaporated in 
uacuo. The oil residue was mixed with 2 ml EtOH, worked up with propane-1,3diol and chromatographed 
in the same manner as before. 

Triethylommonicrm salt of adenosine-S’-phosphomorphofide (XII) 
To a soln of VII, prepared from @5 g adenosine 2’,3’-0-phenylboronic eater. as described 40 ml 095 M 

triethylammonium bicarbonate and @70 ml tri-n-butyl amine and evaporated in uacuo. The solid was 
dissolved in dimethylformamide, treated with 05 ml propane-1,3diol, evaporated in uacuo and washed 
thoroughly with ether. 

The residue was dissolved in 500 ml water, mixed with 3% NH,OH, to make the pH 84, after which 
it was passed through the cohunn containing 40 cc of “Dowex 1 x 4”. 200-400 mesh (HCO;). Phos- 
phomorpholide (XII) was eluted with O-1 M soln of triethylammonium bicarbonate, and concentrated 
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in aacuo. The residue was dissolved in 10 ml MeOH and precipitated with ether; @3 g (41%) of XII was 
obtained, R, Q45 (system I), 048 (system 31,043 (system Sk E- 06. 

Uric-S-pbosp~e (X). To a soln of 004 g of morphoIidophosphc&hIoride and 005 g diphenyl- 
phosphoric acid in 05 ml dioxan, 007 ml 2,6-lutidine was added and in 15 min 003 g phenylboronic ester 
of uridine (II). The mixture was left for 48 hr at 1618” and the ppt of lutidinc hydrochloride was filtered 
off. Water (100 ml) was added to the filtrate and the soln was acidified with OfN HCI to pH 20. After 
2 days standing the mixture was worked up with chloroform, mixed with 5% NH,OH to pH 85, extracted 
with ether (aminesf and chromatographed over the “‘Dowex 1 x 4”, 2OQ-400 mesh (HCOO-). The column 
was washed with water. The compounds were eluted, using the linear concentration gradient of ammonium 
formiate and formic acid. The concentrations were chosen from @lN ammonium formiate in water to 
05N ammonium formate in DOlN soln of formic acid. 

The Fraction volumes were 5 ml. Fractions 26-40 gave X ; R, values were 008 (system 1): @04 (system 2). 
@22 (system 3); I&. li). Fractions 42-45 gave uridine-2’(3’)-monophosphate, R, were O-23 (system 2), 
022 (system 3); Euup 1.0. 

Fractions 52-53 gave uridine-2‘(3~5‘-diphosphate, R, were OQ3 (system I), @I2 (system 3); Emu, 1.35. 
Fractions 20-22 and 47-50 were not identifted. 
Cytidine-S-pbosphute (XI) was prepared by phosporylation of IV using the procedure described. The 

hydrolysis was carried out for 4-5 days at pH 2Q. The mixture was treated as described above and chroma- 
tographed over the “Dowex-1” (HCOO-), The nucleotides were eluted with formic acid. The cluting 
solutions were : 

(1) lOOmI wat~-l~mlof~2Nfo~ica~d~ 
(2) 30 ml 002N formic acid-30 ml of 01N formic acid : 
(3) 70 ml 0-1N sonic formiate in @iN formic acid. 

Fractions 29-38 gave 80”/. of XI ; R, values v&e 006 (system 1). oc15 (system 2), 017 (system 3); Ervs la. 
Fractions 53-60 and 64-74 gave-cytidine 2‘(3’),5‘-diphosphate; R, values were 003 (system I), 009 

(system 3); I&, 1.34. 
Fraction 62 was not identified. 

Triethyl amnwniwn salt of uridine-S-phosphomorphotide- (XIII) 
To a soln ofO.280 g morpholidophospbodichloride and @72 g diphenylphosphoric acid in 4 ml dioxan. 

@49 ml 2.6lutidine was added and in 15 min @23 g of II. The mixture was left for 48 hr. After treatment 
as above for adenosine-S-phosphomorpholide, the residue was crystallixed by addition of ether. The yield 
of XIII was 0115 g (40%), R, 032 (system l), 058 (system 3), Euvp 06. 
Dephosphorylation of adeMsine_2’(33_monopftosphote, cytidine-2’(3’)-monophosphate and udenosine-2’,3‘- 

cyciophosphate 
To a stirred soln ofOG2gpbosphate(Z’[3’]-AMP,2’[3]-CMPor t’:3’-AMP)in4mI ~~e~ylfo~de, 

a01 g PBA was added at 100,120 and 140”. The periodic tests were withdrawn and analysed by chromato- 
fpaphy in systems 1,6,7 and by electrophoresis. The quantitative composition of the mixture was detected 
by spectrophotometty. The analogous control runs were performed involving no PBA. The results are 
shown in Table 3. 
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