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Synthesis of p-nitrophenyl-uridylyl-(5'-+5')-5,6-dihydrouridine 
(V), thymidylyl-(3'-+5')-uridine (XI), and fully protected thymiqylyl­
-(3'-+5')-5,6-dihydrouridine (XII) by transesterification method was 
described. 

The nucleotide sequences of amino acid transfer ribonucleic acids (tRNA) 
are common or very similar along considerable lengths of th.eir chains. The 
regions of dihydrouridine (DRU), especially in the DRU loop, attracted our 
interest for several reasons. Recently described three-dimensional tertiary struc­
ture of crystalline yeast phenylalanine tRNA, based on X-ray diffraction ana­
lysis at 3 A resolution1•2, traced the whole chain except for several nucleotides 
in the DRU and T1jJC loops. Moreover, two dihydronucleotides in the DRU loop 
arching outwards from the body of the tRNA indicate chemical accessibilities at 
these points. A number of already described primary tRNA structures contained 
DRU instead of cytidines (C) in DRU-loop. These most variable nucleotides may 
have an enzyme discrimination role2, similar to that in the extra loop where 
either U or DRU was found. Namely, the enzymatic steric prerequisites for the 
hydrogenation of these two sites could be similar due to their vicinity, estab­
lished by the base pairing G 15, G 22 of the DRU loop with C 48, G 46 of the 
extra loop2, respectively. 

In comparative catalytic 'hydrogenation studies3 the following order of 
ease of reduction was observed C » U > riboT providing a support for pre­
ferential reduction of C in »DRU« loop of native tRNA. Moreover Zachau4 

indicated the AGC sequence conversion into AGDHU in several E. coli tRNA's. 
Our hypothesis for the biosynthetic relationship between C and U and possible 
alteration of some C to DHU5 was based on the smooth displacement of the 
amino-group of DHC by water as nucleophile. 

Furthermore, the incorporation of 5-fluorouracil into nascent tRNA's6 

affected U and its derivatives ('ljJ and riboT), but not »DHU« in DHU loop sug­
gesting the absence of U derivative in this region of native tRNA's . 

In order to clarify the above mentioned modifications of cytidine-containing 
oligonucleotides we investigated the synthesis of dinucleoside phosphates con­
taining the chemically sensitive 5,6-dihydrocytidine . residue. The selective 
monothiation of 5,6-dihydrouridine into 4-thio analogue7 and its amination into 
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5,6-dihydrocytidine5 in the preformed dinucleoside phosphate offered an ap­
proach mild enough to preserve dihydrocytidylic moiety. 

The fact that the cyclic structure of 1-N-substituted 5,6-dihydrouracil was 
preserved in the presence of sodium methoxide8 encouraged us to attempt the 
dinucleoside phosphate synthesis by transesterification method. Thus 2,3'-0-
-isopropylidene-5,6-dihydrouridine-5'-di-p-nitrophenyl phosphate (II) was suc­
cessfully transesterified when treated with sodium methoxide in methanol or 
with a dioxan solution of in situ obtained 5'-0-sodium-2',3'-0-isopropylidene-
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-uridine (IV, R=Na) yielding 2,3'-0-isopropylidene-5,6-dihydrouridine-5'-p-ni­
trophenyl-methyl phosphate (III) and p-nitrophenyl-2',3'-0-isopropylidene-uri­
dylyl-(5'-+5')-2',3'-0-isopropylidene-5,6-dihydrouridine (V), respectively. 

The 5' -0-triphenylmethy l-thymidine-3'-0-di-p-nitrophenyl phosphate (VI) 
was then examined in transesterification reaction with 5'-0-sodium-2',3'-0-iso­
propylidene uridine (IV, R=Na). Thus obtained p-nitrophenyl-5'-0-triphenyl­
methyl- thymidylyl-(3'-+5')-2',3'-0-isopropylidene-uridine (VIII) was deprotected 
by 800/o acetic acid (5 min) and then by 400/o (90 min) affording p-nitrophenyl­
-thymidylyl-(3'-+5')-2',3'-0-isopropylidene uridine (IX) and then p-nitrophenyl 
thymidylyl-(3'-+5')-uridine (X). 

The dinucleoside phosphates having masked the anionic site by p-nitro­
phenyl group were soluble in organic solvents and amenable for conventional 
separation and characterization techniques. In addition p-nitrophenyl group in 
phosphotriester X was susceptible to selective cleavage in 0.1 mol/dm3• Tris 
buffer solution and in the presence of 0.3 mol/dm3 Mg(OAC)2 and moderate 
amount of snake venom phosphodiesterase. The formation of thymidylyl-(3'-+5')­
-uridine (XI) was easily followed by the precipitation of the yellow coloured 
p-nitrophenolate. The contribution of phosphodiesterase in this specific hydro­
lysis remained to be examined. 

Since the transesterification method provided a convenient route to di­
nucleoside phosphate containing dihydrouridylic acid, phosphotriester VI, in 
reaction with in situ obtained 5'-0-sodium-2',3'-0-isopropylidene-5,6-dihydro­
uridine (XIV, R=Na), was successfully transformed into the p-nitrophenyl­
methyl-thymidylyl-(3'-+5')-2',3'-0-isopropylidene-5,6-dihydrouridine (XII). It is 
worth noting that the synthesis of this dinucleoside phosphate from phospho­
triester II showed much lower reactivity toward a freshly prepared dioxan 
solution of 5'-0-triphenylmethyl-3'-0-sodium thymidine (XIII). 

In a preliminary small-scale reaction to test the effectiveness of the thiation 
of dinucleoside phosphate XII it was found that the reaction with phosphorous 
pentasulphide was selective enough to give p-nitrophenyl-5'-0-triphenylmethyl­
-thymidylyl-(3' -+5')-2' ,3' -O-isopropylidene-5,6-dihydro-4-thiouridine (XV). The 
product XV isolated from this reaction was then aminated by anhydrous am­
monia in dioxan into the corresponding thymidylyl-(3'-+5')-5,6-dihydrocytidine 
derivative XVI. The UV absorption maxima of dinucleoside phosphates XV and 
XVI at },max 283 nm and 260 nm, respectively, are consistent with indicated stru­
ctural transformations. 

EXPERIMENTAL 

The same techniques and apparatus were used as described previously5• 

2',3' -0-lsopropy lidene-uridine-5' -di-p-nitropheny l Phosphate 
To a solution of 5'-deoxy-5'-iodo-2',3'-0-isopropylideneuridine9 (394 mg, 1 mmol) 

in anhydrous toluene (100 ml) silver di-p-nitrophenyl phosphate (894 mg, 2 mmol) 
was added and the suspension refluxed for 20 h. The precipitate was filtered off, and 
the filtrate evaporated to dryness. The product crystallized from ethanol in quanti­
tative yield, m. p. 118-120 °c (Lit.10 118-120 °c). 

2' ,3' -0-lsopropy lidene-5 ,6-dihydrouridine-5' -di-p-nitropheny l Phosphate (II) 

From 5'-iodo-5,6-dihydrouridine (I) (396 mg, 1 mmol) in toluene (100 ml) and 
silver di-p-nitrophenyl phosphate (670 mg, 1.5 mmol) following above described pro- · 
cedure a quantitative yield of the product was obtained, m. p. 196-198 °c (from 
ethanol). 



854 V . . SKARIC ET AL: , . :c. 

Anal. C24H25N4013P (608.44) calc'd.: C 47.37; H 4.15; N 9.21; P 5.070/o 
found: C 47.70; H 4.02; N 9.57; P 5.27-0/~ 

2',3' -0-Isopropy Iidene-5,6-dih ydrouridine-5' -p-nitropheny I, M ethy 1 
Phosphate (III) 

2',3'-0-Isopropylidene-5,6-dihydrouridine-5'-di-p-nitrophenyl phosphate (II) (61 
mg, 0.1 mmol) in methanol-methylene chloride (4 ml, 1:1) was treated with 0.1 
mol/dm3 sodium methoxide in methanol (1 ml) and set aside for 50 min at room 
temperature. The solution was concentrated to 1 ml and the foamy product (44 mg, 
88-0/o) separated by preparative TLC [ether-methylene chloride (3:2), ether as eluant], 
Rt ca. 0.2. 

Anal. C19H 24N30 11P (501.37) calc'd.: C 45.51; H 4.83; N 8.38; P 6.18-0/o 
found: C 45.85; H 5.05; N 8.57; P 6.29-0/o 

p-Nitrophenyl 2',3' -0-isopropylidene-uridylyl-(5' -+'5' )-2',3'-0-isopropylidene­
-5,6-dihydrouridine (V) 

To a solution of 2',3'-isopropylidene-uridine (IV, R=H) (142 mg, 0.5 mmol) in 
anhydrous dioxan (5 ml) sodium (9 mg, 0.375 mmol) was added and refluxed for 
15 h. Thus obtained solution was treated with 2',3'-0-isopropylidene-5,6-dihydrouri­
dine-5'-di-p-nitrophenyl phosphate (II) (152 mg, 0.25 mmol) and set aside at room 
temperature for 20 h. A yellow precipitate (135 mg) separated by filtration and the 
filtrate passed through a silica gel (3 g) column. The eluate was then evaporated to 
dryness and the preparative TLC [ether-acetone-methylene chloride (2:1 :1)] separated: 
compounds (II), Rf ca. 0.9 (37 mg) and (IV), Rf ca. 0.4 (52 mg), as starting materials, 
and the product, Rt ca. 0.35 (70 mg). An additional amount of the product (28 mg) 
was obtained from organic layer when the afore-mentioned yellow precipitate had 
been partitioned between wate!' and methylene chloride [overall yield 98 mg, 68.50/o 
based on phosphate (II)]. 

Anal. C3oH38N50 16P (755.61) calc'd.: C 47.68; H 5.07; N 9.27; P 4.090/o 
found: C 48.01; H 5.35; N 9.55; P 3.950/o 

5'-0-Triphenylmethyl-thymidine-3' -0-di-p-nitrophenyl Phosphate (VI) 

To a solution of di-p-nitrophenyl phosphorochloridate11 (540 mg, 1.5 mmol) in 
pyridine (20 ml) 5'-0-triphenylmethylthymidine (VII) (500 mg, 1.035 mmol) was added, 
stirred at room temperature for 1 h and then evaporated to dryness. From the silica 
gel (40 g) column methylene chloride (100 ml) eluted and unidentified mixture. Methy­
lene chloride-ether (1 :1, 200 ml) eluted a foamy product (633 mg, 76-0/o). 

Anal. C41H 35N4012P (806.69) calc'd.: C 61.04; H 4.37; N 6.95; P 3.840/o 
found: C 61.19; H 4.32; N 7.19; P 3.780/o 

UV spectrum: Amax 223 and 270 br nm (log e 4.05 and 4.25), Amin 242 nm (log e 3.78). 

p-Nitrophenyl 5'-0-Triphenylmethyl-thymidylyl-(3'-+5')-2',3'-0-
-isopropylidene-uridine (VIII) 

To a solution of 2',3'-0-isopropylidene-uridine (IV, R==H) (142 mg, 0.5 mmol) 
in anhydrous dioxan (5 ml) sodium (9 mg, 0.375 mmol), was added and refluxed 
for 15 h. Thus obtained solution was treated with 5'-0-triphenylmethyl-thymidine­
-3'-di-p-nitrophenyl phosphate (VI) (202 mg, 0.25 mmol) at room temperature for 
24 h and then evaporated to dryness. The residue was partitioned between water and 
methylene chloride and the organic layer chromatographed on a silica gel (10 g) 
column. Ether-methylene chloride (2:1, 250 mg) eluted the product (145 mg, 59,3°/~), 
Rt ca. 0.3 [TLC in ether-methylene chloride (2:1)]. 

Anal. C41H45N501sP (951.85) calc'd.: C 59.30; H 4.87; N 7.360/o 
found: C 59.24; H 4.97; N 7.790/o 
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p-Nitrophenyl Thymidylyl-(3'-+5')-2',3' -0-isopropylidene-uridine (IX) 

A solution of p-nitrophenyl 5'-0-triphenylmethyl-thymidylyl-(3'--r5'Hl',3'-0-iso­
propylidene-uridine phosphate (VIII) (240 mg, 0.252 mmol) in 800/o acetic acid (10 ml) 
was refluxed for 5 min and then evaporated to dryness. The foamy product (109 mg, 
610/o) separated by preparative TLC [ether-acetone (2:1), acetone as eluant], R1 ca. 0.2. 

Anal. C28H 32N50 15P (709.55) calc'd.: C 47.39; H 4.55; N 9.87; P 4.360/o 
found: C 47.32; H 4.30; N 9.58; P 4.llilfo 

p-Nitrophenyl Thymidylyl-(3'-+5')-uridine (X) 

To a solution of p-nitrophenyl thymidylyl-(3'-+5')-2',3'-0-isopropylidene-uridine 
(IX) (50 mg, 0.07 mmol) in 400/o acetic acid was refluxed for 90 min and then evapor­
ated to dryness. The residue was purified by TLC [methylene chloride-acetone (1 : 1), 
acetone as eluant], R1 ca. 0.2, to a foamy product (31 mg, 660/o). 

Anal. C2sH2sN501sP (669.48) calc'd.: C 44.85; H 4.21; N 10.46; P 4.630/o 
· found: C 44.70; H 4.43; N 10.22; P 4.300/o. 

Mass spectrum calc'd.: (M+) T 258, U 244; found: T 257, U 243. 

Thymidylyl-(3'-+5')-uridine (XI) 

To p-nitrophenyl thymidiylyl-(3'-+5')-uridine (X) (18 mg, 0.027 mmol) in 0.1 
mol/dm3• Tris buffer solution (1 ml) 0.3 mol/dm3 Mg(OAch (0.5 ml) was added and then 
treated at 37 °c with 30 units of phosphodiesterase (CalBiochem), from Russell's viper 
venom (Crotalus adamanteus). The electrophoresis of the product was performed on 
thyn layer cellulose in 0.05 mol/dm3 Na2HP04 buffer solution at 400 V cm-1, 5 mA, and 
45 min. duration. After 10 h the completion of digestion was proved by the disap­
pearance of electrophoretic mobilities of starting material at 0.15 (mmv-1 h-1 cm) and 
the appearance of the product at 0.57 (mmv-1, h-1 cm) relative to uridylic acid. p-Nitro­
phenol appeared at 1.0 (mmv-1, h-1 cm). 

p-Nitrophenyl 5'-0-triphenylmethyl-(3'-+5')-2',3'-0-isopropylidene-5,6-
-dihydrouridine (XII) 

(a) A solution of 5'-0-triphenylmethyl thymidine (VII) (242 mg, 0.5 mmol) in 
anhydrous dioxan (5 ml) was treated with sodium (9 mg, 0.375 mmol) and refluxed 
for 20 h. To this solution of 3'-0-sodium-thymidine (XIII) 2',3'-0-isopropylidene-5,6-
-dihydrouridine-5'-di-p-nitrophenyl phosphate (II) (152 mg, 0.25 mmol) was added and 
the mixture stirred at room temperature for 28 h. The yellow crystalline product, as 
sodium p-nitrophenolate (28 mg), was filtered off and the filtrate evaporated to dryness. 
The residue was partitioned between methylene chloride-water. From the organic 
layer preparative TLC [ether-methylene chloride (2: 1), acetone as eluant] separated 
a fraction (213 mg), Rr ca. 0.6, as 5'-0-triphenylmethyl-thymidine (VII) and the pro­
duct, R1 0.1 (34 mg, 140/o). 

Anal. C47H4sNs015P (953.86) calc'd.: C 59.18; H 5.07; N 7.340/o 
found: C 58.91; H 5.27; N 7.060/o. 

UV spectrum: Amax 268 br nm (log e 3.91) Amin 234 nm (log e 3.65). 
(b) To a solution of 2',3'-isopropylidene-5,6-dihydrouridine (XIV, R=H) (500 mg, 

1.75 mmol) in anhydrous dioxan (15 ml) sodium (30 mg, 1.3 mmol) was added and 
refluxed for 15 h. This solution of 5'-0-sodium-5,6-dihydrouridine (XIV, R =Na) was 
treated with 5'-0-triphenylmethyl-thymidine-3'-di-p-nitrophenyl phosphate (VI) (271 
mg, 0.34 mmol) and set aside at 40 °c for 18 h. The precipitate was filtered off, and 
the filtrate evaporated to dryness. The residue was chromatographed in methylene 
chloride on a silica gel (15 g) column. Ether-methylene chloride (1 : 1) eluted the 
product (152 mg, 47.50/o), R1 ca. 0.1 [ether-methylene chloride (2: 1)] . 

p-Nitrophenyl 5'-0-triphenylmethyl-thymidylyl-(3'-+5' )-2',3'-0-isopropylidene­
-5,6-dihydro-4-thiouridine (XV) 

Thymidylyl-(3'-+5')-5'6-dihydrouridine (XII) (30 mg, 0.032 mmol) in freshly distilled 
pyridine (2 ml) was treated with phosphorous pentasulphide (15 mg, 0.067 mmol) and 
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refluxed for 30 min. The solvent was removed by evaporation, the residue extracted 
with methylene chloride, and then purified by preparative TLC [methylene chloride­
-ether (1 : 1)]. The yellow coloured fraction, R1 ca. 0.4, was eluted with ether. Yield 
14 mg (46°/o), Amax 283 br nm (log Ii 4.11), Amin 238 nm (log Ii 3.62). 2',3',5'-Tri-O-acetyl­
-4-thio-5,6-dihydrouridine5 showed Amax at 279 nm (log Ii 4.22). 

p-N itropheny l 5' -0-tripheny l methyl-th ymid y ly l-( 3' -7-5' )-2',3' -0-isopropy Iidene­
-5 ,6-dih yd rocytidine (XVI) 

Into a solution of thymidylyl-(3 '--?-5')-5,6-dihydro-4-thiouridine (XV) (10 mg) in 
anhydrous dioxan (1 ml) anhydrous ammonia was bubbled for 30 min, and then 
evaporated to dryness. The residue was chromatographed on preparative TLC [me­
thylene chloride-methanol (6: 1)]. Methanol eluted the product (3 mg, 29°/o), R1 ca. 0.2, 
Amax 260 br nm (log Ii 3.98). 

Acknowledgement. - We thank Mrs. E. Furic for technical assistance. 

REFERENCES 

1. S. H. Kim, F. L. S u d d at h , G. J. Qui g 1 e y, A. McPherson, J . L . 
Sussman, A. H . J. Wang, N. C. Seem an, and A. Rich, Science 185 
(1974) 435. 

2. J. D. Robertus, J. E. Ladner, J. T. Finch, D. Rhode ;;, R. S. 
Brown, B. F. C. C 1 ark, and A. K 1 u g, Nature 250 (1974) 546. 

3. B. E. Griffin, Biochem. J. 114 (1969) 31P. 
4. H. G. Z a ch a u, Angew. Chem. 81 (1969) 646. . 
5. V. S k a r i c, B. Gas p e rt, M. H oh n j e c, and G. L a c an, J. Chem. Soc. 

Perkin I (1974) 267 and references cited therein. 
6. R. G i e g e, J. Heinrich, J. H. Wei 1, and J. P. Ebel, Biochim. Biophys. 

Acta 174 (1969) 43. 
7. V. Skaric, B. Gaspert, I. Jerkunica, and Dj. Skaric, J. Chem. Soc. 

(C) (1970) 2444. 
8. V. Skar i c and B. Gasper t , J . Chem. Soc. (C) (1969) 2631. 
9. P . A. Levene and R. S. Tip s on, J . Biol. Chem. 106 (1934) 11:1. 

10. J. G. Moffat and H. G. Khorana, J. Amer. Chem. Soc. 79 (19571 3741. 
11. T. Uk it a and N . Hay at s u, J. Amer. Chem. Soc. 84 (1962) 1879. 

SAZETAK 

Transesterifikacije u sintezi dinukleozid-fosfata s dihidropirimidin-nukleozidima 
kao komponentama 

V . Skaric, M. Hohnjec i fJ. Skaric 

Metodom transesterifikacij e sintetizirani su p-ni trofenil-uridilil- 5' --?-5')-5,6-dihi­
drouridin (V), timidilil-(3'--?-5')uridin (XI) i potpuno zasticeni timidilil- (3' 5')-5,6- dihidro­
uridin. 
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