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SUMMARY

Three structurally similar deoxynucleosides (thymidine, O*-ethylthymidine, and
2’-deoxyuridine) were studied by mass spectrometry as pentafluorobenzyl, cinnamyl,
or mixed derivatives. The purpose of the work was to define the usefulness of such
derivatives for structural elucidation of deoxynucleosides. The compounds were
ionized in three ways: electron capture negative ion, positive ion chemical ionization,
and electron impact. For each of the derivatives examined, the combined spectra were
well suited for structural elucidation purposes.

INTRODUCTION

Mass spectrometry (MS) has been shown to be particularly useful in the
characterization of DNA and RNA structures through analysis of the components
nucleobases, nucleosides, and nucleotides'=>. The study of the non-volatile nucleo-
sides has been accomplished by a variety of desorption ionization techniques,
including fast atom bombardment®, field desorption’, ?52Cf desorption®, and
secondary ion MS® 19, These ionization techniques permit the analysis of highly polar,
thermally labile compounds directly, without the need for chemical derivatization.
However, relatively large quantities of sample are normally required to carry out such
experiments, typically in the microgram scale.

We have been interested in developing analytical methodology for the trace level
detection of chemically modified nucleobases and nucleosides in physiological
samples. This requires detection limits not normally associated with the afore-
mentioned desorption MS techniques. Electron capture negative ion mass spec-
trometry (ECNIMS) has been shown to provide particularly low detection limits,
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approaching the femtogram (10~!% g) level, for compounds amenable to electron
capture'!. For compounds not inherently electrophoric, the preparation of a suitable
derivative is necessary to permit efficient ionization under ECNIMS conditions!!~—14,
Numerous volatile derivatives of the naturally occurring and modified nucleosides
have been proposed for analysis by both gas chromatography (GC)!5 and MS'®.
These include derivatives based on acetyl'”, permethyl!®, alkylsilyl!®, or trifluoro-
acetyl?®-?! chemistry. However, very little has appeared on the preparation of
electrophoric derivatives suitable for ECNIMS. Smith er a/l.2? have described the
preparation of trifluoroacetyl and nitrobenzyl nucleoside derivatives. The negative ion
mass spectra observed, obtained under low pressure electron impact (EI) conditions,
consisted primarily of fragment ions related to the introduced electrophore, and not
the original nucleoside.

Recent studies conducted in our laboratories concerning the development of
volatile, chemically stable, and highly electrophoric derivatives of nucleosides?*24 and
nucleobases?5-2% for analysis by GC with electron capture detection (ECD) and
GC-MS have provided several new approaches to nucleoside derivatization method-
ology. For the nucleosides, two promising derivatives are those obtained by treatment
with pentafluorobenzyl bromide??® and cinnamoyl chloride?*. We wish to report here
the methane negative ion and positive ion chemical ionization mass spectra of several
derivatives of the nucleoside thymidine, and two modified nucleosides 3-methyl-
thymidine and 5-hydroxymethyl-2'-deoxyuridine. Presented in Table I are the
structures of the seven compounds prepared for this study. Three different derivatives
of thymidine 1-3, were prepared incorporating pentafluorobenzyl or cinnamoyl

TABLE I
STRUCTURES OF ELECTROPHORE-LABELED NUCLEOSIDES

CIN = COCH=CHC¢Hs; PFB = CH,C/Fs.

Ree 0 o OCH2CH3
N)j 2 N)TRz
oJ\N OJ\N
0 0
O/R3 ,——\ﬁo/Ra

Rqe—0 R‘—-O
1'5, Z 6

Compound MW Ry R, R; R,

1 502 H CH;, CIN CIN
2 682 PFB CH; CIN CIN
3 782 PFB CH;,4 PFB PFB
4 516 CH; CH; CIN CIN
5 616 CH; CH;, PFB PFB
6 630 - CH; PFB PFB
7 978 PFB CH,OPFB PFB PFB
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electrophores. Two derivatives of the modified nucleoside 3-methylthymidine, 4 and 3,
were synthesized by introduction of either electrophore to the sugar hydroxyl sites. In
addition, the pentafluorobenzyl derivatives of the modified nucleosides O*-ethyl-
thymidine (6) and 5-hydroxymethyl-2'-deoxyuridine (7) have been prepared. As
reported previously?®2* these derivatives have been found to be quite stable
chemically, particularly in comparison to the popular silyl adducts. Moreover, the
high sensitivity exhibited by these compounds by GC-ECD?*2# suggests possible
utility for the related technique of ECNIMS.

EXPERIMENTAL

The preparation of these derivatives has been described previousty?2#. All mass
spectra were obtained by placing approximately 100 ng of each compound in the glass
tip of a direct insertion probe of the Finnigan 4021B mass spectrometer. [on source
temperature was set at 200°C and the probe was heated balistically to 300°C. For the
chemical ionization experiments, methane served as reagent gas at a source pressure of
0.30 Torr.

RESULTS

Electron capture negative ion mass spectrometry
The spectra obtained for compounds 1-7 by ECNIMS are summarized in Table
II. The behavior of the derivatives in terms of fragmentation is clearly dependent on

TABLE 11
METHANE ECNIMS OF ELECTROPHORE-LABELLED NUCLEOSIDES

Values in parentheses are percentages relative abundance.

lon mjz
I 2 3 4 5 6 7
M- 502 682 782 516 616 630 978
(100) (100) 0.5) (100) (V] © ©
M—-181)" - 501 601 - 435 449 797
(V)] (5) ®) (33) ®
b~ 125 125 305 139 139 153 501
an (12) (5) (¥ n )] &)
Other 147* — 762 - [78** 178** 178**
(16) 2) (100) (100) (100)
178 196***
(100) (80)

* C4H,CH=CHCOO"~
** CH,CeF,0™.
% CHOC,Fs*
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the choice of added electrophore. The cinnamoyl esters 1, 2, and 4 are distinguished by
the production of the molecular anion, M=, as the base peak. Fragmentation in the
spectra of these derivatives is limited; a portion of the ion current is carried by ions
formed as a result of cleavage of the nitrogen—carbon glycosidic bond to give the base
anion, b™. Also formed is the complementary anion CsHsCH =CHCOO ~, m/z 147,
by retention of the charge on the electrophore moiety. The high relative abundance of
the radical anion M ~, created by the initial electron capture process, is most likely due
to the stabilization of the charge by one or both of the cinnamoyl groups.

In contrast to the spectra of the cinnamoyl compounds, those of the derivatives
which contain only the pentafluorobenzyl group, 3, 5, 6, and 7, show virtually no
molecular anion, M *. This absence of M ¥, due to ionization via a dissociative electron
capture process, is a common feature of ECNIMS of the pentafluorobenzyl derivatives
of a variety of functionalities'?. The base peak for 5, 6, and 7 is found to be an ion at
m/z 178. A probable composition for this ion is CH,C¢F40~, produced via either an
inter-molecular nucleophilic oxygen-fluorine exchange or an intra-molecular rear-
rangement. Bimolecular exchange reactions have been reported previously for
halogenated aromatics under methane chemical ionization conditions and may occur
due to traces of oxygen in the ion source?”. Nevertheless, except for that of 2 (see
below), the spectra of the pentafluorobenzyl derivatives studied here exhibit the
fragment (M — 181)”. This loss of the pentafluorobenzyl radical is quite com-
mon*%2829 and provides an ion suitable for selected ion monitoring studies for trace
level analyses. It is important to note that for compound 2, in which both the
pentafluorobenzyl and cinnamoyl electrophores are present, the ionization is domi-
nated by the cinnamoyl groups, yielding only M~ (100%) and b~ (12%) ions. No
signal corresponding to (M — 181)™ or m/z 178 was observed. Given these favorable
properties of cinnamoyl-derivatized nucleosides for detection, it is unfortunate that
recent work in our laboratories has revealed that 4 is a difficult solute to handle by GC.

Methane positive ion chemical ionization

The analysis of nucleosides by positive ion chemical ionization (PICI) mass
spectrometry has been accomplished using both the free nucleosides®® and the
trimethylsilyl derivatives®>!. The PICI mass spectra of compounds 1-7 are sum-
marized in Table III. The behavior of both the cinnamoyl and pentafluorobenzyl
derivatives is quite similar to that documented previously for the corresponding
trimethylsilyl derivatives®. In general, the mass spectra provide both molecular weight
confirmation via the MH™" ions and details of structural features through the
production of several significant fragment ions. The major fragmentation paths for
these derivatives are outlined in Scheme 1. Ions indicative of the nucleobase, (b +2H)*
and (b+30)*, thesugar, S* and (S—OR)*, and the intact nucleoside, (M —OR)™* and
(M —OR —OR)", are readily discernible and should aid in the structure elucidation of
modified nucleosides. With the exception of compound 1, the MH™* ion is a prominent
feature for all the derivatives studied. This ion, when also considered in conjunction
with the M* or (M —181)" ions in the ECNI mass spectra, serves to estalish the
molecular weight of the derivative. Chemical modifications at the sugar or base
portions of the nucleoside may be ascertained by location of the appropriate fragment
ions. In particular, the pair of ions (b+2H) " and (b+30)*, separated by 28 a.m.u., are
clearly featured for all the compounds studied.
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(b+2H)*
~CO

(M-0R-OR)*

Scheme 1.

TABLE III
METHANE PICIMS OF ELECTROPHORE-LABELED NUCLEOSIDES

Values in parentheses are percentages relative abundance.

Ion mjz
1 2 3 4 5 6 7
MH* 503 683 783 517 617 631 979
) - (80) (100) 0) (100) 37 (100)
M—-OR)"* 335 535 585 369 419 433 781
9 (68) (12) (46) ) @n (68)
st 3717 377 477 377 477 477 477
(40) (100) (25) (66) (14) 4) (19)
(S—OR)"* 229 229 279 229 279 279 279
(18) (20) 6 (23) (10 ®) 3
(b+30)* 155 335 335 169 169 183 531
(26) 47 (12) (40) 19) 22) (10)
(b+2)* 127 307 307 141 141 155 503
(76) (88) 35 (100) (56) (100) (15)
Other 149 182 149 181 179 181
(28) (15) (25) (12) (30) (20)
131 149 131
29 (23) (24)
81 131 81
(100) 30y (88)

81
(54)
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The spectra of the three cinnamoyl-substituted derivatives show an abundant
ion of m/z 81. This ion is absent in the other derivatives studied and, most likely, can be
rationalized in terms of the furan moiety depicted in Scheme 2. A similar ion has been
observed in the EI mass spectra of trifluoroacetyl derivatives of nucleosides!+32. The
production of this ion in only the cinnamoyl derivatives is consistent with a series of
six-membered ring rearrangements (Scheme 2). These processes would not be possible
in the case of the pentafluorobenzyl derivatives.

S*; m/z 377

Scheme 2.

Electron impact mass spectrometry

EI mass spectra were obtained for compounds 1-7 and are summarized in Table
IV. As might be anticipated for these nucleosides, the spectra are composed almost
solely of fragment ions, with no M ** ions detected. The cinnamoyl esters 1, 2, and 4 are
dominated by the m/z 81 ion, as discussed earlier for the PICI mass spectra. For the
pentafluorobenzyl derivatives 3, 5, 6, and 7 the base peak is at m/z 181, CH,CcF<. An
earlier study by McCloskey®® on the EI mass spectra of monobenzyl nucleoside
derivatives reported the analogous tropylium ion at m/z 91, C¢HsCHY , to be the base
peak.

CONCLUSION

Derivatization with electrophoric groups influences significantly the fragmenta-
tion pattern of nucleosides. In the ECNI mode, incorporation of a cinnamoyl group
provides ideal conditions for formation and stabilization of a molecular anion even in
the presence of a pentafluorobenzyl group. In contrast, derivatives containing
a pentafluorobenzyl group alone largely form the anion CH,C¢F,O~ with this
ionization technique. On the other hand, significant fragmentation is encountered for
all compounds at least under PICI and EI conditions. Together these latter spectra are
well suited for structural studies.

For trace quantitative analysis, the advantages of pentafluorobenzyl derivatives
of deoxynucleosides are that, for the ones examined to date, they are stable derivatives
which can be detected with high sensitivity by GC-ECD??, and certain of them give
a structurally characteristic ion at M — 181 (loss of pentafluorobenzyl) with moderate
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TABLE 1V

EIMS OF ELECTROPHORE-LABELED NUCLEOSIDES

The values in parentheses are percentages relative abundance.

375

Ion mjz
I 2 3 4 5 6 7
St - 377 477 377 - — 477
) 1C)) ) Q@)
C¢F,CH,* - - 181 - 181 181 181
(100) (100) (100) (100)
C¢H;CHCHCO* 131 131 - 131 - - -
42) (40) (30)
CeHsCHCH* 103 103 - 103 - - -
(20) (12) (25)
CsH;0* 81 81 - 81
(100) (100) (100)
Other 147 306 - 77 141 155 -
(10) ] (16) (10) (30)
55 55 126
(14 (20) 17
110
(10)
82
(15)
9
(12)
55
(35)

abundance (e.g. 35% for 6 relative to the base peak) under ECNI conditions,
encouraging their sensitive, specific detection by GC-ECNIMS.
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