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4-Chlorophenyl 5-chloro-8-quinolyl phosphorotetrazolide (2) was 

a highly efficient phosphorylating agent for the synthesis of 5'-O-

dimethoxytrityl-2'-O-tetrahydropyranylnucleoside 3'-(4-chlorophenyl, 

5-chloro-8-quinolyl) phosphates (4). The fully protected ribo-

nucleoside 3'-phosphotriesters 4 are key intermediates for the 

synthesis of oligoribonucleotides via phosphotriester approach.

In a previous paper, we have described 4-chlorophenyl 5-chloro-8-quinolyl 

phosphorochloridate prepared simply from 4-chlorophenyl phosphorodichloridate 

and 5-chloro-8-hydroxyquinoline in one flask reaction. The phosphorochloridate 

could be used for the preparation of 5'-O-dimethoxytrityl-2'-O-tetrahydropyranyl-

nucleoside 3'-(4-chlorophenyl, 5-chloro-8-quinolyl) phosphates (4) as a key 

intermediate in the synthesis of oligoribonucleotides by the phosphotriester 

approach.1 However, we observed some dimethoxytrityl alcohol and 5'-phospho-

rylated products during the phosphorylation of 3'-hydroxyl group of 5'-O-dimethoxy-

tritylnucleoside using 4-chlorophenyl 5-chloro-8-quinolyl phosphorochloridate (1). 

In order to clarify such side reactions, we examined the reaction of 1 and 

5'-O-dimethoxytrityl-2', 3'-O-dibenzoyluridine. To a solution of 4-chlorophenyl 

phosphorodichloridate (0.83ml, 5.0mmol) in dry THE was added a mixture of 

solution of 5-chloro-8-hydroxyquinoline (987mg, 5.5mmol) and triethylamine 

(7.5ml, 5.5mmol) in dry THE (12.5ml) at -10•Ž. The reaction mixture was 

gradually warmed to room temperature and stirred for 45min.1 After completion 

of the reaction, triethylammonium hydrochloride was removed by filtration. To 

the filtrate was added 5'-O-dimethoxytrityl-2', 3'-O-dibenzoyluridine (755mg, 

1.0mmol) and 1-methylimidazole (0.6ml, 7.5mmol). The mixture was kept for 

8h at room temperature, quenched with ice-water, and extracted with methylene 

chloride (3•~30ml). The methylene chloride extract was washed with water, and 

concentrated in vacuo. The residue was dissolved in a small amount of methylene 

chloride and chromatographed on a silica gel column. The undesirable nucleoside 

5'-phosphotriester (5) was found to be isolated in 120mg (15%) by eluting the 

column with methylene chloride-methanol (95:5 v/v).2 

In order to overcome this problem, 4-chlorophenyl 5-chloro-8-quinolyl phos-

phorotetrazolide (2) was employed in place of 1 as a phosphorylating agent. 

A typical procedure for the phosphorylation of the 3'-hydroxyl of 2', 5'-

protected nucleoside using 2 is as follows: To a solution of 4-chlorophenyl
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phosphorodichloridate (0.25ml, 1.5mmol) in dry THE (2.5ml) at -10•Ž was added 

a solution of 5-chloro-8-hydroxyquinoline (287mg, 1.6mmoi) in dry THE (2ml). 

After 15min, triethylamine (0.22ml, 1.6mmol) in dry THE (1.2ml) was added, and 

the reaction mixture was gradually warmed to room temperature and stirred for 45

min. A mixture of tetrazole (122mg, 1.7mmol) and triethylamine (0.23ml, 1.7

mmol) in dry THE (3.5ml) was added. After 10min, triethylammonium hydrochloride 

was removed by filtration. To the filtrate was added 5'-O-dimethoxytrityl-2'-0-

tetrahydropyranyl-N6-benzoyladenosine (758mg, 1.0mmol). The solution was 

concentrated to 4ml under reduced pressure and stirred for 30min at room temper-

ature. The solution was concentrated to obtain a gummy material and it was 

dissolved in methylene chloride. The methylene chloride solution was washed with 

water, dried over anhydrous sodium sulfate and concentrated. The residue was 

dissolved in a small amount of methylene chloride and chromatographed on a silica 

gel short column. The desired nucleoside 3'-phosphotriester 4b was isolated in 

1.05g (95%) by eluting the column with a stepwise gradient of methanol (0-5%) in 

methylene chloride.

(5)

(1) (2)

(3)
(4)

DMTr=dimethoxytrityl 
t=tetrahydropyranyl

Similarly, other monoribonucleoside 3'-phosphotriesters 3a, 3c, and 3d were 

obtained in 96%, 91%, and 88% yields, respectively. Dedimethoxytritylation and 

the corresponding 5'-phosphorylation were not observed during the phosphorylation 

reactions. Furthermore, 2 afforded 4d containing guanine base from 3d in high
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yield than the use of 1 in situ. However, in the above reactions, when triazole 

was used in place of tetrazole, the yield of 4a from 3a decreased markedly to 20%. 

The phosphorylating agent 2 cannot be isolated, however, it can be kept in THE for 

several days at -10•Ž. All nucleotidic compounds0 4 were homogeneous on HPLC and 

identified by 1HNMR and gave satisfactory elemental analysis. 

Next, the synthesis of a trinucleotide (CpCpAp) (10) by using 4 was examined. 

The phosphotriester 4b (2.22g, 2.0mmol) was treated with 2% p-toluenesulfonic 

acid in a mixture of dioxane and methanol (7:3 v/v) for 15min at 0•Ž to give 6.3 

The 5'-hydroxyl nucleoside 3'-phosphotriester (6) was isolated in 1.57g (97%) by 

precipitation with petroleum ether and used for next coupling reaction without 

further purification. On the other hand, 4c (2.83g, 2.9mmol) was treated with 

1M N1, N1, N3, N3-tetramethylguanidium salt of 2-pyridinaldoxime (3.0ml) in a mixture 

of dioxane and water (1:1 v/v) (54ml) for 16h at 20•Ž.1 The mixture was treated 

with Dowex 50W-X2 (pyridinium form) and the resin was removed by filtration and 

washed with aqueous pyridine (50%). The filtrate and washings were combined and 

washed with ether and extracted with methylene chloride. The methylene chloride 

extract was rendered anhydrous by repeated coevaporation with dry pyridine. The

1.

2.

3.

PAO=2-pyridinaldoxime 

OS-t=8-quinolinesulfonyl-
tetrazole

phosphodiester (7c)4 thus obtained was dissolved in dry pyridine (9ml) and then 

6 (1.57g, 1.9mmol) and 8-quinolinesulfonyltetrazolide (QS-t)5 (1.53g, 5.8mmol)
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were added. The reaction mixture was stirred for 1h. After removal of 8-

quinolinesulfonic acid6 by filtration, the corresponding dinucleotide (CpAp) (8) 

was obtained in 3.37g (97%) after separation by silica gel short column 

chromatography. The trinucleotide 10 was prepared analogous by as described above 

for the synthesis of the dinucleotide 8. The compound 4c (1.07g, 1.1mmol) was 

treated with 1M N1, N1, N3, N3-tetramethylguanidium salt of 2-pyridinaldoxime7 to 

remove the 4-chlorophenyl group and the phosphodiester 7c thus obtained was con-

densed with the partially protected dinucleotide (9) (1.05g, 0.73mmol) using 

QS-t (726mg, 2.75mmol) for 1h to give the fully protected trinucleotide (10) in 

85% (1.49g) isolated yield. Compound 10 was deprotected using first conc. 

ammonia for 5h at 50•Ž to remove the benzoyl and 4-chlorophenyl groups, and then 

with 0.01N hydrochloric acid (pH 2) for 20h at 20•Ž to split off the dimethyoxy-

trityl and tetrahydropyranyl groups, and finally with zinc chloride in aqueous 

pyridine for 24h at room temperature to remove the 5-chloro-8-quinolyl 

group. 1,5,8,9,10 The deblocked trinucleotide, CpCpAp was obtained in 87% yield 

after purification by chromatography on DEAE-cellulose DE-52. The purity of 

CpCpAp was checked by TLC, PE, and HPLC on Finepak C1811 as well as hydrolysis 

with spleen phosphodiesterase to Cp and Ap in the ratio 2.01:1.00. 

In conclusion, it was found that 4-chlorophenyl 5-chloro-8-quinolyl phos-

phorotetrazolide (2) was a highly efficient phosphorylating agent for the synthesis 

of nucleoside 3'-phosphotriesters bearing 5'-dimethoxytrityl group. 

The authors thanks Professor Tsujiaki Hata for his encouragement and his 

discussion throughout the investigation. 
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