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WWMmhmdmﬂmpkmofWMbmmmtcrmeswmof
biogenetically and pharmacologically interesting metal analogs of vitamin B,;, were investigated by field desorption
mass spectrometry. The data contained in the spectra of these compounds permit an exact and relisbie deter-
mination of the molecular weight. In addition structural information can be obtained based on typical fragmentation
reactions. The support of the results received by high resolution and precise mass measurement was made by a
direct analysis of the isotopic pattern of the corrinoid metal compiexes. The first use of this combined method for
Seld desorption mass spectrometry of a series of natural products of high molecular weight revealed that important
indications can be obtained for the identification and charscterisation of these compounds.

An attractive goal in corrin chemistry is the exchange of
the central Co atom in vitamin B2 by other metals. The
vitamin complexes which were modified in this way are
important for the elucidation of the biogenesis and for
the understanding of the biological function of vitamin
B;, in higher organisms. Furthermore, as could recently
be demonstrated,’ these metal analogs have
antimetabolic properties and are thereby of phar-
macological interest as well. Until now all attempts to
remove the Co atom and to substitute it by another metal
were unsuccessful or led to a complete destruction of the
Birring system.? Corrin complexes with other central
metal atoms than Co were therefore only accessible
either by total synthesis™* or by metalation of naturafly
occwrmgmemﬁeevmmmnuﬁomphotouophcm
teria.’ The high experimental effort of a total synthesis
and the fact that only milligram amounts of suitabie
metal free cormrins are available, was decisive for in-
vestigations, the goal of which is the removal of the Co
by a reversible opening of the macrocyclus and its sub-
stitution by another metal. This would offer an alter-
native route for the synthesis of metal analogs of vitamin
By Very recently® in the case of the cobyrinic acid
hqmﬁymlwbnhmmﬂybewwmby
partinl degradation of natural vitamin B, the
regioselective and reversible opening of the ring system
was successful. From the resulting open chain tetra-
pyrole the Co could be removed under formation of
ﬁgowmnzmmmnedbymmﬂs(&heme

The analytical treatment of the expected preparative
probiems and of the following biochemical investigations

tPart II: H.-R. Schulten, T. Komori, T. Nobara, R. Higuchi and
T. Kawasaki, Tetrakedron 32, 1003 (1978).

- (FD-MS)

requires a technique which permits a fast and relisble
identification of the metal complexes. In this case the
method of choice should be mass spectrometry. With the
smallest amounts of substance, informstion on the
molecular weight and to some extent the structure of the
investigated compound can be obtained. In addition,
information concerning the elemental composition of the
individual ions by precise mass measurements and direct
isotope analysis is possible.

In contrast to the metal complexes of the structurally
reiated porphyrins, corrin metal complexes with the
substitution pattern of vitamin B,, are unsuitable for the
classical electron impact jonization mass spectrometry.
The mass spectra of these compounds in no case contain
the molecular ion of the analysed complexes. Further,
they are rather complicated and only of little structural
information because of simultaneously induced thermal
and electron impact degradation processes. Additionally,
as can be seen for vitamin By, as an example, various
ionization techniques with less excitation energy such as
chemwelnmuwn.ﬂddnomnnon and plasma desorp-
tion® do not produce intact molecular ions. Thermal
sensitivity during cvaponmon is determining this
behaviour not only for vitamin By, but also for its
derivatives.

With the method of field desorption mass spectrometry
ascpomeevaporanonofthesubsmm
sary for conventional ionization methods, is omitted.
Ionization takes place from the solid phase of the
adsorbed substance on the surface of the emitter. In
contrast to electron impact ionization, field desorption of
the investigated compounds provides simple and clear
spec&amthhghrehhvemtenmofthembcdum
For cobyrinic acid heptamethylester 1,' for derivatives of
this ester’’ and for vitamin B, itself*! could receatly be
demonstrated that the method of field desorption enables
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COOCH3

: Me = PdCisH,0:, R=H

Me = RhCl,, R=H
: Me = RhCls, R=Br
: Me = RhBrCi, R=8Br

NoRAw

: Me = NI*CHsCOO~, R=Br

Scheme 1. Chemical pathway for the synthesis of metal exchanged derivatives of vitamin B, and structures of the
compounds investigated.

the mass spectrometric analysis of this class of com-
pounds. Further a method for direct isotope analysis by

FD-MS using spectra accumulation in a multichannel
analyzer was introduced.’?

In continuation of this work we now report on the
application of high resolution FD-MS for the
identification of charged and uncharged metal complexes
of the open chain heptamethylester 2 whose central Co
atom was substituted by other metals. For the first time
the direct analysis of the isotopic pattern was used to
support the high resolution data obtained.

RESULTS AND DISCUSSION

1. Acetylacetonate complexes of secocorrin

Generally, metal complexes of acetylacetonate do not
have the characteristic features of salts but rather those
of covalent compounds. This propesty determines, in
addition, the behaviour of the Pd complex 3, whose axial
position is occupied by the acetylacetonate amion. As
shown in Fig. 1 the peaks of the intact molecular ions

1°pq, Using photographic detection the molecular ions
for the metal complexes containing the isotopes '“Pd

(natural abundance 0.96%) and "™*Pd (natural abundance
10.97%) are not found. The base peak of the spectrum is
the metal free protonated secocorrin 2 at m/e 1011.518.
Its formation can be explained as a thermally induced
elimination of the central Pd and its axial ligand before
ionization. This process can also be observed in the case
of electron impact ionization of simply substituted corrin
metal complexes.”’ The temperature range between
optimal desorption and starting thermal degradation is
only small, accordingly it is critical to get the best anode
temperature for desorption by manual approach. There-
fore, using high resolution and photographic detection,
for this compound only an FD-spectrum of low intensity
and with an incomplete isotopic pattern of the molecular
jon could be obtained. Electrical detection of the mole-
cular ion resulted in a pattern, the intensities of which
are only approximately in agreement with the calculated
values. Because of the short desorption time of com-
pound 3, it was not possible to accumulate more than §
repetitive magnetic scans using a multichannel analyzer.
For this investigation the average deviation of the
experimental isotopic distribution for the molecular ions
from the theoretical values was about 6%. As reported in
previous FD investigations good agreement between the
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12 min, the emitter heating current was raised from 0 to 70 mA during this time. The mass resolution obtained on
the photoplate was 12.000 (at 50% valley definition).

theoretical and experimental isotopic pattern was
achieved only in those cases where at least 30-50 mag-
petic scans could be recorded.'® Thus it becomes clear
that the length of the desorption time of the sample is an
essential parameter for direct isotope analysis and is the
limiting factor if this determination should be used to
support the high resolution data of molecular ions or
fragments.

However, in case the ion in question contains clements
with a characteristic isotopic pattern (such as Pd) a good
indication for the correct assignment of the elemental
composition can be given even if only a few scans can be
accumulated.

2. Charged complexes of secocorrin

Compound 4 represents a secocorrin metal complex with
distinct salt character. The cation of the salt forms the
peak group of highest mass and the base peak of the
specuum(Fu.z) 'l‘behuhmtemnyofthecanonofthu
compound is not only typical for charged secocorrin
metal complexes but also, andmneneral,chnrammuc
for the behavior of organic and inorganic salt cations
nndertheeondmonofﬁe!ddesorpnon.“Onlyone
fragment ion at mfe 1067.450 is observed. The formation
of this fragment can be explained as a result of the
substitution of the halogen in position 10 by hydrogesn, an
exchanaewhnhnpouiblebychemwmnu
well."” This substitution proceeds at the surface of the
emitter and it is characteristic as well for corrins as for
wcqoomnswnhthesubmmonpam?fvmmnu

msenutaeemdtypeofthumﬂymdweddm
tion which is characteristic for FD-MS for corrinoid
metal complexes. The intensity of the fragments formed
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is strongly dependent on the temperature of the sample.
Halogens are substituted more easily than the nitro group
of the corresponding 10-nitro compound. In contrast to
the acetylacetonate complex of the palladium 3, and on
the basis of its ionic character, the nickel complex forms
stable ion currents of high intensity during deswiption.
The longlasting, intense ion currents enable the analysis
of the isotopic pattern in a simple way by spectra ac-
cumulation using a multichanne! analyzer. Comparing the
theoretical and experimental intensities of the molecular
ion of compound 4 in Fig. 3 it is obvious that these
intensities are in good agreement. The calculation of the
error between experimental and theoretical values is
shown in Table 1 and gives an average deviation of 0.4%.

Table 1. Direct isotope determination of the cation of compound 4

exp. theor. error
62.7 62.9 -0.2
30.7 38.7 +1.0
100 100 -
58.6 5.7 +0.9
4.7 48,2 -0.5
22.7 23.5 -0.8
12.2 12.3 -0.1
4.7 4.8 -0.1
2.4 2.3 +0.1
1.0 0.9 +0.1
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Fig. 2. Photographically .
current from 0 to 20 mA, the mass resolution for the adjustment of m/e 58 in the electrical detection mode was
10.000 (10% valicy) and the mass resolution oa the photoplate > 20.000.
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deviation of the experimeatal isotope distribution from the theoretical value (error) is 0.4%.
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This drastically restricts the number of clemental com-
binations which are compatible with the precise mass
measurements and thus supports the high resolution data
in an excellent manner.

In order to demonstrate that the direct isotope deter-
mination in FD gives not only a good indication for the
correct assignment of molecular ions or cations but also
of FD fragments the plot of the [cation — Br+ H]* ion is
shown in Fig. 4. Using electric detection and the multi-
channel analyzer the found and expected values for the
isotopic distribution of this fragment are in much better
agreement than the data recorded with the photoplate
(see Fig. 2).

3. Uncharged complexes of secocorrin

The rhodium compound § is an example for an uncharged
secocorrin metal. Figure S displays the comparison of
the photographically (Fig. 5a) and electrically (Fig. 5b)
recorded FD-spectra of this metal complex. Again this
comparison clearly visualizes the disadvantage of pho-
tographic detection. As in the case of the compounds 3
and 4, the isotopic pattern of the less intensive ions are
incomplete because of the low dynamic range in the ion
response of the photoplate. For example the pattern of
the molecular ions of compound 5 at mfe 1182 to mje
1187 is much better reflected by electric recording and
averaging of 8 cyclic magnetic scans with the datasys-
tem. The fragment of the highest mass at m/e 1147
represents the frequently observed loss of ome axial
ligand in the corrin system upon field desorption.'’ The
peaks in the mass range 1110 indicate a more intense
thermal strain during desorption. The fragment at m/e
1112 is formed by thermal elimination of both axial
ligands and transition into a rhodium(I)}-complex. This
degradation process is similar to that of the Pd complex
3 and was first mentioned for the fragmentation

[Cation-Bv . H].
1067

N

1195

behavwmofcomnoldmenlcomplemunduelecuon
impact conditions.”® A further type of generally occur-
ring thermally induced degradation reaction during FD is
indicated by the fragments at m/e 1110 and 1111 and can
be explained by a dehydrogenation of the secocorrin
skeleton, presumably by formation of a A18, 19 double
bond and elimination of both axial ligands. Depending on
the experimental conditions and detectable by change of
the fragment pattern, the resulting degradation products
are recorded both as radical cation at m/e 1110 or as
protonated ion at m/e 111]. This change of intensities in
the course of desorption may also be observed directly
by accumulation of these peaks using the multichannel
analyzer.

The origin of the strong signal at m/e 1127, base peak
mthespecuumwhnchwurecoldedbyphotosnphc
detection (Fig. Sa), is still unknown. The difference to the
molecular ion and the isotopic pattern of this peak
excludes it as a degradation product of the rhodium
compound 5. Dynamic high resolution measurements
using electric detection and accurate mass deter-
minations on the photoplate revealed that this ion has a
mass of m/e 1127.433+2mmu. The isotopic pattern is
100% (mje 1127), 61.4% (m/e 1128), 21.9% (mle 1129),
6.7% (m/e 1130) and 2.4% (m/e 1131). From these data it
is clear that the unknown compound has a very similar
clemental composition to the corrins investigated. For
example a compound with the elemental composition
CssHNOcRh, theor. mass 1127.431 and an average
deviation of the isotopic distribution of 0.8% is a possible
solution. The presence of chlorine, bromine or a metal
cation with more than 1 isotope in this accompanying
substance can definitely be excluded. Careful chromato-
mphlcpunﬁcauon:oftheonmalsamplemdnputed
FD investigations revealed that the relative intensity of
the ion at m/e 1127 is strongly reduced.

100 +

Intensity
[
2

1065

m /'o

H.A lno(opucpmemofthc[canon - Br+ H}* fragment of compound 4 obtained by the technique described in Fig. 3
theoretical distribution in the inset). Experimental data: 38 scans, range 2'?, sweep time 5 sec, error 1.3%.
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Fig. 5(s). Photographically recorded FD mass spectrum of compound S. Exposure time 10 min, emitter heating
current 20-50 mA, mass resolution as described in Fig. 2.
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Fig. 5(b). Electrically recorded FD mass spectrum of compound . This spectrum shows the sveraged intensitics of

the FD ions obtained in 8 repeated

mbamnmlndﬁm.kmhmm&pamw

data: scan speed 16 sec/decade according to 120 mu/sec, range of the datasystem (Variaa MAT SS 200) i V, sampling
frequency 6kHz, noise threshold 100 counts, count maximum 32760.

Thespectmmofasamplewhnhmobtamedﬁom
secoeog!]nlaftumeuhuonandfoﬂombmmmnm

strongly suppressed and limited to a few peaks of low
intensity because of careful ionization at the best anode
temperature of the investigated compounds. The origin
of the fragments can be described by the typical
degradation reactions previously mentioned, that is, loss
of the axial ligands and subatitution of bromine in posi-
tion 10 by hydrogen. On account of the low intensities of
‘the FD fragments, the deviations from the expected
isotopic pettern are in this case particularly high. The
experimental values of the isotopic pattern of the mole-
cular ions are in rather good agreement with the values
obumedbycalcuhuon(l?h.hmvwwofthefactmat
only ome scan was recorded and analyzed. Simul-
tnneoudyandumthecanotthecompoundsmm
analysis makes possible a direct insight into the reaction
during desorption. A slight increase of the emitter heat-
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28-30 mA emitter heating current in a multichannei analyzer, range 2", sweep time $ sec. The average deviation of

the isotopic distribution of the obtained signals from their theoretical value is about 6%. It should be mentioned,

that at higher emittes heating currents this deviation is rapidly incressed. At 30~35 mA for example, compound 6

givesmmohbomlm.ltkmmmnmhlyﬂeldindwedsmf»epmcmmmeemmuunfm

contribute to these larger errors since intense [M-H]* and [M-2H}? ions are found at the higher temperatures of the
emitter.
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sample temperatures and it results in an appreciable shift
of the original isotopic pattern.

SUMMARY
Hkhmbcuhrmnhuhumﬁcmﬂfamdtbe

of the sample, four characteristic types of thermally induced
degradation reactions can be observed for secocorrin metal
complexes with the substitution pattern of vitamin B,,.

1.
2. Exchange of the substituent in position 10 by hydrogen.
3. Loss of the axial ligands and tramsition in a metal (I)-

E

organo-metallic compounds (as here
metal cations are clearly indicated, mpuuwht if more than one
metal isotope is involved.

EXPERIMENTAL
The FD-spectra were produced on a commercial Varian MAT
731 instrument with a combined EI/FI/FD ion source. The high
WMMWWWWM
evaporated AgBr photoplates (Iosomet, Waban, Mass.,
U.S.A.).Duotpdonofthenmplemmhtednlmof

signals of a reference compound gives an average accuracy in the
mass determination of about 1 ppm using a Gaertner-M-1205 PC
Comparator. The electrically recorded low and high resolution
:pech(mthctextlhetheueﬂalmmumgen&

obtained using the Varian MAT datasystem SS

analysis of the isotopic pattern a multichannel analyzer of the
type Varian C-1024 cat was triggered by the magnetic scan of the
mass spectrometer.'? The theoretical vales for the isotopic
pattern of the corrinoids were calculated with a locally developed
BASIC-program using the SS 200 datasystem. QOur program
enables the use of 36 nuclids and incorporates recently published
isotope distributions.' Field desorption emitters, used in all ex-
pamu,wmmedbyhuhwmpeutwucuvmonoﬁoum
diam. tungsten wires.” The distribution and morphology of the
microneedles produced were as shown previously.'® FD emitters

H. M. ScumseL and H.-R. SCHULTEN

withmlwbuthotmnmtortheurbonmiamedhc
were usod as standards. Field desorption was performed using
direct heating of the FD emitter wire. The corresponding emitter
heating currents are given in the figure captions. The ionization
efficiency and the adjustment of the FD emitter were determined
by means of m/e 58 of acetone in the fleld ionization mode. All
FD spectra were produced at an ion source pressure of 5x
10~* Torr and ios source temperatures betweea 60° and 80°, the
accelerating voltages were +6kV for the field anode and be-
tween —2 and —4XV for the slotted cathode plate. CH.Cl, was
used as solvent for all compounds. In general, approximately
leo*gmmhdumﬂemmmmmmthe
syringe technique.'®
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