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In connection with the determination of the structure of quebrachidine (1)2
we had studied the mass spectra of a number of indole alkaloids possessing
the carbon skeleton of ajmaline but differing in substitution and./or
stereochemistry at the alicyclic ring system. In a recent paper5 the
spectrum of ajmaline (II)]+ had been published and interpreted in terms of
"key fragments" which might create the impression that all compounds of that
carbon skeleton should exhibit the same fragmentation process regardless of
substitution in the alicyclie mo:l.e't:y.5 Such an assumption is not justified,
parsicularly if based on the spectrum of a single compound and without
indicating a plausible fragmentation process leading to these "key frag-
mernts" as otherwise it is impossible to Judge the variations to be
expected in a compound of modified structure. As indicated in our earlier
comiunication, epimerization at C-2, for example, leads to radically
diffevent fragmentation as illustrated by the spectrum of I.a

Tven more surprising is the difference between the mwass spectrum
Fig. 1) of ajmalidine (III)6 and the one of ajmaline (II), the former
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exhibiting an intense peak at m/e 198 vhile the peaks at m/e 182 and
183, said to be characteristic for the ajmaline skeleton,are of rather low

intensity.
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Fig. 1 Mass Spectrum of Ajmalidine (III). The values in parentheses refer
+0 the intensity ratios of the components of the multiplet which
were determined frowm the high resolution spectrum along with the
elemental composition of the ions.

With the aid of high resolution mass spectrometry, a technique which
shows great promise in the investigation of natural products, we have been
able to resolve the apparent inconsistency in the mass spectra of these two
closely related compounds by determining the accurate mass and hence the
elemental composition of all the ions formed in the spectrometer.

The composition of the ion of m/e 198 from III was found to be 0131-112N0
and thus eliminated the possibility of an oxygen containing analog of the
A-carboline ion suggested for mfe 162 in 112 Because of its low hydrogen
content, the ion of m/e 198 must contain the indole woiety and the nitro-
gen and oxygen atoms lost are most plausibly those of the quinuclidine
ring. Elimination of water, retro-Diels-Alder cleavage and rupture of the
C-2, C-3 tond leads to an ion in which the positive charge may be stabilized

Ta double focusing mass spectrometer (CEC 21-110)was used with a photo-
graphic plate for the recording of the ions and weasuring their accurate
mass. The samples were introduced directly into the ion source. A
detailed discussion of the operating and measuring techniques will be
presented elsewhere,
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158 (D)

elther by the neighboring nitrogen atom or by expansion of the spiro-ring
to a carbazole-type skeleton (4). In the case of ajmaline (II) the same
fragmentation process leads to a peak at m/e 200. Its intensity is rela-
tively low (in comparison with m/e 198 from III) because further eliminatiom
of vater leads to yet another iom of nominal mass 182. This process vas
revealed by the occurrence of a triplet at m/e 182 in the high resolution
spectrum of IT instead of the single species assumed previously5 on the
basls of a conventional mass spectrum. The two major components turped

out to be CipHynN and CipH1 Mo«

The elimination of CO from the cyclopentanone ring 1s another process
observed with ITI but impossible for II. The resulting fragment,
C19Hp)II20, contains an acyelic N-C-C-N system the cleavage of which leads
to the most intense peak in the spectrum of III (m/e 14k, C1oH10N).
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It is of interest to note that the peak at m/e 295 in Fig. 1 is a
singlet resulting entirely from the loss of CHO (rather than CgHs) which
may be due to loss of hydrogen after loss of CO, or to loss of CHO from a
rearranged molecular ion formed by transfer of hydrogen from C-2 to C-17.
Such & transfer leads to the formation of a sarpagine skeleton (B), the
fragmentation of which had previously been shown8 to give rise to intense
peaks at m/e 132 (C) and 183, Their absence in the spectra of the 2-epi
series (e.g. I) supports this proposal because the hydrogen at C-2 is, in
those molecules, trans to C-17.

Another doublet revealed by the high resolution spectrum of III is at
w/e 159 due to C1HENO and C1jH1oN. Both components are of about equal
intensity and while the latter represents merely the indole moiety plus
two additicnal carbon atoms (presumably C-5 and C-6) the oxygen-containing
species must comtain C-17 and its oxygen atom in addition to the elements
of the indole system and is represented by D. It indicates the presence of
oxyoen within one carbon atom from that system. The diagnostic value of
this fragment, easily overlooked in a low-resolution spectrum, is supported
by the fact that we have found it in the spectra of all ajmaline deriva-
tives oxygenated at C-17 and possessing a 7,17-bond.

Table I lists the masses determined for a number of characteristic
peaks in the spectra of ajmalidine (III) and its 12-methoxy derivative,
vomalidine,9 indicating the accuracy which we presently obtain in routine
measurements. The possibility of the determination of the elemental com-
position o indole alkaloids is clear from these data. Furthermore, the
validity o the "mass spectrometric shift technique" for the correlation of
alaloids? is considerably enhanced: the ions from ajmalidine and vomali-
dine differ not only by 30 mass units but by CHpO (H vs. CH30) as required

by the difference in substitution.

8 k. Biemann, Tetrahedron Letters, No. 15,9 {1960); J. &m. Chem. Soc., °3.
4201 (1°51). — =

9 A. Hofmann and A.J. Frey, Helv. Chem, Acta, 40, 1866 (1957). The
methoxyl group has been shown to be at C-12 By P.R. Ulschafer and W:I.
Taylor. A. Hofmann has reached the same conclusion (private commmi-
cations).
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Table I

Ajmalidine (III) Vomalidine (12-methoxy-ITT)
52%. 18132 (+0.5)° CogHoklip0p 354.1955 (+1.3) CpyHpgN,05
290.1868 (-1.0) CygHouNo0 326.1973 (-2.0) CpofsgNs0,
295.1803  (-0.6) CygHozNo0 325.1893 (-2.2) CpgHagN,0,
196.0925 (+0.7) CyzH)oNO 228.1021 (-0.3) CyHy),NO,
183.0918 (-0.4) CypHp Ny 213.1016 (~1.2) Cyzf;3N50
182.0973  (+0.5) CqHiolN 212.1066 (-0.9) Cpd;,NO
182.0839 (-0.4) CpoHigN, 212.09%2 (-1.7) CygfiyoNp0
158.0962  (-0.3) Cy9HiN 188.1073 (-0.2) CqoHy,NO
158.0618 (+1.3) C1oHigNe 188.0715 (+0.4) C13Hy0N0,
157.0901  (+1.0) CqyHyqN 187.0979 (-1.7) CypHy3NO
15,0895 (+0.4) CygH N 175.1003 (+0.7) CqqHygNO
Wk, 0806 (-0.7) CygHyoN 17%.091%  (-0.5) Cq3H;,NO

3Mass found for the monoisotopic species (12¢=12.0000). PDeviation (in
millimass units) from value calculated for the elemental composition in
the next column.

On the basis of the high resolution spectra of all the ajmaline deriva-
tives we have examined one can conclude that those in which one or both
hydroxyl groups are either absent or have the opposite stereochemistry at
C-17 behave like II. However, 2l-hydroxy-17-keto derivatives undergo a
modified fragmentation process, namely the one discussed above for III.
Fpimerization at C-2 prevents the fragmentation characteristic of I but
leads to spectra of which the one of quebrachidine (I) is a typical
exam‘ple.u A more detailed discussion of all these spectra shall be pre-
sented in the full paper.

The conclusions reached in this paper demonstrate that high resolution

mass spectrometry--a technique pioneered by Beynonlo-'greatly facilitates
the interpretation of mass spectra of natural products and, in addition,

4

reveals an otherwise unexpected complexity of the fragmentation of
orgaic molecules in che spectrometer.,
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