
1

SUPPLEMENTARY INFORMATION

Alternative activators in oxathiaphospholane (OTP) method to the solid phase 
synthesis of P-stereodefined phosphorothioate analogs 

Katarzyna Jastrzębska*

Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Sienkiewicza 112, 
90-363 Łódź, Poland

Table of Contents

Experimental information

1. General ‘solid phase’ synthesis of dinucleotides.……………………………………..………………….…2-
3
2. Table 1. Detailed procedure of condensation……………………………………………………………….…………….….3

Supporting data

Figure S1. Structures of the studied compounds 1a-1e, their molecular weight and numbers 
of µmols……………………………………………………………………………………………………………………………..…4

Figure S2-3. 31P NMR spectrum of crude reaction mixture of mU-OTP formation and purified 
mU-OTP (1e)  (analysis performed in non-deuterium solvent)………………………………….….……..5-6

Figure S4-20. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 
nm) after consecutive detritylation steps during the coupling of 1a-1e in the presence of 
various activators (‘solid phase’ at 1 μmole scale)……………………………………………………………..7-23

Figures S21. HPLC profiles recorded for P-stereodefined dinucleotides formed from OTP 1a in 
the presence of various activators ……………………………………………………………………………...…..….24

Figure S22. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of DBU………………………………………………………………..…25

Figure S23. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of TBD…………………………………………………………………...26

Figure S24. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of Verkade base…………………………………………….………27

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2024



2

Figure S25. HPLC profile recorded for dinucleotide formed from OTP 1a (mixture of P-
diastereomers) in the presence of DBU……………………………..………………………….…………………..…28

1. General ‘solid phase’ synthesis of dinucleotides
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In the column 5’-O-DMT nucleoside unit (1 mmol load) anchored to the LCA CPG support was 
detritylated with a 3% solution of DCA (dichloroacetic acid) in methylene chloride, washed with 5 
mL of dry acetonitrile followed by 5 mL of dry methylene chloride and dried under high vacuum. 
For the coupling step, a solution of a suitable oxathiaphospholane monomer 1 (20 μmol) and 
activator (50 μmol) in dry acetonitrile (150 μL) was prepared and instantly introduced into the 
column (Picture A). After 15 minutes of intensive swirling the column (Picture B) was washed with 
dry acetonitrile (5 mL) and dry methylene chloride (5 mL). Unreacted 5′-hydroxyl groups were 
capped using the standard DMAP–Ac2O–pyridine solution in THF (Picture C), washed with 5 mL of 
dry acetonitrile followed by 5 mL of dry methylene chloride and dried under high vacuum. Then 
the column containing the dimer was detritylated with a 3% solution of DCA in methylene chloride, 
washed with 5 mL of dry acetonitrile followed by 5 mL of dry methylene chloride and dried under 
high vacuum. The coupling efficiency is controlled by measuring the absorbance at 504 nm coming 
from the released DMT+ cation (Picture D). In the case of synthesis longer oligomer, a solution of 
the next oxathiaphospholane monomer 1 (20 μmol) and activator (50 μmol) in dry acetonitrile (150 
μL) was prepared and introduced into the column. When the synthesis was complete, the dimer 
was cleaved from the support under standard conditions (25% NH4OH, 2h). The sample was 
concentrated under reduced pressure in a Speed-Vac concentrator.
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Table 1. Detailed procedure of condensation

Detailed procedure
1 M DBU 3 M TBD 2M Verkade

Solution (stock) 40µL DBU + 210 µL 
CH3CN 

104mg TBD + 250 
µL CH3CN

108mg Verkade + 
250 µL CH3CN

One 
condensation:
20mg of monomer 
were dissolved in:

50µL + 100µL CH3CN
(50µmols stock of DBU 
were used)

50µL + 100µL 
CH3CN
(150µmols stock of 
TBD were used)

50µL + 100µL CH3CN
(100µmols stock of 
Verkade were used)

Loading of the support with the respective nucleoside as determined by trityl assay: CPG-
sarcosinyl-dT: 35.0 µmol/g. The coupling reactions were performed at the 1 µmol scale (in all 
experiments thymidine was attached to the support) using ~25-fold molar excess of each OTP 
monomer and 50-, 150- and 100-fold excess of DBU (1M), TBD (3M) and Verkade (2M), 
respectively.
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Molecular Weight: 750,9
27 µmols

Molecular Weight: 778,9
26 µmols  

Molecular Weight: 766,9
26 µmols  

Molecular Weight: 867,1
23 µmols 

Molecular Weight: 735,8
27 µmols
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Figure S1. Structures of the studied compounds 1a-1e, their molecular weight and numbers of 
µmols
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Figure S2. 31P NMR spectrum of crude reaction mixture of mU-OTP formation (1e) (analysis 
performed in non-deuterium solvent). 
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Figure S3. 31P NMR spectrum of purified mU-OTP (1e) (analysis performed in non-deuterium 
solvent).
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Figure S4. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1a in the presence of 1M DBU (at 1 
μmole scale)
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Figure S5. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1a in the presence of 3M TBD (at 1 
μmole scale).
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Figure S6. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1a in the presence of 2M Verkade base 
(at 1 μmole scale)
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Figure S7. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1b in the presence of 1M DBU (at 1 
μmole scale)
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Figure S8. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1b in the presence of 3M TBD (at 1 
μmole scale).
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Figure S9. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1b in the presence of 2M Verkade base 
(at 1 μmole scale).
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Figure S10. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1c in the presence of 1M DBU (at 1 
μmole scale)
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Figure S11. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1c in the presence of 3M TBD (at 1 
μmole scale).
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Figure S12. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1c in the presence of 2M Verkade base 
(at 1 μmole scale).
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Figure S13. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1d in the presence of 1M DBU (at 1 
μmole scale)
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Figure S14. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1d in the presence of 3M TBD (at 1 
μmole scale).
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Figure S15. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1d in the presence of 2M Verkade base 
(at 1 μmole scale).
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Figure S16. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1e in the presence of 1M DBU (at 1 
μmole scale)
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Figure S17. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1e in the presence of 3M TBD (at 1 
μmole scale).
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Figure S18. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1e in the presence of 2M Verkade base 
(at 1 μmole scale).
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Figure S19. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the coupling of 1a in the presence of 3M TBD base (at 
1 μmole scale).
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Figure S20. Overlaid VIS spectra for measurement of the DMT+ cation absorption (λmax=504 nm) 
after consecutive detritylation steps during the couplings of 1a in the presence of 2M Verkade 
base (at 1 μmole scale).
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Figure S21. HPLC profiles recorded for P-stereodefined dinucleotides formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of DBU (black line), TBD (green line) and Verkade base 
(pink line) and dinucleotide formed from OTP 1a (mixture of P-diastereomers) in the presence of 
DBU (blue line).
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Figure S22. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of DBU
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Figure S23. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of TBD
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Figure S24. HPLC profile recorded for P-stereodefined dinucleotide formed from OTP 1a (fast-
eluting P-diastereomer) in the presence of Verkade base
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Figure S25. HPLC profile recorded for dinucleotide formed from OTP 1a (mixture of P-
diastereomers) in the presence of DBU


