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Mass Spectrometric Identification of Methylxanthines and
Methyluric Acids, the Possible Metabolites of Caffeine

G. S. RAO*4, K. L. KHANNAY{, and H. H. CORNISH?

Abstract ] A rapid and direct mass spectrometric method for the
identification of caffeine and its 15 possible metabolites formulated
as tri-, di-, and monomethyl derivatives of xanthine and uric acid
is described. With the exception of uric acid and its 7-methy] deriva-
tive, the molecular ion itself was found to be the base peak in the
mass spectra of all of the compounds studied. Fragmentation
mechanisms, along with therelative intensities of the major fragments
and data on metastable ions useful in the identification of these
compounds, are reported.

Keyphrases [] Caffeine metabolites, possible—mass spectrometric
identification of methylxanthines and methyluric acids (] Methyl-
uric acids—mass spectrometric identification, possible metabolites
of caffeine [] Methylxanthines—mass spectrometric identification,
possible metabolites of caffeine [] Mass spectroscopy—identifica-
tion of methylxanthines and methyluric acids as possible metabo-
lites of caffeine

The versatility of mass spectrometric techniques in
the identification of trace quantities of drugs and drug
metabolites is well recognized (1-4). As a part of studies
on caffeine metabolism (5), the mass spectrometric
identification of caffeine metabolites was investigated,
and this paper describes the procedure for the identifica-
tion of caffeine and its 15 possible metabolites contain-
ing an intact purine ring. Since N-dealkylation is a com-
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mon metabolic reaction, the mass spectrometric be-
havior was studied of all possible tri-, di-, and mono-
methyl derivatives of xanthine and uric acid as well as
the two parent compounds. Of these 16 compounds,
caffeine, theobromine, theophylline, xanthine, and uric
acid were previously subjected to mass spectrometric
studies (6-9).

RESULTS AND DISCUSSION

Due to the presence of heteroaromatic rings, purine derivatives
generally form highly stabilized molecular ions under electron im-
pact. All the methylxanthines and methyluric acids studied were
found to exhibit intense molecular ions in their mass spectra; with
the exception of uric acid and its 7-methyl derivative, the molecular
ion itself was the base peak in all of the spectra. Tables I and IT list
the major peaks observed in the mass spectra of the 16 compounds
studied. Schemes I-III describe the proposed fragmentation path-
ways leading to the various peaks seen in the spectra. The suggested
fragmentation steps are supported by the presence of requisite
metastable ions in the spectra of all the compounds examined and
these are listed in Tables III and IV.

The results are in good agreement with the earlier mass spectral
studies (6-9) on caffeine, theobromine, theophylline, xanthine, and
uric acid derivatives (Schemes I-III). A molecule of either methyl-
isocyanate or isocyanic acid is first expelled from the molecular
radical ions (aand &), depending upon the presence or absence of the
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Table I—Mass Spectra of Xanthine Derivatives

Probe
Tem-
per- Molec- Major Peaks, m/e (Relative Intensity)
Num- a- ular Base
ber Compound ture Weight Peak 1 2 3 4 S 6 7 8 9 10
I Caffeine 30° 194 194 109 55 67 82 43 137 165 136
(1,3,7-Trimethylxanthine) (56) (38) (29) 23) (13) (@) 6) (5
IL Theobromine 30° 180 180 55 43 109 82 67 41 69 97 137 136
(3,7-Dimethylxanthine) 64) 37N (34) (32) (30) (28) (22) 1s) (13) (8)
111 Paraxanthine 30° 180 180 68 123 53 42 95 150 151 67 41
(1,7-Dimethylxanthine) (82) 47 24) (13) 12) (10) 9 9 (8)
v Theophylline 30° 180 180 95 68 41 43 53 57 55 123 83 151
(1,3-Dimethylxanthine) (60) (44) (34) (22) (20) (19) (18) (15) (10) 9
\ 1-Methylxanthine 40° 166 166 54 109 53 81 136 137
70 7 2 Q20 (15 A%
VI 3-Methyixanthine 40° 166 166 68 95 41 53 123
(55 (38 (32 @31 @30
VII 7-Methylxanthine 40° 166 166 68 123 53 42 41 95
(90) (45 (33 (U8 (A3 (B
VIII Xanthine 40° 152 152 54 109 53 81

95 @5 @ 1

Table TI—Mass Spectra of Uric Acid Derivatives

Probe
Tem- Molec- Major Peaks, m/e (Relative Intensity)
Num- pera- ular Base
ber Compound ture Weight Peak 1 2 3 4 5 6 7 8 9 10

IX 1,3,7-Trimethyluric acid 40° 210 210 82 67 153 125 42 55
(76) (40) (28 (249 (200 QO

X 1,3-Dimethyluric acid 40° 196 196 68 139 83 53 56 111 55
80) (56) (36) @36 (29 (UM AN
X1 1,7-Dimethyluric acid 45° 196 196 68 43 82 111 139 53 153
(700 (30) (@B 20 (25 (0 (e
X1 3,7-Dimethyluric acid 45° 196 196 82 67 153 42 125 55
(72) (55 @0y (25 (20 @19
XII 1-Methyluric acid 130° 182 182 54 68 125 139 33 97 83 111
(63) (38 (36) (32) (280 (22) (19) (1)
X1v 3-Methyluric acid 90° 182 182 68 139 83 53 54 125 111 97 41 42
60) (50) @40y @36 (35 (200 a5 (A5 (15 (14
XV 7-Methyluric acid 100° 182 68 182 139 53 42 69 111 41 83
95 (62) (38 (3% @25 49 UJs) (14
XVl Uric acid 210° 168 54 125 168 69 97 53 43

Oon @O 38 25 @25 (23

Table III—Metastable lons Present in Mass Spectra of Xanthine Derivatives

Number Compound Transition Calculated m* Found m* Fragment Expelled
1 Caffeine 137 — 109 86.7 86.6 Carbon monoxide
109 — 82 61.6 61.5 Hydrogen cyanide
11 Theobromine 180 — 137 104.2 104.5 Isocyanic acid
137 — 109 86.7 86.6 Carbon monoxide
109 — 82 61.6 61.5 Hydrogen cyanide
I Paraxanthine 180 — 123 84.0 84.2 Methylisocyanate
123 — 95 73.4 73.5 Carbon monoxide
95 — 68 48.7 48.5 Hydrogen cyanide
v Theophylline 180 — 123 84.0 84.3 Methylisocyanate
123 — 95 73.4 73.5 Carbon monoxide
95 — 68 48.7 48.6 Hydrogen cyanide
\" 1-Methylxanthine 166 — 109 71.6 71.5 Methylisocyanate
109 — 81 60.1 60.0 Carbon monoxide
VI 3-Methylxanthine 166 — 123 91.2 91.5 Isocyanic acid
123 - 95 73.4 73.5 Carbon monoxide
95 — 68 48.7 48.8 Hydrogen cyanide
VII 7-Methylxanthine 166 — 123 91.2 91.2 Isocyanic acid
123 —+ 95 73.4 73.4 Carbon monoxide
95 — 68 48.7 48.7 Hydrogen cyanide
\211 Xanthine 152 — 109 78.2 78.2 Isocyanic acid
109 — 81 60.1 60.0 Carbon monoxide
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Table IV—Metastable Ions Present in Mass Spectra of Uric Acid Derivatives

Number Compound Transition Calculated m* Found m* Fragment Expelled
IX 1,3,7-Trimethyluric acid 210 = 153 111.4 111.5 Methylisocyanate
153 — 125 102.1 102.5 Carbon monoxide
X 1,3-Dimethyluric acid 196 — 139 98.6 98.5 Methylisocyanate
139 - 111 88.6 88.8 Carbon monoxide
111 — 83 62.1 62.5 Carbon monoxide
X1 1,7-Dimethyluric acid 196 — 153 119.4 119.5 Isocyanic acid
196 — 139 98.6 98.5 Methylisocyanate
139 - 111 88.6 88.8 Carbon monoxide
XII 3,7-Dimethyluric acid 196 — 153 119.4 119.5 Isocyanic acid
153 — 125 102.1 102.2 Carbon monoxide
XIII 1-Methyluric acid 182 — 139 106.1 106.2 Isocyanic acid
182 — 125 85.9 85.7 Methylisocyanate
125 —+ 97 75.2 75.4 Carbon monoxide
X1V 3-Methyluric acid 182 — 139 106.1 106.2 [socyanic acid
139 — 111 88.6 88.5 Carbon monoxide
XV 7-Methyluric acid 182 — 139 106.1 106.2 Isocyanic acid
139 — 111 88.6 88.8 Carbon monoxide
XVI Uric acid 168 — 125 93.0 93.2 Isocyanic acid
125 — 97 75.2 75.3 Carbon monoxide
o+ 1-N-methyl substituent, which is followed by the elimination of a
l“ molecule of carbon monoxide. The resulting radical ion ¢ in the
. C /R methylxanthine series then loses a molecule of hydrogen cyanide,
R—N N —RN==C==0 while the analogous radical ion / from the methyluric acid deriva-
l l /k IPe—— tives expels a molecule of isocyanic acid. The nature of the frag-
0/(“ SN N 0 mentation products resulting from the radical ions ¢ and fis dictated
‘ H by the number of N-methyl substituents present; the species formu-
R lated as g, A, and / are formed depending upon whether the frag-
d menting radical ion is di-N-methylated, mono-N-methylated, or
unsubstituted.
o+ Thus, mass spectrometry is a convenient and rapid method for
m the identification of caffeine and its possible metabolites formulated
C as methylated xanthine and uric acid derivatives. Furthermore,
N R co + N _-R microgram quantities of these compounds isolated from biological
‘ = l materials by TLC as single bands (5) could be directly identified by
. /K m® . /K mass spectrometry without derivatization or additional purification,
N }I‘i 0 N N 0 The major mass spectral fragment peaks and their relative in-
| l& H tensities useful in the identification of the 16 compounds studied are
R given in Tables I and II. The metastable ions in the mass spectra
e f (Tables III and IV) provide additional data in support of the identi-
Scheme I1 fication made on the basis of fragmentation peaks and molecular
ions.
EXPERIMENTAL
All mass spectra were recorded on a3 GC-mass spectrometer! at
70 ev. electron beam voltage. Solid samples were introduced into
r the ionizing chamber with the aid of a direct insertion probe. The
4 N/R when both R=CH, probe was heated to vaporize the solid samples, and mass spectra
| ) + CH, were recorded at the appropriate temperature? (Tables I and II)
N N . N when the sample ions began to appear as indicated by the total ion-
[lz dox T THON, o C=§——CH; current detector. The source was maintained at 290°.
RN CH, . mfe 55 REFERENCES
m/e 82 (1) C.-G. Hammar, B. Holmstedt, J. E. Lindgren, and R. Tham,
when one R=CH; Advan. Pharmacol. Chemother., 7, 53(1969).
+ _CH, (2) N. C. Law, V. Aandahl, H. M. Fales, and G. W. A. Milne,
N . Clin. Chim. Acta, 32, 221(197}).
/—'HN-C-*) N THCY,  CH,~=C==NH (3) G. W. A. Milne, in ““Mass Spectrometry, Techniques and
. N/R H me 41 Applications,” G. W, A. Milne, Ed., Wiley, New York, N. Y., 1971,
h pp. 327-371.
g I N)\O mfe 68 (4) A. M. Guarino and H. M. Fales, in *‘Handbook of Experi-
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probe temperature and was read off the thermocouple temperature
indicator.
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Cocculus carolinus D.C. (Menispermaceae)

DAVID J. SLATKIN*{4A, NORMAN J. DOORENBOS*, JOSEPH E. KNAPP{,

and PAUL L. SCHIFF, Jr.f

Abstract (] A phytochemical investigation of an ethanclic extract
of the stems and leaves of Cocculus carolinus D.C. (Menispermaceae)
resulted in the isolation and characterization of six compounds:
the cyclitols, (+)-quercitol and ( — )-viburnitol; the lactone, loliolide;
and the alkaloids, sinoacutine, magnoflorine, and palmatine. In
each case, the identity of the constituent was confirmed by spectral
and mixed melting-point comparison with authentic samples.

Keyphrases {| Cocculus carolinus D.C. (Menispermaceae)—isola-
tion and identification of chemical constituents [] (+)-Quercitol—
isolated and identified from Cocculus carolinus D.C. (] (—)-Viburni-
tol-—isolated and identified from Cocculus carolinus D.C. ] Lolio-
lide—isolated and identified from Cocculus carolinus D.C. ]
Sinoacutine—isolated and identified from Cocculus carolinus D.C.
] Magnoflorine—isolated and identified from Cocculus carolinus
D.C. [ Palmatine—isolated and identified from Cocculus carolinus
D.C.

Cocculus carolinus D.C., a species native to the south-
eastern United States, belongs to a family (Memnisper-
maceae) from which over 99 alkaloid constituents have
been isolated (1). In a preliminary phytochemical study,
Wall et al. (2) indicated the presence of alkaloids in the
leaves of this species. Thus, a systematic phytochemical
investigation was initiated on this species.

An ethanol extract of the stems and leaves was frac-
tionated into nonquaternary alkaloids (phenolic and
nonphenolic), quaternary alkaloids, and acid-neutral
fractions. On concentration of the ethanolic extract, a
crystalline mixture deposited. Column chromatography
of this material on cellulose resulted in the isolation and
identification of the cyclitols, (+)-quercitol and (—)-
viburnitol. (4 )-Quercitol has been previously isolated
from several other members of the Menispermaceae:
C. trilobus D.C. and C. laurifolius D.C. (3), Legnephora
moorei Miers (4), Cissampelos pareira L. (5), and Tilia-
cora racemosa Colebr. (6). (—)-Viburnitol has been
isolated from several plant families, including two mem-

bers of the Menispermaceae: Stephania hernandifolia
Walp. (7) and Menispermum canadense L. (8).
Chromatography of the nonquaternary nonphenolic
alkaloid fraction resulted in the isolation and characteri-
zation of the nonalkaloid, loliolide (I). Loliolide was

©
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first isolated in 1964 by Hodges and Porte (9) from an
ether extract of Lolium perenne L. (Graminae). In that
same year, Wada and Satoh (10) obtained this same
compound from the leaves of Digitalis purpurea L.
(Scrophulariaceae). In 1969, Pailer and Haschke-
Hofmeister (11) isolated loliolide from Plantago major
L. (Plantaginaceae). This is the first reported occurrence
of this compound in the Menispermaceae.
Chromatography of the mnonquaternary phenolic
alkaloid fraction resulted in the isolation and identifi-
cation of sinoacutine (II). This alkaloid was first isolated
from the Chinese drug ‘‘Ching-feng-teng,” Sinomenium
acutum Rehd et Wils. (Menispermaceae) (12). Sinoacu-
tine has since been isolated from three other species:
Cassytha pubescens R.Br. (Lauraceae) (13), Croton
Aavens L. (Euphorbiaceae) (14), and Corydalis pallida
var. tenuis (Fumariaceae) (15). This is the first reported
occurrence of this alkaloid in the genus Cocculus.
Ton-exchange and adsorption chromatography of the
quaternary alkaloid fraction resulted in the isolation
and identification of magnoflorine and palmatine.
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