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MASS SPECTROMETRY IN STRUCTURAL AND STEREOCHEMICAL PROBLEMS. !
THE STRUCTURE OF THE ASPIDOSPERMA ALKALOID ASPIDOALBINE

Carl Djerassi, L. D. Antc:nat:cio,2 H. Budzikiewicz and J. M. Wilson
Department of Chemistry, Stanford University, Stanford, California
and
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IN continuation of our studies3 on the alkaloidal constituents of Brazilian Aspidosperma
species, we have investigated the stem bark of Aspidosperma album (Vahl) R. Bent.,

which was collected in Manaus, Amazonas. The non-phenolic portion yielded the
known alkaloid4 (-)-quebrachamine, while from the phenolic fraction there was iso-
lated a new alkaloid, aspidoalbine, for which we propose structure 1, largely on the
basis of mass spectral and n.m.r. evidenca. Aspidoalbine (1) is the first (dihydro)
indole alkaloid in which three of the four aromatic hydrogens are replaced by oxygen
functions and it is also the first alkaloid based on an aspidospermine-like skeleton?
in which the presence of a tetrahydrofuran ring could be demonstrated.
! Part XVI. For paper XV see H. Budzikiewicz, J. M. Wilson ond C. Djerassi,
Monatsh. Chem. 93, August (1962).
2 Recipient of a fellowship from the International Cooperation Administration under
a program administered by the U.S. National Academy of Sciences while on leave
from the Instituto Nacional de Tecnologia, Rio de Janeiro, Brazil.

3 For leading references see B. Gilbert, L. D. Antonaccio, A.A.P.G. Archer and
C. Djerassi, Experientia 16, 61 (1960) and subsequent papers.

4 For structure see K. Biemann and G. Spiteller, Tetrahedron Letters 299 (1961).
5 For a recent list of structural types related to aspidospermine see C. Dijerassi,

H. W. Brewer, H. Budzikiewicz, O.O.Orazi and R. A. Corral, J. Am. Chem.
Soc. 8_4' (1962) in press.
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1002 Mass spectrometry in structural and stereochemical problems No.22

Aspidoalbine (1) exhibited m.p. 170-172°, lelp + 159° (MeOH), + 148°
(CHCI3), A g:fl:; 6.17 and 6.31 y (as well as very broad absorption in the 3.1 -
3.5 region), 1EYOM 227 (log ¢ 4.16) and 267 mp (3.88), AETOH 215 (4.06) and
250 my (3.74), 2, EFOH-NaOH 308 1, (3.44) and AEtOH-NaOH 288 my (3.39) and
its elementary analysis indicated the empirical formula Co4HqoNoO5 (428). Mass
spectrometry verified (molecular ion peak af m/e 428) this conclusion, but also ¢howed
the presence of za. 25% of the lower homolog C23}130N205--on observation which was
confirmed by acid hydrolysis and gas phase chromatographic analysis of the volatile
acid methyl ester fraction yielding methyl propionate containing some methyl acetate.
The alkaloid thus represents a mixture of N-propiony! (ia) and N-acetyl (Ib) deriva-
tives, reminiscent of the very difficultly separable mixture® of aspidospermine and ifs
N-propi?nyl anolog paiosine. Of the five oxygen afoms, one is accounted for in terms
of the amide grouping, while two are present as aromatic methoxyl groups, as demon-
strated by Zeisel determination (calcd. for 2 MeO: 14.48; found: 14.45) and by the
n.m.r. signa|s7 at 3.86 and 3.85 &. The fourth oxygen atom is a phenolic group,
which must be attached at C-17 because of its strongly hydrogen-bonded nature (infra-
red spectrum and n.m.r. peak at 11.05 d). The ethereal nature of the fifth oxygen
function was assumed by the absence of any infrared carbonyl bands below 6.0 p and
the inability to effect esterification; its precise mode of attachment is discussed below.
The n.m.r. spectrum of aspidoalbine (1) exhibited only a single signal at 6.82 d,
corresponding to one aromatic hydrogen and, in view of the virtually exclusive presence

of oxygen functions at positions 15, 16 and 17 (numbering system as in [}, but not 14,8

Sw. 1. Taylor, N. Raab, H. Lehner and J. Schmutz, Helv. Chim. Acta 42,
2750 (1959) —_— T =

7 All n.m.r. 'spectra were measured with a 60 mc. (Varian A-60) as well as a 100 mc.
(Varian H- ﬁ) spectrometer in CDClg solution with tetramethylsilane as interna
standard (6=0.00). All signals are reported in p.p.m. as & values (§'=c.p.s./mc).

8 The only exceptions appear to be the mushroom alkaloids, psilocybine and psilocine
and relateq simple indoles (e.g. bufotenin); see A. Hofmann, R. Heim, A. Brack,
H. Kobel, A. Frey, H. Ott, T. Petrzilka and F. Troxler, Helv. Chim. Acta 42,
1557 (1959). - = =
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among polycyclic indole alkaloids,? we assume a 15,16, 17-trioxygenation pattern
for aspidoalbine.

Methylation of aspidoalbine (1) with dimethyl sulfate in acetone solution in the
presence of anhydrous potassium carbonate (40 hr reflux) provided a 3:1 mixture

{determined mass spectrometrically), m.p. 120-122°, [a] l'SAeOH +6°

of the methyl
ethers [1b and Il c, which were cleaved by heating with aqueous hydrochloric acid to
pure N-deacyl-O-methylaspidoalbine (lla), m.p. 148-149°, [a]hé\eOH -36°, PK'y

(33% DMF) 8.50, A ETOH 212 (4.48), 240 (3.85 shoulder) and 305 my (3.63) and

)\E";?H 273 mp (2.96). Propionylation of Il a provided pure O-methylaspidoalbine
(1 b), m.p. 118-120°, [u]"DAeOH-P 8°, while acetylation of Ila yielded N-depropiony|-

MeOH

N-acetyl-O-methylaspidoalbine (llc), m.p. 177-178°, [elp A KBr

+6%, Amax 6-051,

AEtOH 218 (4.51), 258 (4.15) and 295 my (3.58 shoulder) and A EtOH 242 my (3.95).

The n.m.r. spectra of the two N-acyl derivatives IIb and Il c (but not that of lla)

exhibited the typical quartet (corresponding in area to one proton) in the 4.5 4 region,

which has been shown earlier !0 to be due to the lone C-2 hydrogen in N-acyldihydro-

indoles such as aspidospermine (V a) in which there are also present two hydrogens at

C-3. Partial structure IV for aspidoalbine can, therefore, be considered to be established.
The nature of the remainder of the molecule and its mode of attachment to moiety

IV could be elucidated by mass spectrometry. The mass spectra of aspidoalbine (1)

and its derivatives lla, 1lb and Il c all exhibit a substantial M-28 peakh--similar to

12

the M~28 peak (first observed by Biemann and collaborators'“ in the aspidospermine

(Va) series and associated with the expulsion of ethylene (see arrows in Va) from

? N. Neuss, "Physical Data of Indole and Dihydroindole Alkaloids”, Eli Lilly and
Co., Indianapolis, 1961.

10c. Djerassi, A.A.P.G. Archer, T. George, B. Gilbert, J. N. Shoolery and
L. F. Johnson, Experientia 16, 532 (1960). Further confirmation for the correct~
ness of this assignment is provided in C~3 substituted aspidospermine derivatives
(C. Djerassi, H. W. Brewer, H. Budzikiewicz, O. O. Orazi and R. A. Corral,
ibid. 18, 113 (1962)).

11 A peak at M~44 (especially noticeable in ila) is appareanK due to the expulsion
of the ether bridge in the form of ethylene oxide, acetaldehyde or their
equivalents.
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ring C-~thus suggesting the presence of an unsubstituted two-carbon bridge encom=-
passing C-3 and C~4 in expression |. In contrast to the peak at m/e 124, which

represents the strongest one in the aspidospermine (Va) spectn.:m]2

and is best repre~
sented12 by VI (cleavage of 10-11 bond in M=28 species), the mass spectra of
aspidoalbine (1a) and its relatives (lla,b,c) do not contain such a peak, but rather
show their base peak at m/e 138 (ion VIII). Most importantly, when N-deacyi-O-
methylaspidoalbine (lla) is reduced with lithium aluminum hydride, there is produced
N-deacyl-O-methylaspidealbinol (Illa), m.p. 175-177°, [u]hDAeOH +9°, )\ELSH
300 my (3.61) and shoulder at 240 my (3.82), AEYOH 270 my (2.75), the mass spec-
trum of which now contains the base peak at m/e 140 (ion [Xa). A further shift of
one mass unit to m/g_ 141 (ion IXb) is observed in the spectrum of the lithium aluminum
deuteride reduction product {llI1b) of lla. The genesis of peaks VI and 1X is assumed
to involve in each instance cleavage of the 10-11 bond in the M-28 (arrows in I1)
species.

It follows, therefore, that lithium aluminum hydride had effected reductive
opening of an oxide ring (involved in a carbinol amine) and that its termination point
had to be adjacent to Ny, rather than N, since the mass spectral indole peaks at
m/e 220 (jon Vla) and m/e 23413 containing N and C-2 were not shifted in the
spectra of the LiAlH, and LiAID4 reduction products lila and [l1b. That the oxide
ring had been opened with generation of a primary alcoholic function could be

demonstrated by the ready acetylation of the aspidoalbinol derivative llla to the

N, O-diacetate Illc (glass, 7\%‘3},’(‘”' 5.76 and 6.0 ), in which the mass spectral

base peak was shifted to m/e 182 (ion IXc) in accordance with the molecular weight
increment associated with O-acetylation. The assignment of the m/e 220 (Vlla) and

m/e 234 peaks to'the indole portion of the molecule could be substantiated by

12 l((l.%B‘i;:munn, M. Friedman-Spiteller and G. Spiteller, Tetrahedron Letters 485

13 The m/e 234 peak corresponds to the m/e 220 indole ion (Vlla) containing one
addtiorial methylene group. -
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lithium aluminum hydride reduction of the O, N-diacetate l{l ¢, which provided the
N-ethylaspidoalbinol derivative 1ild, in which the m/e 220 and 234 peaks were
shifted to m/e 248 (V1ib) and 262, whilg the base peak remained at m/e 140 (IXa).
When the reduction of Il ¢ was performéd with lithium aluminum deutetide, then a
further shift of the indole peaks to r_n/g 250 (Vllc) dnd 264 was observed in the
spectrum of Ille,

The mass spectral indole peaks (ion VI1I)--corresponding to partial structure
IV of the parent alkaloid--together with the peaks of the hydroaromatic portion
(ions Vi1 and 1X) and ei’hylene]4 account for all of the carbon atoms and the above
mass spectral and n.m.r. data strongly suggest an aspidospermine (Va)-like skeleton
in which the angular ethyl group is involved in an ebfher ring terminating adjacent to
Np. Of the three possibilities (C-8, 10 or 19), affaéhment at C-8 or C-10 would
be readily recognizable by n.m.r. measurements, since the resulting hydrogen (at
C-8 or C-10) would now be flanked by both oxygen and nitrogen and would thus
exhibit a signal in a region somewhere downfield of ca. 4.04d. In point of fact,
careful quantitative n.m.r. measurements (of lla,b and c) with a de me. instrument
together with appropriate decoupling experimenfsls have shown unambiguously that
the only signal in that region==a four-line pattern centered around 4.02 J--;:orre-
sponds to the two protons attached to C=21 and that they possess only two neighbors
on a carbon atom (C-20) which terminates at a terfiary center. Further confirmation
is obtained by comparing the 100 mc. spectrum of N-deacyl-O-methylaspidoalbinol
(1a) with that of its deuterated analog HlIb. The two spectra are SGﬁérimpémble

except for the disappearance in the latter of a sharp signal at 2.17 §, which is ob-

14 The actual farmation of ions VIl or 1X from the M-28 species could be verified
in each case by the recognition of a metastable peak corresponding. to that
transition. :

15 Details, together with a reproduction of the n.m.r. spectrum of lla, are being
published separately: J. N. Shoolery, Faraday Soc. Disc. "High Resolution

Nuclear Magnetic Resonance”, Sept. 196Z, in press.
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served in the spectrum of Illa and which occurs at precisely the region where the
corresponding C-19 hydrogen signal in aspidospermine (Va) has been assigned.-]o

Chemical evidence for a five-membered ring E--and hence additional evidence
for the existence of an aspidospermine skeleton--was provided by chromium trioxide-
pyridir.2 oxidation of N-depropionyl-N;ocel’yl-Q'mefhyluspidoalbine (Hc), which
yielded a five-membered lactam (H c with carbony| group at C-10), m.p. 214-218°,
[a] g\SOH+22°, of empirical formula Co4H330,N2 (confirmed mass spectrometrically)
exhibiting 7\::2; 5.88 and 6.08 p, as well as a five-membered lactone (1l c with car-
bonyl group at C-21), m.p. 225-226°, [a] /'3 = 114, in which the 4.024 n.m.r.
signal associated with the two C-21 prétons has disappeared.  We conclude, therefore,
that all of the presently adduced evidence is uniquely consistent with expression |
for aspidoalbine.

The presence of three oxygen atoms in the aromatic ring of aspidoalbine pre-
cludes simple interrelation with a known aspidospermine relative. Nevertheless, we
have carried out a further series of experiments which affords additional mass spectro-
metric support for structure . The only known aspidospermine-like alkaloids with an
oxygen function on the angular substituent are cylindrocarpine (Vb)'l‘S and cylindro-

carpidine. 16 The former had already been reduced fo dihydrocylindrocarpol. (Vc)

and acid hydrolysis now yielded N-decinnamoylcylindrocarpol (Vd, m.p. 145-147°,

(e

148-150° (7\(3:5'3 5.78 and 6.15 ). Finally, reduction of the O,N-diacetate Ve

+2°) and upon acetylation the corresponding O, N-diacetate Ve, m.p.

with lithium aluminum hydride led to N'decinmrﬁqyl-N-eﬂwylcylindrocm;pol (Vf)
~(glass, but.homogeneous on rhin-layer’chrom,fogvmﬂ-ny) » thus afford’irvng‘fhree
derivatives.which we[e;strvudurally identical with the aspidoalbinol derivatives llla,
e and:1ltd.and diff’ﬂd;%!f}nr}he., aromatj e.,p,_ortikg‘a‘n,\igf,the,mo_lecul‘e‘. It was thus
Miblehwplymmlhmpﬂlrﬁ(\/dvsI"\o,\(o vs.. lle; Vfvs. m&) the mass

16 C. Djerassi, A.A.P.G. Archer, T. George, B. Gilbert-and L. D. Antonaccio,
Tetrahedron 16, 212 (1961).
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spectrometric comparison approach first developed by Biemann and collaborators 17
and subsequently also employed in our laboratories. 18 Indeed, a comparison of the
mass spectra of these three pairs showed that they were virtually identical in the lower
mass range encompassing the fragments from the hydroaromatic portion of the molecule,
but differed in the higher mass range (peaks containing the intact aromatic nucleus)

by sixty mass units corresponding to the two additional methoxyl groups in the aspido-
albinol series (Ill). The only noticeable difference in the three pairs resided in the
intensity of the M~28 peak. The mass spectra of the cylindrocarpol derivatives Vd,

e and f showed o M-28 peak of intensity comparable to that observed in aspidoalbine
(1) and its O-methy!| derivatives lia, b and c or in aspidospermine (Va). 12 The
spectra of the aspidoalbinol derivatives I11, however, contained only a very small or
negligible M-28 peak, the mechanistic importance of which was always demonstrable
by an appropriate metastable peak. 14 This divergence in intensity is not unreason-
able because lithium aluminum hydride reduction of la obviously must cause inversion
at C-19 to yield the aspidoalbinol series (lII), the difference in intensity of the M-28
peaks thus being a reflection of the altered C-19 stereochemistry. 19 We believe,
therefore, that aspidoalbine (1) possesses the same relative stereochemistry as cylin=
drocarpine (Vb) and aspidospermine (Va) (with which Vb has been related chemicallylb),

while the aspidoalbinol derivatives lll represent the 19-epimers.

Acknowledgment: We are indebted to Dr. J. N. Shoolery and Mr. L. F.
Johnson of Varian Associates for the 100 mc. n.m.r. spectra and to Dr. Lois J.

Durham for the 60 mc. spectra. The plant collection and identification was

17 See K. Biemann, Angew. Chem. 74, 102 (1962), for references.

18 Inter al. B. Gilbert, J. M. Ferreira, R. J. Owellen, C.E. Swanholm, H. Budzikiewicz,
L. J. Durham and C. Djerassi, Tetrahedron Letters 59 (1962); C. Djerassi,
T. George, N. Finch, H. Lodish, H. Budzikiewicz and B. Gilbert., J. Amer.
Chem. Soc. ﬂ, 1499 (1962).

19 This is also observed in the n.m.r. spectra in terms of a pronounced upfield shift
of the signal corresponding to the lone aromatic hydrogen: e.g. 6.904 in HNa vs.
6.47 & in llla.
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