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IN recent years many Aspidosperma speciles have been investigated chemically
and a number of new alkaloids were found and shown to belong to three groups:
derivatives of dihydroindoles, indoles, and pyridocarbazoles, The structures
of most of these compounds have been elucidated recently.l The best known

source of aspidosperma alkaloids is the bark of A, guebracho blanco SChlecht.,2

3,4

which contains three alkaloids of known structure; namely, aspidospermine,
quebrachamine5 and quebrachine (later found to be yohimbine6). In addition to
these three alkaloids, Hesse had originally also isolated aspidospermatine,
aspidosamine and hypoquebrachine. The existence of the three last-mentioned
corpounds, not well characterized, was doubted by some of the workers in the

field.

Y For a review, see J. Schmutz, Pharm, Acta Helv. 36, 103 (1961).
0. Hesse, Liebigs Ann. 211, 249 (1882).

2 J. P. D. Mills and 5. C. Nyburg, Tetrahedron letters No. 11, 1 (1959).
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486 Investigation by mass spectrometry No.14

Having available in mass spectrometry a very sensitive method which has
proven useful in the elucidation of the structure of a number of indole alka-
loids,5’7'9 w2 undertook a reinvestigation of the alkalolds occurring in the

bark of A. gusbracho blanco relying mainly on aluminum oxide chromatography

and gas chromatography for their separation, and on wass spectrometry and
ultraviolet spectroscopy for the elucidation of their structure.

The extract from 300 grams of the powdered, dry bark after removal of
neutral and azidic materiael consisted of 1.95 g , which turned out to be a
complex mixture of alkaloids as indicated by a preliminary gas chromatogram
and the mass spectra of some of the fractions. It was not possible to achieve
a complete separation of the individual compoments because the isolation of
the minor components in amounts sufficient for a good mass spectrum (a frac-
tion of a milligram) necessitated the use of a relatively large amount of
liquid phase (6% Apiezon L). Complete separation of all components by
chromatography on alumina was also not possible, but further purification of
the fractions by ges chromatography permitted the isolation of about twenty
compounds in reasonable purity.

Table I lists, in the order of their emergence from the alumina
colum, fifteen of the compounds investigated in detail. The numbers denot-
ing the components are their molecular weights as deduced from the mass
spectra, which also indicated that there are present two groups of compounds
designated A and B. Group A was recognized to be related to aspidospermine,
the spectrum of which we had determined previcusly, and was identical with

the spectrum of 342A. It has a very strong pesk at m/e 124, and this peak

T K. Biemann, Tetrahedron letters No. 15, 9 (1960).

S K. Biemann and M. Friedmann-Spiteller, Tetrahedron Letters No. 2, 68 (1961).

? C. Djerassi, B. Gilvert, J. N. Shoolery, L. F. Johnson and K. Biemamn,
Experientia 17, 162 (1961).
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is found in the spectra of all alkalolds of Group A. Group B is characterized
by a very intense peak at mfe 136 (138 in 340B). Quebrachcmine and ychimbine

were identified on the basis of their physical constants.

TABIE I
Yiel3® Characteristic Peaks,

Compound % M. P. in the Mass Spectrum
Quebrachamipe 2.5 146-7

206A <5 c 296; 268; 124

326A <5 c 326; ; 12b

280A 2.0 ¢ 280; 251; 210

282A ) <1.0 110-2 282; 254; 124

3124 3.0 109-11 312; 284; 124
Aspidospermine

(3544) 30.0 208-9 354; 3e6; 124

3844 1.5 148-50 384; 356; 124

280B <1.0 e 280; 136; 158%; wad

266B 3.0 184-6 266; 136; 1k; 130

2968 1.5 c 296; 136; 1Th; 160

308B 1.0 c ; 136; lik; 130

3388 3.0 157-9 338; 136; 174; 160

340B <1.0 e 340; 138; 1Th; 160
Yohinbine 10.0 . 2235

(a) in % of total bases. (b) for Group A and B only. (c) not
crystalline. (d) These two colums are peaks due to the indole
part of the molecules., Acyl groups are eliminated during frag-
mentation.

A discussion of the elucidation of the structure of the remaining twelve
alkaloids, three of which turned out to be Jmown derivatives of aspidospermine,
follows. The characteristic peaks in the mass spectra of the alkaloids of
Group A are summarized in Table I, and their relation to the structure of the
molecule is shown below, using deacetylaspidospermine as an example:
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A

CH~O CHz0

312 (M) 28k (¥) 12k (z)

The molecular weight indicates the sum of all substituents attached to the
basic carbon skeleton (I) and peak Y permits the conclusion that in none of
the compounds is there a substituent on the two carbon bridge. The same
conclusion can be drawn for the piperidine moiety of the molecules because
additional grcups there would change the mass of fragmeat Z.

It follows from the mass spectra that these alkaloids are substituted
in the indole moiety of I by methyl, methoxyl, and acetyl groups, respectively.
The methyl groups were placed on l\l'a because of the early emergence of these
components from the alumina column. Na-mtrwldeacetylaspidOSpermine10 was
synthesized and found to be identical {mass spectrum and retention time) with
compound 326A. The mass spectra of 296A and 326A showed clearly that the two
compounds differ only by a methoxyl group. Compound 312A, which must contain
a methoxy group, was identified by melting point, mixed nﬁlting point, and
mass spectrum as deacetylaspidospermine. Compound 384A according to its
spectrum is substituted in the indole nucleus by two methoxyl groups and one
acetyl group, which suggested it to be pyrifolidine.g It was not possible to
separate this component from the major alkaloid of the group, aspidospermine,
which has only one methoxyl group less. The fractions rich in 3844 were hydro-

lyzed and the deacetyl derivatives were separated by chromatography. The

10 5, Witkop and J. B. Patrik, J. Amer. Chem., Soc. 76, 5603 (195h4).
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fractions emerging after deacetylaspidospermine had m.p. 144-6° and gave a
mass spectrum identical with the one of deacetylpyrifolidine. Upon reacety-
lation the product had [c& ]%8 - 93° (chloroform) and is thus (-) pyrifolidine.

Finally, compound 282A does not contain any additional substituents and
is, therefore, unsubstituted I. Compound 280A does not exhibit a strong peak
at m/e 124 but was recognized to be related to Group A on the basis of its

wess spectrum, which was identical with the spectrum of a compound (IT) we

had isolated earlier on zinc dust distillation of q_ue'brachamine.5 On reduc-
tion 202A was formed.
N N
Ry N N7
R2 Ra
I IT
282A: I, Ry =Rp =Rg = H 326A: I, Ry =H, Rp = CHaO, Rs = CHg

206A: I, R; =Rep =H, Ra =CHs 354A: I, Ry =H, Rp = CHgO, Rz = CHsCO

312A: I, Ry =Rz =H, Ry = CH30 384A: I, Ry = Rp = CHgO, Ra = CHsCO
The similarity of the mass spectra of Group B indicates that all these

comounds contain the same carbon skeleton and differ in the substitution in
the dihydroindole moiety, the presence of which is borne out by the UV spectra
of 266B and %38B. There is also present a double bond as evidenced by an
increase in the molecular weights by two mass units om hydrogenation and tie
shift of the most intense peak to m/e 138. While the mass spectra of Group B
were somewhat reminiscent of the aspidospermine group, they could not have the
same carbon skeleton because the characteristic loss of 23 mass units is not

observed. Furthermore, the fragment of m/e 136 could not be merely a hicgher
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homolog of the fragment of m/e 124 of Group A because the smallest molecule
of Group B is 16 mass units lighter and not heavier thap 282A. These find-
ings can best be reconciled with the assumption of a one-carbon bridge in a
ring system which on electron impact fragments into a highly stabilized
indole system that remains connected to the rest of the molecule only by a
single bond, the cleavage of which must give rise to the peak at m/e 1%6.
Structure IIX would combine all these features, and only the Co-group and the
double bond remain to be placed. Structure IIIa seemed to be an attractive
hypothesis, worth testing, but an authentic samplell exhibited a mass spec-
trum very similar but not identical with the spectrum of compound 266B.
Since the difference seems to be due to either the location of the double
bond or of the Cp-group, both substances were hydrogenated and the mass spec-
tra of the products showed a molecular weight of 268 and a strong peak at
m/e 1%8, The wajor difference was a peak at m/e 199 in IITb and a peak at
m/e 227 in dihydro-266B. This is best explained by cleavage at b in IV,
which suggests structure IIIc for 266B, corroborated by the formation of
3-ethylpyridine on zinc dust distillation of a mixture of 266B and 296B, and
by the UV spectrum of 266B ()‘max 242, 296 my; log€ 3.86, 3.49). The double
bond is placed as shown on the basis of deuteration with deuterohyarazinelz
and the absence of a vinyl group according to the infra-red spectrum of %50B.
The major peaks in the mass spectra of the alkaloids of Group B again
indicate the presence of methyl, wethoxy, and acetyl groups on the indole
moiety of 266B, the unsubstituted representative of this class. The struc-
tures of these compounds were deduced om the basis of the mass spectra as was
done for the aspidospermine group. The position of the methaxyl group follows
from the UV spectrum of 338B (Amax 219, 255, 290(sh) mu; log€ k.5h, %,10,3.62).

i G. F. Smith and J. T. Wrobel, J. Chem, Soc. 1960, 792

2 Ng. Dingh-Nguyen and R. Ryhage, Arkiv £. Kemi 15, 433 (1960).
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+

Ry

}'!)
2 1T Ra
IIIa: Ry =Ry = 14y =H,R2=GECH3
IITb: R =Ry =Ry =H, Rz C2H5

266B: IIIc, Rg =Ry =X 308B: IIIc, Ry = CHaCO, Ry =H
200B: IIlc, R = CHs, R4 = H 338B: IIIc, Ry = CH3CO, Re = OCHz
296B: IIIc, Rz =H, Ry = OCHa 340B: IIXd, Rs = CHaCO, Rs = OCHs

Additional chemical evidence for these relationships within Group B was
obtained by hydrolysis of 308B to 2GGB and of 338B to 296B, and by hydrogena-
tion of 333B to 340B. While the mass spectrometric molecular weights were
sufficient indication of the elemental composition of all the compounds reporte
a C, H, N-analysis(correct for 021}126“202) was secured for 338B, the most impor
tant mepresentative of Group B, Compound 333B has [ ot 15| - 739 (ethanol).

The melting point and the rotation of 338B are very close to the corres-
pondine constants of aspidospermatine (m.p. 153°, [ ol ]35 - 729) © uhich
Hesse had isolated almost eighty years ago. Although he suggests a formula
02252802N2 for which good C, H, and N values ‘are present, it is possible that
he actually had in hand the lower homolog, particularly since the analysis of
the chloroplatinate of aspidospermatine definitely agrees better with a 021
formmila. 3ince compound 339B is one of the more abundant minor alkaloids of
this plant and also has a considerable tendency to crystallize in contrast to
many other of the compoments which we have found, the identity of 333B with
aspidospermatine is very likely.

The isolation of so many of the minor alkaloids of Aspidosperma guebiacho

blanco should have considerable significence for the biogenesis of these
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alkaloids. We are inclined to believe that Group A is formed via a quebrach-
amine-type intermediate followed by ring closure to demethoxydeacetylaspido-
spermine (2824), which is then substituted in the dihydroindole moiety, par-
ticularly since we were unable to find any trace of substituted quebracha-
mines among these alkaloids. In the structure of the alkaloids of Group B
we may have finally found the blogenetic link between the dihydroindole
alkaloids of the genus Aspidosperma and ulfe:l.n,l3 the major alkaloid of

Aspildosperma ulel Mgf,

A more detailed account of this work and of the interpretatiom of the
mass spectra will be presented in the full paper.
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