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The automated synthesis of oligonucleotides is often carried out Scheme 1. Preparatlon of the Solid Support 52

on solid supports containindg-Berminal nucleosides attached via a COH B, Aco O
readily cleavable ester linkage. One limitation of this approach is M \ZEZ/C DMTOM

that a minimum of four solid supports is required for the preparation

of unmodified oligodeoxynucleotides. For the synthesis of novel DMT cl; I: ZR=H

oligonucleotides, a continuously growing number of supports 3: R=DMT

carrying other modified nucleosides andt@minal modifiers are AcO. O . o) 0
required. In a more straightforward approach;-&e8minal nucleo- . DMTO\le,T 5a:R' = )\N,Pr )-'\ D
side 3-O-phosphoramidite is coupled to the hydroxy group of a R ’ o H o
universal linker, a support-bound mono-acylated 1,2-diol, via a 3 5a + 5b )J\ D )L Pr
O-phosphodiester or -triester moiéty? Exposure of an assembled 5b: R’ R%=

oligonucleotide to aqueous ammonium hydroxide or other bases

removes the acyl protection. The released hydroxy group transes-

terifies the phosphate moiety so that the oligonucleotide is dephos- #(a) OsQ/H:0:/H;0/acetone/etheBuCH; (b) AGO/pyridine; (c) (1)

phorylated at the'3erminus and a derivative of ethylene phosphate 2Mminoalkyl CRPG/Py, (2) AO/NMI/Py, (3) HATU/HOBT/MeCN/Py then

: - . g nPrNH/MeCN, (4) AcO/NMI/Py.

is formed as a side product. This approach eliminates the need for

preparation of sequence-specific solid supports. Scheme 2. Synthesis of Oligonucleotides 11—25 on Solid Support
The common limitation of the reported universal linkers is that S and the Structure of Solid Support-bound Oligonucleotide 27

OWN H, =Aminoalkyl Controlled Pore Glass (CPG)

the release of oligonucleotides requires prolonged heating with sap __DNA Nc/_\ Acfﬁz/m NH3-H,0
concentrated ammonium hydroxider it occurs under orthogonal 2% Synthesis Ro‘ﬁ’o RZ fast
conditions®Moreover, because their structtractivity relationship X
has not been extensively studied, further improvement of these /~\_ HO . AcO —_ HO.
reagents has been retarded. NC ROME,O\E + RO“F" 0\2‘?" — RO. g,o\rj
In the hydrolysis of RNA, one of the key factors governing the | » IV
reaction rate is the distance between the2and P(V) atoms. 7
We hypothesized that locking the two vicinaHO bonds of an X N A X o
alkyl 2-hydroxyethyl phosphate in synperiplanar conformation O/F\"O "R f’l‘: R!
might reduce the distance between the 2-O and P(V) atoms and H O\Ef R—OH 0o
hence increase the rate of phosphodiester hydrolysis. 10 1-25 2
To test the hypothesis, a solid suppértthat featured two CN &+ -
protected hydroxy groups in the vicinal positions with the required DMTO~(TpX)14—TTO-R-0
synperiplanar orientation was synthesized as depicted in Scheme © o. B
1 and tested in the oligonucleotide synthesis (Scheme 2). The R™OH = X 7 1-25
protected 20-mer phosphodiester (PO) oligonucleotidedl 4, their X=0,8 He Rl

phosphorothioate (PS) analogués-18, and chimeric oligonucle-

otides19—25 (Scheme 2 and Table 1) were assembled on the solid

support5 using the phosphoramidite building block8—30 (Chart o/“VCN o/‘“/cN

b . . DMTO-(TpO)4g—T—0— P-0 o OW “Q
The support-bound oligonucleotidégScheme 2) were treated 0

with concentrated aqueous ammonium hydroxide6fdn atroom AcO

temperature, and the liquid phase was then heate8l ficat 55°C.

The product distribution in the deprotection mixtures was analyzed

by reverse-phase HPLC and ES MS to prove that the intended The kinetics of the release of the oligonucleotidds-25 from

compoundsL1—25 (Table 1) were indeed present in the mixtures the solid supporé was next studied by the continuous flow method

as the predominant products. It is important to note that neither With appropriate modificationEssentially, concentrated aqueous

the corresponding oligonucleotidé4thosphates nor any other3 ~ ammonium hydroxide (14.3 M, 27.1%) was passed through the solid

modified products could be detected in the reaction mixtures. SUpport6 at a constant flow rate and at a temperature of 300.15 K,

Ura 27

Comparison of the crude yields @fl—18 and 21—24 with those and the UV absorbance of the eluate containing the relebsed
obtained by synthesis on conventionalGBsuccinyl nucleoside 25 was recorded as a function of time. The data obtained for the
solid supports did not reveal any significant differences. release ofl4 are shown in Figure 1.
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Table 1. Time Required for 95% Release of Oligonucleotides
11-25 from the Universal Solid Support 6 with 14.3 M Aqueous
Ammonium Hydroxide at 300.15 K

oligonucleotide

compound B R3 X 95% release, min
11 A H O 238
12 G H O 272
13 C H O 251
14 T H O 256
15 A H S 343
16 G H S 456
17 C H S 365
18 T H S 382
19 G MOE O 180
20 5-Me-U MOE (0] 129
21 A MOE S 161
22 G MOE S 212
23 5-Me-C MOE S 159
24 5-Me-U MOE S 182
25 U OMe (@] 123
Chart 1.  Phosphoramidite Building Blocks 28—30
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Figure 1. The rate of the release d# from 6 (O) as a function of the
extent of the release df4 (14.3 M aqueous ammonium hydroxide, 300.15
K). The linear fit is shown as a red line.

As suggested in Scheme 2, the solid supg@may rapidly
undergo two concurrent reactions to give the intermediétasd
8. The phosphotriestef may rapidly release the oligonucleotides
11-25 or it may form9 concurrently. Compoun@ can only be
converted to9, which then release$1—-25 to the solution at a
slower rate. Indeed, the plot in Figure 1 demonstrateslithatas

released via two concurrent processes. A faster step, which may

be attributed to the release aff (ca. 15%) via hydrolysis o7,

was virtually complete in less than 20 min, while the majority of
oligonucleotide material on the solid phase was believed to be

accumulated i®. The release of4 via hydrolysis 0f9 obeyed the

kinetic law for a pseudo-first-order reaction in solution with the

apparent rate constaktof 16.8 x 107° s™1. By comparison14
was released from the report&¥c (Scheme 2) with the rate

constantk = 1.3 x 1075 s (12.9 times more slowly), which
strongly supported the positive effect of conformational preorga-
nization in9.6

Because of the high complexity of the kinetic scheme, it was
not possible to extract all of the rate constants involved. To provide
guidelines for the practical applications Bfin oligonucleotide
synthesis, the time required for 95% release of the oligonucleotides
11-25 from 6 was measured (Table 1).

Comparison of these release times demonstrated that compounds
19—-25bearing 2-O-alkylribonucleoside residues at thet8rminus
were released 1-52.3 times faster than the correspondirigi@oxy
counterpartd2 and14—18. The release 020 was comparable to
that of 25, which suggested that the rate acceleration could be
attributed to the presence of thé-dkygen rather than to the
structure of the 20-substituent. One might argue that the introduc-
tion of the 2-alkoxy group to the 3terminal nucleoside residue
decreased theiy value of the 3hydroxy group, which facilitated
the departure of the'd@erminal nucleoside.

Throughout the series, a positive “thio-effect” was observed; that
is, PO oligonucleotides were released-1127 times faster than
the corresponding PS analogues. No substantial dependence of the
release time on the structure of thet@rminal base moiety was
observed. However, compountdig, 16, 19, and22 where B= G
were released-639% more slowly than the corresponding com-
pounds with other bases, and, thus, for each type of backbone and
sugar modification studied, these oligonucleotides represented the
worst case scenario.

In conclusion, the universal suppditis fully compatible with
the conditions of oligonucleotide synthesis. On treatment with
agueous ammonium hydroxide, the oligonucleotides are quantita-
tively released with favorable kinetics.

Supporting Information Available: Experimental procedures for
2—5 and27, spectral data fo2—4, HPLC profiles and ES mass spectra
for 11-25 (PDF). This material is available free of charge via the
Internet at http://pubs.acs.org.
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