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A CONVENIENT AND EFFICIENT METHOD FOR THE
SYNTHESIS OF NUCLEOSIDE H-PHOSPHONATES USING A
NOVEL PHOSPHONYLATING AGENT

Zai-Wan Yang*, Zu-Sheng Xu, Nan-Zhen Shen
and Zhi-Qiang Fang

Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai 200032, China

Abstract: In the present paper we describe the preparation of a novel
crystalline phosphonylating agent 9-fluorenemethyl phosphonic acid 2
and a convenient and efficient method for the synthesis of nucleoside
H-phosphonates 5.

The nucleoside H-phosphonate method was reported for the first
time by Todd ef al. in 1957.1 Recently, the H-phosphonate approach
has been developed into a simple, fast and efficient method for the
synthesis of oligonucleotides by two groups,2 and its advantages over
the phosphoramidite approach are more and more apparently.3

The nucleoside 3'-H-phosphonates are key intermediates in the
synthesis of oligonucleotides by the H-phosphonate approach. In the
reported routes? for preparating H-phosphonates, unstable
phosphonylating agent such as phosphorus trichloride with triazole or
imidazole are usually employed. These reagents react with 5'-
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protected nucleosides to form the desired 5'-protected nucleoside-3'-H-
phosphonates, however, frequently (3'-3") linked undesired products
are produced.
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DMT = 4 ,4'-dimethoxytriphenylmethyl

B: a=thymine b, f=N-benzoyl adenine ¢, g = N-benzoyl cytosine
d, h = N-isobutyryl guanine e = uracil

R: a,b,c,d=H e, f g, h=t-butyldimethylsilyl

We now report a convenient and efficient method for the synthesis
of nucleosides H-phosphonates wusing a novel crystalline
phosphonylating agent 9-fluorenemethyl phosphonic acid 2.

The new phosphonylating agent is prepared by hydrolyzing
compound 1 with aqueous acetonitrile solution. It readily forms needle
crystals which can be stored without decrease in reactivity in a screwed
vial at ambient temperature for more than one year. It has been proved
that the reactivity of one-year-old compound 2 and its 31P-NMR data
are the same as that of freshly prepared sample. This agent reacts
quickly with 5'-protected nucleosides after activation, however, since
the OH group of the H-phosphonic acid is protected by the bulky
fluorenemethyl group, the formation of (3'-3') linked by-products is
prevented.
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The nucleoside 3'-phosphonates Sa-h were prepared as follows.
First, reagent 2 was converted into its triethylammonium salt 3 with a
solution of 20% triethylamine in pyridine. The protected nucleosides
4a-h were then react with 3 in anhydrous pyridine in the presence of
pivaloyl chloride, followed by removal of the 9-fluorenemethy! group
from the condensation product which was completed immediately
when it was coevaporated with a 20% solution of triethylamine in
pyridine. Isolated yields and 31P-NMR data are listed in Table 1. It
can be seen that the route described above affords products in high
yield.

EXPERIMENTAL

Thin layer chromatography (TLC) was carried out on silica gel
HF754 plates (Qingdao Ocean Chemical Factory) developed with
44:5:1 CHpClyp:MeOH:Et3N and visualized using short wavelength
(254 nm) UV light. Column chromatography was conducted under
low pressure using silica gel H (10~40 p, Qingdao Ocean Chemical
Factory). IH- and 31P-NMR spectra were recorded on BRUKER
AM-300 (300 MHz) spectrometer using TMS as internal standard for
IH-NMR and 85% H3POy4 for 31P-NMR. 9-Fluorenemethanol was
obtained from Shanghai Dongfeng Biochemical Factory, and 9-
fluorenemethylphosphorodichloridite 1 was prepared according to
reported procedure.> The partially protected nucleosides 4a-h were
synthesized according to published procedures® and coevaporated with
pyridine prior to use. 2 M solution of triethylamonium bicarbonate
(TEAB) was prepared by bubbling COy through mixture of
triethylamine and water until a homogeneous phase was formed and
pH 8.2. Pyridine was distilled twice from p-toluenesulfonyl chloride
and CaH, and then stored over activated 4A° molecular sieves.
Acetonitrile was dried by refluxing with CaHy for 15 h and then
distilled. Pivaloyl chloride was redistilled before use.
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TABLE 1. Isolated yields and 31P-NMR data (in CD3COCD3) of
Nucleoside 3'-H-phosphonates

Compound No. Yields (%) 31p_NMR chemical shift (ppm)
5a 93 0.46
5b 94 0.31
Sc 91 0.07
5d 94 0.20
Se 95 0.29
sf 93 1.00
5¢ 97 027
Sh 90 2.12

9-Fluorenemethyl phosphonic acid 2. To a stirred solution of 9-
fluorenemethylphosphorodichloridite 1 (5.94 g, 20 mmol) in 120 mL
acetonitrile was added dropwise 30 mL H7O over 10 min at room
temperature. After 1 h the solution was concentrated in vacuo to leave
a white solid. The solid was then coevaporated with dry acetonitrile
(3 X 50 mL) and recrystallized with the same solvent (40 mL) to give a
crystalline solid 2. Yield 4.94 g (95%). mp 118-120 °C (uncorrected).
31p.NMR (CDCl3) 5 (ppm): 8.41, Jpp=708 Hz. !H-NMR (CDCl3)
0 (ppm): 7.2-7.7 (8H, fluorenyl-aromatic H); 4.2-4.4 (3H, fluorenyl-
HY and -CHjy); 8.6 (1H, OH); 5.6, 8.6 (1H, Jy.p 708.1, H-P).
Anal. C14H1303P, Caled.: C, 64.58; H, 4.94; P, 11.80. Found:
C, 64.61; H, 5.04; P, 11.90.

Nucleoside 3'-H-phosphonates 5. Compound 2 (1.1 mmol) was
coevaporated with pyridine containing 20% of triethylamine

(3 X 10 mL). The residue was dissolved in pyridine (5 mL), and to
this solution was added 4 (1 mmol in 5 mL pyridine) and pivaloyl
chloride (3 mmol). After 5 min, the reaction was quenched by addition
of 1 M TEAB (0.5 mL), and the mixture was concentrated to an oil
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and coevaporated with pyridine containing 20% of triethylamine
(3 X 10 mL). The residue was subsequently dissolved in CH,Cly
(40 mL), washed with TEAB buffer (1 M, 40 mL) and dried
(NapSOy4). The CH)Cly layer was evaporated and the residue was
applied to a silica gel column and eluted with a stepwise gradient of
MeOH (0-4%) in CHCly containing triethylamine (2%). The
appropriate fractions were pooled and washed with 1 M TEAB and
dried (NapSOy4) to give the corresponding H-phosphonates 5. The
isolated yields and the 31P-NMR data are shown in Table 1, and the Rf
and 'H-NMR data are as follows:

data for Sa R 0.57 (CHCly:CH30H:NEt3, 44:5:1, V/V/V).
TH-NMR (CD3COCD3) 8 (ppm): 7.61 (s, 1H, H6); 8.55 (s, 1/2 H,
P-H), 5.38 (s, 1/2 H, P-H), and Jpy=617.65 Hz; 7.50-6.67 (m, 13H,
DMT); 6.41 (m, 1H, H1"); 5.04 (m, 1H, H3'); 4.28 (m, 1H, H4Y);
3.78 (s, 6H, 20CH3); 3.45 (m, 2H, 5'-CHp); 3.08 (q, 6H, 3CHy of
NEt3); 2.72-2.26 (m, 2H, 2'-CHp); 1.89 (s, 3H, 5-CH3); 1.34 (t, 9H,
3CHj3 of NEt3).

data for Sb Ry 0.53 (CH,Cly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 8.60 and 8.52 (2s, 2H, H8 and H2);
8.17-6.74 (m, 18H, DMT and benzoyl); 7.83 (s, 1/2 H, P-H), 5.79
(s, 1/2 H, P-H), and Jp=609.04 Hz; 6.62 (m, 1H, H1"; 5.15 (m, 1H,
H3"), 4.35 (m, 1H, H4"); 3.74 (s, 6H, 20CH3); 3.46-2.70 (m, 10H,
5-CHp, 3CHj of NEt3 and 2'-CHp); 1.26 (t, 9H, 3CHj3 of NEt3).

data for S¢  Rg 0.55 (CHpClp:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 8.32 (d, 1H, H6), 8.22-6.82
(m, 18H, DMT and benzoyl); 8.07 (s, 1/2 H, P-H), 5.24 (s, 12 H,
P-H), and Jpg=615.14 Hz; 6.25 (m, 1H, H1"); 5.24 (d, 1H, H5); 5.06
(m, 1H, H3"); 4.32 (m, 1H, H4"); 3.82 (s, 6H, 20CH3); 3.53 (m, 2H,
5'-CHp); 3.16 (q, 6H, 3CHj of NEt3); 2.76-2.35 (m, 2H, 2-CHy);
1.32 (t, 9H, 3CHj3 of NEt3).

data for 5d Rg 0.56 (CH,Cly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) 6 (ppm): 8.02 (s, 1H, H8); 7.33 (s, 112 H,
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P-H), 5.80 (s, 1/2 H, P-H), and Jpy=612.31 Hz; 7.38-6.75 (m, 13H,
DMT); 635 (t, J=6.17 Hz, 1H, H1'), 524 (m, 1H, H3"); 4.27
(m, 1H, H4"); 3.70 (s, 6H, 20CH3); 3.52-3.24 (m, 2H, 5'-CHy); 3.08
(q, 6H, 3CH, of NEt3); 2.98-2.62 (m, 3H, CH of iBu and 2'-CHy);
1.22 (t, 9H, 3CH3 of NEt3); 1.13 (d, 6H, 2CH3 of iBu).

data for S¢ = Rg 0.59 (CH,Cly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 7.98 (d, J=8.14 Hz, 1H, H6); 7.76
(s, 1/2 H, P-H), 5.60 (s, 1/2 H, P-H), and Jpyg=617.65 Hz; 7.54-6.80
(m, 13H, DMT);, 5.94 (d, J=3.02 Hz, 1H, H1'); 5.32 (d, 1H, H5);
4.45-4.10 (3H, H2', H3' and H4"); 3.72 (s, 6H, 20CH3); 3.46 (m, 2H,
5'-CHp); 3.12 (q, 6H, 3CHp of NEt3); 1.21 (t, 9H, 3CH3 of NEt3),
0.82 (s, 9H, t-Bu); 0.18 (s, 3H, MeSi); 0.12 (s, 3H, SiMe).

data for f Rg 0.54 (CHyCly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 8.67 and 8.58 (2s, 2H, H8 and H2);
7.82 (s, 1/2 H, P-H), 593 (s, 1/2 H, P-H), and Jpy=616.03 Hz;
8.20-6.80 (m, 18H, DMT and benzoyl); 6.23 (d, J=6.22 Hz, 1H, H1");
5.08-4.72 (m+m, 2H, H2' and H3"); 4.38 (m, 1H, H4"); 3.76 (s, 6H,
20CH3); 3.48 (m, 2H, 5-CHp); 3.10 (g, 6H, 3CHy of NEt3),
1.23 (t, 9H, 3CH3 of NEt3); 0.85 (s, 9H, t-Bu); 0.14 (s, 3H, MeSi);
0.04 (s, 3H, SiMe).

data for S§g Rg 0.57 (CH,Cly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 8.46 (d, 1H, H6); 7.89 (s, 1/2 H,
P-H), 5.87 (s, 1/2 H, P-H), and Jpp=614.56 Hz; 8.17-6.90 (m, 18H,
DMT and benzoyl), 5.89 (d, J=1.45 Hz, 1H, HI');, 4.86-3.56
(6H, H2', H3', H4', 5'-CHp and HS5), 3.70 (s, 6H, 20CH3); 3.08
(q, 6H, 3CHp of NEt3); 1.24 (t, 9H, 3CH3 of NEt3); 0.92 (s, 9H,
t-Bu); 0.31-0.24 (2s, 6H, 2SiMe).

data for Sh  Rg 0.56 (CHyCly:CH30H:NEt3, 44:5:1, V/V/V).
IH-NMR (CD3COCD3) & (ppm): 8.06 (s, 1H, H8); 7.93 (s, 1/2 H,
P-H), 5.86 (s, 1/2 H, P-H), and Jpy=615.57 Hz; 7.42-6.75 (m, 13H,
DMT); 5.96 (d, J=4.32 Hz, 1H, H1'); 5.34-4.99 (m+m, 2H, H2' and
H3");, 433 (m, 1H, H4);, 3.71 (s, 6H, 20CH3);, 3.42 (m, 2H,
5'-CHp); 3.12 (q, 6H, 3CH, of NEt3); 2.85 (m, 1H, CH of iBu);
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1.26 (t, 9H, 3CH3 of NEt3); 1.12 (2d, 6H, 2CH3 of iBu); 0.83
(s, 9H, t-Bu); 0.12 (s, 3H, MeSi); 0.02 (s, 3H, SiMe).
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