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The mass spectral characteristics of novel Class I mesoionic heterocyclic bases and nucleosides based on
the thiazolo[3,2-a]pyrimidine-5,7-dione system have been examined using low and high resolution mass spec-
trometry and metastable ion analysis. The mass spectra of these Class IT mesoionic nucleosides differ signifi-
cantly from the spectra of “‘normal’’ nucleosides by the absence of fragment ions associated with the base
plus portions of the sugar. The difference in fragmentation is rationalized on the basis of exclusive localiza-
tion of the radical-charge site in the aglycone, a result of the mesoionic structure of these molecules. The fast
atom bombardment (FAB) mass spectra of a Class I mesocionic nucleoside, 7-methylguanosine, is compared to
the FAB mass spectra of the Class II mesoionic nucleosides.
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Introduction.

Mass spectrometry has been of significant value in the
structure elucidation of modified nucleosides isolated
from natural sources, particularly minor components of
RNA [3], and the general fragmentation pattern shown by
this biologically [4] and medicinally [5] important class of
compounds is well documented [6,7].

Although the mass spectra of “‘normal”
possessing a carbon-nitrogen glycosidic bond display, in
general, similar fragmentation patterns, structural
changes can radically alter the appearance of the mass
spectrum. For example, C-nucleosides, i.e., nucleosides
with a carbon-carbon bond between the sugar and aglyc-
one, yield an electron impact(EI) mass spectrum contain-
ing an intense [B + 30}* ion[8-10] as a result of the increas-
ed stability of the glycosidic bond. Another example of a
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minor modification which results in a large change in
mass spectral behavior is the addition of a methyl group to
the N7 position of the purine ring. These mesoionic nuc-
leosides, e.g, 7-methylguanosine (1), pose special problems
for mass spectrometry because of their low volatility and,
until recently, have been intractable to mass spectral ana-
lysis. Thus, little is known concerning the mass spectro-
metry of this class of mesoionic nucleosides.

Mesoionic nucleosides may be categorized as being
Class I or Class II systems depending on the structure of
the aglycone [11]. Class I mesoionic compounds are cha-
racterized by the presence of three pairs of pi-electrons de-
localized in a five-membered ring while Class II mesoionic
heterocycles possess three pairs of delocalized pi-electrons
in a six-membered ring.

Neither Class I nor Class II mesoionic heterocycles can
be adequately represented by a single covalent or dipolar
structure [12], but are depicted by a generalized structure
representing a combination of all possible resonance
forms. For example, 1, a Class I mesoionic nucleoside, is
commonly drawn as generalized structure 1 [11] or as one
of the representative resonance forms la-c [13,14], as
shown in Scheme 1 (additional forms are also possible).
The dipolar structures 1a-c with the positive and negative
charges distributed over the two rings are responsible for
the highly polar nature of this class of nucleoside [15]
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Scheme 1. Important resonance forms of 7-methylguanosine. The
charges are spread over two rings in Class I mesoionic structures.

R = Ribosy)

which, in turn, renders these molecules non-volatile and,
therefore, not amenable to mass spectral analysis. Earlier
efforts to obtain the mass spectra of 7-methylpurine
nucleosides resulted in pyrolysis of the sample with none
of the commonly observed ions in the spectra of nucleo-
sides being present [16]. Attempts to increase the volatility
of 1 by preparation of the trimethylsilyl (TMS) derivative
proceeds with incorporation of an oxygen atom, at the C8
position, thus altering the structure of the sample [17].
No representatives of the Class II mesoionic nucleosides
have been available until the recently described synthesis
of a series of 8{a- and B-ribofuranosyl)thiazolo[3,2-a)-
pyrimidine-5,7-diones [18,19]. This class of nucleoside,
represented by 2 and 3, differs from the Class | mesoionic
systems in that the important resonance forms [18] have
the charges localized in a single, six-membered ring, as
shown in Scheme 2, rather than being distributed over
both rings. Because of the unique structural differences of
the Class II mesoionic nucleosides and bases relative to
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Scheme 2. Important resonance forms of the Class II mesoionic sys-
tems contain the charges in the six membered ring only. The identities of
R, R', R” are shown in the structures 2, 3, and 6-9.

the Class I analogs and ‘‘normal’’ nucleosides, we have ex-
amined the mass spectral behavior of 2 and 3 and a com-
monly used [20] volatile derivative of 2 and 3. The EI mass
spectra of these Class II mesoionic nucleosides are com-
pared to the mass spectrum of a closely related, non-
mesoionic analog 4 [21] and to the mass spectra of
nucleosides in general to determine if differences in frag-
mentation patterns attributable to the mesoionic hetero-
cyclic system were apparent. In support of arguments on
the mass spectral behavior of 2 and 3 is data obtained in
the analysis of inosine (3). Since the mass spectra of the
free nucleosides 2 and 3 are dominated by ions associated
with fragmentation of the aglycone and because no detail-
ed reports of the mass spectra of these mesoionic xanthine
analogs have been described in the literature, the mass
spectra of the mesoionic bases 6-9 were examined in de-
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tail. For comparison, the mass spectral characteristics of
the non-mesoionic analog 10 are also included in this
work. Finally, the fast atom bombardment (FAB) [22] spec-
tra of 1,2 and 3 were compared in an effort to see if signi-
ficant variations exist which may permit differentation of
the Class I from the Class II mesoionic nucleosides using
this new ionization technique.

Fragmentation schemes are proposed which account for
the major ions observed in the mass spectra of the above
compounds. Ion structures are based on high resolution
and metastable ion data, but these structures should be
considered tentative in the absence of stable isotope label-
ing studies.

EXPERIMENTAL

All samples examined were analytically pure based on elemental analy-
sis or were of commercial origin. The preparation of compounds 2 and 3
has been described [18,19]. Compound 4 was a gift from Dr. L. B.
Townsend of the University of Michigan and the base 6 was provided
through the generosity of M. Hellberg. The mesoionic bases 7-9 and com-
pound 10 were synthesized according to literature methods [23]. 7-Meth-
ylguanosine was of commercial origin and used without further purifica-
tion.

Trimethylsilyl derivatives were prepared using N, O-bis(trimethylsilyl)-
trifluoroacetamide containing 1% trimethylchlorosilane (Pierce Chemi-
cal Co., Rockford, IL) according to standard procedures [20].

Low and high resolution mass spectra were obtained via direct inser-
tion probe using a Varian MAT 311A mass spectrometer operating at 70
eV with a source temperature of 250°. The sample probe, in all cases,
was heated from ambient temperature to 400° in 200 seconds. High reso-
lution mass measurements were performed under control of a Varian
$S-200 data system at a scan rate of 25 seconds/decade with R = 7500.
Metastable ion analyses were conducted using the linked scan mode with
E/B a constant ratio at constant V which produced the daughter ion spec-
trum of the selected parent. FAB spectra were obtained using an lon
Tech B-11 NF saddle field gun with xenon as the bombarding gas at 8
keV. Samples (~ 50 ug) were dissolved in 100 ul of glycerol and 1-2 ul of
the resulting solution were deposited on the stainless steel probe tip. The
sample was introduced into the mass spectrometer with the source at am-
bient temperature. Data system subtraction was used to eliminate ions
arising from the glycerol matrix. Gas chromatography was performed us-
ing a Varian 3700 gas chromatograph interfaced to the mass spec-
trometer with a single stage, all glass jet separator at 290° with an injec-
tion port temperature of 250°. The column, 6’ OV-17(3%X2 mm i.d.) on
chromsorb W(100-200 mesh), was heated from and initial temperature of
180° to 300° at 4°/minute. Helium was used as the carrier gas at a flow
rate of 30 ml/minute. Proper operation of the gems system was checked
by injection of a sample of adenosine-TMS, prior to injection of the TMS
derivatives of 2 and 3.

Results and Discussion.

Mass Specira of the Free Nucleosides and Heterocyclic
Bases.

The mass spectra of the Class II mesoionic nucleosides
2 and 3 differ from those of the Class I analog 1 and from
non-mesoionic nucleosides, e.g., 4, in a number of impor-
tant aspects. First, in contrast to the Class I mesoionic
nucleosides which decompose prior to vaporization and
provide no molecular ions, the Class II compounds may be
volatilized to provide readily identifiable molecular ions at



May-Jun 1985

m/z 300 and 328 for 2 and 3, respectively, as shown in
Figure 1. This observed difference in volatility of the Class
I vs. Class II mesoionic nucleosides may be a reflection of
differences in charge localization of the two systems. The
resonance form most commonly drawn [13,14] to represent
1 has the positive charge localized at N7 in the imidazole
ring with the negative charge residing in the pyrimidine
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Figure 1.
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ring at the O° position. The resulting dipole may thus pre-
sent two widely spaced polarized regions on the molecule
permitting the formation of strong intermolecular ionic
bonds. These strong intermolecular forces prevent vapori-
zation of the sample, with the result that decomposition
occurs prior to vaporization and no molecular ions are pre-
sent in the mass spectra of the Class I mesoionic nucleo-
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sides. Contrariwise, the major resonance forms contribu-
ting to the structure of the Class II mesoionic nucleosides
have both the positive and negative charges localized in
the pyrimidine ring [18,19]. The concentration of charges
in a single ring apparently allows internal compensation of
the charges or reduces the area over which intermolecular
interactions may occur to a degree sufficient to permit
vaporization before decomposition. The increased volati-
lity of the Class II mesoionic compounds therefore allows
their mass spectral analysis, without derivitization, with
molecular ions being observed in the EI spectra.

A second feature which may play a role in the produc-
tion of molecular ions in the spectra of 2 and 3 is the pre-
sence of a sulfur atom in the aglycone. Previous work
[24-26] has shown that inclusion of sulfur into a nucleoside
may have a marked effect on the intensity of the molecular
ion. The magnitude and direction of this effect is difficult
to predict however, since results are not consistent with
either the type of heterocyclic base or the position of sul-
fur substitution. Sulfur substitution in the ribose moiety
may either increase or decrease the intensity of the mole-
cular ion relative to that of adenosine (3.3%). Thus,
3'-thioadenosine desplays an M*- of 13% relative intensity
(RI) while the M* of 4’-thioadenosine (sulfur in the ribose
ring) has a RI of only 0.3% [24]. Exchange of the exocyclic
oxygen atoms in the C2 or C4 positions or uridine by sul-
fur results in either a decrease, e.g., 2-thiouridine (0.5%)
{25], or little effect, 4-thiouridine (9%) [25], on the molecu-
lar ion intensity relative to that of uridine (9%}) [24].

A more pertinent example for determining the effect of
the sulfur atom in 2 and 3 on the molecular ion intensity
would be a heterocyclic system possessing the atom series
N, O, S in the same position of a ring system. A number of
examples of such systems are available which closely paral-
lel the aglycone in 2 and 3, e.g., imidazole, oxazole and
thiazole or the series benzimidazole, benzoxazole and
benzthiazole. Unfortunately, the molecular ion in all of the
above compounds is also the base peak in the spectra [26],
thus precluding a valid comparison of the effect of the sul-
fur atom on the intensity of the molecular ion.

The mass spectra of 2 and 3 also differ significantly
from the spectrum of the non-mesoionic analog 4, and
from nucleosides in general, by the absence of any frag-
ments associated with cleavages across the carbohydrate
ring [6]. Thus, the structurally informative (M-30)",
(B +30)*, (B +44)" and (B +60)* ions [27] usually observed
in the mass spectra of nucleosides are completely absent in
the spectra of 2 and 3. The only peaks in the spectrum of 2
between the molecular and m/z 168 ions are of low intensi-
ty and appear at m/z 264, 234 and 232. The first of these
ions represents the loss of two molecules of water from the
M* ion and is probably pyrolytic in origin. The neigh-
boring ion at m/z 234 has a composition (see high resolu-
tion data presented in Table 1) consistent with the further

Vol. 22

loss of CH,0 from the m/z 264 ion, most likely from the
5'-position. On the other hand, the m/z 232 peak, formed
by expulsion of a molecule of carbon suboxide (C,0,) from
M*, appears to represent a true fragmentation since the
ratio of the m/z 232/300 ions, 0.92, is approximately the
same as the intensity ratio of the m/z 100/168 ions, 0.85.
The latter ions represent the transition m/z 168 (BH*) to
m/z 100 by loss of C,0, as suggested by high resolution
and metastable ion data (see below). An alternative mecha-
nism for the formation of m/z 232 could involve elision of a
sulfur atom from the m/z 264 ion. The low intensity of the
m/z 232 ion yields ambiguous high resolution data, but the
operation of this second pathway is questionable since a si-
milar process is not observed to occur from the BH* ion
and is not present in the fragmentation of the heterocyclic
bases. In either case, the fragmentation of the heterocyclic
base prior to cleavage of the sugar bond is noteworthy be-
cause such processes are not normally observed and must
be related to the unusual structure of the mesoionic nuc-
leosides.

The spectrum of 3, likewise, shows the complete ab-
sence of ions associated with the base with portions of the
carbohydrate attached. Thus with the exception of the
minor ions described above, the decomposition of the mo-
lecular ions of the mesoionic nucleosides 2 and 3 follow a
uniquely different course relative to other ““normal’’ nuc-
leosides. That the presence of the mesoionic base play a
major role in altering the fragmentation of this class of
nucleoside is supported by a comparison with the mass
spectrum of the isomeric, but non-mesoionic analog 4.

The spectrum of 1<(3-D-ribofuranosyl)thieno[2,3-d]pyr-
imidine-2,4-dione (4) [21] follows decomposition routes
more representative of nucleosides (See Figure 2a). Ions at
m/z 210 and 227 represent, respectively, the [B +43]* and

[B + 60} ions formed by fragmentation of the sugar ring.
The appearance of a [B +43]* rather than a [B +44]* ion is
interesting, but not unique to 4 since a similar ion, of un-
known origin, is also present in the spectrum of 2'-deoxy-
cytidine and, possibly, thymidine [6]. The intensity of the
molecular ion of 4, m/z 300 (2%), is approximately the
same as observed for 2 and 3 indicating that the mesoionic
aglycone has little effect on the intensity of the molecular
ion. Note should also be made of the fact that the relative
intensity of the molecular ion has little correlation with the
intensity of the [B + 30]", [B + 44]* or [B + 60]* ions. For ex-
ample, relatively intense fragments corresponding to these
ions are present in the spectrum of 5',5'-di-C-methyladen-
osine (M*, 0.3%) with relative intensities of 16, 20 and
0.4%, respectively, while 1-methyladenosine (M*:, 7.6%)
provides the same ions with respective intensities of 4.6,
5.2 and 4.7% [24,25]. Therefore, nucleosides with only
marginally detectable molecular ions may fragment to
yield the structurally informative [B + 30]*, [B +44]* and
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[B + 60" ions and some other mechanism must be operat-
ing which accounts for the absence of these ions in the
spectra of 2 and 3.

The non-volatile nature of underivatized nucleosides
presents the ever present possibility of pyrolysis of the
sample to the free base, equivalent to the BH* ion, or oth-

er thermally derived product ions. One method of distin-
guishing decomposition from fragmentation is to plot the
history of ions associated with the intact molecule and ions
associated with thermal degradation [6]. Shown in Figure
3a are mass chromatograms of the m/z 268 (M*), 136
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Figure 3. Mass chromatograms obtained by plotting ions at a) m/z 136

[(BH)*], 137 [(B+2H)"] and 268 (M*) for Inosine (5) and b) m/z 168

[(BH)*], 169 [(B+2H)'] and 300 (M*) in the spectrum of mesoionic nuc- leoside 3.

(BH*) and 137 (BH,*) ions of a sample of inosine (3), a nuc-
leoside known to undergo extensive decomposition prior
to ionization [6]. (Conditions used in acquisition of this
data are as described in the experimental section and are
unchanged in any of these experiments.) The rise in the
ion currents of the m/z 136 and 137 ions during the earlier
scans, ie., scan numbers 35-45, indicate decomposition is
occurring prior to volatilization and ionization of the in-
tact molecule. The ion profile of m/z 268 shows that spec-
tra of the intact molecule are generated later in the run
when higher probe temperatures are reached and begin-
ning around scan number 46 and continuing to scan num-
ber 51. In contrast, Figure 3b shows the ion profiles of the
m/z 300 (M*), 168 (BH*) and 169 (BH3}) ions during the va-
porization of 2 using same experimetnal conditions as
were used in the analysis of 5. In this case, the ion profiles
are seen to rise and fall in a coincident fashion, indicating
that thermal decomposition plays a minimal role in the
production of BH* in the spectrum of 2.

As shown in Figure 3a, some molecular ions are formed
with heating of the direct probe during the analysis of in-
osine and an average of scans 47-50 produces the spec-

trum shown in Figure 2b." Although the quality of this
mass spectrum of underivatized inosine must be consider-
ed poor because of the decomposition mentioned above,
the spectrum does provide a significant number of structu-
rally informative ions. Of particular interest are the M*
(m/z 268, 0.3%) and fragments containing the base plus
portions of the sugar, ie., [B+30]" (m/z 165, 3.4%),
[B+44] (m/z 179, 1.0%) and [B+60]* (m/z 195, 1.5%).
Thus, even in the case of inosine where pyrolytic effects
are extreme, the characteristic nucleoside fragments are,
to some degree, observed.

The inherent stability of the glycosidic bond is another
factor to be considered as a potential source of free base.
Under normal EI conditions, cleavage of the glycosidic
bond is the most prominent route of fragmentation for
nucleosides and this reaction leads directly to ions related
to the heterocyclic base, BH* and BH,*, and/or ions deriv-
ed from the sugar moiety [6]. In addition to permitting
identification of the aglycone and carbohydrate portions
of the molecule, the relative intensity of these ions pro-
vides information concerning the class of base or sugar
present. More intense BH* ions are associated with a pur-
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ine base while the BH,* ion predominates in the spectra of
pyrimidine nucleosides [6]. The intensity of the sugar ion
(S*, m/z 133) is also affected by the class of base with the
purine analogs producing relatively weak S* jons because
of charge stabilization by the electron rich purine ring
system. The pyrimidines, in general, produce more intense
S* ions. The spectra of 2, 3, and 4 are therefore of interest
since they reflect a pronounced purine character, strong
BH* and weak S* ions, even though the glycosidic bond is
made with a pyrimidine ring. Differentiation of 2 or 3
from 4 is possible, however, based on differences in
decomposition of the heterocyclic ring, most especially the
loss of HNCO by a Retro-Diels Alder mechanism, common
to uracil type compounds [6], to afford the m/z 125 ion in
the spectrum of the latter compound.

The classical method of determining the relative stabi-
lity of the glycosidic bond of nucleosides involves acid hy-
drolysis to determine the kinetics of the bond cleavage
[28]. No kinetic studies have been reported in the case of
the compounds of interest in this work. Chemical ioniza-
tion mass spectrometry has also been used to determine
the relative stabilities of isomeric pairs of nucleosides [29].
Although offering several advantages over the classical
method, these CI studies have not been extended beyond
the preliminary stage and have not been utilized in the
present cse. Thus, no data is available concerning the sta-
bility of the glycosidic bond of 2 and 3. However, elemen-
tal analysis of these samples, the presence of molecular
ions in the EI spectra and the production of a strong MH*
ion in the fast atom bombardment spectra of 2 and 3
argue against an inherent instability of the glycosidic
bond in these samples.

In contrast to the above questionable possibility of an
unstable glycosidic bond is the known facile cleavage of
the base-sugar bond of nucleosides under EI conditions in
the mass spectrometer. A unique feature of the Class II
mesoionic nucleosides 2 and 3 is the presence of the loca-
lized charges in the pyrimidine ring. If the structure of 2 is
drawn as one of the dipolar structures shown in Scheme 2,
the ejection of an electron during electron impact ioniza-
tion would be expected to occur from the position of high-
est electron density, i.e., the site carrying the negative
charge. Since the anionic site, which becomes the radical
site following ionization, and the cationic site are both lo-
cated in the aglycone, subsequent decompositions of the
M* ion will reflect this exclusive localization of the radi-
cal-ion sites in the base moiety [30]. Fragmentation of the
M* ion now proceeds by cleavage of the glycosidic bond
with concommitent transfer of a hydrogen atom from the
sugar to the base, as is the case with other nucleosides.
That this reaction is extremely facile is indicated by the in-
tensity of the BH* ion. Other pathways leading to clea-
vages across the ribose ring are thus suppressed by the
rapid glycosidic bond rupture. In contrast, 4 and other
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normal nucleosides do not contain a localized negative
charge from which an electron can be readily ejected. Mix-
ed molecular ions are therefore produced in which the ion-
radical sites are present in both the base and sugar por-
tions of the molecular ions. Subsequent fragmentations
are thus directed from both portions of the molecule de-
pending on the extent of the localization of the ion-radical
sites. Purines, being better able to stabilize the charge
thus produce very few sugar related fragments while pyri-
midines, with the ion-radical sites more evenly distributed
between the aglycone and ribose rings, display more in-
tense sugar related ions. The mesoionic nucleosides 2 and
3 may therefore be viewed as an extreme example of the
purine system where the ion-radical sites are almost entire-
ly contained in the aglycone. The unusual fragmentation
of the mesoionic nucleosides 2 and 3 is thus a result of
their unique structure which permits almost exclusive lo-
calization of the radical and charge sites in the aglycone
resulting in an extremely facile cleavage of the glycosidic
bond, following ionization and hydrogen transfer from a
hydroxyl hydrogen of the sugar.

Decompositions of the BH* ions of 2 and 3 follow path-
ways also evident in the spectra of the mesoionic bases 6-9
and the non-mesoionic compound 10. Similar spectral cha-
racteristics are present in samples 2, 6 and 10 with com-
pounds 3, 7, 8 and 9, which contain an ethyl function in
the C6 position, forming a second group. The EI mass
spectra of 6, 7 and 10 are shown in Figure 4.

Each of the three samples 2, 6 and 10 display the m/z
168 ion as a strong peak in their spectra. As discussed
above, concerted hydroxyl hydrogen transfer with glyco-
sidic bond cleavage leads to the m/z 168 ion in the spec-
trum of 2, while loss of a molecule of ethylene from the
molecular ion (m/z 210) is required in the case of 6. No
losses are required to form this ion with sample 10 since
this is the molecular ion. Following their formation, the
m/z 168 ions decompose by four primary routes as estab-
lished by high resolution mass measurements (Table 1)
and/or metastable ion analysis (Table 2).

One major pathway of decomposition of the m/z 168 ion
involves expulsion of a molecule of carbon suboxide to
produce the m/z 100 ion. Although alternative mecha-
nisms may be offered to explain this transition, rearrange-
ment of the radical and charge sites with ring opening to
structure m/z 168a with subsequent fragmentation by sim-
ple, known mechanisms readily accounts for the formation

of not only m/z 100 but also the relatively intense m/z 69
ion (see Scheme 3). Thus, localization of the radical on 07

initiates a cleavage of the N4-C5 bond leading to the open-
ing of the pyrimidine ring. Charge site initiated, homolytic
cleavage of the C7-N8 bond then produces the m/z 69 ion
with loss of an aminothiazole radical. Alternatively, a
McLafferty type rearrangement may take place with trans-
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Table 1

High Resolution Mass Measurements of the Major Ions in the Spectra of Samples 2,3,6,7 and 10 [a]

2 3

m/z 300, C,,H,,N,0,S (-1.9)
miz 264, C,,H,N,0,5 (1.2)
miz 234, C,,H,N,0, (:0.1)
miz 232, CH,,N,0,S (-5.7)
C,H,N,0, (2.5)
m/z 168, C,H,N,0,5 (-0.5)
m/z 140, C;H,N,0S (0.2)
miz 127, C,H,N,08 (0.8)
miz 100, C,;H,N,S (0.4)
m/z 85, C,H,NS (1.4)
miz 73, C,H,NS (1.4)

miz 328, C,4H,,N,0,S (-0.4)
miz 196, C,H,N,0,S (0.8)
mlz 181, C,H,N,0,S (1.5)
m/z 153, C,H,N,0S (-1.6)
m/z 127, C,H,N,0S (0.7)
miz 100, C,H,N,S (0.4)

m/z 210, C,H,,N,0,S [b]
miz 182, C,H,,N,0S (:0.5)
m/z 168, C,H,N,0,S (0.1)
m/z 142, C.H,,N,S (-:0.6)
miz 140, C;H,N,08S (-0.8)
miz 127, C,H,N,08S (0.6)
C.HN,S (0.5)
miz 113, C,H,N,S (:0.5) mlz 141, C,H,N,0S (2.5)
mlz 100, C,H,N,S (0.0) miz 127, C,H,N,0S (0.4)
miz 86, C,H,NS (0.4)

7 10

miz 224, C,.H,,N,0,S (1.7)
m/z 209, C,H,N,0,S (1.2)
miz 196, C,H,N,0,S (0.8)
m/z 195, C,H,N,0,S (:0.7)
miz 181, C,H,N,0,S (1.5)
m/z 167, C,H,N,08 (1.6)
miz 153, CH,N,08 (1.6)

m/z 168, C;H,N,0,S (-0.1)
m/z 140, C;H,N,0S (-1.2)
m/z 127, C,H,N,0S (2.3)
m/z 100, C,H,N,S (-3.4)
miz 73, C,H,NS (1.1)
miz 58, C,H,S (4.0)

C.HN,S (0.7)
miz 113, C,H,N,S (0.5)
m/z 100, C,H,NS (:0.2)
C.H,N,S (0.4)
miz 97, C.H,0, (0.4)
miz 86, C,H,NS (:0.8)

{a] Nominal mass value is followed by elemental composition (error mmu). [b] High resolution data not obtained on this peak.

Table 2

Metastable Ion Data of Selected Mesoionic Bases and Nucleosides

Compound Parent Daughter(s)

3 328 (M*) 197, 196
196 181, 127, 97
181 153, 127,113
127 100, 99, 86, 58
97 69

6 210 (M*) 193, 182, 168, 142
182 154, 140
168 140, 127, 100
142 127, 113, 100, 99, 86
140 113, 100, 85
127 100, 86
113 86
100 73, 58

7 224 (M*) 209, 196, 195, 127
209 181, 167
196 181, 127
195 167, 127
181 153, 127, 113
167 139
127 100, 86
113 86
97 69

10 168 (M*) 140, 127, 100
140 85
127 100, 99, 86, 58
100 73, 58

fer of the C6 hydrogen to the N4 nitrogen atom with con-
comitant cleavage of the C7-N8 bond to form the peak at
m/z 100. The m/z 100 ion is identical to the molecular ion
of 2-aminothiazole and further decompositions of this ion
proceed by previously established routes [31,32] to yield
strong ions at m/z 58 and 73.

Two additional decompositions of the m/z 168 ion are
established by metastable ion and high resolution data.

Nas-H . l-c,n. /

5

A, o /TN

m/z140

mszl68o ms1168

%,H;N,s‘ 'l-c,oa . l—c,uo
.-
T
H o s

m/:100

!
+1-CGHNO

+

9 [—LI
meé «[<H:N; +-HeN

CHS M NS

m/158 miz 13

Scheme 3. Common pathways for the formation of major ions in the
mass spectra of 2, 6, and 10.

First loss of a ketene radical produces the m/z 127 ion
which further expels an isocyanate radical to produce the
m/z 85 ion. Although the elimination of two consecutive
radicals violates the even-electron rule, numerous excep-
tions to this postulate have been noted [33], particularly
when stable radicals are eliminated which result in the for-
mation of highly stabilized systems. A second route for the
production of the m/z 85 ion involves the initial expulsion
of CO from the m/z 168 ion to yield the m/z 140 ion, which
may exist in a bicyclic form. Isotopic labeling will be need-
ed to establish which carbon and oxygen atoms are involv-
ed in this reaction. Breakdown of the imidazole ring in the
m/z 140 ion by elision of C,HNO then produces the m/z 85
ion.
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The presence of the N8 propyl group in 6 offers alter-

nate pathways for the decomposition of the molecular ion

of this compound as shown in Scheme 4. Initial expulsion
of carbon suboxide from the M* (m/z 210) forms an ion at

m;z193

H,CH,CH,
-c,o/ M+, m/1210 \-co
:j\@ /N
EE—C:,CH, '
ﬁ)mmn .\\-c.u,

m/zi42
A‘H;
'l-c.u. myz154

cn,
L i£>
.::/. 13 H;

m/z140

m/zi27
-l-ucn -l-c,n;
H*
@ m/2100
§
m/x 86

Scheme 4. Alternate decomposition pathways observed in the mass
spectrum of 6.

m/z 142 which retains the propyl group. Loss of an ethyl
radical from m/z 142 then gives the m/z 113 ion, which is
the most intense ion in the spectrum of 6. Further elimina-
tion a molecule of HCN from m/z 113 gives the m/z 86 ion.
Alternatively, the m/z 142 ion may expel a methyl radical
to form a second m/z 127 ion with the composition C;H,N,.
This m/z 127 ion is indicative of alkyl substitution at N8
and is also observed in the spectrum of 7. None of the sam-
ples which lack the alkyl substituent at N8 show the m/z
127 doublet. Expulsion of a C,H, radical is indicated by a
metastable ion and is a second pathway to the m/z 100 ion.

Minor pathways are also indicated by metastable ion
data which involve the initial expulsion of CO from the
M* ion of 6 to give the m/z 182 ion. The elimination of the
C5 oxygen is used to illustrate this pathway, but loss of the
C7 oxygen is also possible. The alkyl side chain may then
be lost either by elimination of ethylene to provide the
minor ion at m/z 154 or propylene may be expelled to give
m/z 140 ion. The further decomposition of the m/z 154 ion
was not examined because of the apparently minor nature
of this pathway.

The major fragmentation pathways described above are
also operating in the decomposition of 3 and 7-9 as shown
in Scheme 5. Fragmentation of compounds 8 and 9 are the
same as 7 with the expected mass shifts being observed
and are not shown. Elimination of ethylene from the mole-
cular ion of 7, produces the m/z 196 ion which corresponds
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Scheme 5. Common pathways of fragmentation observed in the mass
spectra of 3 and 7.

to the BH* ion present in the spectrum of 3. The selective
loss of the ethyl group located on N8 in 7 is strongly sug-
gested by subsequent decompositions of the m/z 196 ion.
For example, the direct formation of the m/z 97 ion from
the m/z 196 ion is analogous to formation of the m/z 69 ion
in the spectra of 2, 6 and 10, t.e., fragmentation of the pyr-
imidine ring occurs with charge retention by the C5-C7
fragment which includes the ethyl group at C6. Likewise,
the formation of an ion at m/z 100 from m/z 196 requires
the ethyl group to be located at the C6 position (not shown
in Scheme 5). Formation of the m/z 113 ion requires elimi-
nation of a molecule of carbon suboxide from the m/z 196
ion with loss of an additional methyl radical. A mechanism
similar to that proposed for the formation of the m/z 100
ion in the spectra of 2, 6 and 10 could account for this
transition. Transfer of the ethyl group at C6 to the N4 po-
sition following opening of the pyrimidine ring would
yield an intermediate capable of the concurrent and facile
expulsion of both of the necessary elements. The m/z 113
jon so formed then further degrades to the m/z 86 ion by
elimination of HCN.

The major route of decomposition of the m/z 196 ion is
the loss of a methyl radical to form the m/z 181 ion, which
is the base peak in the spectrum of 3 and is the second
most intense ion in the spectrum of 7. The appropriately
shifted ion is also the second strongest ion in the spectra
of 8 and 9.

Formation of the m/z 181 ion is envisioned to proceed
by transfer of an ethyl radical to the N4 position in a man-
ner analogous to the transfer of a hydrogen in the C6 un-
substituted series. Ring closure of the diradical species
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formed upon elimination of CH;- then leads to the m/z 181
ion shown in Scheme 5. Although other structures may be
easily rationalized for this ion, the structure shown in
Scheme 5 may readily lose the required elements to form
the m/z 113, 127 and 153 ions, shown by metastable ion
analysis to be the daughter ions of the m/z 181 ion. The
m/z 127 ion is also produced directly from the m/z 196 ion
by elimination of a C,H;0 radical, suggesting the presence
of the ethyl group at Cé.

The presence of the ethyl function at N8 adds to the
complexity of the mass spectrum of 7 by affording alter-
nate routes of decomposition illustrated in Scheme 6. Ring
opening of the pyrimidine ring with loss of a C.H,0,. frag-
ment produces the second component of the m/z 127 doub-
let, with a composition of C;H,N,S. This ion is a homolog

CH,Cm
CHiCH,
/ m/z224
:; -
LD
&H,cH,
—c,n,o/ \c,u,'
N A\ " i/; N\
D LD

15
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CHyNS /J\s m/x (81 m/zll3
m/2 100
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SENTTY -28
/l\s — = mAl3?

m/iz1é7

Scheme 6. Alternate routes for the mass spectral fragmentation of 7.

of the m/z 113 ion in the spectrum of 6 and has the same
elemental composition as the m/z 127 ion formed by elimi-
nation of a methyl radical from the m/z 142 ion in the
spectrum of 6. Elimination of a molecule of HCN from the
m/z 127 ion of 7 produces the second component of the
m/z 100 ion indicated by high resolution data. The m/z 127
ion, with the C,H,N,S composition, observed in the spec-
tra of 6 and 7 is therefore indicative of alkyl substitution
at the N8 position.

The ring opened intermediate may also expel an ethyl
radical to provide the m/z 195 ion which subsequently eli-
minates CO to produce the m/z 167 ion, possibly through
the bicyclic intermediate shown in Scheme 6. The only
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daughter ion of the m/z 167 ion is the minor m/z 139 ion of
unknown composition.

Two final pathways for the decomposition of the M*- of
7 are indicated by metastable ions. The base peak in the
spectrum of 7 is formed by expulsion of a methyl radical
following ring opening and transfer of the C6 ethyl group
to the N4 position. The m/z 209 ion thus formed is analo-
gous in structure to the m/z 181 ion but retains the N8
ethyl group; in fact elimination of ethylene to provide the
m/z 181 ion by a second route is indicated by an appropri-
ate metastable ion. Rather than undergoing ring closure,
the intermediate m/z 224a may lose a methyl radical and a
molecule of carbon suboxide in a concerted manner to
provide the m/z 141 ion. Further loss of ethylene from m/z
141 then yields the m/z 113 ion which is isomeric with the
m/z 113 ion present in the spectrum of 6.

Mass Spectra of the Trimethylsilyl Derivatives of 2 and 3.

The mass spectra of the trimethylsilyl (TMS) derivatives
11 and 12 (See Figure 5), like the free nucleosides 2 and 3,
show considerable variation from the patterns generally
observed in the mass spectra of nucleoside-TMS deri-
vatives [34]. Ions in the mass spectra of nucleoside-TMS
derivatives have been divided into three groups: 1) those
ions derived primarily from the M*- ion; 2) ions associated
with the base plus portions of the carbohydrate; and 3)
ions derived from the sugar portion of the molecule. Of
the 23 ions possible in the first two groups [34], only four
are observed in the mass spectra of 11 and 12.

Each of these samples incorporates three trimethylsilyl
groups onto the sugar moiety as indicated by M* ions at
m/z 516 and 544 for 11 and 12, respectively, and the pre-
sence of a strong [S-H]* ion at m/z 348 in the spectra of
both samples, indicating complete derivatization of the su-
gar. The absence of a TMS group in the heterocyclic base
is surprising since the presence of the full negative charge,
if located on one of the exocyclic oxygen atoms, was ex-
pected to react rapidly with the derivatizing reagent to in-
corporate a TMS group into the base.

The presence of an [M-15]* ion with an intensity less
than the M* ion of TMS derivatized nucleosides is nor-
mally associated with the presence of a guanine type base
[34). The spectrum of 11 is, therefore, unique in that no
[M-15]* is present, even when the spectrum is plotted to
0% relative intensity as shown in the insert Figure 5a. The
virtual absence of an [M-15]* ion in the mass spectrum of a
TMS derivative of a nucleoside has not been previously
reported. In the case of 12, the [M-15]* ion is observed but
is very weak (0.29%) and the ratio of the M*/{M-15]* ion is
about seven, which is considerably greater than any of the
guanosine-TMS derivatives reported thus far [34]. Factors
other than the presence of an amino group at the C2 posi-
tion of purine bases must therefore be responsible for the
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Figure 5. Mass spectra of the trimethylsilyl derivatized mesoionic nuc leosides 11 (top) and 12. Of particular interest is the M*/M-15 ratio. The
inserts show the M* jon region plotted to 0% relative intensity.

intensity of the [M-15]* ion relative to the M** jon [35]. In The ion corresponding to [M-72]* at m/z 444 in the

the present case, the rapid cleavage of the glycosidic bond ~ spectrum of 11 and m/z 472 in 12 is also unique to the
mesoionic nucleosides. Whether this ion is a'result of in-

may prevent any significant formation of even the [M-15]
i complete derivatization or is an actual fragment ion is not

0n.
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Table 3
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Fragment lons and Their Intensities in the Mass Spectra of Selected Thiazolof3,2-alpyrimidine-5,7-dione Bases and Nucleosides and Related Samples of Interest

M- M-CH, M- BH-
Compound MY M-CH, M-CO (0, -C,0, C,R0 BHT:[q CH,
2 300 (5) {c] — — 232 (3) — — 168 (100) —
3 328 (2) — — - — — 196 (51) 181 (100)
4 300 (2) = = = — = 168 (100) —
5 268 (0.3) — — — — 136 (100)
6 210 (25) — 182 (2) 142 (5) — 141 (3) 168 (54) —
7 224 (31) 209 (100) — — 141 (4) 127 [d](11) 196 (1) 181 (50)
8 238 (33) 223 (100} — — 155 (8) 141 (18) 210 (5) 195 (79)
9 226 27y 211 (100) — — 143 (0) 12 (7) 198 (<1) 183 (41)
10 le] — — — — — 168 (95) —

BH-
Cco

BH-CH,-
co

BH-
C,R'O [b]

BH-
G0,

BH-CH,
-C;0, C,0,R' Other

140 (15)

— 127 (73) 100 (86)

— 69 (42) 264(1), M-2H,0; 234 (1); 133 (2),
S+, 132 (3), S-H; 114 (9), S-H-
H.,0, 86 (6), 85 (8); 73 (47); 58
(56)

100 (21), BH-C,R°‘0-HCN, BH-
C,R'0-C.H; [d); 86 (10); 85 (7),
73 (30); 69 (33)

227 (2), B+60; 210 (4), B+43;
125 (63), BH-HNCO

195 (1.5), B+60; 179 (1), B + 44;
165 (3), B+30

193 (2), M-OH; 113 (100),

M-C,0,C,H; 86 (7); 85 (2), 73
(2); 58 (8); 55 (5)

— 153 (3) 127 (85) 113 (33) 97 (34)

140 (8) 127[d} (7) 100 30) —

69 (24)

168 (< 1) 153 (4) 127 [d](11) 128 (< 1) 113 (14) 97 (37) 195 (3), M-C,Hy; 167 (1),
M-C,H,-CO; 86 (3), 69 (25) 55
(1)

182 (<1) 167 (10) 141 (18) 142(3) 127(18) 97(76) 209 (3), M-C,H,; 181 (1),

M-C,H;-CO; 114 (8); 86 (6), 73
(13); 71 (21); 69 (48)

197 (5), M-C,H,; 95 (47); 88 (6),
86 (5); 69 (14)

69 (90) 73 (35); 58 (87)

170 (<1) 155(3) 129 (1) 130(<1) 115(26) 97(8)

140 (18) — 127 (100) 100 (30)

{a] In the case of the bases this ion refers to loss of the alkyl group at N8 with transfer of a hydrogen to the heterocyclic ring. [b] This ion has same compoasition as B-CH;-C;H;0. [c]Relative intensity
given in brackets to nearest integer. [d] This ion is a doublet. [e] The M T and BH - jon series are the same.

at present known.

Ions of the base series are also different from those nor-
mally observed in the spectra of nucleoside-TMS deriva-
tives. First, as was the case with the free nucleosides, is the
complete absence of ions associated with the heterocyclic
ring with portions of the sugar attached. Of the 15 ions re-
ported [34] in the base series only the [B+74]", [B + 58]*
and BH* jons are present in the spectra of 11 and 12. The
[B +74]" ion, m/z 241 in the spectrum of 11 and m/z 269 in
12, has been shown [34] to form from the molecular ion by
transfer of a hydrogen and a trimethylsilyl group to the
base and to be prevalent in the mass spectra of purine
nucleosides. The [B + 58]* ion is formed from the [B + 74]*
ion by loss of a molecule of methane. The presence of
these two ions in the spectra of 11 and 12 thus confirms
the purine type character of these nucleosides.

Of particular interest in the spectra of 11 and 12 is an
ion corresponding to [B + 73]* which has not been report-
ed to be present in the spectra of other TMS derivatized
nucleosides [34]. This ion occurs one mass unit lower than
the {B +74])* ion and apparently forms from the molecular
ion by transfer of a TMS group without concomitant trans-
fer of a hydrogen. Transfer of a TMS radical to the oxygen
at C6 concurrent with glycosidic bond cleavage yields an
ion-radical at m/z 240 in the case of 11, which is in con-
trast to the production of an even electron ion as normally
occurs. As shown in Scheme 7, the [B+ 73]* ion may expel
a methyl radical from the trimethylsilyl group to form the
[B+58]* ion by a unique route. In fact, the [B+ 73]* ion

o o}
() .
|| | |
T N A ST —ew o )\5
CHy— "—,CN, \Sl/
H, CN/; \CN,
B+73 m/z 240 B+ 58, m/1225
g°<; X
V) '
N A S ~CH =N J\ s
ot \
1, —3CH, S+
H, cHy ‘em,
B4+74 m/1 241

B84+ 58, m/2228

Scheme 7. Possible routes of formation of the B+ 58 ion present in the
mass spectra of mesoionic nucleosides 11 and 12 (only 11 shown).

may be the major parent of the [B+58]* ion in the
mesoionic nucleosides since elimination of CH, from the
[B+74]* ion would produce the highly charged product
ion shown at the bottom of Scheme 7.

The only other peaks in the mass spectra of 11 and 12
belonging to the molecular ion and base series are ions at
m/z 168 and 196 which may represent the BH* ions ob-
served in the underivatized nucleosides 2 and 3. Ions ob-
served in the spectrum of 11 correlated with decomposi-
tion of the BH* ion appear at m/z 18] and 97. No ions of
significance in the fragmentation of the free nucleoside 2
are observed in the spectrum of 12. Thus, in contrast to
the spectra of the free nucleosides which are dominated by
base related fragment ions, the spectra of the TMS deriva-
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tized mesoionic nucleosides shows fragments derived from
the sugar moiety.

The first ion of prominence below the [M-72}* ion in the
spectra of both 11 and 12 is the [S-H]* ion at m/z 348. For-
mation of this ion directly from the M* and [M-15]* ions
has been established earlier [34]. The two major factors in-
volved in formation of the [S-H]* ion in the spectra of nor-
mal nucleosides are the transfer of the 2'H of the ribose
ring and charge localization on the 4’ oxygen of the ribose
ring. The latter effect has been used to explain the greater
intensity of the [S-H]* ion in the spectra of TMS deriva-
tized pyrimidine nucleosides relative to the purine nucleo-
sides since charge localization on the sugar is greater in
the pyrimidines. The spectra of the TMS derivatized mes-
oionic nucleosides 11 and 12 thus display characteristics
more akin to the pyrimidines nucleosides than the purine
nucleosides, behavior which is opposite that observed in
the free nucleosides 2 and 3. The following considerations
may explain this apparent inconsistency.

During formation of the BH* ion in the free nucleo-
sides, transfer of a hydroxyl hydrogen occurs rapidly with
concomitant facile cleavage of the glycosidic bond. Trans-
fer of a TMS radical and the 2'C bound H is not as rapid
as transfer of a hydroxyl hydrogen and competition for the
charge and radical sites becomes possible. Normal cleav-
age of the glycosidic bond with retention of charge by the
base, following transfer of the TMS radical, forms the
[B+73]" ion, and to a lesser extent the [B +74]" ion. On
the other hand, localization of the radical charge sites in
the heterocyclic ring may also lead to formation of the
[S-H]* ion as shown in Scheme 8. A shift of a lone pair of

O\’
s

TMSOCH,

TMSOCH, &

I
— "o D
Ho[ WA
TMSOH  OTMS
TMSOH OTMS

[5=MI*" m/1348

Scheme 8. A suggested mechanism of formation of the (S-H)* ion in the
spectra of 11 and 12 (only 11 shown).

electrons on the ribose oxygen toward the base results in
cleavage of the glycosidic bond. Concurrent with glycosid-
ic bond cleavage is the transfer of the 2’ hydrogen to the
base resulting in expulsion of the base as a neutral mole-
cule with the charge and radical sites remaining on the su-
gar. The intensity of the [B 4 73]* ion confirms that trans-
fer of a TMS radical is easier than transfer of a carbon
bound H to the base, since the BH* ion is significantly
smaller than the [B+73]* ion. The basic idea of charge
and radical site localization almost exclusively in the base
portion of the mesoionic nucleosides thus does not need to
be altered to account for the differences noted in the mass
spectra of the TMS derivatives relative to the free nucleo-
sides.

Vol. 22

The gas chromatographic properties of nucleosides
TMS derivatives has been examined extensively [3,20] and
the gems analysis of nucleosides is a relatively common

process. However, attempts to obtain gems data on the
TMS derivatives 11 and 12 were unsuccessful. Although
mass spectra could be easily obtained from the direct in-
sertion probe, the presence of base localized charges ap-
parently allows sufficient interaction with the stationary
phase of the gc column to prevent these samples from
passing through the column. Even if a TMS function had
been added to the aglycone, the residual positive charge
would most likely have prevented gas chromatography of
the sample. (To insure the proper operation of the gas
chromatographic system a sample of the TMS derivative
of adenosine was analyzed prior to and following the at-
tempted analysis of the
nucleosides.)

derivatized mesoionic

Fast Atom Bombardment Spectra of Free Mesoionic Nue-
leosides.

Fast atom bombardment(FAB) mass spectrometry has
been used to examine the spectra of the eight major nuc-
leosides found in RNA and DNA and some related analogs
and the spectra obtained using this new ionization method
have been compared to the EI and CI mass spectra [36]. In
each case, the FAB mass spectrum was dominated by the
MH* and BH,* ions. However, each spectrum also con-
tained peaks corresponding to the [B+30]" and [B +44]
ions, representing the base with portions of the carbohydr-
ate attached. These ions, although reduced in intensity
relative to the EI spectra, were unmistakably sample re-
lated. Similar observations have been made during the an-
alysis of a number of nucleoside analogs using FAB ms/ms
[37], which has the advantages of eliminating solvent and
other related artifact peaks from the spectrum and in-
creasing the intensity of the fragment ions when used in
conjunction with collisional activation. The formation of
the [B + 30]* and [B +44]" ions in the mass spectra of ‘‘nor-
mal” nucleosides using FAB ionization is therefore
established.

The positive ion FAB mass spectra of 1, 2 and 3 are
shown in Figure 6. The spectrum of 1 is included for com-
parison although this spectrum has been published and

described previously [38]. The FAB spectrum of 1 obtain-
ed in this laboratory does however differ significantly from
the literature spectrum in the presence of [B+14],
[B + 30]* and [B + 44]* ions at m/z 180, 194 and 208, respec-
tively. The difference in the spectra may possibly lie in the
choice of the relative intensity used as a minimum in plot-
ting the spectra. The ions shown in Figure 6 are to the 3%
relative intensity level while the literature spectrum of 1
appears to include only peaks with an intensity greater
than approximately 8%. Thus, the FAB mass spectrum of
the Class I mesoionic nuceloside, like other ‘‘normal”’



1) o *u'o 1007 b Tn,’
= of L2
.}
4 P
g L oy ’c"‘ .’:.‘l j
T g RN L ks
E‘ 4 HOCH, -’ HOCH ol
_‘
g" o om oK om
- 1 4
-]
Tan g
g [ou' lou"'“.

[ & ?‘{T v T Y 1 4 v v L 4 v | g v v 4 4

1 19 20 = e ) 199 19 o == e
3.

1 ¢ ﬁ.: 1007 d []

~ *
>
J 4 1
~

o

n
) & Et 22w — o &
5 (e . ] %3 . |
< N N
5 HOCH, HOCM,

L 4 » Q (-n)"
) *
: OH OH Lo oM OM
J
3 L4 -1 d
‘ n,-c.u.r T‘
BEai
) l? v . 'T I‘L Y v Y v Y .J”'M' L4 v L4 v L4 v L4

e 1% » ) » m» e 1% ™ )
m/z m/z

May-Jun 1985

Thiazolo[3,2-a |pyrimidine-5,7-diones

903

Figure 6. Fast atom bombardment (FAB) spectra of a) 7-methylguanos ine (1) showing the (B + 30)* and (B +44)* ions, b) mesoionic nucleosides

2, ¢) 3 and d) the negative ion FAB mass spectrum of 3. Panels a-c were
(B+44)" ions in the FAB spectra of 2 and 3 is noteworthy.

nucleosides, is seen to contain peaks associated with the
base plus portions of the sugar. In contrast, the FAB mass
spectra of 2 and 3 show the absence of any peaks
associated with the base with portions of the carbohydrate
attached. Even when the raw data was examined with ions
being plotted to 0% relative intensity, no peaks were ob-
served at the appropriate m/z values. Other ions in the
spectrum of 3 which are related to decomposition of the
BH,* ion are the m/z 181 and 127 ions. The remaining ions
in the spectrum of 3 are not rationally associated with the
sample and are thought to be artifacts or related to the sol-
vent matrix. The same comment is made concerning the
m/z 124 peak in the spectrum of 1. Only the MH* and BH,*
ions are present in the spectrum of 2, except as noted
below.

obtained using positive ion detection. The absence of the (B +30)* and

Of interest, but not shown in Figure 6, are some other
ions in the FAB spectra of 1, 2 and 3 which may be used
for confirmation of molecular weight. These ions corres-
pond to the addition of a sodium ion to M to give the
[M +Na]* ion, the formation of an [M + H + glycerol]* ion
and an ion produced by dimerization to yield the [M,H]*
ion. The presence of these ions has been noted previously
[36).

The absence of the [B+30]* and [B +44]* ions in the
FAB mass spectrum of the Class II mesoionic nucleoside 3
was confirmed by performing a linked-scan for daughter
ions analysis on the MH* ion. This technique is used to de-
termine the daughter ions of a selected parent ion by exa-
mining the metastable ions formed during the decomposi-
tion of the selected parent ion. Focusing of the mass spec-
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trometer on the MH* ion at m/z 329 and scanning the
B(magnetic) and E(electric sector) fields in a constant E/B
ratio and constant V(accelerating voltage) will thus pro-
duce a spectrum indicating all daughter ions formed from
the MH* ion. The results of this study showed only one ion
is formed from the MH* of 3 and this ion is the BH,* ion.
No indication of the formation of any other ions was ob-
served. The same experiment was performed by obtaining
the daughter ion spectrum of the MH* ion of 1. The forma-
tion of the BH,*, [B + 30]* and [B + 44]* was indicated with
a relative intensity of the peaks being 100%, 12% and
26% respectively. Thus, analysis of the free nucleosides 2
and 3 by FABMS substantiates the EI data in indicating
the absence of any ions formed by decomposition of the
sugar ring prior to cleavage of the glycosidic bond.

Conclusions.

The mass spectral behavior of the Class II mesoionic
nucleosides 2 and 3, either as the free nucleosides or as
their TMS derivatives, is seen to differ significantly from
other nucleoside classes examined to date. These differ-
ences are expressed independent of the ionization mode,
EI or FAB, used to obtain the mass spectrum and are a re-
sult of the exiremely facile cleavage of the glycosidic bond
under the conditions used for ionization. The facile cleav-
age of the glycosidic bond is, in turn, a consequence of the
unique structure of the Class Il mesoionic nucelosides
which, because of the localization of the positive and nega-
tive charges in the pyrimidine ring, afford sites for the
almost exclusive ionization (EI) or protonation (FAB) of
the base. The mass specira of these compounds are there-
fore dominated by fragments associated with the decom-
position of the heterocyclic ring. The differences in the
mass spectra of the Class II mesoionic nucleosides relative
to other nucleoside classes once again illustrated that sub-
tle changes in structure may have a significant effect on
the mass spectral behavior of nucleosides.
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