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H-Phosphonate monomers of 2'-O-(2-methoxyethyl) ribonucleosides have been synthesized. Oxidation of oligonucleotide H-phosphonates has
been optimized to allow the synthesis of oligonucleotides containing either 2'-deoxy or 2'-O-(2-methoxyethyl) ribonucleoside residues combined
with three different phosphate modifications in the backbone, i.e., phosphodiester (PO), phosphorothioate (PS), and phosphoramidate (PN).
Phosphodiester linkages were introduced by oxidation with a cocktail of 0.1 M Et;N in CCl,/Pyr/H,0 (5:9:1) without affecting phosphorothioate
or phosphoramidate linkages. For the synthesis of phosphoramidate-modified oligonucleotides, N*-acetyl deoxycytidine-3'-H-phosphonate
monomers were used to avoid transamination during the oxidation step.

A potent antisense drug should ideally have resistance tosugar moiety have been reported that offer the dual advan-
nucleases, high affinity for the target mRNA, and favorable tages of high nuclease resistance and enhanced binding
pharmacokinetics and should cause inactivation of the targetaffinity.3* Most second generation antisense compounds
mRNA either by RNase H-mediated cleavage or by non- currently undergoing clinical trials are phosphorothioate (PS)
RNase H mechanism<One approach meeting these require-

ments involves the construction of “designer” oligonucleo-  (2) cook, P. D. inAntisense Medicinal Chemisfrgrooke, S. T., Ed.;
tides containing segments of different chemistries involving Antisense Research and Application, Vol. 131, Springer: Berlin, 1998; pp

carbohydrate, backbone, and heterocyclic modificatfons. 517101,
Recently, a number of Z2nodifications at the pentofuranose
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“gapmer” oligonucleotides that contairi-@odified ribo- offers a versatile route to synthesis of various phosphate
nucleotides on one or both ends. Adeoxy (2-H) segment analogues by oxidation of a single precursor under different
in the center is required to maintain RNase H actibity. conditions. Herein we report the synthesis of combined
Among the 2-modifications reported in the literature, the backbone linkage oligonucleotides having PO, PS, and PN
2'-0O-(2-methoxyethy abbreviated as (20-MOE) modi- linkages using thél-phosphonate methodology. In addition
fication (Scheme 1) offers a 2C increase in melting  we have employed two variations irr@arbohydrate chem-
istries, namely, 2deoxy and 20-methoxyethyl. (Scheme
1). We rationalized that the'-©-MOE/PO segment would
provide high binding affinity, the'2H/PS region would allow
RNase H activation and protein binding properties, and the
‘6 PN linkages would impart nuclease resistance. This is the
N\ o B R =H (2-deoxy) first literature report of a convenient, successful method for
R= ~_ ~_-O-_ the synthesis of a “combined” backbone oligonucleotide.
© In employing theH-phosphonate method for the synthesis

Scheme 1
2’-Modifications

R , . . . X :
%:O (2*-O-MOE) of modified backbone linkages bearing oligonucleotides, we
X 5 ; Backbone Modifications realized ;h? oxidatri10n is;} the m?sL troublesorrlr_]ehT;tep of this
0 x—o® approach. Sincel-phosphonate linkages are highly suscep-
- o tible to alkaline hydrolysis, incomplete oxidation results in
X=8 strand cleavage during the subsequent deprotection with
Qo R ; - _
3 ammonia. Under aqueous conditions, partial cleavage of the

X = —NR;y (R = Akyl) : o
? backbone may also occur during the oxidation step. Conse-

guently, the oxidation afi-phosphonates has been the subject
of numerous studies in which various reagents that convert
H-phosphonate diesters to PRS2 and PN linkage's have

temperature ) per modification as a phosphodiestet-(2
O-MOE/PO) compared to the first generatiord2oxyphos-
horothioate (2H/PS ds. Thi dificati been tested.
phorohlc:i\ et( r link ) corr;(p:}ci)gi? Sn | IS mor ' 'ic? '2” asma Taking the next step, preparation of oligonucleotides that
guroeso?ag tt?j r?alf-lifea?)? tﬁe fuII-ISen u;eciis,eonizlzslti;e)( €3 ontain different backbone modifications in th@meoligo-
at aporoximately the same level as’gedéoxg hos horotﬁr::io- nucleotide is more problematic and requires carefully
pproximazely th \ e yp 'p controlled coupling and oxidation conditions. The oligo-
ate modification. Since'2Znodifications such as'20-MOE S ) g . )
. - . . nucleotide is synthesized and oxidized in blocks. The desired
provide sufficient nuclease resistance even with a phos- :
) e number of nucleotides are coupled, and the support-bound
phodiester (PO) backbone, use of these modifications can o ; : .
- LT . .- 'material is treated with the first oxidizer. Then, the next
reduce nonspecific protein binding properties characteristic . . -
£ oli leotid ih PS link A third t f segment is assembled and treated with the second oxidizer.
gaciL%c;]neuﬁnekZiqeein\g\;vn from tlﬂealig'][:féture islrtheycg?ioﬁic This block-wise synthesis and oxidation is continued until
phosphoramidate (PN)This linkage is expected to provide all segments of the oligonucleotide strand are completed.

. . : In our experience, the modifications introduced by the first
both nuclease resistance and improved cellular permeation, . . -
S . oxidation were often affected by the subsequent oxidative
as do cationic tethers such as tHeQaminopropyP

The ideal . d lecule should h . treatment. Hence, in the present study we determined
he idea antisense drug mo ecule shou ave V'rtuesappropriate oxidation conditions for the preparation of
derived from each of these backbone linkages (PO, PS,

L andchimeric oligonucleotides containing PO, PS, and PN link-
PN) and the 2maodifications. (Scheme 1). However, the ages and '20-MOE sugar modifications

?Cht'e(\j/%m?r?t of syntthe5|tsh O; SquhI.a des:gn?_(rj cons;[:]uct. IS 5'-O-DMT-2'-O-methoxyethyl nucleoside-3-phospho-
('sm' € ”y etpresen Te 0 |Sot'3 'gonuc eotlhe §ynd ss'ti' nates were synthesized by using the methods reported for
enerally, antisense oligonucleolides are syntnesized by "-deoxy monomer$} with minor modifications. Automated

pho_sphoramldne methqdolo?gywhlch does not permit a oligonucleotide synthesis was performed on a commercially
straightforward preparation of analogues at phosphorus other,

than PS and PO. In contradti-phosphonate chemistfy available support as outlined in Scheme 2.
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(10) Review: Froehler, B. QMethods Mol. Biol.1993 20, 63—80. 291.

1820 Org. Lett., Vol. 2, No. 13, 2000



Scheme 2 Table 1. Efficiency and Compatibility of Various Oxidation
DMTO DMTO B Reagents for PO-oxidation ¢f-Phosphonate Linkages
\ B \ :o: ;
o compatibility
R o R method oxidation reagent yield % with PS with PN
0 ‘ )
H"P:O i H-R=0 , A I, in Py/H,0 (98:2) 97 no no
\O ® o) B 10% t-BuOOH in 39 no nab
©~ pBUH o_B CH3CN/H,0 (20:1)
1'R=H C2  0.5MCSO in CH:CN 52 no nab
D CCl4/Py/H20 (5:9:1) 25 yes yes
v R
2:R=~ o~ O~ © E  01MEtNin 100 yes yes

CCl4/Py/H,0 (5:9:1)

aCSO: 1S(+)-(10-camphorsulfonyl)oxaziridine. See ref 12dlot
attempted, because incompatible with PS.

N B
© 3X=0
and 12, resulting from hydrolysis of unreactesl on the

i O\P_O R 4:X=8 deprotection step was followed by mass spectrometry.
- X, | Compatibility with PS chemistry was considered acceptable
o_B 5 X =N NS when the extent of desulfurizatidgre., conversion of9 to
H products containing two or more PO linkages, did not exceed
R 5%.

a Reaction conditions: (i) Nucleoside-CPG (1 equivpr 2 (10 _

equiv; 0.05 M in CHCN/Py, 1:1), pivaloyl chloride (40 equiv; 0.2 Scheme 3
M in CH3CN/Py, 1:1); (ii) For3: 0.1 M TEA in CCl/Py/H,0 (5: a
9:1)._For4: S5 (10% in CS/PY/TEA, 35:35:1). Fob: DMAEA Thy o |Thy . Thy o i
(5% in CCLy). wol [O-Fol 0 () ol F-olro —_—
L % i3
6 7
PS-linkages were introduced by treatment witf tBis ™ o ™ o
! ; . . 5 iit, v i
_treatment did nqt affect PO or PN linkages introduced earlier y O\}—o\?\ O (TogyraT M@_——> (TPO)_Ob»o 'P‘OL
in the synthesis. Conversion dfi-phosphonate to PN- H e* s
linkages was performed witk,N-dimethylaminoethylamine v 8 HO=(TogygT (1) 9 X=810:X=0
(DMAEA) in CCl, with no adverse effects on PO and PS o. ¢

linkages. Howeverl\*-acetyl deoxycytidine-3H-phospho- QHPO=(TeshiaT (12

nate (dC¢)!* rather than commercial ¢ H-phosphonate

was used for oligonucleotide synthesis to prevent transami- b

nation with the primary amine. Partially deprotected exocylic Ty o [Thy o Thy o Thy
amino functions were reacylated in a subsequent capping Hoh‘ O-plq O‘EQ\OJ“ o i, ”PO’WT’O‘,P“\oJ‘ )

step using a mixture of A® (10% in THF/lutidine, 8:1) note TN X |
and 1-methylimidazole (10% in THF). To determine how 13 N 14:x=0 ;15:X=\N/\/N\
transamination and deprotection of exocyclic amino functions Thy O o Thy
affected the synthesis quality, we prepared a 16-mer oligo- ™.V _ HOJ>O~-F;-0'(TPO>12T—O~,é’\ofOH
nucleotide 5TPNCCAGG TPNGTPNCCG CATPNC with a PO /_,N”
o ; ; _ /
backbone except where indicated. Oligonucleotides were N 18202 17: X o~ N
prepared either with the standard method usingfzdC A

monomers or using dE together with the capping step - i o < (100 in CS/PYITEA. 35:35:1: 3 h (i) 1.
performed after PN oxidation. ES-MS and CGE analysis of 3'-H-phosphonate/PivCl; 2. dichloroacetic acid/&H; (iii) Table
the crude products clearly demonstrated that the formery methods A-E; (iv) DMAEA (5% in CCls; 2 h): (v) conc. aq
method produced a number of impurities, mainly due to NHs, 55°C, 6 h.

transamination, while the latter procedure resulted in a
product of significantly higher purity and homogeneity.

In a model experiment, oligothymidylai&, was prepared, When a standard procedure for PO-oxidation (method A)
and various oxidation procedures (methods A to D) were was used, full length product was observed. Howe®er,
tested with respect to their efficiency and compatibility with suffered from a severe desulfurization to gil@as a main
PS chemistry (Scheme 3 and Table 1). To evaluate theproduct (Figure 1a). Methods B and C were also incompat-
oxidation efficiency, the presence of - 1) fragments11 ible with the PS backbone. In contrast, when ©&4s used
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modifications (Figure 2). First, DMAEphosphoramidate
linkages were introduced, and partially deprotected exocyclic

a 3o 1xPS 3xPS amino functions were reacylated with A&z The chain
100] §3 all P& \2x PS/ XPS elongation was resumed, until the@-MOE segment was
= /5 x PS completed, and thél-phosphonate diesters were oxidized
80 o by method E. Next, the'2leoxy center part was assembled
0 to give, upon sulfurization, the PS segment of the backbone.
601 @ Finally, the last segment was synthesized and oxidized using
method E to complete the-ferminal PO fragment. Upon
40] o deprotection with ammonia, no evidence of backbone hy-
g < = drolysis due to incomplete oxidation dfi-phosphonate
201 N 2 § linkages or conversion of PS or PN to PO linkages was found
Mm l L L by ES MS (Figure 2).
o ] Ll
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o
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|8 n-PS 100 - s NS
80 (+PO) © . 5 ATG CAT TCT GCC CCC A
™~ 80 [} © ‘,2
— o] y
60 | 5 g ° o 2 MOE
® 60 2
a0 g . MN L;,_A_ﬁ g .
— > NG N
4 (o] N 40 4 o) ﬁ
R 3 © © 7z -
S l - 20 2
T <t
WL bARL ’ . I' LU(,L J
0 600 8 1000 1200 1400 m/z 0 o iMoo o
400 600 800 1000 1200 m/z

Figure 1. ES-MS spectrum of do(Teg13T Synthesized by (a)
method A and (b) method E. MWs 4709.8. MW,ung 4708.6.

Figure 2. ES-MS spectrum of a 20-mer oligonucleotide with PO,
PS, and PN phosphate modifications in the backbone. MW
6775.3. MWyung 6777.8.

(method D) no desulfurization occurred, although the oxida-
tion was sluggish. Addition of BN (method E) dramatically
improved the oxidation kinetics to giv&in 90 min without

affecting the PS-linkages in the backbone (Figure 1b). V

Similarly, when treated by method A3 gave primarilyl4,
as judged by subsequent conversionlérather thanl?.
Conversely, by method O0,3was oxidized tdl5, which was
smoothly transformed ta7.

These findings were used in preparation of a 20-mer
oligonucleotide with an antisense sequence targeting murine
c-raf message that contained-@-MOE ribonucleoside
residues at the'3erminus and three different phosphate

1822

In conclusionH-phosphonate chemistry offers a versatile
method for synthesis of antisense oligonucleotides containing
arious phosphorus linkage modifications in their backbone.
Using optimized oxidation conditions along with C
H-phosphonate monomer, we were able to synthesize
chimeric oligonucleotides with phosphodiester, phosphoro-
thioate, and phosphoramidate linkages andebxy and 2
O-MOE carbohydrate residues. Biological and biophysical
evaluation of these “combined” backbone oligomers is in
progress.
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