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in molecules in aqueous solutions. We are thus led to conclude
that our LMO-VCD and absorption intensities would be in closer
absolute agreement if alanine were sampled in a nonaqueous
solution.
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Abstract: The unimolecular decomposition of adenine following electron ionization has been studied on the basis of extensive
isotopic substitution to establish the extent of site selectivity in fragment ion formation. Carbon-13 labeling at C-2, with earlier
published work on ['*N]adenines, shows that elimination of HCN from the molecular ion is more than 90% derived from N-1
and C-2. Loss of NH, and NH; is predominantly from N-1, with complete retention of N-7 and N-9. C,H,N;* (m/z 70)
is formed by a rapid process with quantitative retention of N-1, C-2, N-3, C-4, and N-9. These results permit the assignment
and estimation of 13C and N within the adenine nucleus, of potential value in studies of purine biosynthesis and metabolism.
The adenine molecular ion is shown to be structurally identical with the m/z 135 fragment ion from adenosine on the basis
of their collision-induced decomposition mass spectra. Equations are given for calculation of isotopic incorporation levels in

fragment ions of adenine.

In recent years mass spectrometry has assumed an important
role in the characterization of synthetic and natural nucleic acid
bases and nucleosides.! In terms of systematic examination of
detailed fragmentation processes, as opposed to largely descriptive
reports of spectra, the greatest effort has been expended on nu-
cleosides rather than the corresponding bases.!”> This has been
due largely to the greater difficulty of introduction of isotopic labels
into selected positions of the heterocyclic nucleus and to the
inherently complex nature of heteroaromatic decomposition
processes,*® which further strengthens the need for selectively
labeled models. In addition to purposes of structural charac-
terization, study of the unimolecular decomposition processes of
purines and pyrimidines serves to further expand the knowledge
of the behavior of polynitrogen heterocycles, an area of gaseous
ion chemistry that has received generally superficial attention with
respect to mechanistic details. In the case of purines such as
adenine and guanine, the establishment of site selectivity in the
formation of fragment ions is of potential value for the mass
spectrometric location of stable isotopes in the purine nucleus,
in studies of purine biosynthesis and metabolism.

The mass spectrum of adenine was first reported by Shannon
and Letham,” and independently by Rice and Dudek,? both of
whom outlined the principal ionic decomposition routes. In
subsequent work, Occolowitz’ studied the sequential expulsion
of two HCN molecules using [8-'*C]adenine and N-deuterated
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adenines, while Leonard and Henderson examined the same re-
action series on the basis of >N labels in two positions'® and later
in each of the five possible positions.!! The inclusion of N-1 in
the first loss of HCN was demonstrated by '°N labeling,!! contrary
to expectations resulting from 2H- and '*C-labeled adenines.’

We have studied the fragmentation processes of adenine on the
basis of its high-resolution mass spectrum, on decomposition
pathways established by metastable ion measurements, and on
extensive isotopic substitution. The five isomeric *N-labeled
adenines have been synthesized and examined, along with [2-3C]-,
[8-14C]-, [2-2H]-, and [8-?H]adenine, to establish the extent of
positional selectivity in the formation of five sets of fragment ions
that have not previously been examined.

Experimental Section

General Remarks. ['SN]JAmmonia (several lots, >99 atom %) used
in syntheses was purchased from Mound Laboratories, Miamisburg, OH.
[2-13C] Adenine was obtained from Merck Isotopes, St. Louis, MO, and
[8-'4Cladenine from I.C.N., City of Industry, CA. [2-!*H]Adenine was
prepared by back exchange of D-8 (100 °C, 1 h) in [2,8-2H;]adenine,
which had earlier been prepared by a catalytic exchange procedure.!?

Starting materials for the ['*N]adenines were prepared by literature
procedures; however, the reaction conditions reported in the following
sections commence with the first introduction of the !N isotope. An
authentic unlabeled sample of each compound was used for direct TLC
comparison to corroborate structural assignments of the labeled adenines
and of all intermediates. Ultraviolet spectra were recorded with a
Beckman Acta C III spectrophotometer and infrared spectra were re-
corded on a Beckman IR 100 spectrophotometer. Melting points were
determined with a Thomas-Hoover capillary apparatus and are uncor-
rected.

[1-'*N]Adenine (3). A mixture of 4(5)-amino-5(4)-cyanoimidazole!3
(1, 48 mg) and diethoxymethy! acetate!* (DEMA, 3.5 mL) was stirred
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and heated at 115-120 °C for 6 h. The solvents were removed by
evaporation under reduced pressure to yield 66 mg (90.6%) of 5(4)-
cyano-4(5)-[(ethoxymethylene)amino]imidazole (2) as an oil. A solution
of 2 (60 mg) in absolute ethanol (8 mL) was placed in a glass tube (2.2
cm in diameter; 8.2 cm height) and cooled in a 2-propanol-dry-ice
mixture (15-25 °C). ['*N]Ammonia 0.0987 g; 125 mL at NTP) was
passed into this solution through a flowmeter at the rate of 10-12
mL/min, for a total of 11-12 min (the ammonia cylinder was previously
cooled in a 2-propanol—dry ice bath at =5° to —10 °C for 15-20 min).
The glass tube was then sealed in a stainless steel reaction vessel and
heated, with stirring, at 160-65 °C for 24 h. The reaction vessel was then
cooled to room temperature and the mixture evaporated to dryness under
reduced pressure. The crude residue was dissolved in water (4 mL) and
purified by HPLC using the solvent system H,O—-CH;CN 96:4 (v/v) as
an eluant. The combined fractions were evaporated to dryness to yield
33 mg (66.3%) of a white solid; mp >300 °C.

[3-15N]Adenine (11). This synthesis follows closely the method pre-
viously reported.!!S  The starting material, 4-bromo-5-['N]nitro-
imidazole (5), was prepared by nitration of 4-bromoimidazole (4) with
H'NO;-H,SO,.!"" Subsequent steps in the synthesis included the fol-
lowing: benzylation to 1-benzyl-5-bromo-4-['*N]nitroimidazole (6),
cyanide displacement to 1-benzyl-5-cyano-4-[!*N]nitroimidazole (7),
Raney nickel hydrogenation to 4-['*N]amino-1-benzyl-5-cyanoimidazole
(8), diethoxymethyl acetate condensation to 1-benzy!-5-cyano-4-[(eth-
oxymethylene)['*N]amino)imidazole (9),* ring closure with ethanolic
ammonia to 7-benzy![3-'*N]adenine (10),'* and sodium-ammonia hy-
drogenolysis to [3-'’N]adenine (11). The detailed experimental condi-
tions for the synthesis of compounds 5-11 are reported in the supple-
mentary material.

[6-amino-'N]Adenine (13). This labeled adenine was prepared by the
reaction of ’NH; with 6-chloropurine (12) by the method of Leonard
and Henderson.!® The experimental conditions for the synthesis and
purification of 13 are presented in the supplmenetary material.

4,6-Diamino-5-[1*N]nitrosopyrimidine (15). A solution of 4,6-di-
aminopyrimidine (14) in | N HCI (5 mL) was cooled (0-5 °C) in a
2-propanol—dry ice bath. Sodium [!*N]nitrite (75 mg; 1.07 mmol) in 2
mL of water was added over a period of 5 min with cooling. The solution
was stirred for 1 additional h, with the temperature being allowed to rise
to room temperature. The pH of the solution was adjusted to 8 with solid
NaHCO,. The blue nitroso compound was collected by filtration and
washed with a small amount of cold water. The crude solid was re-
crystallized from an ethanol-water (9:1, v/v) mixture to yield 90 mg
(78.9%) of 15.

[4,6-1*N,5-15N]Triaminopyrimidine (16). A solution of 15 (85 mg) in
absolute ethanol (30 mL) was reduced at 35 psi of hydrogen at room
temperature in the presence of commercial Raney nickel (0.52 g). The
catalyst was separated by filtration through Celite, washed with a small
amount of ethanol, and then evaporated to dryness in vacuo under re-
duced pressure to yield 58 mg (75.4%) of 16: mp 256-258 °C.

[7-'°N]Adenine (17). A mixture of 16 (55 mg; 0.43 mmol) and di-
ethoxymethyl acetate (5 mL) was stirred and heated at 115-120 °C for
10 h. The solvents were then removed under reduced pressure. The
residue was dissolved in water (5 mL) and purified by HPLC using the
solvent system HyO-CH;CN (96:4, v/v) as the eluant. Fractions con-
taining the product were combined and evaporated to dryness to afford
39 mg (63.8%) of a white solid; mp >300 °C.

[4-'*N,5-'“N]Diamino-6-chloropyrimidine (19) and [4,6-'°N,5-1“N]-
Triaminopyrimidine (19a). A suspension of S5-amino-4,6-dichloro-
pyrimidine!¢ (18, 0.5 g) in 10 mL of absolute ethanol in a Pyrex glass
tube (2.2 cm in diameter and 8.2 cm long) was cooled in an acetone~dry
ice bath. A stream of ['*N)ammonia was passed into the suspension until
0.2 g of the ammonia had dissolved in the ethanol. The glass tube was
sealed with a flame, cooled, and placed in a stainless steel reaction vessel.
Ethanol was added to the vessel to cover one-third of the glass tube. The
reaction vessel was sealed and heated at 150 °C in an oil bath for 4 h.
The reaction vessel was cooled, and solid crystals separated in the glass
tube. This solid was collected and recrystallized from ethanol; mp
242-245 °C, yield 0.344 g (98%). A mass spectrum of the crystalline
product showed it to be 94% of 19 and 6% of 19a.

6-Chloro-[9-' N]purine (20). The mixture of 19 and 19a (0.344 g),
was dissolved in 3 mL of 1:1 acetic anhydride-triethyl orthoformate. The
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solution was heated under reflux for 1.5 h, then cooled, and evaporated
to dryness at 1-2-mm pressure. The residue was warmed at 40 °C for
15 min with 4 mL of 10% NaOH solution. The solid dissolved, and the
solution was clarified with carbon and filtered. The filtrate was acidified
to pH 5 and partially evaporated under reduced pressure. The solid that
separated was collected, dried, and repeatedly crystallized from a mixture
of ethanol and water to yield 0.175 g (51%) of 20; mp >300 °C.

[9-1’N]Adenine (21). 20 (0.175 g) was added to 5 mL of 1-butanol
containing 0.35 g of dissolved NH;. The solution was sealed in a Pyrex
glass tube and placed in a stainless steel reaction vessel containing 3-4
mL of 1-butanol. The reaction vessel was sealed and heated in an oil bath
at 150 °C for 20 h. After cooling, the glass tube was opened, and the
contents evaporated to dryness under reduced pressure. The resulting
solid was crystallized seven times from hot alcohol to give a small yield
of pure 21, mp >300 °C, which gave one spot on a TLC silica plate,
developed in a solvent system consisting of the upper phase collected from
a vigorously shaken mixture of ethyl acetate-n-propy! alcohol-water
4:1:2.

Mass Spectrometry. Low-resolution mass spectra were recorded by
using an LKB 9000S instrument, with samples introduced by direct
probe, ionizing energy 70 eV and ion source temperature 250 °C. The
resulting relative-ion abundance data, given in the supplementary ma-
terial, represent the mean of ten consecutive scans. Compositions of the
major ions reported by Rice and Dudek® were confirmed, and composi-
tions were established for m/z 27-29, 40-43, 55, 56, 65, 68-70, and
92-94 from measurements of exact mass made with a Varian MAT 731
mass spectrometer, by peak matching and photographic recording. The
complete composition list for all ions is given in the supplemental ma-
terial. Metastable ion measurements were made with the Varian in-
strument using two techniques. A linked scan at constant B/E, where
B is the magnetic field and E is the sector voltage, records all daughter
ions that are formed in the first field-free region (between ion source and
electric sector) by the decay of a given precursor ion. The second method
involves scanning the accelerating voltage with fixed electric sector
voltage and fixed magnetic field. This method detects the precursors of
a given daughter ion formed in the first field-free region. Collision-in-
duced decomposition (CID) mass spectra of adenine and adenosine were
recorded at the Midwest Center for Mass Spectrometry with a Kratos-
MS-50 triple analyzer instrument, under the following conditions: sample
introduction by direct probe, ionizing energy 70 eV, accelerating voltage
8 kV, resolution (M/AM) 3000. Collisional activation of m/z 135 ions
was carried out by using He at pressure sufficient to cause 50% attenu-
ation of the incident beam. CID spectra were determined by scanning
the third sector, which is an electrostatic analyzer.

Results and Discussion

Scheme I shows the principal unimolecular decomposition routes
and ion compositions, summarized from earlier work”® and the
present study.!” The major pathways, as represented by meta-
stable ions, are indicated, while additional minor and alternate
pathways are not shown.

Calculations of 1>C or !N Retention. Measurement of 1*C (or
other isotopic) compositions of ions can be made, with high-re-
solving power!® to distinguish 13C vs. ')CH or *N vs. ¥NH
differences in ion groups that contain several species which differ
by H in unlabeled adenine. We have used an alternative method
that requires nominal mass resolving power and knowledge of ion
abundances and compositions from the unlabeled compound. An
example of the method is given below for the first loss of HCN
from the molecular ion. Expanded forms of the calculation for
the second and third sequential losses of HCN and for M ~ HCN
- NH,CN, M - NH,, and M - NH; in the mass spectrum of
adenine are given in the supplementary material. The equations
are mostly expressed in terms of 13C but are applicable to any
isotopic label, such as '*N or *H.

Loss of hydrogen cyanide from ['*C]adenine leads to the fol-
lowing species, where an asterisk denotes the presence of 1*C or
other heavy isotope: m/z 107, M* - H,CN*, M - H,CN; m/z
108, M* - HCN*, M* - H,CN, M - HCN; m/z 109, M* -
HCN. Tons M - HCN and M - H,CN represent contributions
from unlabeled adenine in the synthetic material (typically several
percent) and are readily corrected for. Relative intensity values

(17) Ton abundance data from [2-'*C]adenine and the five mono-!*N-la-
beled adenines studied, as well as a complete compositional list of ions in the
adenine mass spectrum that do not contain natural heavy isotopes, are given
in the supplementary material.
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(D) representing loss of HCN and H,CN can be represented by
eq 1. The contribution from Iy - y,cn) in m/z 108 can then

(1os/ 1107 adenine =
[(Fvs - mon + Ivs — mens)/ (Ts - myen + I - myene)]adenines

n
Dys - ggen = (P09 + I*108 — A7) /(A + 1) (2)

be represented in terms of relative abundances (eq 2), where 4
= (Iy08/I1¢7) for adenine. The fraction of label remaining after
the first loss of HCN is then

(M* - HCN)/[(M* - HCN) + (M* - HCN*)] =
I* 100/ (I* 100 + 108 = Ivs - m,en) (3)

After substitution of Iy _ y,cn from eq 2, the percent of 1*C
retained can be calculated from eq 4,

% 13C retained =
I*109(A + 1)/ [A(I* 105 +1*105 = I*107)] X 100 (4)

using experimentally determined ion abundance data.

Isotope retention values can also be calculated simply from peak
ratios due to labeled and unlabeled species.!! However, failure
to take into account all contributions to a given ion type (m/z
107, 108, and 109, as opposed to m/z 108 and 109, in the pre-
ceding example) can lead to errors of varying magnitude, de-
pending on the relative abundances of the ions involved. For
example, consideration of m/z 80 (M — 2(HCN) - H, Scheme
I) in addition to m/z 81 and 82 in [9-1*N]adenine gives an I*N
retention value of 37% (present study), while omission of n/z 80
gives only 30%, the same value reported by using the shorter
method.!! Our value of 38% agrees well with the inherently more
accurate value of 39% obtained with high-resolution mass spec-
trometry'? in which all isotopic species are resolved. It is noted
that the use of the more detailed method we describe would not
have qualitatively altered the conclusions reached earlier,!! but
if these results are to be used for quantitative measurements of
isotopic retention, the more accurate method should be used.

Sequential Expulsion of HCN. The sequential elimination of
HCN is a major process in the mass spectra of polynitrogen
heterocycles and constitutes the principal reaction sequence in
many purine derivatives,® including purine itself.!8

Previous examinations of the five *N-labeled adenines dem-
onstrated approximately 87% loss of N-1 in the first expulsion
of HCN, with much less specificity found in the second and third
losses.!! The spectrum of [2-13C)adenine shows that 98% of the
carbon in the first HCN is from C-2 (Table I), rather than C-6
or other positions that would indicate restructuring of the skeleton
following ring opening. Taken together, the 1*N (ref 11) and 13C

(18) Goto, T.; Tatematsu, A.; Matsuura, S. J. Org. Chem. 1965, 30,
1844-1846.
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Table I. Isotopic Composition of Ions from [2-'3*C]Adenine

ion mfz % '3C retained®
M 135 100
M — HCN 108 2
M - 2(HCN) 81 13
M - 3(HCN) 54 9
M - HCN -~ NH,CN 66 33
M —C,NH, 70 100

@ Corrected for naturally occurring heavy isotopes and for 11%
residual **C at C-2.

data indicate that the first loss is over 90% site specific for N-1
and C-2, and 6~8% for C-2 and N-3."° Initial ring opening may
thus be assumed to occur at 1,6 (structures a, b) or 2,3 (¢, d).
An earlier mechanism’ depicting the loss of C-6 and NS, made
without the benefit of skeletal labeling, is therefore incorrect. The
conclusion by Occolowitz that 55% loss of the first HCN originates
from C-6 and N® and 45% from C-2 and N-1, N-3 was based in
part on deuterium labeling (evidently at N6, N-9, and C-8).° Our
measurement of [2-?’H]adenine and [8-2H)adenine shows 43% and
10% loss of D from C-2 and C-8 in the first loss, which points
to the error in the earlier conclusion.® Indications as to which
skeletal atoms are involved in the reaction, based on deuterium
labeling, are not reliable due to extensive rearrangement of hy-
drogen prior to expulsion of HCN.

It is of interest that more *N is apparently retained in the M
- 2(HCN) ion (19%) than in the M — HCN (13%)."! This points
to the existence of a population of M - 2(HCN) ions not derived
from M - (N-1)HCN, but rather by pathways involving initial
HCN loss from the other four nitrogens. This interpretation is
supported by the spectrum of [2-!3C]adenine, which shows 13%
retention of C-2 in M - 2(HCN) compared with 2% retained in
M - HCN. A similar divergence of pathways is found in the M
- HCN - NH,CN ion (m/z 66, Table I), in which the 3C content
is greater than in M - (N-1,C-2)HCN. The main population of
m/z 66 ions is therefore not derived from the principal M - HCN
species in which N-1,C-2 has been lost. The elimination of the
third HCN (m/z 54) is relatively nonselective, both with regard
to C-2 (Table I) and to the five nitrogen atoms.!!

Loss of NH; and NH,: m/z 118 and 119. The loss of NH;,
and NH, from the molecular ion (Scheme I) constitutes small
but significant decomposition processes. Equations used for
calculations of '*N retention are given in the supplementary
material. Contrary to the expectation that both reactions would
involve cleavage of the C-6-N° bond with loss of NS, the dominant
process involves loss of N-1 (Table II) and either 0% (M — NH;)

(19) Nitrogen-15 retention data for the first three losses of HCN, calcu-
lated using the method described, agree qualitatively with those reported
earlier,'' and are listed in the supplementary material (Table 4).
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Table I1. Isotopic Composition of Ions from Selectively Labeled [!*N]Adenine

% '*N 1etained®

ion mjz N-1 N-3 N¢ N-7 N-9
M 135 100 (96.4)b 100 (96.1) 100 (97.1) 100 (97.8) 100 (96.0)
M —-NH, 119 55 84 78 100 98
M - NH, 118 18 75 100 100 100
M —-C,HN, 70 100 100 0 0 100

@ Corrected for naturally occurring heavy isotopes and for residual '*N at the labeled site. ? Values in parentheses show mol % '*N intro-

duced by synthesis, measured from the molecular ion.

or 22% (M — NH,) of NS, Essentially complete retention of
nitrogen in the imidazole ring is observed, providing a useful means
of distinguishing the pyrimidine and imidazole nitrogens in labeled
adenines. Further expulsion of HCN from ions m/z 118 and 119
produces the minor ions m/z 91-94. Their low abundances
precluded accurate measurement of 13C or '’N retention.

It is interesting that NH; is lost from adenine in high yield
following UV irradiation.?® Little effect was noted by irradiation
at wavelengths longer than 230 nm, so that adenine is probably
susceptible only to ionizing radiation below 200 nm. On the basis
of similar reactions of hypoxanthine, the corresponding nucleoside
inosine, and other models, it was concluded that the nitrogen lost
is from N-1 and/or N-3.

When considered in addition to the results from the first loss
of HCN (from C-2, N-1), the present results imply that a sig-
nificant fraction of decomposing molecular ions may exist in
noncyclic states. It is notable in this regard that *C and *N
labeling of 2-, 3-, and 4-cyanopyridines revealed that expulsion
of HCN from the molecular ion occurs predominantly from the
ring rather than from the cyano substituent, through an open-chain
intermediate.! The loss of NH; from N-1 requires the rear-
rangement of three hydrogens from the dominant (in solution)
tautomer 22, so that the imino structure b is favored over other
forms as an initial intermediate.

Ions m/z 70, 43, and 28. The mass 70 ion was found by
measurement of exact mass to be C,H,N;*. Further decompo-
sition by elimination of HCN produces m/z 43. No detectable
precursor of m/z 70 was found, based on either of the two
metastable ion measurement techniques described in the Exper-
imental Section. Further, the collision-induced decomposition
spectrum produced from the adenine molecular ion (Figure 1)
shows m/z 70 as a sharp peak. These characteristics suggest its
formation to be fast, an interpretation borne out by an excep-
tionally clear isotopic retention pattern: total absence of N° and
N-7, and complete retention of C-2, N-1, N-3, and N-9. Hy-
drogens H-2 and H-8 are likewise completely retained without
evidence of randomization or scrambling as in the case of other
ions. From the mass spectrum of [8-'*CJadenine, it was established
that C-8 is lost. These data thus define the composition of the
m/z 70 ion with regard to every atom in the molecule: the
contiguous skeletal atoms, N'~C>-N3-C*-N?, plus all hydrogens
except one active hydrogen are present. These data do not permit
assignment of ion structure, but both open and cyclic stable forms
are possible, as shown below. Unaccompanied by related ion

H-rNH
N N 2 3 a9 N
S DH —— hN N NH =
H J\\N4 N>T NN _(N'N*
H H H H H
species differing in mass by 1, this ion should be useful for ana-
lytical differentiation of carbon and nitrogen isotopes within two
major atomic groupings: N-1, N-3, N-9 vs. N6, N-7; and C-2,
C-4 vs. C-5, C-6, C-8.
The prominent low mass ion m/z 28 is due exclusively to
H,CN*, as established by its exact mass. Contributions from the

(20) Canzanelli, A.; Guild, R.; Rapport, D. Am. J. Physiol. 1951, 167,
364-374.

(21) Molenaar-Langeveld, T. A.; Vermeulen, N. P. E.; Nibbering, N. M.
M.; Morgan, R. P.; Brenton, A. G.; Beynon, J. H.; Sen Sharma, D. K
Jennings, K. R. Org. Mass Spectrom. 1979, 14, 524-531.
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Figure 1. Collision-induced dissociation mass spectra from m/z 135: (a)
molecular ion of adenine, (b) base + H fragment ion of adenosine.

five nitrogens are 16% N-1, 25% N-3, 21% N5, 19% N-7, and 17%
N-9 (total accounted for, 98%), reflecting a largely random
distribution.

Formation of Adenine as a Fragment Ion from Adenosine. A
principal and characteristic decomposition process in ribo-
nucleosides involves production of the odd-electron free base ion
by cleavage of the glycosidic bond with rearrangement of one
hydroxyl hydrogen to the base, primarily from 0-2.222 Further
expulsion of three molecules of HCN follows, producing an ion
abundance pattern similar to that from adenine.?? A collision-
induced decomposition spectrum produced from the mass-selected
adenine molecular ion (m/z 135), Figure 1a, was compared with
that generated by the m/z 135 fragment ion of adenosine, Figure
1b. Under such circumstances, identical fragmentation patterns
would indicate identical ion structures, independent of internal
energy content and distribution due to formation from different
precursors.”* The very close correspondence of the two spectra

(22) Biemann, K.; McCloskey, J. A. J. Am. Chem. Soc. 1962, 84,
2005-2006.

(23) Shaw, S. J.; Desiderio, D. M.; Tsuboyama, K.; McCloskey, J. A. J.
Am. Chem. Soc. 1970, 92, 2510-2522.

(24) Levsen, K.; Schwarz, H. Angew. Chem., Int. Ed. Engl. 1976, 15,
509-568.
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thus shows structural equivalence of the populations that contribute
to m/z 135. Examination of a space-filling CPK model of
adenosine shows that N-9 is sterically inaccessible to the transfer
of labeled hydrogen directly from O-2’ in the absence of ribose
ring opening, suggesting that the initial common structure of m/z
135 may be 23 rather than 22. Other interconverting forms are

NH,

23

also possible, including ring-opened species (a—d) through which
dissociation occurs.
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As a consequence of their identical molecular ion structures,
there exists the possibility that adenine- and adenosine-produced
m/z 135 ions may follow sufficiently similar decomposition paths
to permit extrapolation of established label-retention patterns in
adenine to those of m/z 135 from adenosine, or other adenine
nucleosides. This question would best be pursued by examination
of one or more ['*NJadenosine models but is not presently being
investigated.

Conclusions

More than two-thirds of the ion current produced by electron
ionization of adenine is carried by fragment ions, the formation
of most of which requires rupture of one or both rings. The
dominant reaction sequence is initiated by expulsion of HCN,
which is approximately 90% site specific for N-1, C-2. Positional
selectivity is also exhibited in the formation of M - NH, and M
— NH; ions (retention of N-7 and N-9) and in C,H,N;* (retention
of C-2, C-4, N-1, N-3, and N-9). Mass spectrometry may thus

provide a useful method for location of biologically incorporated
heavy isotopes in studies of purine metabolism and turnover and
in detecting unusual isotopic enrichment patterns that would reflect
alterations in the de novo purine biosynthesis pathway.6% Al-
though the sample for such measurements must be relatively pure
and enrichments of several percent or greater must be present,
the microgram-level sample requirement is more favorable by a
factor of 103-10* than conventional stepwise chemical degradation
methods.?

The complex decomposition pathways represented by ions that
were found to exhibit largely random isotopic retention patterns
in this and earlier work'! are a reminder of the speculative nature
of assignments of structures to fragment ions from complex
heteroaromatic compounds. Numerous examples of such as-
signments are found in the literature.?’
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Abstract: lon pairing and cis—trans equilibria of the dimethylsemidiones in Me,SO in the presence of K* has been analyzed
in terms of four equilibrium constants which at 25 °C are as follows: trans free ion/cis free ion = 125 (AH®(trans—cis) =
—2.5 keal/mol); trans ion pair/cis ion pair = 2 (AH°(trans—cis) = —1.4 kcal/mol); K(ion pairing) for the cis semidione = 250
M (AH® = -1.1 keal/mol); K(ion pairing) for the trans semidione = 4 M~ (AH® = 0). In cyclic C,,-C,5 semidiones the
cis and trans isomers can be detected. The cis isomers are favored by high [K*] whereas in the presence of K*[2.2.2]-cryptand
the trans isomers are preferred. The cyclic trans 1,2-semidiones exist in an asymmetric conformation with four magneticalty
nonequivalent a-hydrogen atoms which become time averaged to two pairs of hydrogen atoms at higher temperatures (>25
°C for Cy5and >170 °C for C,;). Internal rotation in the trans 1,2-cyclic semidiones is quite slow but can be detected for

the trans-cyclopentadecane-1,2-semidione at 130 °C,

Dialkyl semidiones (RC(O:)=C(O7)R) exhibit cis—trans
equilibria which are established in a matter of seconds or less in

Me,SO at 25 °C but are slow on the ESR time scale.” Cis
semidiones have values of @, considerably greater than their trans
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