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Abstract: A novel solid-phase synthesis of 5’ -radiolabeled oligonucleotides is described. The labeling reaction is carried out by the
phosphoramidite method with the aid of [4,6-di-'*C]-5’-dimethoxytritylthymidine building block 1. The feasibility of the method is
demonstrated by preparation of 3’'-phosphorylated dodecathymidylate phosphorothicate containing radiolabeled nucleoside at the
5’-terminus. © 1998 Elsevier Science Ltd. All rights reserved.

Labeling with radioactive isotopes provides an efficient tool for studying pharmacological properties of
antisense oligonucleotides. As with other classes of drug compounds, this novel class of therapeutics' requires
high sensitivity radiodetection for evaluation of distribution of antisense agents in tissues and assessment of their
metabolic fate.? Several methods to introduce *°S at the internucleosidic thiophosphate® or *H or '“C at the base
moiety of synthetic oligonucleotides*® have been reported. Among thesc labels, "“C offers the highest specific
activity and the longest half life. Considering catabolism of nucleic acids,’ labeling with *C at the C-2 position
of thymidine*’ results in formation of 1C0O, which is cumbersome to trap and analyze. On the other hand,
labeling at either the C-4 or C-6 position leads to -aminoisobutyric acid as the metabolite which is much more
convenient to analyze.

We report in this communication a novel method for C labeling of o
synthetic oligonucleotides. The incorporation of radioisotope is achieved with S NH
the aid of phosphoramidite reagent 1 that is derived from [4,6-di- pMTO LN ’go
“C]thymidine and thus possesses high specific activity. Phosphoramidite 1 o
features the S-pivaloyl 2-mercaptoethyl group which recently has been o
reported as an enzyme-labile phosphate protecting group.’ As the first step in O\I"’O\/\ S)%
our study of bioreversible protection of the internucleosidic (thio)phosphate N
moiety we applied 1 to the preparaticn of phosphorothioate oligonucleotides, Y \l/ b

taking advantage of its lability in basic conditions.

Synthesis of  phosphoramidite  reagent 1 is  presented in Scheme 1.  First,
bis(diisopropylamino)chlorophosphine, 2, was reacted with S-pivaloyl-2-mercaptoethanol, 3, to give bisamidite
4. Phosphorochloridite 2 (1.0 mmol i1 2.5 mL of CH,ClL) was added to an anhydrous solution of 3 (1.0 mmol)
and ethyl-N,N-diisopropylamine (1.1 mmol) in CH,Cl, (1.0 mL) at -30 °C for 5 min. The progress of the
reaction was monitored by >'P NMR spectroscopy which, after 30 min at room temperature, showed complete
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Scheme 1 I: EIN(iPr),/CH,Cl,; ii: 1H-tetrazole/MeCN/CH,Cly; iii: aq NaHCO,.

disappearance of 2 (141.3 ppm) and formation of bisamidite 4 (125.3 ppm; 70-75% yield based on integral
intensity) along with several other products. No substantial decomposition of 4 was observed after 3 h.
However, attempts to isolate the product by brief agueous workup led to more complicated mixtures.
Therefore, bisamidite 4 was used in the next step as the crude reaction mixture.

It was found in preliminary experiments that 50% excess of 4 is sufficient for complete conversion of
unlabeled 5’-O-dimethoxytritylthymidine (DMT-T) when 10 to 50 pmol of the nucleoside is used. Thus, to
obtain radiolabeled phosphoramidite 1, [4,6-di-'“C]-DMT-T (5; 40 pmol; specific activity 25 Ci mol") was
treated with crude 4 (60 L.mol) in the presence of 1H-tetrazole (32 pmol) for 40 min at room temperature
followed by quenching of the reaction with aqueous NaHCO 5 and extraction of 1 with benzene.

To achieve the proper purification of 1, hydrolytic stability of its unlabeled analog was determined. Half-
life of nonradioactive 1 (1a) in 80% aq MeCN was found to be 58 h, which permits safe isolation of 1 in
aqueous media. Accordingly, crude 1 was purified by RP HPLC (Figure 1).® Collected fractions were diluted
with water, extracted with benzene, dried over Na SO, and evaporated to give 1 (31.5 pmol, 78.8% yield).”

Oligonucleotide 6 was assembled on an ABI 380B DNA Synthesizer using commercial 3’-Phosphate CPG
(Glen Research; 20 pmol), phosphoramidite chemistry, and 3H-1,2-benzodithiol-3-one 1,1-dioxide™ as the
sulfur-transfer reagent. To prove homogeneity of 6, a small sample of the solid support (ca. 0.1 umol) was
deprotected with ammonia, and the content of full length material was
determined to exceed 90% by CE, ion-exchange HPLC and ES MS. :

Incorporation of radiolabeled phosphoramidite into synthetic ;’
oligonucleotides differs from that of standard phosphoramidites. In the ; ) | \
latter case a coupling yield of 99+% is mandatory. In contrast, the ) " |
former requires incorporation of the expensive radiolabeled [1

\

|
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phosphoramidite to the highest degree whereas the coupling yield i.e., ,

the yield of actual chain elongation reaction of the support-bound :~

oligonucleotide is not as important. Accordingly, conditions for "l r ;|
\

|
R
|
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coupling of 1a to CPG-bound (Tp);; phosphorothioate ,__,,J, ) v \“———1
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oligonucleotide, 6, were optimized. ' .
Figure 1. RP HPLC profile of crude 1.
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Scheme 2 I: 1a (1 equiv.)/1H-tetrazole; iz 1 (2 eqiv.)/1H-tetrazole; iii: sulfurization;'® iv: 1a (5
eqiv.)/1H-tetrazole; v: sulfurization.'’

In optimal condition, coupling procedure with 1 consisted of 3 main steps (Scheme 2). First, 6 (10 wmol)
was dried by treatment with a mixture of 1a (10 umol) and 1H-tetrazole (0.45 M; 700 pL) for 1 min. This step
was designed to result in a very low coupling yield (5 to 10%) due to the low concentration of the
phosphoramidite. However, it efficently consumes any traces of water and other nucleophiles left on the solid
support that were not removed by washing with acetonitrile and extended drying in vacuo. After removal of
solution by filtration, the solid support was ready for immediate labeling with radioactive phosphoramidite 1. A
solution of 1 (0.2 M in MeCN; 20 pumol) was delivered to the solid support followed by 1H-tetrazole solution
(0.45 M in MeCN; 250 pL), and the reaction mixture was gently shaken for 20 min. The step was completed by
washing the support with MeCN and performing the sulfurization reaction. As determined by DMT assay,
coupling efficiency of 1 was 83% (41% yield with respect to 1).

Finally, the solid suppoirt was coupled with 1a (50 umol) and excess 1H-tetrazole in order to obtain
uniform full-length support-bound oligonucleotide 7. After sulfurization and extensive washing with MeCN, the
product was treated with concentrated ammonia for 2 h at room temperature. Under these conditions,
oligonucleotide was released from the solid support, and cyanoethyl and S-pivaloyl 2-mercaptoethyl protecting
groups were simultaneously removed. Finally, the mixture was heated for 2 days at 60 °C which completes the
release of the 3’-terminal thiophosphate monoester. Crude 8 was purified by RP HPLC (Figure 2). Two major
peaks on Figure 2 represent §- and R-P diastereomers at the 5’-terminal nucleoside-3’-phosphorothicate
residue. 5°-DMT protection was cleaved with 80% ag AcOH for 30 min. The product was converted to its
sodium ionic form and desalted by RP HPLC as reported previously to give 9 in 60% yield (specific activity 0.1
pCi AUY).M The labeled oligonucleotide 9 was analyzed by MALDI-TOF mass spectrometry and anion
exchange HPLC monitoring both the UV-absorbance and radioactivity (Figure 3)."> Both UV- and radioactive
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Figure 2. RP HPLC profile of crud: 8?

8:R=DMT; 9:R=H
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incorporation of 'C radioisotope into  synthetic

fractions were found to coelute with authentic sample of
unlabeled (Tp); phosphorothioate synthesized by the routine 0201 é
method. Moreover, HPLC profiles of 9 showed no unbound [
radioactive label. ]
In summary, the present method allows for efficient 040 i
!,!
!

oligonucleotides using a novel phosphoramidite. The results of

alternative use of phosphoramidite 1 in the synthesis of n.oo..»___z\____.,./'{ \/\___

chemically modified antisense oligonucleotides that possess a
neutral backbone will be reported in due course.

Figure 3. Ton Exchange HPLC of purified 9.

Acknowledgments. We thank Dr. P. Dan Cook for helpful discussions and Professor Jean-Louis Imbach

(University of Montpellier, France) and his research group for their contribution to this project.

10.
1L
12.

REFERENCES AND NOTES

(a) Cook, P. D. Anti-Cancer Drug Design 1991, 6, 585; (b) Cook, P. D. In Antisense Research and
Applications; Crooke, S.T.; Lebleu, B., Eds.; CRC: Boca Raton, 1993, 149-187; (¢) Manoharan, M. In
Antisense Research ar.d Applications; Crooke, S.T.; Lebleu, B., Eds.; CRC: Boca Raton, 1993, 303-349.
(a) Cossum, P. A.; Sasmor, H.; Dellinger, D.; Truong, L.; Cummins, L.; Owens, S. R.; Markham, P. M.;
Shea, J. P.; Crooke, S. J. Pharmacol. Exp. Ther. 1993, 267, 1181; (b) Crooke, S. T.; Graham, M. J;
Zuckerman, J. E.; Brooks, D.; Conklin, B. S.; Cummins, L. L.; Greig, M. I; Guinosso, C. J.; Kornbrust,
D.; Manoharan, M.; Sasmor, H.M.; Schleich, T.; Tivel, K. L.; Griffey, R.H. J. Pharmacol. Exp. Ther.
1996, 277, 923.

Iyer, R. P.; Tan, W.; Yu, D.; Agrawal, S. Tetrahedron Lett. 1994, 35, 9521.

(a) Graham, M. J.; Freier, S. M.; Crooke, R. M.; Ecker, D. J.; Maslova, R. N_; Lesnik, E.A. Nucleic Acids
Res. 1993, 21, 3737; (b) Tan, W.; Iyer, R. P.; Yu, D.; Agrawal, S. Tetrahedron Lett. 1995, 36, 3631.

(a) Sasmor, H. M.; Dellinger, D. I.; Zenk, P. C.; Lee, L. P. J. Labelled Compd. And Radiopharm. 1995,
36, 15; (b) Tan, W.; Iyer, R. P_; Jiang, Z.; Yu, D.; Agrawal, S. Tetrahedron Lett. 1995, 36, 5323.

Mabhler, H. R.; Cordes, E. H. Biological Chemistry; Harper & Row: New York, 1966; pp 732-734.
Tosquellas, G.; Morvan, F.; Rayner, B.; Imbach, J.-L. Bioorg. Med. Chem. Lett. 1997, 7, 263; Mignet, N.;
Morvan, F.; Rayrer, B.; Imbach, J.-L. Bioorg. Med. Chem. Lett. 1997, 7, 851 and references cited therein.
Analysis and isolation of 1 was performed on a Delta Pak 15 um C18 3004 column (7.8 x 300 mm), using
isocratic elution with 50% aq MeCN for 10 min, then 75% agq MeCN for 25 min at a flow rate 5 mL/min.
Purification of 8 was carried out on the same column using 0.1 M NH,OAc as buffer A, 0.05 M NH,OAc
in 75% aq MeCN as buffer B, and a linear gradient from 15 to 80% B in 30 min at a flow rate 5 mL min™.
Desalting was performed by injecting on to the same column, then washing with 0.1 M NaOAc (10 min),
water (10 min) and eluting 9 as a sodium salt with 50% ag MeCN (20 min) at a flow rate 5 mL min”.
Compound 1: *'P NMR (CD;CN): & 148.69, 149.11; UV (80% aq MeCN): Amax = 266 nm, € = 17300 L
mol?; specific activity 21 Ci mol*.
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MALDI/TOF MS: 3861.19 (found); 3861.14 (calcd.). Analysis of 9 by anion-exchange HPLC was done
on a Resource™ Q - 1 mL column (Pharmacia) using 0.02 M aqueous Tris as buffer A, 5M NaBr as buffer
B, and a linear gradiert from O to 30% B in 25 min.



