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Solid phase oligonucleotide synthesis

Typical synthesis sequence (followed by purification)
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Phosphoramidite Building Blocks

1. Roy, S.; Caruthers, M. “Synthesis of DNA/RNA and Their Analogs via Phosphoramidite and H-Phosphonate Chemistries” Molecules, 2013, 18, 14268-14284. (doi: 10.3390/molecules181114268)
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Phosphoramidite impurities can impact the final product
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2. Kiesman, W.F. et al. “Perspectives on the Designation of Oligonucleotide Starting Materials” Nucleic Acid Therapeutics, 2021, 31, 93-113. (doi: 10.1089/nat.2020.0909)
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Case study: 5’-DMT-2’-F-A(bz)-CEP

5’-Dimethoxytrityl-2’-fluoro-benzoyl-adenosine cyanoethyl phosphoramidite

 Obtained material from four different vendors
(0]

* Analyze to detect and identify impurities above 0.01%
relative abundance using LC/HRAM-MS
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Overview of impurity profiling workflow

UV Component Detection
and Quantitation
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Sample Analysis
By LC/UVIMS
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Correlation to MS
Compounds + Structure
Elucidation based on MS?2
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LC/MS Setup

Thermo Scientific™ Vanquish™ Horizon UHPLC system + Orbitrap Exploris™ 120 mass spectrometer

« Thermo Scientific™ Hypersil GOLD™ C18 column (2.1x100 mm, 1.9 pm)
* Mob. Phases: (A) 10 mM Ammonium acetate, (B) ACN

* 15 min gradient + 5 min re-equilibration
UV 200-400 nm

* Full Scan data acquired w/ Polarity Switching

« Resolution Setting 60,000 / 15,000 (MS'/ MS?)

 m/z 200-1200 Da

« Top2 data-dependent MS?with HCD (stepped NCE 10,20,40)

2’-F-A(bz)-CEP samples dissolved in anhydrous ACN at 1 mg/mL to prevent oxidation prior to analysis
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Impurity spike-in experiments

Confirming sensitivity of analytical method to detect impurities at 0.1% relative to main component
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Impurity spike-in experiments
Different levels 5°-DMT-2’-F-A(bz) spiked into 5’-DMT-2’-OMe-A(bz)-CEP
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Analysis of several vendor’s materials

5'-DMT-2'-F-A(bz)-CEP — Purity > 99% for all
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Analysis of several vendor’s materials — detail view
5'-DMT-2'-F-A(bz)-CEP 200X zoom
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Analysis of several vendor’s materials — detail view
5'-DMT-2"-F-A(bz)-CEP 200X zoom
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Identity of raw material from MS data
5'-DMT-2"-F-A(bz)-CEP
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MS Compound Detection
and correlation with UV
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2-F-A(bz)-CEP C47 H51 F N7 O7 P, MW: 875.35715, Area: 27763827474
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2022-09-28_OE120-VH_AccucoreC18-10cm_20min_2F-A_bz_CEP_A_1mgmL_posneg_02 (F2) #3107, RT=10.156 min, MS1, FTMS (+)
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Structure confirmation of raw material identity by MS?

5'-DMT-2’-F-A(bz)-CEP — automatic fragment structure assignment from in-silico prediction

MS2 spectrum
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Identification of impurities in Compound Discoverer
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Impurity identification from predicted transformation

Compound 3 - AMW = 200 Da (- C¢H,;N,OP)

Formula Parent Compound | Dealkylated | Transformations Composition Change | Calc. MW | m/z Reference lon| Annot. AMass [ppm] | RT [min] | MS2
C38 H34 F N5 06 2-F-A(bz)-CEP X Reduction -(CO9H17N2OP) 675.24910 | 676.25637 | [M+H]+1 -032| 5907 | @

UV 200-400nm MS* spectrum

4 2022-09-28_OE120-VH_AccucoreC18-10cm_20min_2F-A_bz CEP_C_1mgmL_posneg_01 (F5) #1708, RT=5.906 min, MS1, FTMS (+)
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Confirmation of impurity 3 structure with MS?

AMW = 200 Da (— C4H,N,OP) 2 CEP
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Expected Compounds ¥

Formula Parent Compound | Dealkylated | Transformations Composition Change | Calc. MW | m/z Reference lon| Annot. AMass [ppm] | RT [min] | MS2
C38 H34 F N5 06 2-F-A(bz)-CEP X Reduction -(C9HI7N20P) 675.24910 | 676.25637 | [M+H]+1 -032| 5907 W
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Structure elucidation for unexpected impurities

Compounds 5 + 6 — pair of diastereomers

UV 200-400nm MS* spectrum
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Structure elucidation for unexpected impurities

Compounds 5 + 6 — pair of diastereomers

Compounds ¥ Compounds per File || Expected Compounds ¢ Expected Compounds per File | Featy

== Formula Calc. MW | Annot. AMass [ppm] | Reference lon| m/z RT [min] | MS2 AFormula = - C14H14O
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MS2 spectrum
1.4 ]
12 ]
S 1.0
£ g8 ]
% 06 -
= 044 A(bz) - CE — A(bz)
] 240.08760 < <
02 -
0.0 1 Ly L Ly T | . T || L —— T T y ¢ T T T T T T T T T T T y T
100 200 300 400 500 600 700
m/z

sven.hackbusch@thermofisher.com | 13-April-2023


mailto:sven.hackbusch@thermofisher.com

Structure elucidation for unexpected impurities

Compounds 5 + 6 — pair of diastereomers — Comparison to 5-DMT-2’-F-A(bz)-CEP
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Structure elucidation for unexpected impurities

Compounds 5 + 6 — pair of diastereomers — 5’-bz-2’-F-A(bz)-CEP
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MS? distinguishes isomeric impurities 21-24

[5-DMT-2-F-A(bz)-CEP]-H+CI m/z 910.3254
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MS? distinguishes isomeric impurities 21-24

[5"DMT'Z"F'A(bZ)'CEP]—H"'C| m/z 910.3254 m 10459 10,828

m 50 1 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0
S N / RT [min]
= 40 4
E ] 0
5 ] ‘:-1/\\ 303.13776 3
=] o -
B ,;(O C21 H19 02 [M-e]+1 910.32471
= 1 ' CA47 H51 CI F N7 O7 P [M+H]+1
S 20 A 195.08040 N ( (+Chlorination)
= {Cl4H1TOM-el+1  \ | e
10 1 . 274.04858 - 637.28265
1 C12 H9 CIN5 O [M-e]+1 288.1161 e C35 H43 F N2 06 P [M-e]+1
. (+Ch|or!_ljahon) 4 14124 576.1705¢ 538.29108
0 1 s M = ¥ .I 4 .' --------- '.’ I ' ¥ : i 1 b s o] N 1 % ) ' 2 . I Y " L 1 14 % ” 1 . s I
100 200 300 400 500 600 700 800 900
15 4
3 "1.:_-. ]
o M y L3
Z 10 4 337.00869 ¢ &
5 ] C21 H18 CI 02 [M-el}
3 | 0 (+Chlorination)
o~ J HN~ N 910.32489
= | LTN / C47 H51 CI F N7 O7 P [M+H]+1
§ 5 4 “{;NH_’, (+Ch|or|__r]?_t.|on)
E I ¥ 671.24481
C35 H42 CI F N2 06 P [M-e]+1
240.08804 = 5
C12 H10 N5 O [M-e]+1 _ - “Ch"}f‘.ﬂf"_ffff_”) | _
0 I. 1 ." 1 1 1 I ’ | 1 : I
100 200 300 400 500 600 700 800 900

m/z

22 sven.hackbusch@thermofisher.com | 13-April-2023


mailto:sven.hackbusch@thermofisher.com

MS? distinguishes isomeric impurities 21-24

5'-DMT-2'-F-A(bz-CI)-CEP and 5’-DMT-CI-2’-F-A(bz)-CEP

..
i

Determination of transformation site allows to trace back to origin of Chlorine substitution
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Distinguishing co-eluting impurities with HRAM MS

Peaks 11 and 13 — overlapping MS components

UV 200-400nm MS? spectrum
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Distinguishing co-eluting impurities with HRAM MS

Peaks 11 and 13 — overlapping MS components — identification based on accurate mass and MS?

MS* spectrum MS?2 spectrum
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Distinguishing co-eluting impurities with HRAM MS

Peaks 11 and 13 — 5-CEP-2’-F-A(bz)-CEP and 5’-DMT-2'-F-A-CEP

MS2 spectrum

ThermoFisher
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Summary of impurity analysis of 5’-DMT-2’

o " O a o,
Q\iﬂx@ )KO %% i@ —— MS peak Putative Example impurity %o of total UV peak area by vendor
Qs ‘LU% ; PUNY | (Da) identification classification A B c D
S e
S S | 808.2422 CatHasFNeOGP PP eias V) Noncritical 0.01% | 000% | 000% | 0.00%
B ImpurityV
e 1 675.2491 CasHauFN:Og -CEP Noncritical 0.00% 0.00% 0.09% 0.00%
\ ) v 792.2472 Ca1HsFNsO5P -DIPA + OH Noncritical 0.07% 0.05% 0.07% 0.05%
Vv 677.2525 CagHarFN;OgP -DMT +bz Noncritical 0.05% 0.00% 0.00% 0.00%
Vi 891.3518 CarHsiFN;OgP OX‘dzg‘;rc‘ite"s P(V) Noncritical 0.06% 0.10% 0.13% 0.13%
HP=0 phosphite +
VI 822.3306 C,4H4gFNgO,P loss of cyanoethyl Noncritical 0.01% 0.04% 0.04% 0.00%
group
) ) < Vil 834.2044 CaeHuFNeOGP Substtution of DIPA Noncritical 0.06% | 000% | 000% | 0.00%
IX 773.3341 CasHsoFNoOgP, -DMT +CEP Critical
0.01% 0.05% 0.07% 0.04%
X 771.3307 CaoHarFN,OgP bz Critical
: XI 779.2753 CasHagFN5O; -CEP + bz Noncritical 0.01% 0.01% 0.01% 0.00%
Impurity X Impurity XI Impurity XII
XIl 861.3414 CasHioFN;0,P Demethylation on CEP Noncritical 0.00% 0.03% 0.00% 0.01%
\ —\ \
o Acetyl-methyl "
%g oy JL© W% o i@ XIll 903.3518 CarHesFN;O1P cetyemethy Noncritical 0.00% 0.01% 0.00% 0.01%
8 & S XV 992.3551 CaoHesFNOgP; “DIPA +CEP 000% | 000% | 003% | 0.00%
,, D
* }CH XV 874.3732 CyrHssFN;OgP -0 +NH on bz Noncritical 0.08% 0.00% 0.04% 0.00%
T XVII 889.3721 CagHssFN;O,P Methylation on DMT Noncritical 0.09% 0.00% 0.00% 0.00%
XVl 909.3177 CyrHsoCIFN,O,P Chiorination on bz Noncritical 0.12% 0.07% 0.05% 0.09%
; XIX 977.3799 CaoHeoFN;Os -CEP +DMT Noncritical 0.02% 0.01% 0.03% 0.02%
XX 909.3177 C7HsoCIFNTO,P Chiorination on DMT Noncritical 0.00% 0.01% 0.01% 0.04%
p . O XX 864.3779 CarHssFNOP -CN +CH, "M-11" 0.02% | 000% | 0.00% | 0.00%
Q 5.DMT-2"-F-
{ S e P 875.3571 C47Hs1FN,O,P A(bz)CEP - 99.35% | 99.61% | 99.44% | 99.61%
Chemical Formula: Cogil;FN:O, mpuri
Impurity XIX Critical impurity level 0.03% 0.05% 0.10% 0.04%
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-F-A(bz)-CEP

For more detail: Application Note AN001949

https://view.highspot.com/viewer/644058d5d73ddb9595e641e5



mailto:sven.hackbusch@thermofisher.com
https://view.highspot.com/viewer/644058d5d73ddb9595e641e5

SSSSS

Phosphoramidites are raw materials for oligonucleotide-derived drug substances, and their
impurities need to be controlled in the manufacturing of therapeutic oligonucleotides

Vanquish UHPLC system coupled with Orbitrap Exploris 120 MS facilitates confident profiling
and identification of phosphoramidite impurities
Compound Discoverer software automates mass spectral annotation process, allowing users to

determine transformation sites
Fragmentation data allows the distinction of isomeric impurities and to determine the origin of

transformations
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Thank you

Questions?
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