245

Journal of Chromatography, 278 (1983) 245—254
Biomedical Applications
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

CHROMBIO. 1877

GAS CHROMATOGRAPHY—MASS SPECTROMETRY OF
TRIMETHYLSILYL PTERIDINES*

THOMAS KUSTER and ALOIS NIEDERWIESER*

Department of Pediatrics, University of Ziirich, Steinwiesstrasse 75, CH-8032 Ziirich
(Switzerland)

(Received July 29th, 1983)

SUMMARY

The trimethylsilyl derivatives of about 70 naturally occurring as well as synthetic
pteridines have been investigated by glass capillary gas chromatography—mass spectrometry.
On the apolar SE-52 phase used, the retention time of the compounds, tabulated in
methylene units, was influenced more by the polarity than by the molecular weight. The
electron-impact mass spectra of most compounds showed intense M* and Mt—15 ions and
characteristic fragmentation patterns of 5,6,7,8-tetrahydropteridines, 7,8-dihydropteridines,
sepia analogues and fully oxidized pteridines. The methylene units, together with the five
most intense fragments tabulated, provide a good basis for the identification of these com-
pounds in biological samples and for structure elucidation of unknown pteridines.

INTRODUCTION

Investigation of the butterfly wing pigments, at the beginning of this
century, led to the identification of several compounds with the same hetero-
cyclic ring structure, which is called pteridine (Fig. 1, A). Although the term
pterin was used earlier as a collective name for the butterfly wing pigment,
nowadays, according to IUPAC [1], it is used exclusively for the 2-amino-4-
hydroxypteridine residue (Fig. 1, B). In the last few years, due to their
important role as cofactors in various metabolic pathways, pterins have gained
increasing interest in biochemistry and medicine [2—4] and therefore different
methods of isolating and separating these compounds have been developed.
Very promising quantitative results were reported especially with high-
performance liquid chromatography [5, 6]. The inherent poor selectivity of

*Dedicated to Prof. H.-Ch. Curtius on the occasion of his 60th birthday.
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Fig. 1. Structural formulae of the investigated compounds: A = pteridine, B = 2-amino-4-
hydroxypteridine (pterin), C = 2,4-dihydroxypteridine (lumazine).

chromatographic methods, however, prevents identification of unknown
compounds in many cases. Mass spectrometry (MS) in combination with gas
chromatography (GC) is well suited to solve such problems.

The first report on an MS analysis of acetylated and trimethylsilylated
pteridines was by Kobayashi and Goto in 1970 [7], and Lloyd et al. [8]
investigated the GC—MS behaviour of some pterins in 1971. Ro6thler and
Karobath {9] presented in 1976 a mass-fragmentographic assay for biopterin
and neopterin in human urine.

In the course of our work with pterins, we are often confronted with com-
pounds which have not been known to occur in humans. In such cases, a library
of reference compounds would be very helpful in structure elucidation and
thus we present here the GC and MS data for 67 trimethylsilyl (TMS)
derivatives. This data base has been used for pteridine analysis in various
biological materials; an example can be found in ref. 10.

EXPERIMENTAL

The gas chromatograph used was a Fractovap 2900 (Carlo Erba, Milan, Italy)
with a Grob-type split—splitless injector and a 20 m X 0.3 mm SE-52 glass
capillary column (H. Jaeggi, Trogen, Switzerland). The injector temperature
was 275°C; the carrier gas was helium at 1.2 bars. The temperature program
was 3 min at 180°C to 270°C at a rate of 4°C per min. The GC—MS interface
was an open split and direct coupling device with a fused-silica transfer line
[11, 12]. The mass spectrometer was a VG-16F single-focusing magnetic field
instrument. Electron-impact ionization with 30 eV at an ion source tempera-
ture of 200°C. Accelerating voltage was 4 kV and the scan range m/z 100—750
with a cycle time of 2 sec (scan time 1.4 sec). A Finnigan Incos 2000 data
system was used.

Most reference compounds were generous gifts from Prof. W. Pfleiderer,
University of Constance (F.R.G.), Prof. M. Viscontini, University of Ziirich
(Switzerland) and Dr. B. Schircks, Wettswil (Switzerland). Some 7,8-dihydro-
pteridines were prepared by reduction of the fully oxidized compounds with
dithionite and some 5,6,7,8-tetrahydropteridines by catalytic reduction [13].

Bis(trimethylsilyl)trifluoroacetamide (BSTFA) was from Regis Chemical Co.,
acetonitrile from Fluka, Buchs, Switzerland.

For derivatization, a mixture, 200 ul, of acetonitrile—BSTFA (1:1, v/v) was
added to 20—50 ug of the dry sample, sonicated for 30 sec and heated for 1 h
at 100°C. For GC—MS, 1 ul was injected at an inlet split ratio of 1:10.
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RESULTS AND DISCUSSION

Table I lists the investigated compounds which are either pteridine (A),
pterin (B) or lumazine (C) derivatives by increasing methylene units together
with the number of TMS groups, the molecular weights and the five most
prominent ions in the mass spectra. Fig. 2 shows the total ion current chroma-
togram of a set of reference compounds together with the even-numbered
straight chain alkanes (C,s—C,3) used for the determination of the methylene
units.

Gas chromatography

From the results in Table I, the following general rules concerning the GC
behaviour of TMS pteridines on SE-52 could be deduced:

(1) Lumazines have shorter retention times than pterins (Table I, Nos. 1/2,
3/15, 4/22,14/25, 30/44, 48/60).

(2) 7-Substituted isomers elute faster than the corresponding 6-substituted
isomers (see hydroxylumazines No. 3/4, xanthopterins No. 15/22 and pterin
carboxylic acids No. 39/43), confirming the observation reported for 6- and
T-biopterins [9].

(3) The retention times are influenced more by polarity than by the
molecular weight (MW) of the compound. Thus, leukopterin-(TMS),, MW 483
(No. 25) elutes faster than 2'-deoxysepiapterin-(TMS),, MW 365 (No. 27),
since silylation of the two oxo groups in positions 6 and 7 via enolization
lowers the polarity of the compound compared with No. 27 bearing a free
polar imino group in position 8.

(4) Derivatives with an additional TMS group (e.g. on the exocyclic 2-amino
group) elute slower than the parent compound. Here, the molecular-weight
criterion gains in importance (see e.g. Nos. 2/11, 22/29 or 45/53 and 55). The
increments for one TMS group, however, are not constant. Thus, in tetra-
hydro-6,7-dimethylpterin (Nos. 8 and 9), it is only 0.11 methylene unit where-
as in xanthopterin (Nos. 22 and 29), it is found to be 1.17, reflecting the super-
imposed influence of the polarity upon the retention time.

() erythro-Biopterin elutes faster than threo-biopterin (No. 44/47), whereas
opposite behaviour is found in neopterin (No. 56/60) probably due to reversed
polarities.

(6) In the series of biopterin (Nos. 44, 37, 53) and neopterin (Nos. 60, 52,
62 and 56, 65), the 7,8-dihydro compounds have shorter retention times than
the aromatic and the 5,6,7,8-tetrahydro species, which is another indication
that the chromatographic behaviour results from a mixture of polarity and
molecular-weight effects.

The described analyses have been performed over a period of about six
months. Due to the ageing of the column, there can be some variation in the
determination of the methylene units in that the retention times tend to
become lower with time. An example of this is Fig. 2: the column has been in
use for two years and the methylene units are about 0.3 lower than those in
Table I.
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SAMPLE: PTERINS TESTMIXTURE + C13-C28
RANGE: G 1. 1 L@BEL: N @, 4,6 QUAM: A 8, 1.8 BASE: U 2. 3

188. 8- 9 61 83456,
6
44 56
RIC_
53
c24 c26 C28
45 55
47
e - | N
T T ¥
3e0 400 5068 SCAN
19:09 13:26 16:48 TIME

Fig. 2. Total ion current chromatogram of a pterin test mixture (different amounts of each
compound) together with the even-numbered straight-chain alkanes C,,—C,, (10 ng each on
the column). For peak identification see Table L.

Mass spectrometry

The mass spectra of hydroxylated and/or methylated and carboxylated
pterins and lumazines are rather simple and need no further explanations. As
often reported, the spectra of positional isomers differ in the relative intensities
only (e.g. Table I, Nos. 3/4, 15/22, 23/29 and 39/43). In the lumazine series,
M? forms the base peak (an exception is leukolumazine, No. 14}, whereas the
pterin derivatives often show the M¥—15 ion as the most intensive peak. When
the pyrazine ring is partially or fully hydrated, the tendency for the molecular
ion to become the base peak increases. Because of the particular biological
interest in pteridines substituted in position 6 by a hydroxylated carbon chain,
the fragmentation of such derivatives is discussed in more detail.

Fig. 3 shows the electron-impact mass spectra of erythro-neopterin (No. 60),
7,8-dihydro-erythro-neopterin (No. 52) and (6R)-5,6,7,8-tetrahydro-erythro-
neopterin (No. 62), and the m/z (relative intensity) values of the five most
prominent ions for the investigated compounds are given in Table 1.

A parallel fragmentation pattern is found in the aromatic biopterins, bio-
lumazines, neopterins and neolumazines (Nos. 30, 44, 47, 48, 49, 56 and 60)
which all have a vicinal 1',2'-glycol residue R; in position 6. The dominating
fragmentation yielding the base peak involves this substituent and is
accompanied by a hydrogen rearrangement. Pictorially, this reaction may be
formulated by a six-membered transition state as outlined in Fig. 4 for
neopterin. The primary ionization involves the double bond in position 6,7.
The prerequisite is the aromatic ring system and the availability of an —OR
ether function in position 2'. So 2'-deoxybiopterin (No. 31) does not show
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106,06 dud
5.8 Mt
U7 147 285 o400 3o, 431 %31 533 oeg o
1 L L LA T rYfTr
100, 8 416
heo
17 M
50.0 615
128,170 24 263 37| ar9 §o o 4es P [n
et e A e P e Bl
166.0 31e M* 617

58.9

M/E 168 260 308 468 569 660

Fig. 3. Electron-impact (30 eV) mass spectra of D-erythro-neopterin (above), 7,8-dihydro-D-
erythro-neopterin (centre) and (6R)-5,6,7,8-tetrahydro-D-ery thro-neopterin (below).

an ion at m/z 409, but has its base peak at m/z 408 which arises by simple
1'—2’ bond cleavage. 1',2'-Diacetyl-L-erythro-biopterin (No. 57) shows how
sensitive the mass spectrum can be towards changes in functional groups.
Dominating reactions here are acetic acid elimination (m/z 465—-405) followed
by ketene elimination yielding m/z 363. The rearrangement mentioned in Fig.
4 plays a minor role only: m/z 379, equivalent to m/z 409 in biopterin, has a
relative intensity of 6% but the acetyl elimination (43 mass units) following
yields one of the most prominent ions at m/z 336.

In the 7,8-dihydro compounds Nos. 37, 46, 52 and 59, the hydrogen
rearrangement of Fig. 4 is suppressed. Instead, pushed by the 5,6-double bond,
intense ions arise by cleavage of the 1',2'-bond to yield m/z 410 and 482,
respectively (Fig. 5). The same cleavage process also occurs in the 7,8-dihydro
compound sepiapterin (Nos. 38 and 50) yielding the ions at m/z 336 and 408,

MS OTMS oTmMs
CH,OTMS
_ Nj/\/ ? NF NP
QTMS J\
x ~
TMSHN N TMSHN N N
M* 613
60 -204
oT™S
)I OTMS
TMSHNJ\ OTMS
m z 409

Fig. 4. Mass spectral fragmentation of neopterin yielding the base peak at m/z 409. Errone-
ously, 60 is shown in L-threo configuration; OTMS at C-2' should be drawn upwards.
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OTMS OTMS OoTMS ? oTMS

N 6 CH,OTMS
Nf\/[ C Hzoms I Wd 2
oTMS QIMS
TMSHN" XN N .

M 615
l ~205
omMs | OTMS
OTMS
— E
TMSHN Xn N CH,0TMS

mfz 410

Fig. 5. Mass spectral fragmentation of 7,8-dihydroneopterin yielding the base peak at m/z
410. Erroneously, 52 is shown in L-threo configuration; OTMS at C-2’ should be drawn
upwards.

respectively. The dominating fragmentation in 2'-deoxy-3'-hydroxysepiapterin
(Nos. 58 and 67) is trimethylsilanol elimination (M*—90) to yield m/z 435
and 507, a process which cannot be observed in the other compounds and thus
might be an indication for an isolated primary alcohol function.

In the 5,6,7,8-tetrahydro compounds (Nos. 45, 53, 54, 55, 61, 62, 64, 65
and 66), due to the lack of a second double bond in ring B, the ionization can
be formulated to occur primarily at the N-5 followed by the 6,1'-a-cleavage
yielding very intense ions at m/z 238, 310 and 382 (Fig. 6).

j*féuzms A
TMSHN TMSHN

-307

CH20THS
/’Lh 5
TMSHN

m/z 310
Fig. 6. Mass spectral fragmentation of (6R)-5,6,7,8-tetrahydroneopterin yielding the base
peak at m/z 310. Erroneously, 62 is shown in L-threo configuration; OTMS at C-2' should
be drawn upwards.

It must be added that, due to the poor and non-specific fragmentation, the
mass spectra of the TMS derivatives alone are not very suitable for structure
elucidation. Often there remain several possibilities of interpretation and the
position of the substitution cannot be determined. In combination with the GC
methylene units, however, the number of possible structures can be reduced in
many cases to a few or even to one only. Table II is an attempt to generalize
the data from Table I, in order to have guidelines for the interpretation of
unknown pteridines.
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TABLE II
GUIDELINES FOR INTERPRETATION OF PTERIDINE MASS SPECTRA

Finding Possible interpretation
Methylene unit < 23 Simple substituted pteridine
Methylene unit > 23 More complex substituted pteridine
M
Odd-numbered Pterin
Even-numbered Lumazine
Low intensity Aromatic skeleton
Medium intensity 7,8-Dihydro compound
High intensity 5,6,7,8-Tetrahydro compound
Same of two compounds Compound with lower retention time is the 7-substituted
isomer
Intense ions at m/z:
238, 310 or 382 5,6,7,8-Tetrahydropterin structure
239, 311 or 383 5,6,7,8-Tetrahydrolumazine structure
409 Aromatic pterin with vicinal glycol moiety in position 6 or 7
410 Aromatic lumazine with vicinal glycol moiety in position
6orT7;
or 7,8-dihydropterin with a 6-(1'-hydroxy) or 6-(1'-ox0)
group
Mi—90 Isolated hydroxyl group in side-chain

Similar fragmentation, MW
difference 72 methylene
units Same compound with an additional TMS group
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