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Abstract

Dinucleotide N3— P5 phosphoramidates were synthesized and determined by positive ion electrospray ionization mass spectrometry
(ESI-MS), their fragmentation pathways were investigated using tandem mass spectrometric (MS/MS) techniques, and many abundant
characteristic fragment ions were found. The results show that multistage ESI-MS is a powerful tool for the structure determination of
dinucleotide N3— PS5 phosphoramidates.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction phate efficiently into the target cell, a lot of work has been
reported aimed at developing-8-ester prodrugs of AZT
Nucleosides and nucleotides have demonstrated[10-14]
widespread utility as antiviral and anticancer therapeu-  Oligonucleotide N3— P5 phosphoramidates have been
tics [1]. One of them is Bazido-2,3-dideoxythymidine attracted considerable attention as a class of compounds
(AZT) [2-4], which was the first clinically approved drug of potential therapeutic valud5-20] since these oligonu-
against HIV infection. The mechanism of action requires cleotide analogues are resistant towards various nucleases
conversion of AZT to the corresponding-fmono-, di- [16,21]and hybridize to complementary DNA or RNA tar-
and triphosphates by cellular kinases after cellular uptake gets with much higher affinity than their natural congeners
[5]. AZT triphosphate then competes with dTTP for do[16]. In addition, 3-amino-2,3-dideoxy-nucleoside ana-
incorporation in viral DNA, leading to inhibition of reverse logue exhibit antitumof22] and antiviral activity, which
transcriptase and DNA chain termination. However, the long- can conjugate with AZT or other anti-HIV nucleotides to
term administration of nucleoside-based drugs can result inbe potential prodrugs and candidates for antisense purposes
decreasing activity of kinases, thus, reducing their efficacy. [23,24]
For example, resistance to the antiviral activity 6&2ido- Electrospray ionization mass spectrometry has been
3'-deoxythymidine[6,7] has been shown to arise from the widely used during recent years and become a useful tool
decreased activity of the prerequisite first phosphorylating for structural determination. For example, ESI-MS/MS has
enzym¢8] and other side effects like bone marrow suppres- been applied to the determination of the DN25] and
sion, myopathy, hepatic abnormalities and s¢3jnin order oligonucleotidg26—28]sequence. In our research group, the
to circumvent these problems and deliver the monophos- fragmentation pathways of AZT/d4T boranophosphates and
dinucleotide thiophosphoramidates using ESI-MS/MS have

* Corresponding author. Tel.: +86 10 6277 2250; fax: +86 10 6278 1695. been describef?9,30] Here, we would like to report the
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Scheme 1. Synthetic pathway of dinucleotidé N3P5 phosphoramidates.

dates with potential anti-HIV activity and their fragmentation was purified by silica gel column chromatography using

pathways in positive ion electrospray ionization (ESI) mass CH,Cl,/CH30OH (10:1) as solvents to give the target prod-

spectrometry combining with tandem mass spectronj@idy uct 4 as colorless oil or white solid. Structure and purity

(MS/MS) and quadrupole ion trgdB2]. of these compounds were checked #yp, IH and 13C
NMR.

2. Experimental 2.4. Mass spectrometric conditions

2.1. Preparation of samples The samples dissolved in methanol were continuously
' ] infused into the ESI chamber at a flow rate ofldmin

~ S-Hydrogenphosphonateswere synthesized as shown 5 cole-Parmer 74900 syringe pump (Cole-Parmer Instru-

in Scheme Hccording to methods proposed in the literature |\ ant Company) and ionized by ESI. ESI mass spectra were

[33,34] The dinucleotide N3— P5 phosphoramidates were acquired in positive ion mode using a Bruker ESQUIRE-

obtained through Todd reaction, and general procedures arg =™ g, trap spectrometer equipped with a gas nebulizer

shown as follows. probe. The capillary was typically held at 4 kV and the source
temperature was maintained at 3@ The MS spectrawere
2.2. Compound 3 obtained by collision-induced dissociation (CID) with helium

. _ after isolation of the appropriate precursor ions.
To a flask containing 1.38g (10 mmol) RGh 10 mL

dichloromethane, AZT4) or d4T () was added in por-
tions within 10 min at—30°C. The reaction mixture was
stirred at this temperature for 1 h and room temperature for

6h. After the solvent and excess of BGlere removed Here, ESI positive ion mass spectral fragmentation path-

g_ncri]elzr redU(t:hed pre;stre, the rte|5|d2ug was (Illlslsol;]/e:j_ln ;O TL\Nays of compoundad is discussed as typical example. Other
ichioromethane. subsequently, .>Mmo’ aicohol In S m compounds have similar mass spectral fragmentation pat-
dichloromethane was added dropwise to the solution on ice

3. Results and discussion

. : terns.
bath and stirred at @C for 30 min, and then 2 mmol of g\l
was dropped to the resulting solution. Ten minutes later,
the solvent was removed in vacuo, and purification of the *'%]
residue provided by silica gel column chromatography 1 675.3
using CHCl,/CH3z0H (20:1) as eluent. Sj
4
2.3. Compound 4 ]
2_
Compound3 (0.36 mmol) in THF was added dropwise | 1s10 3468 4200 59?-26_51' L .
to 3-aminothymindine (0.43mmol) in mixed solvents of 0 100 200 300 400 | 500 800 700 | 800  m/z

THF/CCL/EtsN/H,O and stirred at room temperature for
1h. After evaporation under reduced pressure, the residue Fig. 1. Positive ion ESI mass spectrum of compodad.
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Fig. 2. ESI MS/MS mass spectrum of the protonated molecute 2653
in Fig. 1 (corresponding t&cheme 2

3.1. Positive ion mass spectrum of compound 4ad

The mass spectrum of compoudad (Fig. 1) shows the
two main peaks ati/z 653 and 675 corresponding to the
protonated and sodiated moleculésf H]™ and [\/ + NaJ",
respectively.

The ESI-MS/MS fragmentation of the protonated
molecule atm/z 653 Fig. 2) is summarized irScheme 2
The ions at m/z 571 corresponding to cyclohexene
loss from M +H]*, m/z 527 and 429 corresponding to
[MH — thymine]" and [MH—d4T]* (d4T 2,3-didehydro-
3'-deoxythymidine) were observed, respectively.

The ESI-MS/MS/MS spectrum of the i@’z 527 (Fig. 3),
summarized irscheme 3produced ion ak/z 429 which was
also observed in the ESI-MS/MS spectrummff H]* atm/z
653 (Scheme P Two odd-electron ions at/z 197 and 123
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Fig. 3. The ESI-MS/MS/MS spectrum of the ionat; 527.
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Fig. 4. The ESI-MS/MS/MS spectrum of the ioriz 429.

ion atm/z 260 corresponded to neutral molecule Hahd
thymine loss from the precursor ion. The iowdt 178 came
from the parention by losing thymine, Hdnd cyclohexene.
The ion atm/z 124 was [AZT-HO-thymine + HY.

The ESI-MS/MS/MS/MS spectrum of the ionsatz 347

were observed, which came from loss of radical fragments, is shown inFig. 5 and the fragmentation pathway of the

and the similar results were found in other paj3&i.

The ESI-MS/MS/MS spectrum of the ion at/z 429
is shown inFig. 4 followed by the pathway of the ion
(Scheme % [M — d4T — cyclohexene] was observed at/z
347. The ion ain/z 303 came from loss of thymine, and the

ion atm/z 347 is displayed irscheme 5A peak atm/z 221

was observed corresponding to thymine loss from the parent
ion. Meanwhile, we also observed peaks:4t204 and 178,
which corresponded to [precursor ion—thymine—JjiHand
[precursor ion—thymine—-H§*, respectively. In addition, a
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Scheme 2. ESI-MS/MS fragmentation pathway of the iom/at653.
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Scheme 4. ESI-MS/MS/MS fragmentation pathway of the ion/at429.

novel rearrangement ion at/z 282 was observed, and its
possible formation mechanism is propose&aneme 6The
cleavage of €0 bond on furan and the new five-membered
ring in ion A at m/z 347 produced the intermediaB: the

subsequent proton migration and cleavage of bonds yielded

ion E atm/z 282 by losing PONKE from ion A atm/z 347.
Inthis paper, the ESI-MSspectra of the sodiated molecule
[M + NaJ* atm/z 575 were also undertaken.
The ESI-MS/MS spectrum oM + NaJ" and the fragmen-
tation pathway are shown iRig. 6 and Scheme 7When
the ion M + Na]" lost cyclohexene, the ion at/z 593 can be
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Fig. 5. The ESI-MS/MS/MS/MS spectrum of the iorvat; 347.
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Scheme 5. The fragmentation pathway of the iom/at347.

observed. Fragmentionafz 426 was observed correspond-
ing to the cleavage of &—O bond. If the two steps were taken
simultaneously, the ion ai/z 344 can be generated. The ions
atm/z 264 and 229 corresponding td{8mino-2,3 -dideoxy-
thymidine + NaJ and [d4T— H,O + Na]" were observed.
The ion atm/z 324 came from the cyclohexene and hydroxyl
radical losses from precursor ion.

The ESI-MS/MS/MS spectrum of the ion ai/z 344
(Fig. 7), summarized irBcheme 8produced ion at/z 229
and 264 which were also observed in the ESI-MS/MS spec-
trum of the ion atn/z 675 (Scheme Y. The new ion ain/z
218 was attributed to thymine loss from the precursor ion.
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Fig. 6. ESI-MS/MS spectrum of ion at/z 675.
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Scheme 7. The fragmentation pathway of the iom/at675.

The ion atm/z 121 was attributed to thymine loss and the

xig cleavage of —3'N bond. In addition, the radical ion ai/z
2.0 2006 3436 201 was observed.
15 2176 ESI-MS/MS/MS/MS  spectrum of the sodiated- 3
| i aminothymindine ain/z 264 is shown inFig. 8 and sum-
1.9 & marized inScheme 9The ion atn/z 138 was generated from
L - ' the thymine Ios_s, and its complementary iomidd 149 was
ool Ll L G observed. The ion at/z 123 was attributed to thymine loss

L e RS R R /'@
100 260 3CI)0 460 5(I)O 660 7CI)O 860 rnlfz and Cleavage of 8-3'N bond.

Fig. 7. ESI-MS/MS/MS spectrum of ion at/z 344.
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Scheme 9. The ESI-MS/MS/MS/MS spectral fragmentation pathway of the
ion atm/z 264.

4. Conclusions

Positive ion electrospray ionization mass spectra of dinu-
cleotide N3— P5 phosphoramidates produced ions corre-
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Appendix A. Appendix A

Spectra, for example, compoudald.

3lp NMR (DMSOds, 121.5MHz) § 9.05ppm (S);
'H NMR (DMSO-+ds, 300 MHz) § 1.24-1.29, 1.43-1.46,
1.55-1.7, 1.77-1.9 (m, 11HgB11-), 1.77 (s, 3H, CH-),
1.80 (s, 3H, CH-), 2.1-2.2 (m, 2H, 2CHj), 2.25-2.45 (m,
2H, 2-CHy), 3.1-3.2 (m, 1H, 3NH), 3.48-3.58 (m, 1H,
—CH,—CH-CHy-), 3.6-3.85, 3.9-4.1, 4.1-4.3, 4.32-4.52
(m, 8H, 3, 4, 5-H), 4.95-5.1 (m, 1H, 50H), 6.13 (t,
2H, I-H, J4_4=6.25Hz), 7.53 (s, 1H, 5-H of AZT), 7.73
(s, 1H, 5-H of 3-amino-2,3-dideoxythymidine), 11.27 (s,
1H, 3-NH of AZT), 11.36 (s, 1H, 3-NH of '2amino-2,3-
dideoxythymidine)13C NMR (DMSO-dg, 75 MHz)$§ 12.16,
12.28, 23.06, 24.79, 32.96, 33.00, 35.75, 50.64, 60.32, 60.59,
65.01, 75.07, 81.64, 81.74, 83.41, 83.77, 85.86, 109.26,
110.02, 135.93, 136.26, 150.42, 163.71, 163.80.
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