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N,N-Diisopropyl-O-p—-nitrophenyl-P-methylphosphonoamidite: Novel
Difunctional P!!'! Reagent in Oligonucleoside Methylphosphonate Synthesis
Containing 4-Nitrophenoxy Group
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Centre of Molecular and Macromolecular Studies, Polish Academy of
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Abstract: First example of the P!!! coupling reagent containing
4-nitrophenoxy group is described. Its usefulness 1is demon-
strated by synthesis of dinucleoside methylphosphonate and
methylthiophosphonate.

The biological importance of oligonucleoside methylphosphonates is
well established!. In order to widen the scope of reactions leading to
this class of compounds we became interested in phosphitylating reagents
containing the p-nitrophenoxy group.

The p-nitrophenoxy group attached to the tetracoordinate phosphorus
center exhibits a high propensity to act as a leaving group in
nucleophilic displacement reactions. This ability has been widely used in
phosphorus chemistry and biochemistry.? 1In contrast potentialities
connected with a use of the p-nitrophenoxy group in phosphitylation
procedures have not been previously disclosed.

A very efficient synthesis of 3’,5'-dithymidyl methylphosphonate and
its sulfur analogue is reported herein as an illustration of a novel
internucleoside coupling procedure based on tricoordinate phosphorus
reagents containing the p-nitrophenoxy group. Therefore we used the
N,N-Diisopropyl-O-p-nitrophenyl-P-methylphosphonoamidate 1 which 1is a
stable crystalline compound and is readily available by the following
one-flask procedure:

i
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The total yield of the crystalline pure 1 is over 90%. This difuncionnal
reagent 1is stable at ambient temperature and can be stored without any
sign of decomposition due to deoxygenation of the nitro group by the
tricoordinate phosphorus.?

Two pathways of employing 1 as coupling reagent are herein demon-
strated. The first one is based on an activation of the diisopropylamino
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group by the tetrazole® and subsequent condensation with the 5’-protected
thymidine, leading to the compound 2. The second condensation of 2 with
the 3'-protected thymidine in the presence of sodium hydride® leads to the

methylphosphinate 3. Both reactions are very efficient and total vyield is
almost quantitative.
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Scheme 1

The methylphosphinite 3 can be efficiently oxidized by iodine-water
system.? TFast addition of elemental sulfur leads to the methyltio-
phosphonate 6 in guantitative yield.
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The methylphosphonate 5 can alsc be obtained by the

reaction of 6 with
trifluoroacetic anhydride,?®

Structure assignment for compounds presented
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in the Schemes 1 and 2 is straightforward. Compounds 3, 4, 5 and 6 are
known and their properties correspond to those described by other
authors.” The p-nitrophenylmethylphosphinate 2 was fully characterized by
its 3P n.m.r. spectrum. Advantage was taken of the fact that liberation
of the p-nitrophenoxide ion can be followed by light absorption in the
characteristic visible region. The reaction of the phosphonoamidite 1 with
tetrazole proceeds via two discrete steps 7 and 8 which were clearly
observed by 3!P N.m.r. spectroscopy.® The 8 acts as phosphitvlating
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5 *'P n.m.r. 181.6 ppm 3 %P n.m.vr. 186.6 ppm

reagent and its signal ceases to be visible after addition of nucleoside.
Both pathways A and B do not need isolation of the intermediate
monenuc¢leoside and can performer as one flask procedure. In conclusion we
have described the first example of PI!'! coupling reagent containing
p-nitrophenoxy leaving group. We are investigating similar reagents of
potential applicability in nucleotide chemistry.

It seems that this method can be applied in the authomatic oligonucleo-—
tides synthesis.

N,N-Diisopropyl-O-p—-nitrophenyl-P-methylphosphonoamidite 1: A solution of
diisopropylamine {0.01 M) and triethylamine {(0.01 M) in dry THF (10 ml)
was added dropwise to a scolution of dichloromethylphosphine (0.01 M) at
-10°C with stirring which was continued 1h at r.t. A solution of
4-nitrophenol (0.0l M) and triethylamine (0.01 M) in dry THF (20 ml) was
added at r.t. with vigorous stirring for 2h. The precipitated triethyl-
amine hydrochloride was filtered off. The filtrate was evaporated to
dryness and the crude 1 was purified by column chromatography [Kieselgel
60, Et.0:n-pentane:NEt; 50:30:5 v/v R¢: 0.4) to give N.N-diiscpropyl-O-p-
nitrophenyl-P-methylphosphoncamidite 1 [83'P (CsDsN): 128.7 ppm, m.p.
60-62°C]. Yield of the isclated 1: 95%.

2'=[5'-0-4,4 -dimethoxytriphenvimethvithyvmidyl]-5'—(3'-O~dimethoxytripheny
Imethyl)thymidine methyl phosphinate 3. Route A, The reagent 1 (1.1 mM)
was treated with 5:'-0O-dimethoxytritylthymidine (1.0 mM) in presence of the
tetrazole (1.0 mM) in dry THF (30 nmL) at r.t. The reaction was monitored
by *'P n.m.r. spectroscopy and completed within 0.5 h. The precipitate of
diisopropylamine tetrazolide was filtered off. The solution of 2 was added
dropwise at r.t. for 0.5 h to the 3:-O-dimethoxytritylthymidine {1 mM) and
NaH (1 mM) suspended in dry THF ({30 mL). After 0.5h sodium 4-nitro-
phenolate was filtered off. The filtrate was evaporated to give 3 [8§31p
(CsDsN): 184.0, 186.2 ppm 1:1]. Quantitative yvield (?'P n.m.r.).
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Route B. The 5:'-O-dimethoxytritylthymidine (1 mM) and NaH (1 mM) were
suspended and stirred in dry THF {30 mM). A solution of the 1 (1.1 mM) at
r.t. was added dropwise. The reaction was completed within 0.5h. The
sodium 4-nitrophenolate was filtered off. The 3*!P n.m.r. [8&°!P (CsDsN):
119.2, 119.9 ppm, 1:1]. Quantitative yield of 4 (%P n.m.r.). A solution
of 3'-0O-dimethoxytritylthymidine (1.0 mM} and tetrazole (1.0 mM) in dry
THF (30 ml) was added at the r.t. to the solution of 4 with stirring.
After 0.5h precipitate of diisopropylamine tetrazolide was filtered off
and the filtrate evaporated to give 3 [8°!P (CsDsN): 184.0, 186.2 ppm
1:1), 95% by *!P n.m.r. spectroscopy.

3:[5'=0-4,4 -dimethoxytritylphenylmethyl)thymidyl]thymidine
methylphosphonates 5. Route A. A solution of 3 (1 mM) in dry THF (10 nL)
was treated with 0.1 M of iodine in THF-pyridine-H,0 {4:3:3 v/v) for 15
min. The crude 5 was pure by TLC on silica gel in CH2Cl,:EtDAc:Et;N
(9:9:2) v/v) and characterized by 3®!P n.m.r. [&3!P (CsDsN): 32.5, 33.0
ppm, 1:1]. Quantitative yield (?®'P n.m.r.).

Route _B. P-methylphespherethionate 6 was prepared by addition of
equivalent amount of sulfur in dry THF solution [&3'P (CsDsN): 97.4, 98B.0
ppm, 1:1]. Quantitative yield (®!P n.m.r.). A solution of 6 (1.0 mM) in
dry THF (10 mL) was allowed to react with (CFsC0O).0 (1.0 mM) at r.t. and
kept overnight. The c¢rude methylphosphonate S5 was purified by TLC on
silica gel in CH,Cl,:EtOAc:EtsN (9:9:2 v/v). The *'P n.m.r. spectroscopy
showed two signals corresponding [8%'P (CsDsN): 34.4, 33.0 ppm, 1:1].Yield
95% (*'P n.m.r.).

REFERENCES

1. Topics in Molecular and Structural Biology, V12, Oligodeoxynuclectides,
Antisense Inhibitors of Gene Expression, Ed. by Jack S.Cohen Macmillan
Press Scientific Medical, 1989.

2. a) Y.Hayakawa, M.Uchiyvama, R.Noyori, Tetrahedron Lett., 1984, 25,
4003-4006; 6) 2.J.Leé&nikowski, M.M.Jaworska, Tetrahedron Lett., 1989,
30, 3821-3824.

3. J.I.G.Cadogan in Organophosphorus Reagents in Organic Synthesis, ed. by
J.I.G.Cadogan, Academic Press, 1979, pp. 269-293.

4. B.S5.Sproat and M.J.Gait in "QOligonucleotide Synthesis - A Practical
Approach®. Gait, M.J., ed., IRL Press, Oxford 1984.

5. Y.Hayakawa, Y.Aso, M.Uchiyama, R.Noyori, Tetrahedron Lett., 1983,
11e5-1168.

6. J.Helinski, Z.Skrzypczynaski, J.Wasiak and J.Michalski, Tetrahedron
Lett., 1990, 31, 4081-4084.

7. a) T.Léscher, J.Engels, Tetrahedron Lett., 1989, 30, 55B7-5590;
W.Dgbkowski, J.Michalski, W.Qing, Angew.Chem. Int.Ed.Engl. 1690, 23,
522-523; b) T.LOoschner, J.W.Engels, Nuclecsides & Nucleotides, 1988, 7
(56), 729-732; ¢) W.K-D.Brill, M.H.Cauthers, Tetrahedron Lett., 1987,
28, 3205-3208.

8. S.Bermer, K.Mihlegger, H.Seliger, Nucleic Acids Res. 1989, 17, 853.

4!

{Received in UK 2 June 1991)



