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Abstract

Several chemical modifications have been
developed in antisense therapeutic drugs to
date. The phosphorothioate (PS) bond is one
of the original and most widely-used
backbone variants. PS bond oligo-
modification alters the phosphodiester (PO)
bond by replacing one of the non-bridging

oxygens with a sulfur atom. This modification
improves the metabolic stability and cellular
uptake of oligonucleotide without affecting
their affinity for target. During development of
the analytical IPRP method for compound X,
which contains PS backbone, we observed a
phenomenon that PS bond was being
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oxidized to a PO bond on-column. Here, we
present an approach to improve an IPRP
method that prevents on column PS to PO o. kpo s FP
oxidation by utilizing synergetic effects of o O~cH, Bose F ONH,  Base
temperature, addition of EDTA and DTT into the - o
mobile phase.
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. + Column Temp: 60 °C
Instruments: Ful 5 L of 0.5 mgimL.injction Fig. 1: LC chromatogram for the injection of + Mobile Phases A: 1% HFIP, 0.1% DIPEA, 10 yM of EDTA,
. Waters ACQUITY UPLC H- Résoluton Saltion - 1: L natog t 100 w1 of DTT vt
Class FLP + 5% of each impurity resolution solution in August 2021 using H - -
x 52-S ToF Zoom original method. Good resolutions (USP) was + Mobile Phases B: 40% Acetonitrile, 10 uM of EDTA, 100
evo G25 o achieved with the original developed method. The HM of DTT in water.
minimal resolution (USP) is 0.9 (between FLP * LG Gradient:
peak and PS to PO peak). _
Time %A %B Curve
Initial 98.0 20 h
2.0 98.0 20 Linear
Zoom o 5 L of 0.5 mgimL injection Fig. 2: Overlay LC chromatogram of two 10.0 69.0 | 31.0 | Linear
2 ey injections of the standard solution one month 32.0 590 | 41.0 | Linear
AN 295ep2021 apart. The LC profiles were significantly different 33.0 40.0 | 60.0 Linear
and the %Area for PO impurity increased from 34.0 400 | 60.0 Linear
Column: ol 2.7% in Aug2021 to 8.2% in Sep2021. Both 35.0 980 | 20 Linear
. Waters ACQUITY Premier Y samples were prepared freshly. 42.0 98.0 | 20 Linear
Oligonucleotide C18 Column, - E _— . B
130A, 1.7 ym, 2.1x 100 mm, - Ful 5 L of 0.5 mg/mL injection

Part # 186009485
Full

5 L of 0.005 mg/m (1%) injection
Standard solution

Fig. 3: LC Chromatogram of 1% level of

Standard solution
Zoom

- standard solution injection. Three peaks were
Reagents' . observed when the sample was injected at 1%
° Water, LC/MS Grade, Fisher, /) level. Using MS, three peaks were identified as di-
we4 - PS to PO impurity, mono-PS to PO impurity and - ST | —
N HFIP, 2 99%, TCI», H0424 -+ 4 FLP, respectively. This data indicates that PS is -
° DIPEA, 99.5%, Sigma, oxidated to PO on column. Fig. 8: LC chromatogram of standard solution injection using
496219 the final method. The FLP purity is ~92% and the %Area for PS
. Acetonitrile, LC/MS Grade, to PO impurity is ~2%.
Fisher, A955-1
. DTT, 98%, Sigma, D9779 Full 5 L of 0.005 mg/m (1%) injection Fig. 4: LC Chr gram of 1% level inj |
. EDTA, 299.5%, Fisher, N i:’ﬁfﬁ:::?;wc with column temperature at 60 °C. Reducing
#BP118-500 /o~ : /N column temperature partially prevented the PS
oxidation to PO. FLP purity increased to ~72%.
. / Zoom Mono-PS to PO impurity and di-PS to PO impurity
comp_ound X ) Tt S decreased to ~24% and ~4%, respectively. This
N Oligonucleotide with PS bond indicates that high column temperature partially
modification drives PS to PO conversion.
.S°ftEware'3 i 5 Lol 0005 mgmL (1%) njcton Fig. 5: LC C gram of 1% level inj =
mpower Zoom Standard solution with additional 100 uM of DTT in mobile g g -
. MassLynx f;’;:’:,’n’,’;ﬁ&ﬁnhm Phases phases. Adding reducing agent DTT to mobile Fig. 9: Total lon Count TOF mass spectrum of standard
phases minimized the PS conversion to PO. FLP solutlc_)n |nject|gn using thg final method. Addition of DTT and
Original Method purity increased to ~90%. Mono-PS to PO impurity EDTA in the mobile phases §1|d no(_aﬂecl the MS ressponses. The
e ) and di-PS to PO impurity decreased to ~7% and MS signal for the FLP peak is as high as 5.53 X 106.
Condition: —t— ~3%, respectively. This indicates that DTT inhibits
. Column Temp: 80 °C — the PS oxidation to PO. -
. Mobile Phases:
A: 1% HFIP, 0.1% DIPEA in Conclusion
water Full 5 L of 0.005 mg/mL (1%) injection Fig. 6: LC Chr of 1% level inj .
B: 40% Acetonitrile in water Standard solution with addif |or_1a| 10 uM_ol EDTA in mobile _ + The PS bond on co_rnpound X appears to favor being
. Gradient: P / phases. Addlng_ c_helanng agent EDTA to mobile converted to PO using the originally developed method.
=N~ ~ phases also inhibited the PS conversion to PO.
Time %A | %B Curve Z;m E?A"m";’é’;ﬁ:?;c _FLP purity increased to ~93%. Monq—PS to PO + The PSto PO oxidat‘\on is probably attributed by the high
Initial 98.0 | 2.0 « g Mobile Phases y N !mpumy decreased to ~70/.° and no dl-P_S 19 PO temperature and cation metals.
20 98.0 | 2.0 Linear A impurity was detected. This appears to indicate
10.0 71.0 | 29.0 | Linear that cation metal contributes to the PS oxidation + Lower temperature, metal chelating agent (EDTA) and
32.0 61.0 | 39.0 | Linear as well. reducing agent (DTT) all contribute to prevent the PS to PO
33.0 | 50.0 | 50.0 | Linear conversion.
340 | 98.0 | 2.0 | Linear Ful Zoom 5 uL of 0,005 momi.(1%) Fig. 7: LC Chr gram of 1% level inj
41.0 | 98.0 | 2.0 | Linear ! e solution with additional 10 uM of EDTA and 100 uM of * Addition of DTT and EDTA in the mobile phases do not affect
Column Tomp: 60-C DTT in mobile phases. Adding both DTT and the UV and MS responses.
S1DTT 0 Mobile Fhasss EDTA to mobile phases completely prevented PS
- - conversion to PO. Only one FLP peak was
s observed and no PS to PO impurity was detected
using this condition.
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