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ABSTRACT

Q 0
dT—O—g—O oligonucleotide o—g—s_@
@ §
@ and @ = Fluorescent reporter groups

A novel, selective labeling of oligonucleotides with two different reporter groups is described. The oligonucleotide is synthesized using a
stable 2-(4-methoxybenzamido)ethyl protection for a selected internucleosidic thiophosphate (PS) and a labile 2-(N-isopropyl-4-methoxybenzamido)-
ethyl for the 3'-terminal PS and internucleosidic phosphates. The latter group and the base protection are removed, and the 3'-terminal PS is
labeled. The former protection is then cleaved by a prolonged ammonolysis, and the second reporter is introduced at the internucleosidic PS.

Recently, oligonucleotides selectively labeled with two  The synthesis of double-labeled oligonucleotides is most
different reporter groups or other modifiers have attained conveniently performed with the aid of dye-labeled solid
widespread interest. While one of the modifications is a supports and phosphoramidifesAlternatively, oligonucleo-
conjugated peptide or other pendant of biological importance, tides that bear an amino and an activated thiol group at
the other often is a reporter group for nonradioactive opposite ends are synthesized using a variety of modified
detectiont Alternatively, an oligonucleotide precursor can phosphoramidit€$ and solid support$l® and the chemo-
be labeled with two different reporter groups to allow a two- selective labeling is performed postsyntheticahi?
color detection of a product, the double-labeled oligonucle- - —
otide. If the reporter groups are appropriate donors and 195(356) 76,“22281”2'25.33'0' H.; Azhayev, A.baberg, HBioconjugate Chem.
acceptors, the labeled oligonucleotides display hybridization-  (6) (a) Adamczyk, M.; Chan, C. M.; Fino, J. R.; Mattingly, P.&Org.
dependent fluoresceng@hese molecular beacons are widely €hem.200Q 65, 596-601. (b) Mullah, B.; Livak, K.Nucleosides Nucle-
. L . . . otides1999 18, 1311-1312. (c) Mullah, B.; Andrus, ATetrahedron Lett
used for real-time monitoring of hybridization in in vitro 7997 38 5751-5754.

and in vivd test systems. (7) For review, see: (a) Manoharan, M. Antisense Research and
Applications Crooke, S. T., Lebleu, B. Eds.; CRC Press: Boca Raton, FL,
1993; pp 303-349. (b) Beaucage, S. L.; lyer, R. Petrahedronl993 49,

(1) (a) Astriab-Fisher, A.; Sergueev, D. S.; Fisher, M.; Ramsay Shaw, 1925-1963.

B.; Juliano, R. L.Biochem. PharmacoR00Q 60, 83—90. (b) Aubert, Y.; (8) (a) Manoharan, M.; Tivel, K. L.; Andrade, L. K.; Cook, P. D.
Bourgerie, S.; Meunier, L.; Mayer, R.; Roche, A. C.; Monsigny, M.; Thuong, Tetrahedron Lett.1995 36, 3647-3650. (b) Guzaev, A.; Hovinen, J.;
N. T.; Asseline, UNucleic Acids Re200Q 28, 818-825. Azhayev, A.; Lanberg, H.Nucleosides Nucleotidel995 14, 833-837.
(2) Tan, W.; Fang, X.; Li, J.; Liu, XChem=—Eur. J.200Q 6, 1107 (c) Hovinen, J.; Guzaev, A.; Azhayev, A.;"hoberg, H.J. Chem. Soc.,
1111. Tyagi, S.; Bratu, D. P.; Kramer, F. Rat. Biotechnol.1998 16, Perkin Trans. 11994 2745-2749. (d) Manoharan, M.; Tivel, K. L.; Ross,
49-58. Tyagi, S.; Kramer, F. RNat. Biotechnol1996 14, 303—308. B.; Cook, P. D.Genel994 149 147-156. (e) Manoharan, M.; Johnson,
(3) Sokol, D. L.; Zhang, X.; Lu, P.; Gewirtz, A. MProc. Natl. Acad. L. K.; Tivel, K. L.; Springer, R. H.; Cook, P. DBioorg. Med. Chem. Lett.
Sci. U.S.A1998 95, 11538-11543. 1993 3, 2765-2770. (f) Manoharan, M.; Guinosso, C. J.; Cook, P. D.
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The primary disadvantage of these methods is that reporte | | | N A

groups commercially available as phosphoramidites, solid  gcheme 1. Preparation of Double-Labeled Oligonucleotides

supports, or chemoselective reagents are restricted to a
limited number of well-established dyes, whereas a variety
of thiol reactive fluorescent alkylating reagents is available
on the market. Their use in the labeling of internucleosidic
and 3-terminal thiophosphate (PS) groups in oligonucleotides
is well documented?*2 However, because these functions
possess similar reactivity, the selective introduction of two
different reporter groups on oligonucleotides using a con-
ventional approach is precluded.

In this communication, we report a novel method for the
preparation of oligonucleotides with two different thiophilic
reporter groups placed at thet8rminal and internucleosidic
PS moieties. To perform selective labeling, a recently
developed strategy allowing chemoselective deprotection of
internucleosidic phosphate groups was u$edn oligo-
nucleotidel bearing a 3terminal PS group and an inter-
nucleosidic PS residue with a stable protecting group PG1

Oligonucleoctide
synthesis
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was synthesized and then reacted selectively at the 3 o o
terminus with the first reporter group L1 to gi2g(Scheme dT—o—'FI'>—oo—'FI'>—s—@ 4
1). The protecting group PG1 was subsequently removed S P

with concentrated aqueous ammonium hydroxide. The oli-

gonucleotide3 thus obtained was labeled with the second @ and @ = Fluorescent reporter groups
reporter group L2 at the internucleosidic PS group to give
the oligonucleotide4 labeled with two different reporter

could be removed in dramatically different rates, thus

groups. possibly permitting chemoselective deprotection.
Recently, we reported a novel protecting strategy for
Mo, O ~o internucleosidic phosphate (PO) and PS moiétié%Of the
various groups investigated, the [R-(sopropyl-4-methoxy-
EtO OEt O benzamido)ethyl group (PG) was used in the present work

O 6 o TMT = as a labile protecting group. In our studies, we observed that
H f oligonucleotides synthesized using the phosphoramidite
O"“N\"/\o O building blocks6—9 were already largely deprotected in the
0 course of oligonucleotide synthesis. The remaining protecting
5 0 groups were removed by brief treatment with pyridine/MeOH
or aqueous ammonium hydroxiéfeConsequently, a modi-

The efficient synthesis of the modified oligonucleotitie fied synthetic protocol was necessary to maintain the high

was achieved using an altered version of the standardcoupling efficiency of6—9.44+7
phosphoramidite method. The oligonucleotide chain as-

sembly was carried out on a solid supp&rthus permitting DMTO o_ B ° "

the release of the’derminal PS group under mild, non- 6 Thy er

orthogonal condition¥® PN O 7 Pade iPr
The preparation of the partially protected oligonucleotide 2 ‘g’ s bion  pr

1 required the use of two phosphate protecting groups that

1K '

9 ™Gua jPr
(10) Salo, H.; Guzaev, A.; lanberg, H.Bioconjugate Cheml998 9, N
365—-371. Hovinen, J.; Guzaev, A.; Azhayeva, E.; Azhayev, Anhberg, R ome 10 Thy H
H. J. Org. Chem1995 60, 2205-2209. Hovinen, J.; Guzaev, A.; Azhayev,
A.; Lonnberg, H.Tetrahedron1994 50, 7203-7218. 6-10

(11) (a) Agrawal, S. InProtocols for Oligonucleotides and Analags
Agrawal, S., Ed.; Humana Press: Totowa, New Jersey, 1993; Chapter 3,
pp 93-120.

(12) (a) Fidanza, J. A.; Ozaki, H.; McLaughlin, L. W. Rrotocols for
Oligonucleotide Conjugateggrawal, S., Ed.; Humana Press: Totowa, New
Jersey, 1993; Chapter 4, pp ¥2143. (b) Fidanza, J. A.; Ozaki, H;
McLaughlin, L. W.J. Am. Chem. S0d.992 114, 5509-5517.

(13) Alefelder, S.; Patel, B. K.; Eckstein, Rucleic Acids Res1998
26, 4983-4988.

(14) Guzaev, A. P.; Manoharan, Nl. Am. Chem. So2001, 123 783— (16) Guzaev, A. P.; Manoharan, Metrahedron Lett200Q 41, 5623~
793. 5626.

(15) Guzaeyv, A. P.; Manoharan, Nletrahedron Lett2001, 42, 4769~ (17) Guzaev, A. P.; Manoharan, M. Org. Chem.2001, 66, 1798
4773. 1804.

To introduce a PS moiety protected with a stable 2-(4-
methoxybenzamido)ethyl group (PG1), the phosphoramidite
10was used. In contrast to PG, the removal of PGL1 required
prolonged heating with concentrated aqueous ammonium
hydroxide.
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With these considerations in mind, we first synthesized

the modified oligonucleotid&1 (Scheme 2). To form a'3 Scheme 3. Introduction of the Internucleosidic Reporter
Group
R 18
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2P0 oligonucleotide: '5GCATCAG,C,ACAT-3' 2 PO oligonucleotide: BGCATCAG,CACAT-3'.

terminal PS linkage to the solid support, the building block 10% agqueous AcOH, desalted to furni¢8 as a triethyl-

6 was coupled tc, and the phosphite triester formed was ammonium salt, and characterized by HPLC-ESMS.
sulfurized with 34-1,2-benzodithiol-3-one 1,1-dioxid&The To incorporate the '&erminal pyrene reporter grouf3
chain assembly was then carried out using a modified was alkylated with iodoacetamid&4 (Scheme 2). Under
elongation cycle in which the standard detritylation subrou- optimized conditions, the labeling was carried out using 0.125
tine was followed by washing with a solution of neutralizer mM 13, 6 mM 14, and 50 mM ethyldiisopropylammonium
(0.1 M DMAP and 0.1 M H-tetrazole in MeCN) as acetate (pH 7.0) in 75% aqueous DMSQ #bh at 37°C.
previously describedf. For the coupling step, compounds The product]5, was isolated by reverse-phase HPLC in 70%
6—9 (0.2 M in MeCN, 6 min) were used, and the following yield and characterized by ESMS.

oxidation was carried out withBUOOH (10% in MeCN, To introduce the second reporter group at the internucleo-
10 min). The final coupling witfi0 (0.1 Min MeCN) was  sidic PS moiety, the 2-(4-methoxy benzamido)ethyl protect-
followed by sulfurization to give the solid-support-bouht] ing group PG1 inl5 was first removed with concentrated

which was treated with concentrated agqueous ammoniumaqueous ammonium hydroxide (86/48 h) to givel6 in
hydroxide (36 h/rt). The product2 contained a single  quantitative yield. In agreement with previously reported
internucleosidic PS moiety protected with PG1 while the observationd? no loss of the 3terminal reporter group

internucleosidic PO groups'-&rminal PS group, and nucleic  resulting from this treatment was observed by HPLC analysis
bases were deprotected. As evidenced by HPLC, the loss ofof the deprotection mixture.

PG1 resulting from this treatment did not exceed 10%. The  the second labeling reaction at the internucleosidic PS
completely deprotected oligonucleotide, formed as an im- group of 16 was then carried out, as depicted in Scheme 3.
purity, was readily removed by HPLC purification on a
reverse-phase column. The purifigBwas detritylated with

(19) (a) Cosstick, R.; Vyle, J. Sletrahedron Lett1989 30, 4693~
4696. (b) Mag, M.; Lking, S.; Engels, J. WNucleic Acids Resl991 19,

(18) lyer, R. P.; Phillips, L. R.; Egan, W.; Regan, J. B.; Beaucage, S. L. 1437-1441. (c) Liu, X.; Reese, C. Bletrahedron Lett1995 36, 3413~
J. Org. Chem199Q 55, 4693-4699. 3416.
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The oligonucleotidel6 was treated with a variety of PS groups. The utility of the proposed methodology was
thiophilic alkylating agents14 and17—19. In the case of = demonstrated using a combination of the labile N2-(

the poorly solublel4, the conditions described above for isopropyl-4-methoxybenzamido)ethyl group PG and the
the preparation o15 were used. FoL7—19, the alkylation stable 2-(4-methoxybenzamido)ethyl group PG1. Taking

was performed as recommended in the literatéirdfter ~ advantage of chemoselective deprotection, we synthesized
isolation by reverse-phase HPLC, the double-labeled oligo- an oligonucleotide bearing a single protected PS linkage and
nucleotide conjugate20—23 were obtained in yields of 70 converted it to oligonucleotide conjugates labeled with two

90%, which are typical for the alkylation reaction. The (different reporter groups. While one of the labels is placed
homogeneity 0f20—-23 was verified by analytical HPLC, 5t the 3-terminal PS residue, positioning of the second

and their §tructures were confirmed by ESMS. In addition, reporter group may vary depending on the requirements of
the UV—vis spectrum of23 demonstrated the absorbance , particular application.

characteristic for both the pyrene (315, 329, and 346 nm)
and fluorescein (462 and 492 nm) chromophores.

A rapid, versatile attachment of various reporter groups
to oligonucleotides and screening of the conjugates is of
crucial importance for the development of novel applications.
The data presented here suggest that the preparation of
variety of oligonucleotide conjugates is dramatically facili-
tated by the selective protection of internucleosidic PO and 0OL016187W

Supporting Information Available: Experimental details
and ESMS data for compound®, 13, 15, 16, and20—23,
HPLC profiles for12 and20—23, and UV-vis spectra for
16, 20, and23. This material is available free of charge via
ztahe Internet at http://pubs.acs.org.
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