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underivatized solid-phase supports

Richard T. Pon* and Shuyuan Yu

Department of Biochemistry and Molecular Biology, University of Calgary, Calgary, Alberta, Canada T2N 4N1

Received 2 October 2001; revised 23 October 2001; accepted 24 October 2001

Abstract—Linker phosphoramidite reagents containing a protected nucleoside with a cleavable 3�-ester linkage to either succinic
acid, diglycolic acid, or hydroquinone-O,O �-diacetic acid (Q-Linker) allow the 3�-terminal nucleoside of an oligonucleotide
sequence to be attached to underivatized ‘Universal’ amino or hydroxyl supports. After solid-phase oligonucleotide synthesis,
treatment with NH4OH cleaves the 3�-ester link to the support and produces oligonucleotides with only 3�-OH ends. No changes
to existing phosphoramidite synthesis cycles, cleavage, or deprotection methods are required. © 2001 Published by Elsevier
Science Ltd.

1. Introduction

High-throughput DNA synthesizers using multiple
columns or 96-well plates allow large numbers of
oligonucleotides to be rapidly synthesized.1–3 However,
sorting supports pre-derivatized with the first
nucleoside into the desired columns or wells is tedious
and susceptible to error. ‘Universal’ supports based on
special cyclic4–10 or acyclic11,12 diol structures which
allow the first base to be added using conventional
phosphoramidite reagents 1 have been developed to
eliminate this task. However, this approach introduces
a terminal 3�-phosphate linkage which is unsatisfactory
for many oligonucleotide applications. Removal of the
terminal phosphate group requires post-synthesis mod-
ifications to the cleavage and deprotection steps which
can increase processing time and reduce yield. The
dephosphorylation step is also not quantitative and a
mixture of 3�-phosphate and 3�-OH products may
result.

Synthesis of the above ‘Universal’ supports also
requires a multi-step synthesis, often of significant com-
plexity, to prepare the diol linker and attach it to the
support. Therefore, these materials are also much more
expensive than supports prederivatized with nucleosides
2a–c.13–17

We believe the simplest possible ‘Universal’ supports
are the same underivatized amino or hydroxyl function-
alized supports which are the starting materials for
conventional prederivatized supports. These materials
are inexpensive, widely available, and can be used
directly in automated synthesis as long as a rapid,
on-line method is available for adding the first
nucleoside residue.

However, a cleavable linkage to the surface of the
support is required for eventual product release. As
mentioned above, phosphate linkages are not ideal
because of the problems involved in dephosphorylation.
Instead, ester linkages, such as those in prederivatized
supports with dicarboxylic acid linker arms like suc-
cinic,13,14 diglycolic15 or hydroquinone-O,O �-diacetic
(Q-Linker)16,17 acid are much better.

Originally we developed a strategy which rapidly cou-
pled nucleoside-3�-O-carboxylates 2a–c to underivatized
supports using O-(benzotriazol-1-yl)-1,1,3,3-tetra-
methyluronium hexafluorophosphate (HBTU) and 4-
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aminopyridine (DMAP) as part of the automated syn-
thesis.18 This method was part of our work to develop
reusable supports for large scale oligonucleotide synthe-
sis.17 Although, the HBTU/DMAP coupling was fast
and efficient, the method is better suited for large-scale
synthesis rather than small-scale high-throughput
oligonucleotide synthesis. This is because a second cou-
pling reagent and cycle is required in addition to the
phosphoramidites. Additionally, automated synthesiz-
ers which can accommodate five extra reagents (four
nucleosides and the HBTU/DMAP solution) are not
commonly available for small-scale oligonucleotide
synthesis.

In this communication, we report on new linker phos-
phoramidite reagents 4a–c which eliminate the HBTU
coupling reagent while still retaining a cleavable 3�-ester
linkage to the nucleoside. These new reagents allow
rapid, automated coupling using conventional phos-
phoramidite coupling cycles. They can easily be used on
most DNA synthesizers with no changes to the synthe-
sizer’s operation. The linker phosphoramidites readily
couple to either underivatized amino or hydroxyl sup-
ports, which serve as ‘Universal’ supports. Since con-
ventional phosphoramidites 1 are no longer used to
attach the first nucleoside, no unwanted 3�-phosphoryl-
ated products are produced and all of the post-synthesis
difficulties related to 3�-dephosphorylation are elimi-
nated.

2. Results and discussion

Synthesis of the linker phosphoramidites 4a–c is simple
and straightforward (Scheme 1). Succinic anhydride,
diglycolic anhydride, or hydroquinone-O,O �-diacetic
acid (Q-Linker) is attached to the 3�-position of a
protected nucleoside using existing methods. The termi-
nal carboxyl group of 2a–c is then converted into an
hydroxyl function by coupling an intermediate spacer
to the end of the linker arm to yield 3a–c. In our initial
studies, ethylene glycol was used as the spacer between
the carboxylic acid linker and the phosphoramidite
group because of its simplicity and low cost. However,
other longer diols can be used to increase the length of
the linkage to the solid-phase support. Finally,
nucleoside 3a–c is converted into phosphoramidite
derivative 4a–c using a phosphitylation reagent such as
2 - cyanoethyl - N,N � - diisopropylamino - phosphorochlo-
ridite or bis-(diisopropylamino)-2-cyanoethylphos-
phine.19–22

The linker phosphoramidite reagents 4a–c are activated
by tetrazole and react with solid-phase supports in the
same manner as conventional phosphoramidites 1.23

After oxidation with I2 and H2O, either phosphorami-
date 5 (X=NH) or phosphate linkages 5 (X=O) to the
support are formed (Scheme 2). Both of these linkages
are quite stable. For example, permanent phosphate
triester and diester linkages to various solid-phase sur-
faces are commonly used for permanently immobilized

Scheme 1.

Scheme 2.
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oligonucleotide probes.24 Phosphoramidate linkages
are less common and less stable (especially to acid),
but their properties have been well characterized.

In previous work by Gryaznov and Letsinger,25

diester phosphoramidate linkages to LCAA-CPG were
used in the synthesis of 3�-terminally phosphorylated
oligonucleotides by taking advantage of the difference
in stability towards acidic hydrolysis of diester phos-
phoramidate and monoester phosphoramidate link-
ages. The diester phosphoramidate linkage, which was
similar to 5, was stable to the acid conditions used
for detritylation, but upon conversion to a monoester
phosphoramidate (by removal of the cyanoethyl pro-
tecting group), the linkage became susceptible to slow
(4 h) cleavage by aqueous acetic acid. Oligonucle-
otides with internucleotide phosphoramidate linkages
have also been widely prepared by solution-phase26

and solid-phase synthesis27–29 and again, the diester
phosphoramidate linkages are sufficiently stable dur-
ing synthesis. Therefore, the stability of the diester
phosphoramidate linkage formed by coupling our new
reagents directly to commonly used LCAA-CPG was
not expected to be problematic.

The nucleoside loading obtained on long chain alkyl-
amine controlled pore glass (LCAA-CPG) supports
containing �100 �mol/g of amino groups (the same
as used for conventional derivatization) varied
between 32–45 �mol/g when reagents 4a and 4b were
used at 0.1–0.15 M concentrations. A lower
nucleoside loading (17–21 �mol/g) was obtained with
4c. Coupling to an hydroxyl derivatized support, glyc-
erol-CPG, containing an initial loading of 90 �mol/g
produced higher nucleoside levels. 0.1 M solutions of
4a and 4b produced 54–58 �mol/g, while 4c gave a
loading of 26 �mol/g. Further characterization of
how different surface properties, such as the initial
surface loading and pore size affect the nucleoside
loading are in progress. However, small scale oligonu-
cleotide synthesis is typically performed with loadings
of 20–40 �mol/g, and this level of derivatization is
easily obtainable.

After the coupling and oxidation steps, unreacted
amino sites on the support were acetylated (capped)
with acetic anhydride and N-methylimidazole to pre-
vent further coupling to the surface. The efficiency of
this step was noted by the absence of any excess
dimethoxytrityl cation (i.e. trityl yields of >100%)
from the subsequent coupling and detritylation
cycle.13 Automated oligonucleotide synthesis was per-
formed without any modifications.

The product was cleaved from the support using
NH4OH, which hydrolyzed the 3�-ester linkage within
6a–c. The time required for cleavage depended upon
the dicarboxylic acid used in the linker phospho-
ramidite. Recovery of �95% of the product was
obtained by treating supports 6a–c with NH4OH for
60, 40, and 2 min, respectively.

A 20-mer sequence, dACCTTATGTATCATACA-
CAT, was prepared on conventionally derivatized suc-
cinyl LCAA-CPG and with reagents 4a and 4c. The
amount of crude product released from each synthesis
was calculated as the number of A260 units per �mol
of starting nucleoside. The control with the prederiva-
tized succinyl support yielded 112 A260 units/�mol,
while the syntheses from 4a and 4c produced 135 and
137 A260 units/�mol, respectively. Thus, there was no
decrease in the amount of product which would indi-
cate premature cleavage of the phosphoramidate link-
ages by the detritylation conditions (5% dichloroacetic
acid in 1,2-dichlorethane) used.

Oligonucleotide 17-mers (dGTAAAACGACGGC-
CAGT) produced using 4a–c on both LCAA-CPG
and glycerol-CPG were characterized by comparison
to the same sequence made on conventional pred-
erivatized LCAA-CPG. Capillary gel electrophoresis
(CGE) analysis of the crude products showed virtu-
ally identical results. In addition, a 17-mer bearing a
terminal 3�-phosphate residue was intentionally made
using a 3�-phosphate CPG. Co-injection of the prod-
ucts from 4a–c with the above showed that no 3�-ter-
minally phosphorylated impurities were detectable in
the products from the linker phosphoramidites.
MALDI-TOF mass spectrometry also clearly confi-
rmed the complete removal of all protecting groups
and linkers since the m/z observed for 4a (5228.2), 4b
(5228.2), and 4c (5225.7) were all well within the
expected accuracy (± 0.1%) for the calculated [M+H]+

value of 5227.7.

Modifying the phosphoramidite reagent used to add
the first base is a novel approach to eliminating pred-
erivatized solid-phase supports and has several advan-
tages. First, only inexpensive underivatized supports
are required instead of the more expensive diol
derivatized universal supports. Secondly, the 3�-ester
linkage is hydrolyzed to yield a 3�-OH end without
unwanted 3�-phosphates using the same conditions as
prederivatized supports with similar dicarboxylic acid
linkers. Unlike some other universal supports, the
method does not require deprotection with additional
reagents, treatment time, or elevated temperatures.
Product yield is also not reduced. When reagent 4c
containing the Q-Linker is employed particularly fast
cleavage (2 min) is also possible. Finally, the linker
phosphoramidite reagents have very similar properties
(i.e. reactivity, stability, etc.) to other phosphoramid-
ite reagents and are therefore completely compatible
with all existing automated DNA synthesizers.

These properties make the linker phosphoramidites
very well suited for use in high-throughput DNA syn-
thesizers, which may need to produce several hundred
to several thousand oligonucleotides per day. In such
circumstances, any method which can save time or
reduce costs is valuable. Additionally, we are also
developing a tandem synthesis method for the solid-
phase synthesis of multiple oligonucleotides in a sin-
gle run.30 Use of linker phosphoramidite reagents in
this approach will be reported separately.



R. T. Pon, S. Yu / Tetrahedron Letters 42 (2001) 8943–89468946

3. Experimental

3.1. Synthesis of a nucleoside with an ethylene glycol
spacer (3a)

5�-Dimethoxytritylthymidine-3�-O-succinyl hemiester 2a
(2 mmol) was dissolved in anhydrous acetonitrile (30
ml) and pyridine (16 mmol). p-Toluenesulfonyl chloride
(3.9 mmol, 0.74 g) and N-methylimidazole (7.2 mmol,
0.6 ml) were added. The solution was stirred at room
temperature (10 min) and then ethylene glycol (200
mmol, 11 ml) was slowly added dropwise via syringe.
The reaction was stirred 30 min after completion of the
addition. Then the solvent was evaporated off, the
residue was redissolved in chloroform, washed with
saturated aqueous sodium bicarbonate (1×) and then
water (2×). The crude material was purified by silica gel
column chromatography using a 0–2% methanol in
chloroform. Yield of 3a, 76%.

3.2. Synthesis of nucleoside linker phosphoramidites 4a

A solution of 3a, B=T (1.34 mmol) and diisopropyl-
ethylamine (5.2 mmol) in chloroform (8 ml) was stirred
at room temperature in a septum sealed vessel. 2-Cya-
noethyl-N,N �-diisopropylchlorophosphoramidite (1.75
mmol) was added and the reaction was stirred (1 h).
The solution was diluted with chloroform (50 ml) and
washed with aqueous sodium chloride (4×) and water
(1×). The solution was then concentrated and purified
by silica gel chromatography using first dichloro-
methane/hexane/triethylamine 42:53:5 to 40:50:10 and
then 5% triethylamine/chloroform. Yield of 3a, 89%.
31P NMR (CDCl3): � 150.754, � 150.269.

Acknowledgements

We thank Maria Loskot, Wade Stout, Fady Girgis and
Marko Markicevic for technical assistance and Isis
Pharmaceuticals for financial assistance.

References

1. Lashkari, D. A.; Hunickesmith, S. P.; Norgren, R. M.;
Davis, R. W.; Brennan, T. Proc. Natl. Acad. Sci. USA
1995, 92, 7912–7915.

2. Sindelar, L. E.; Jaklevic, J. M. Nucleic Acids Res. 1995,
23, 982–987.

3. Rayner, S.; Brignac, S.; Bumeister, R.; Belosludtsev, Y.;
Ward, T.; Grant, O.; O’Brien, K.; Evans, G. A.; Garner,
H. R. Genome Res. 1998, 8, 741–747.

4. Debear, J. S.; Hayes, J. A.; Koleck, M. P.; Gough, G. R.
Nucleosides Nucleotides 1987, 6, 821–830.

5. Gough, G. R.; Brunden, M. J.; Gilham, P. T. Tetra-
hedron Lett. 1983, 24, 5321–5324.

6. Schwartz, M. E.; Breaker, R. R.; Asteriadis, G. T.;
Gough, G. R. Tetrahedron Lett. 1995, 36, 27–30.

7. Scheuerlarsen, C.; Rosenbohm, C.; Jorgensen, T. J. D.;
Wengel, J. Nucleosides Nucleotides 1997, 16, 67–80.

8. Lyttle, M. H.; Dick, D. J.; Hudson, D.; Cook, R. M.
Nucleosides Nucleotides 1999, 18, 1809–1824.

9. Scott, S.; Hardy, P.; Sheppard, R. C.; McLean, M. J. In
Innovation and perspectives in solid-phase synthesis. Pep-
tides, proteins, and nucleic acids, biological and biomedical
applications ; Epton, R., Ed.; Mayflower Worldwide:
Birmingham, 1994; pp. 115–124.

10. Nelson, P. S.; Muthini, S.; Vierra, M.; Acosta, L.; Smith,
T. H. Biotechniques 1997, 22, 752–756.

11. Azhayev, A. V.; Antopolsky, M. L. Tetrahedron 2001, 57,
4977–4986.

12. Lyttle, M. H.; Hudson, D.; Cook, R. M. Nucleic Acids
Res. 1996, 24, 2793–2798.

13. Pon, R. T.; Usman, N.; Ogilvie, K. K. Biotechniques
1988, 6, 768–775.

14. Pon, R. T. In Current Protocols in Nucleic Acids Chem-
istry ; Beaucage, S. L.; Glick, G. D.; Bergstrom, D. E.;
Jones, R. A., Eds.; John Wiley & Sons: New York, 2000;
pp. 3.2.1–3.2.23.

15. Mullah, B.; Livak, K.; Andrus, A.; Kenney, P. Nucleic
Acids Res. 1998, 26, 1026–1031.

16. Pon, R. T.; Yu, S. Nucleic Acids Res. 1997, 25, 3629–
3635.

17. Pon, R. T.; Yu, S.; Guo, Z.; Deshmukh, R.; Sanghvi, Y.
S. Perkin Trans. 1 2001, 2638–2643.

18. Pon, R. T.; Yu, S. Synlett 1999, 1778–1780.
19. Lee, H.-J.; Moon, S.-H. Chem. Lett. 1984, 1229–1232.
20. Marugg, J. E.; Burik, A.; Tromp, M.; van der Marel, G.

A.; van Boom, J. H. Tetrahedron Lett. 1986, 27, 2271–
2274.

21. Sanghvi, Y. S.; Guo, Z.; Pfundheller, H. M.; Converso,
A. Org. Proc. Res. Dev. 2000, 4, 175–181.

22. Eleuteri, A.; Capaldi, D. C.; Cole, D. L.; Ravikumar, V.
T. Nucleosides Nucleotides 1999, 18, 1879–1882.

23. Beaucage, S. L.; Iyer, R. P. Tetrahedron 1992, 48, 2223–
2311.

24. Pon, R. T. In Current Protocols in Nucleic Acid Chem-
istry ; Beaucage, S. L.; Glick, G. D.; Bergstrom, D. E.;
Jones, R. A., Eds.; John Wiley & Sons: New York, 2000;
pp. 3.1.1–3.1.28.

25. Gryaznov, S. M.; Letsinger, R. L. Tetrahedron Lett. 1992,
33, 4127–4128.

26. Letsinger, R. L.; Mungall, W. S. J. Org. Chem. 1970, 35,
3800–3803.

27. Gryaznov, S. M.; Letsinger, R. L. Nucleic Acids Res.
1992, 20, 3403–3409.

28. Gryaznov, S.; Chen, J. K. J. Am. Chem. Soc. 1994, 116,
3143–3144.

29. Mag, M.; Engels, J. W. Nucleic Acids Res. 1989, 17,
5973–5988.

30. Pon, R. T.; Yu, S.; Sanghvi, Y. S. Nucleosides Nucleotides
Nucleic Acids 2001, 20, 985–989.


	Linker phosphoramidite reagents for oligonucleotide synthesis on underivatized solid-phase supports
	Introduction
	Results and discussion
	Experimental
	Synthesis of a nucleoside with an ethylene glycol spacer (3a)
	Synthesis of nucleoside linker phosphoramidites 4a

	Acknowledgements
	References


