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Peaks of molecular ions that generally have the maximum intensity are observed in 
the mass spectra of most of the investigated 5- and 6-substituted uracils and 5- 
substituted orotic acids and their deutero analogs and methylated derivatives. 
The principal pathway of the fragmentation of the molecular ions is retrodiene 
fragmentation with the formation of [O = C(~)C(s)RSC(6)R(6)N(1)RI]+ (FI) ions. 
The stabilities of the latter depend on the nature and position of the substitu- 
ents attached to the C(s ) and C(6 ) atoms. The fragmentation of the F I ions can 
be realized via four principal pathways (B-E) with the detachment of N-CR 6 (B), 
O=C=CR s (C), CO (D), and R 6 (E) fragments. The most general pathway for the 
fragmentation of 5-substituted uracils is pathway C, whereas the most general 
pathway for 6-substituted uracils is pathway E. In the spectra of 5-substituted 
orotic acids the intensities of the molecular-ion peaks are high (~100%) only 
in the case of electron-donor R 5 and decrease sharply with an increase in the 
electron-acceptor strength of the substituent. The principal pathways of frag- 
mentation of the molecular ions are decarboxylation (F) and retrodiene fragmen- 
tation (A), the contribution of which is appreciably smaller. The M-CO 2 ions 
formed after decarboxylation undergo fragmentation via a scheme similar to that 
observed for 5-substituted uracils. 

Continuing our search for potentially antitumorigenic compounds among derivatives of 
natural pyrimidines and our study of their distribution in organs and tissues and metabolism 
in animal organisms we directed our attention to the fact that at present the literature con- 
tains almost no data on the mass spectra of 5- and 6-substituted uracils. The fragmentation 
of uracil itself under electron impact has been studied in extremely great detail [2]. The 
mass spectra of i- and 3-methyluracils [3], 1,3-dimethyluracil, thymine, 6-methyluracil, 5- 
hydroxymethyluracil [2], 6-aryl- and 2-thio-6-aryluracils [4], and a number of pyrimidine 
nucleosides [4-7] have been examined. The principal pathways of fragmentation of the enumer- 
ated compounds coincide and can be described by scheme 1 proposed in [2]. 

As the first step of the fragmentation of uracils this scheme includes retrodiene cleav- 
age of the molecular ion (M +) with the ejection of an RSN(3)C(2)O or R3N(3)C(2)S fragment and 
the formation of, evidently, the most stable F I ion. The subsequent fragmentation of the 
latter proceeds via the four pathways BE. The mass spectra of uracil-5-carboxylic acid and 
uracil-6-carboxylic acids, among which interesting physiologically active preparations have 
recently been detected, have not yet been investigated systematically; only the mass spectra 
of 5-fluoroorotic acid have been described [8]. Alam and coworkers [8] showed that the ini- 
tial steps in the fragmentation of this molecule are similar to those observed for uracil 
and its derivatives and include the detachment of HNCO from the molecular ion via the mechan- 
ism of the reverse Diels-Adler reaction with the formation of an ion radical (m/z 131), which 
subsequently undergoes fragmentation readily via several pathways, in the interpretation of 
which they permitted a number of inaccuracies. In addition, they noted that decarboxylation 
with the formation of 5-fluorouracil, which subsequently readily undergoes fragmentation in 
the same way as uracil, occurs at the experimental temperature (160~ 

*See [i] for Communication 75. 
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Scheme 1 

o -1.+ \ .  7 
0 R 6 --R3NC0 " N~R s 

M + F I 

I 1 
I 

B i -N=C-R6 ~$i -O=C=6-R s D -co E -a 6 

R1 ~O C+ "R5 l)l~ 
t[ C',CIR~ '+ 5 R~ "R6 "c" 

+ C~ 6 C <-6/R 

F7 

1 + R -N=C=C-R 5 

F8 

Most of the investigated spectra (Tables 1-4) are characterized by the existence of an 
M + Deak, which has the maximum intensity. The spectra of those compounds in the first steps 
of the fragmentation of which at least one of the substituents undergoes fragmentation con- 
stitute an exception. These include 5-nitro-, 5- and 6-carboxy-, and 5- and 6-butoxycarbonyl 
uracils la, V, and VI and their derivatives, as well as some 5-N-substituted aminouracils 
(lj, k, m, n). One should immediately note that the ejection of a halogen does not occur in 
any of the steps in the fragmentation of 5- and 6-halouracils and 5-haloorotic acids. This 
process is observed only for 5-iodo- and 6-chlorouracil (Id, llc), but its contribution is 
extremely small. 

O 

# 
I-Vl 

Ia--g ,  i--cnRI=R2=H; I Ic ,e ,  g--i R'=R3=H; IIIa-d RI=R~=H: IVa, b RI=.Me, 
R3=H, c R~=R2=Nte. d R~=H, R3=Me; Vf, P R'=R3=H; Vla.--c, e--h, o,, p 

RI=R3=H 

In conformity with Scheme 1 the molecular ions of most of the investigated I-IV split 
out RN(~)C(2)0 or MeN(~)C(2)O fragments in the case of their 3-methyl derivatives. The 
stabilities of the resulting F I ions depend on the nature of the substituents attached to 
the C(5 ) and C(6 ) atoms. For 5- and 6-substituted uracils, as, on the other hand, for their 
N-methyl derivatives and for 5,6-disubstituted uracils, the intensities decrease with a de- 
crease in the electron-acceptor capacity of the substituent; the relative intensities of the 
peaks (as compared with M +) corresponding to the F I ions actually depend linearly on the o 
substituent constants: 

~ =  (64,9• + (64,6• (n=15, r=0,939). 

The sensitivities to the substituent effect are virtually the same for R s and R 6 (Op, 
Om). 

The pathways of the substituent fragmentation of the F~ ions under the investigated con- 
ditions depend not only and not so much on the nature of the substituent as much as on its 
position. In the case of 5-halouracils Ib-e, as for uracil (Ia) and thymine (Ig) (see Tables 
1 and 2), the F I ion is converted primarily to F 2 and F~ ions (pathways B and C), respec- 
tively. The F~ ion is also observed in the spectra of all (without exception) uracils with 
electron-donor substituents attached to the C(5 ) atom; the intensities of the peaks corres- 
ponding to the F~ ions evidently increase somewhat with intensification of the electron- 
donor capacity of the substituent. The spectra of Ig, j-n do not contain peaks of F 2 ions; 
an exception to this is 5-aminouracil, in the spectrum of which the corresponding peak is 

449 
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present, although its intensity is only 5% of the intensity of the M + ion. Other pathways of 
the fragmentation of F I ions with splitting out of OCmR5 (pathway C), CO (pathway D), and R 6 
(pathway E) fragments are also characteristic for these compounds, as for uracil and thymine. 
Of course, whereas one can form a judgment regarding pathway E with complete confidence, one 
should speak cautiously regarding the realization of pathways C and D, since the m/z values 
of the F s and F 6 ions coincide for all of the investigated compounds. For a confident judg- 
ment regarding this one must examine the mass spectra of 1,5-disbustituted uracils. Finally, 
in the spectra of uracils If, g, k-m one observes a low-intensity F 8 peak, which may be formed 
by splitting out of an F 7 ion or an R 6 radical from the F 6 ion. Fragmentation of the F I ion 
via pathways D and E is not observed for uracils la-e with electron-acceptor substituents 
attached to the C(s ) atom. 

In the case of 6-substituted uracils (Tables i and 2) the most general pathway for the 
fragmentation of the F~ ion is pathway E: an extremely intense peak of an F? ion (68)* is 
observed in the spectra of all of the compounds. The remaining pathways are either not real- 
ized at all or their contribution is very small. 

5,6-Disubstituted uracils llla-d undergo fragmentation viathe same pathways as the mono- 
substituted compounds. Since their number was limited, one should not draw rigorous conclu- 
sions regarding the preferableness of one or another pathway; one might only note that Fl, 
F~, and F~ ions are observed in the spectra examined. 

It must be stated that in most of the investigated cases the formation of an F I ion is 
accompanied by metastable transitions: for example, peaks of metastable ions (113.7 and 72.6, 
respectively) are observed in the case of 5-bromo- and 5-chlorouracil (Ib, c). The situation 
is also similar in the conversion of the F~ ion to F 6 and/or F 7 ions (for example, m* = 36.4 
for thymine). 

The spectra of many of the investigated compounds have certain peculiarities. Thus in 
the spectrum of 5-fluorouracil (le), in contrast to the other 5-halo derivatives, one observes 
the appearance of a peak of an ion at 44, which is formed by splitting out of HNCO from the 
F I ion. A similar process also occurs in the case of 6-methyluracil (llg) - an ion at 40 is 
formed, which, by the way, distinguishes llg from thymine. 

The behavior of N-methyl derivatives (IV) of 5- and 6-substituted uracils is evidently 
similar to the behavior of their unmethylated analogs (compare IVa-d with Ib and IIc, e in 
Tables i and 2). 

In addition to fragmentation of the pyrimidine ring of uracils I-IV under electron im- 
pact, fragmentation of the substituent also occurs. Thus splitting out of a molecule of CH20 
from M +, which is accompanied by the metastable transition 142 + 112 (m* = 88.3), is observed 
in the case of 6-methoxyuracil (IIh). The ion at 112 (12%) that is formed in this case sub- 
sequently undergoes fragmentation via a pathway similar to pathways A and B. 

In the first steps the behavior of 5-nitrouracil (Ia) is similar to that of other com- 
pounds: a molecular ion (the peak with the maximum intensity) is formed and then undergoes 
conversion to F I and FX ions. However, the principal pathways of the mass-spectrometric 
fragmentation of the M" ions are due to cleavage of the nitro group and the resulting frag- 
ment ions (see Scheme 2): the splitting out of O" and NO" from M + leads to the formation of 
ions at 141 and 127 and is confirmed by metastable transitions similar to what is frequently 
observed for aromatic nitro compounds [9]. The resulting ions at 114 and 141 subsequently 
are converted to the same fragment ion at 98 by splitting out of oxygen and retrodiene cleav- 
age. The ion at 98 undergoes all forms of fragmentation that are characteristic for Y l ions 
in the general scheme of the mass-spectrometric fragmentation of 5- and 6-substituted ura- 
cils (Scheme I). However, the specific characteristics of nitro compounds are also manifested 
here: a new pathway - splitting out of }{NO with the formation of an ion at 67 - develops. The 
peak corresponding to this ion has the highest intensity with respect to all of the remaining 
peaks of fragment ions. The onium ion at 127, which is formed by detachment of NO from M +, 
splits out a molecule of CO to give the hydantoin ion at 99, which then loses HNCO and CO 
successively to give, respectively, the ions at 56 and 28. Another pathway of the fragmenta- 
tion of the M - NO + ion is considerably more important if one judges from the overall ion 
current - the successive detachment of C202 and HCN with the formation of ions at 71 and 44. 

*Here and subsequently, the numbers in the text and in the schemes that characterize the 
ions are the m/z values. 
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As expected, this pathway was not encountered among the pyrimidines that we investigated and 
is possibly manifested in the spectrum of 5-hydroxyuracil. 

Scheme 2 
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The principal process in the fragmentation of 5-alkylaminouracils lj-m is the detach- 
ment of alkyl groups from the molecular ion, which leads to the formation of "pseudomolecu- 
lar" ions, which then undergo fragmentation via the same pathways (A and C-E) as the start- 
ing molecules (see Tables i and 2). 5-Morpholinouracil, the fragmentation of which is 
markedly complicated by fragmentation of the morpholine ring, constitutes an exception. One 
should also note the appreciable contribution of the detachment of alkylamino and/or dialkyl- 
amino groups from the molecular ions of uracils lj-m. 

Carboxy- and butoxycarbonyluracils V and VI, as we have already mentioned, differ appre- 
ciably with respect to their behavior not only from other compounds of the investigated ser- 
ies but also from one another. The molecular ion of 5-carboxyuracil is appreciably less 
stable than that of the 6-carboxy isomer. 

The principal pathways of its fragmentation are decarboxylation (primarily) and dehydro- 
carboxylation. The latter process is not observed at all in the case of orotic acid under 
the conditions used. The stabilities of the ions formed as a result of the retrodiene frag- 
mentation of the M + ions of carboxy derivatives Vf and u differ even more substantially 
than the stabilities of the M + ions. The subsequent pathways of the fragmentation of the 
M - HNCO +" ions are evidently also different: in the case of orotic acid (Vlf) the detach- 
ment of C02 and COOH groups leads to ions at 69 and 68, respectively. In the case of uracil- 
5-carboxylic acid ions with these mass numbers are formed not only by the indicated path- 
ways but also as a result of fragmentation of the "pseudomolecular" [M - CO] +. uracil ion. 
In addition, the detachment of HNC from the F I ion also evidently takes place simultaneously. 

The fragmentation of butyl esters of uracilcarboxylic acids Vf and Vlf is also extremely 
individual, although it does have common characteristics. The most pronounced difference in 
them from one another is the difference in the stabilities of the molecular ions: the inten- 
sity of the corresponding peak in the spectrum of butyl orotate (Vff) is maximal, whereas in 
the spectrum of the 5-substituted isomer it is almost minimal. The principal difference in 
the mass-spectrometric fragmentation of these uracils from the remaining members of the ser- 
ies is the absence of retrodiene fragmentation of the M + ions. In the first step in these 
cases the molecular ions split out a C4H v" radical, which is accompanied in both cases by a 
metastable transition (m* = 116.2): for butyl orotate, in addition, splitting out of C4H 8" 
also occurs. A similar pathway of fragmentation of esters with the transfer of two hydrogen 
atoms from the alkyl fragment of the carbalkoxy group was also previously observed (for ex- 
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ample, see [i0]). Yet another difference in the fragmentation of butyl orotate from its 
isomer is manifested in the formation of an [M -HNCONHCO] +" ion at 126 with the correspond- 
ing metastable transition 212 + 216 (m* = 74.8). The [M - C4H7] + ions in both cases are de- 
hydrated with the formation of an ion at 139, which is most intense for the 5-substituted 
isomer. Splitting out of a carboxy group from the [M - C~H7] + ion is also possible in both 
cases, while in the case of butyl orotate dehydroxylation and retrodiene cleavage, which 
leads to the formation of [M - C~H 7 - OH] + , [M - C4H 7 - HNCO] +, and [M - C4H 7 -HNCOH] + ions, 
also occur. The above-presented data on the fragmentation of isomeric uracilcarboxylic acids 
and their esters constitute evidence for the ease of their identification by means of their 
mass spectra both in mixtures with one another and in mixtures with other uracils. 

Molecular-ion peaks are observed in the mass spectra of 5-substituted orotic acids Vb-h,m 
and the 3-methyl and 2-thio derivatives VII and VIII, with the exception of the 5-nitro der- 
ivative (Via). Their intensities are maximal in the spectra of the unsubstituted compounds 
and substances that contain electron-donor substituents. The intensities of the peaks of the 
molecular ions of the compounds with electron-acceptor substituents decrease sharply in pro- 
portion to the increase in the electron-acceptor capacity of the substituent up to zero in 
the spectra of the nitro derivative. The subsequent fragmentation of the molecular ions of 
Vlb, c, e-h, o proceeds via several pathways, of which one can single out three common path- 
ways A-C. The most important pathway, if one can judge from the overall intensity, is path- 
way A, which includes decarboxylation and subsequent fragmentation of the resulting "pseudo- 
molecular" F l ion in complete conformity with the previously established scheme of the frag- 
mentation of identical M + ions of 5-substituted uracils. On the other hand, orotic acid and 
its derivatives behave like 5,6-disubstituted uracils; evidence for this is provided by path- 
way B, which includes retrodiene cleavage of the N(s )- C(~) and N(1)-C(6)bonds of the molecu- 
lar ion. It was somewhat unexpected that the stabilities of the resulting [M - R3NCO] (F I) 
ions are approximately the same for all of the substances: the intensities of the correspond- 
ing ions vary over the range 10% to 30% and do not depend on the nature of the substituent 
attached to the C(s ) ion. These ions then also undergo fragmentation via several pathways, 
splitting out HNCO, COOH, and CO fragments; the ejection of CO is evidently preferable or 
comparable to splitting out of COOH. 

Scheme 3 
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Pathway C - splitting out of a molecule of water from the molecular ion - is evidently 
most characteristic for substances (Vlg, h, p) with electron-donor substituents. The elimi- 
nation of H20, which probably proceeds through the hydroxy part of the carboxy group and the 
hydrogen atom in the ortho position relative to the carboxy group (Via-c, e, f, h, VII, VIII) 
or the m-hydrogen atom of the substituent attached to the C(s ) atom (Vlf-h, VII, VIII), as 
in the case of benzoic acids, leads to the formation of F 8 ions. The latter subsequently 
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undergo fragmentation with the ejection of CO and HNCO. Finally, it should be noted that a 
number of errors in the interpretation of the mass spectrum of 5-fluoroorotic acid (Vie) 
were evidently permitted in [8]. 

The scheme of the fragmentation of 5-nitroorotic acid (Vla) differs appreciably from 
that of the remaining derivatives: M + peaks and peaks of all ions associated with splitting 
out of water from the M + ions (pathway C) are not observed in the spectrum. In addition, 
splitting out of O" and NO" particles with subsequent fragmentation of the resulting ions 
(see Tables 3 and 4), as in the fragmentation of 5-nitrouracil (see above), occurs after de- 
carboxyiation. 

Thus 5- and 6-substituted uracils and their N-alkyl derivatives undergo fragmentation 
under electron impact via a common scheme; however, the position and nature of the substituent 
in the uracil ring determine the relative intensities of each of the pathways of this scheme 
and the development of specific fragmentation pathways associated with cleavage of the sub- 
stituent itself. Isomeric 5- and 6-substituted uracils can be easily identified by means of 
their mass spectra. 

EXPERIMENTAL 

The 5- and 6-substituted uracils and their derivatives investigated in this research 
were obtained by known methods. 

The mass spectra were recorded with an MKh-1303 spectrometer with direct introduction 
of the samples; the ionizing-electron energy was 30 eV, and the input temperature was 120- 
150~ 
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