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Practical MS Determination of Imidazole C-Nucleoside Phosphoramidites
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Imidazole C-nucleoside phosphoramidites (ICN-PAs) are key building blocks for probing general acid and base
catalysis in ribozyme and are used in contemporary solid-phase synthesis of oligonucleotides. The accurate molecular
weight measurements of ICN-PAs, which contain acid and base-labile functional groups, may be easily determined
by mass spectrometry (MS) using a novel matrix system, triecthanolamine (TEOA)-NaCl, on liquid secondary ion
(LSI) MS or fast atom bombardment (FAB) MS equipped with a double-focusing mass spectrometer. The present
method measures rapidly and easily the accurate molecular weights of various ICN-PAs as adduct ions [M+Na]* with
average mass error smaller than 0.8 ppm, allowing the formulas of the PAs in place of elemental analysis. It also

becomes a powerful tool for MS identification of various PAs. We herein describe two protocols for the mass spectra

measurements of PAs.
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B— ) RHA L) ORI EED T2,
RNAANDA I XYV —)VDE A, PAs & LTITH
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Fig. 1. Chemical steps to incorporate imidazole base into RNA sequence.

Table 1. MS conditions for imidazole C-nucleoside phosphoramidite (ICN-PA) 1

— Observed mass ¢ | Error ¢
Entry |lonization Method Matrix ° MRI ® RI® (%)
(miz) (ppm)

1 El (70eV) - NDf

2 (20eV) - ND

3 CI - ND

4 LSIMS G - ND

5 NBA - ND

6 DEOA - ND

7 MB - ND

8 TEOA - ND

9 DTT/TG - ND

10 G + NaCl [M+Na] 0.2

11 NBA + NaCl [M+Nal" 0.6

12 DEOA + NaCl [M+Nal" 0.7

13 MB + NaCl [M+Na] 0.4

14 DTT/TG [M+Na]® 03

15 TEOA + NaCl [M+Na]" 20.1 953.4625 & 0.4
16 | FAB G - ND

17 G + NaCl - ND

18 TEOA + NaCl [M+Na]’ 2.6

19 | ESI - ND
20 MALDI-TOF THAP [M+Na] 25.2 953.5199 & 60.6

* G, glycerol; NBA, m-nitrobenzyl alcohol; DEOA, diethanolamine; MB, dithiothreitol/dithioerythritol (3/1);
TEOA, triethanolamine; DTT/TG, dithiothreitol/thioglycerol (1:1); THAP, 2',4',6"-trihydroxyacetophenone.

® MRI; Molecular-related ion.

¢ RI; Intensity relative to the base peak ion (100%).

¢ The mass was measured by HRMS.

¢ The error can be calculated using the following equation:
Error(ppm)=10°x(observed mass - theoretical mass)/theoretical mass

 ND; <0.1%.

& 1: CsH;,N,O,PSi, [M+Na]’, Theoretical mass (m/z) = 953.4621.
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Fig. 2. Positive ionization LSIMS spectrum of 1 (MW 930) introduced in TEOA-NaCl matrix.
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Fig. 3. ICN-PAs for probing general acid and base catalysis in ribozyme.
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Table 2. RIs and errors on LSIMS or FABMS measurements of ICN-PAs under Protocol 1

ICN-PAs Formula Theoretical mass * Observed mass® RI(%)° Error (ppm)
1 CsoHyN,OoPSi 953.4621 953.4625 20.1 0.4
2 CsH,,N,O,PSi 953.4621 953.4618 14.6 -0.3
3 Cs,H75sN,O0PS1 981.4934 981.4935 1.6 0.1
4 C,,H,sN,OPSi 981.4934 981.4932 0.4 0.2
5 C4HsN,OgP 823.3809 823.3801 3.5 -1.0
6 C4HeN,OoP 879.4070 879.4069 2.2 -0.1
7 C47HgN;OoP 892.4027 892.4025 9.9 -0.2
8 CysHeN;OoP 906.4183 906.4204 17.9 2.3
9 CyHeN;OoP 920.4339 920.4336 8.4 -0.3
10 CoHgNsOgP 934.4495 434.4490 70.0 -0.5
*[M+Na]’

®Intensity of [M+Na]" relative to the base peak ion (100%).

FDOX 7 LAY RFRUIERXZ LAY R PAs D 50
BILL FICDWT MS 21757 A, ZDITNRT
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Fig. 4. JMS-700 B & 77#7it (JEOL @ KECHERIR: MS = )

Jaka—)2:

—E&D TEOAIZXF L, PA: NaClDEIVEEA T ¢
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22. 7abta—j1

70k a—)b 21T, Na* o1 ofnt
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PA (MRt AL &)
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5) AR ARERIE 21T > T21%, 70 fRRERIE FH IR
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NEREZ{GH T L TdHS. PAs DIHES TED
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“20°CTEr AREL TE XX MV IZZ1L
MRLNEh> Tz,

3. ¥&H

F4 DGR LT ICN-PAs 1, RLEHILEYT
Bo o teth, WED MS IC & % MR k7
Moo, T TAF A & OMIEAI72 26
R TR, U — UG R AR O
S AL LT LST O FAB B, <Y w2
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OGN OCHBREN KRS T &2 RVWEL
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BB LT, B~ b &7 A LiCl Z 3
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V> PAs (A 3 B —BIEIC A D 185 L B2 B
5. %1, CTTHOET MY w2 AL AT L,
PAs LIS D RZ R ALY 3 U C & M T A2
LOLIEE N,

B ICN-PAs D X ZAXT MVHIIEIC DL
THRETHEZHO £ LA RS, 75
AR F et BFC R BB L X9, Tz,
BHEICN-PAs il Eid Rl 2 TRt E, f
7R THORZWE D F LI KBRCER R, B
{fz i 2, Dundee X %%, David M. J. Lilley # #%,
Birmingham K*#, Zheng-yun Zhao 18 1:1C S
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