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IN recent years many Aspidosperma species have been investigated chemically 

and a number of new alkaloids were found and shown to belong to three groups: 

derivatives of aihydroindoles, indoles, and pyridocarbazoles. The structures 

of most of these compounds have been elucidated recently. 1 The best known 

source of aspidosperma alkaloids is the bark of A. quebracho blanco Schlecht., 2 

which contains three alkaloids of known structure; namely, aspidospermine, 3,4 

quebrachanine5 and quebrachine (later found to be yohimbine$. In addition to 

these three alkaloids, Rssse had originally also isolated aspidospermatine, 

aspidosamine and hypoquebrachine. The existence of the three last-mentioned 

compounds, not well characterized, was doubted by some of the workers in the 

field.. 

1 For a revierl , see J. Schmutz, Pharm. Acta Helv. g 103 (1961). - 
2 0. Hessc, Liebigs Ann. 211, 249 (1882). - 
7 J. P. D. Wills and S. C. Nyburg, Tetrahedron Letters No. 11, 1 (1959). 
!& 
H. Conroy, 1. X. Brook and Y. Amiel, Tetrahedron Letters No. 11, 4 (1959). 

5 K. Bicmann 2nd G. Spiteller, Tetrahedron Letters No. 9, 299 (1961). 
6 

E. Fourneau and H. Page, Bull. sci. pharmacol. 2l, 7 (1914). - 
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486 Investigation by mass spectrometry NO.14 

Having available la mass spectrometry a very sensitive method which has 

proven usefulinthe elucidation of the structure of a number of indole alka- 

lOidS, 5,7-g w3 undertook a reimrestigaticll of the allmlolde occurring in the 

bark of A. mbracho bIanco relying mainly 011 aluminum aaide chranat~ap~ 

and gas chromstograp* for their separation, and 011 mess epectranetry and 

ultraviolet spectroscopy for the elucidation of their structure. 

The extr.nct from 500 grams of the p&red, dq berk after nmoval of 

neutral and azidic msterial consisted of 1.95 g , which turned cut to be a 

complex rnjxtu-2 of alkaloids a8 indicatedby a preliminary gas chruidogram 

and the mass ,spectra of saue of the fractions. It was not possible to achieve 

a ccnnpbte separation of the individualcaqpcaents because the isolatloll of 

the minor cC+qpCnents in amounts sufficient for a good mass spectnnn (a frec- 

tiDn uf a mlPligram) necessitated the use ctf a relatively large amaunt of 

liquid phase (6$ Apiezon L). Complete 6eparation of all components by 

chrcmmt~ap~ ~1 alumina was also not possibl, but further purification of 

the fractlme by gas chromat~~~pennittedthelsolatian of about twenty 

canpouds In lnaeoneble purity. 

Table I lists, in the order of their emergence fromthe alumina 

calm, fiftec?n of the C~~XWMS investigated In detail. The number6 &nut- 

ingthe conpments are theirmoUculerwel&ts a8 deduced fromthe meas 

spectra, which also indicated that there .sre present two groups of C-m 

designated AendB. Group A was recognized to be related to asPidospe_, 

the spectrum of which we had detennlwd previously, and was identical with 

the spectrum ~of 342A. It has a vcrry strong peak at m/e 124, aad this peek 

7 K. Biemann, Tetrahedron Letters No. 15, 9 (1960). 
8 K. Biemann end M. Friedmann-Spiteller, lW_ Iettere Ho. 2, 68 (1961). 

' C. D$erassi, 8. Gilbert, J. N. sho~lery, L. F. JC%UISO~~ and K Biv, 
Experientia & 162 (1961). - 
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is fuund in the spectra of all alkaloids of Group A. Group B is characterized 

by a very Intense peak atm/e 136 (1% in 3hB). Quebrachunine andyohimbine 

were identified a3 the basis of their physical constants. 
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The nolecular rleight indicates the sum of all substituents attached to the 

basic cnybnn 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 groups there would change the mass of fragment 2. 

It follows from the mass spectra that these alkaloids are substituted 

in the indole moiety of I by methyl, msthcocyl, and acetyl groups, respectively. 

The methyl groups were placed on Na because of the early emergence of these 

components from the alumina column. Na-methyldeacetylaspidospermine 10 was 

synthesized and found to be identical (mass spectrum and retention time) with 

compound 326A. The mass spectra of 296A and 326~ showed clearly that the two 

compounds differ only by a methcqyl group. Compound 3l2A, which must contain 

a methcocy group, was identified by melting point, mixed melting point, ancl 

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. 9 It was not possible to 

sepxatc this component from the major alkaloid of the group, aspidosp-enaine, 

which has only one msthoxyl group less. The fractions rich in 3846 were hydro- 

lyzed and the deacetyl derivatives were separated by chromatography. The 

lo B. Witkop and J. B. Patrik, J. Amer. Chem. Sot. & 5603 (1954). - 
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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 [Cc 1:" - 9J” (chloroform) and is thus (-) pyrifolidine. 

Finally, compound 282~ does not contain any additional substituents and 

is, therefore, unsubstituted I. Compound 280~ does not exhibit a strong peak 

at m/e 124 but was recognized to be related to Group A on the basis of its 

mass spectrum, which was identical with the spectrum of a canpound (II) we 

had isolated earlier on zinc dust distillation of quebrachamine.5 On reauc- 

tion 282A was formed . 

I II 

282A: I, Ri = Ra = Rs = H 326~: I, Ri = II, Re = C&O, Rs = CHc 

296A: I, Ri = Ra = H, Rs = CHo 354A: I, Ri = H, Ra = CHsO, Ro = C&CO 

312A: I, Ri = Rs = H, Ra=C&O 384A: I, Ri = Ra = CH30, R3 = C&CO 

The similarity of the mass spectra of Group B indicates that all these 

compounds contain the same carbon skeleton and differ in the substitution in 

the dihydroindole moiety, the presence of which is borne out by the UV sgectra 

of 265B and 338R. There is also present a double bond as evidenced by an 

increase in the molecular weights by two mass units on hydrogenation and the 

shift of the most intense peak to m/e 138. While the mess spectra of Group B 

were somewhat reminiscent of the aspidospermine group, they could not have the 

same carbon skeleton because the characteristic loss of 28 mass units is not 

observed. Furthermore, the fragment of m/e 136 could not be merely a hiCher 
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hanolog 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 than 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 136. 

Structure III would cmbine all these features, and only the Ca-group and the 

double bond remain to be placed. Structure IIIa seemed to be an attractive 

hypothesis, worth testing, but an authentic sample 11 exhibited a mass spec- 

trum very similar but not identical with the spectrum of canpound 266~. 

Since the difference seems to be due to either the location of the double 

bond or of the Ca-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 138. The najor difference was a peak at m/e 199 in IIIb 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 266~, corroborated by the formation of 

j-ethylpyridine on zinc dust distillation of a mixture of 266R and 296~, and 

by the W spectrum of 266~ (A_ 242, 296 rnv; 1ogE 3.86, 3.49). The double 

bond is placed as shown on the basis of deuteration with deuterohydrazine 12 

and the absence of a vinyl group according to the infra-red spectnun of 338B. 

The major peaks in the mass spectra of the alkaloids of Group B again 

indicate the presence of methyl, methcocy, and acetyl groups on the indole 

moiety of 266~, the unsubstituted representative of this class. The struc- 

tures of these compounds were deduced on the basis of the mass spectra as was 

done for the aspidospermine group. The position of the methoxyl group follows 

from the UV spectrum of 338B (A_ 219, 255, 2PO(sh) mp; 1ogE 4.54, 4.10,3.62). 

11 G. F. Smith and J. T. Wrobel, J. Chem. Sot. 1960, 792 

U Iig. Din&-Nguyen and R. Ryhage, Arkiv f. Kemi 15, 433 (1960). - 
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,..R3t~~=B,&=@3& IIIc: R2=R3=&=H, Rx=CHcH3 

IIIb: R1=&j= Et =H, R2 =c&j IIId: R2=&=&=H, Rz=C2H5 

268: IIIc, R3 =& =B 308B: IIIc, R3 = CH&O, Q E H 

2O803: IIIc,Rs=C&, &t-H 3%: IIIC, & = c&co, R& = cm3 

296B: IIIC, R3 =H, &=OC& 3kEi: IIId, Rs = C&CO, % = OC& 

fxklitional chemical evidence for these relationships within Group B was 

obtained by wdrolysis of 308B to 266B and of 338B to 296B, and by hydro@na- 

t-ion of 338Bto 34oB. While the mass spectrometric molecular weights were 

sufficient indication of the elemental composition of all the canpounds reporte 

a C, Ii, N-analysis(correct for C21H26N202) was secured for 338B, the most impor 

tnnt x%presentative of Group B. Compd 33&i has [ 4( $ - 73' (ethanol). 

The melting point and the rataticn of 3% are very close to the curres- 

pondin= constents of aspidospermetine (m.p. 16j", [ d 1," - 72') 6 which 

Hesse had isolated almost eighty years ago. Although he suggests a formula 

C22R2302N2 for which gocd C, II, and N values are present, it is possible that 

he acl;ually had in hand the lower hauolog, particularly since the analysis of 

the chloPopl.atinate of aspiaospermatine definitely agrees better with a C21 

foilda. Snce compound 338Bis one of the more abundantminar alkaloids of 

this plent ana also has a considerable tendency to crystallize in contrast to 

many @<her of the canponents which we have fm_uxl, the identity of 33% rri"uh 

as~idospematine is very likely. 

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

blanco should have considerable si&ficence for the biosnesis of these 
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alkaloids. We are inclined to believe that Group A is formsd via a quebrach- 

amine-type intermediate followed w ring closure to demsthoxydeacetylaspido- 

spermine (28i!A), which is then substituted in the dihydroindole moiety, par- 

ticulerly 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 l'inally f&the biogenetic linkbetweenthe dihydrolncloL? 

alkaloids of the genus Aspidosperma and ulein, 13 the major alkaloid of 

Aspidosperlm,uledMgf. 

A more &tailed account of this work and of the interpretaticm of the 

mass spectra will be presented in the full paper. 
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