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The isolation and identification of seven indole-3-alkylamine bases derived from tryptophan in

Desmodium pulchellum arve described.

Rearrangement of N,N-dimethyl fryptamine oxide and

5-methoxy-N,N-dimethyltryptamine oxide, obtained from this species, has been studied and its
implication in the light of alkaloid biosynthesis is appraised.

Previously, the occurrence of seven indolealkylamine
bases in Desmodium pulchellum Benth ex Baker
(family Leguminosae) has been reported.? The present
paper describes the experimental details of the isolation
and identification of these compounds. In addition,
the results of rearrangement of two tertiary amine
oxides, viz., N,N-dimethyltryptamine oxide and its
5-methoxy analog, isolated from this plant, are now
reported. These results indicate the pathway of
tryptophan metabolism and support a recent suggestion?
that the formation of amine oxides and their rearrange-
ment to carbinol amine bases may be important stages
in the biosynthesis of certain group of alkaloids.

The alkaloids were extracted from the defatted plant
material with aleohol containing acetic acid and the
mixture of crude bases obtained in the usual way was
separated into the following three main components by
column chromatography on Brockmann alumina. Elu-
tion with benzene gave the major base while the minor
components, less and more polar, migrated out as
brown gum upon washing of the column with ether—
methyl alcohol and methyl alecohol, respectively. The
more polar compounds were finally purified by column
chromatography on cellulose powder.

The total alkaloids from the plant showed with p-
dimethylaminobenzaldehyde or with vanillin in presence
of concentrated hydrochloric acid purple and blue
colors and exhibited ultraviolet absorption character-
istic of 3-alkyl indoles. Four of the seven compounds
mentioned here were isolated in quantities sufficient for
complete characterization, and for the remaining three
minor bases the general procedure for identification
involved paper and thin layer chromatographic de-
terminations. The mixture of minor components was
submitted to preparative paper chromatography and
the distinet zones obtained were eluted with ethyl
alcohol. The ethyl alcohol eluates were chromato-
graphed separately and in mixture with a reference com-
pound. The pure components from separate chromato-
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graphic runs were used for ultraviolet absorption spectra
determinations and for preparation of picrates.

The major alkaloid, mp 69°, which crystallizes from
ether-petroleum ether is a tertiary base as it readily
forms a methiodide and an N-oxide. Elemental analysis
of the alkaloid and its derivatives are consistent with
the molecular formula C;sHsN,O for the parent base.

The molecular formula of the base was further verified
with the help of mass spectrometry (M = 218). Aside
from the molecular ion peak, there are certain im-
portant peaks at m/e 174, 173, 160, 159, 158, 145,and
58 (strongest) in the mass spectrum of this alkaloid.
The two peaks at m/e 160 and 174 seem to represent a
methoxy indole grouping with one and two CH: groups,
respectively, attached to the @ position of the indole.
The peaks at m/e 145 and 159 presumably arise from
the loss of a methyl group (—15) from m/e 160 and
174, respectively. The genesis of the strongest peak
at m/e 58 and other significant peaks can be best
explained by assuming a skeleton (I) present in this
alkaloid (see Scheme I).
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The above evidences together with the pmr spectral
data of the alkaloid in CDCl; [one-proton singlet at
71.58 (NH), three-proton singlet at  6.08 (OCHj), and
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Scueme II
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a six-proton singlet at 7.62 = (2N, CH,) Jsuggest strongly
its identity with the O-methyl ether of bufotenine.*s
The O-demethyl compound obtained upon treatment
of the base with anhydrous aluminum chloride in
benzene was found to be identical with bufotenine in all
respects.

The minor bases obtained from the ether-methyl
alcohol eluates were characterized by paper chromatog-
raphy as 5-methoxy-N-methyltryptamine,® bufotenine,”
N,N-dimethyliryptamine,” and N,N-dimethyltrypt-
amine oxide.”

The mixture of bases obtained upon washing the
alumina column with methyl alcohol was eventually
separated into pure components by rechromatography
on cellulose powder and on Brockmann alumina. The
less polar compounds eluted out of the cellulose column
with ethyl acetate afforded an oil, which was separated
into 5-methoxy-N-methyltryptamine® and gramine?
through the formation of their picrates and fractional
crystallization of these derivatives from acetone.
Gramine picrate obtained from the acetone mother
liquor was recrystallized from ethyl alcohol and the
corresponding base was regenerated by passing the
picrate solution through a weakly basic alumina column
and eluting with benzene—ether.

The more polar and more abundant fraction, a
viscous, brown oil, from the acetone—water eluates of
the cellulose powder chromatographic run, gave an
orange-red picrate, mp 153-159° with prior shrinkage
at 138-143°. The base was purified by treatment with
water which removed the major portion of the gum.
The remaining portion was further purified by column
chromatography on Brockmann alumina and the
resulting base was found to be identical with gramine.

The water-soluble base could be recovered only
partially from the aqueous solution by repeated ex-
traction with chloroform, The chloroform extract gave
a pale violet oil upon removal of the solvent. The
residue formed a crimson red picrate, mp 158°, and
showed only one spot on the paper chromatogram
(Rf 0.56; isopropyl alcohol-ammonia-water, 9:1:1).
An aliquot of the aqueous solution was acidified with
acetic acid and then reduced with zinc dust, and
the solution was brought to pH 9 with ammonia and
then extracted with chloroform when almost quantita-
tive recovery of the base in the form of 5-methoxy-
N,N-dimethyltryptamine was effected. The remaining
aqueous portion containing the water-soluble base when
treated with ferrous sulfate yielded formaldehyde,
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5-methoxy-N-methyltryptamine
5-methoxy-N, N-dimethyltryptamine

identified as the dimedone derivative, and a mixture
of 5-methoxy-N,N-dimethyltryptamine, 5-methoxy-N-
methyltryptamine, and 6-methoxy-2-methyl-1,2,3,4-
tetrahydro-g-carboline. The origin of C; of the 8-
carboline obviously lies in one of the two N, methyl
groups of the tryptamine moiety. This rearrangement
was repeated with authentic 5-methoxy-N,N-dimethyl-
tryptamine oxide prepared from the corresponding
tertiary base by treatment with hydrogen peroxide and
gave identical results.

The forcgoing results indicate that the water-soluble
alkaloid from D. pulchellum is the tertiary amine oxide,
5-methoxy-N,N-dimethyltryptamine oxide. The for-
mation of this amine oxide from 5-methoxy-N,N-
dimethyltryptamine was never chserved in absence of a
specific oxidizing agent and suggests that it is not an
artifact and exists as such in the plant.

The occurrence of several tertiary amine oxides in
a single plant species is of considerable biogenetic
interest because the amine oxides are probably the key
intermediates in certain alkaloid biosyntheses.®

Of the series of nine tryptamines having the general
formula IT, all except 5-methoxytryptamine are known

II, Re=Hor CH;
Rz =Hor CH3
R, =H, OHor OCH,

to occur in nature. These observations together with
the present isolation of two tertiary amine oxides,
gramine, and four other secondary and tertiary bases
from a single natural source are consistent with the
pathway of tryptophan metabolism shown in Scheme II.

It is pertinent to mention in this connection the
recent paper? by Ferris and Gerwe. They have shown
that the following are the stages in the iron-catalyzed
demethylation of trimethylamine oxide. Stages 2 and

(CH,);NOH -+ Fe(II) 4+ H+ —>
(CH)N - + Fe(III) + H:0 (1)
(CH)N - + Fe(II) + H* —> (CH)NI + Fe(III) (2)
(CH3):N - —> (CHy):NHCH,- (3)

(CH:),.NHCH;- + (CH;);NOH —>

(CH,),NHCH,OH + (CH)N (4)

(8) J. C. Craig, F. P. Dwyer, A. N. Glazer, and E. C. Horning, tbid., 88,
1871 (1961).
(8) J. P, Ferris and R. Gerwe, Tetrahedron Letters, No. 24, 1613 (1964).
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4 are consistent with the formation of both tertiary
and secondary amines (the latter is presumably formed
via the carbinol amine base) from tertiary amine oxides
and has been further tested in the present study with
other amine oxides. When treated with aqueous ferrous
sulfate at ordinary temperatures, N,N-dimethyl-
tryptamine oxide was rearranged to give a mixture of
formaldehyde, N-methyltryptamine, and indole-3-acet-
aldehyde.’® This determination lends further credence
to the metabolic sequence of tryptophan envisaged in
the above scheme.

The significance of the foregoing results lies further
in the mode of formation of certain complex alkaloid
patterns. Our recent paper may be cited® in this
connection, Whilesuggesting a hypothetical biogenetic
route common to all indole bases, we contended that
entities (IV to VI), formed from III, viz the corre-
sponding N-oxide, are presumably the branch points
enroute to different indole structure patterns. The
present and previous''? laboratory analogies amply
support this scheme and advocate it as a working
hypothesis for further biochemical ftesting. (See
Scheme IT1.)

Scueme 111

Experimental Section

All melting points were uncorrected and determined in open
capillary. Infrared specira were faken in a Perkin-Elmer double-
beam spectrophotometer and ultraviolet spectra were recorded
in a Beckman DU spectrophotometer. Microanalyses were
performed by Dr. Alfred Bernhardt, Mikroanalytisches Labora-
torium im Max-Planck-Institut fiir Kohlenforschung, Miilheim

Ruhr).

( Isolation of the Alkaloids.—Dried and finely ground whole
plant (4 kg) of D. pulchellum was treated with benzene under
reflux in a Soxhlet apparatus for 8 hr. The benzene extract was
kept aside for further examination for alkaloids and neutral
components. The defatted plant material was extracted with
aleohol (959,) containing acetic acid (29) in a percolator at

(10) A. Chatterjee, S. Ghosal, and 8. Ghosh Majumdar, Chem. Ind,
(London}, 265 (1860).

(11) D. Schumann and H. Schmid, Helv. Chim, Acta, 46, 1996 (1963).

(12) I. P. Kutney, R. T. Brown, and E. Piers, J. Am. Chem. Soc., 86, 2286
(1064).
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room temperature for 4 weeks. The alecoholic solution was
concentrated under reduced pressure to give a viscous brown
slurry (170 g) which was poured into aqueous acetic acid (29,
200 ml) with stirring and the mixture kept overnight at ordinary
temperature. Suspended impurities were filtered off and the
filtrate shaken with chloroform (three 500-ml portions) which re-
moved 1.7 g of the material. The pH of the aqueous solution
was brought to 9 with ammonia and the liberated bases were
extracted with chloroform. . The chloroform solution was washed
with water and dried (CaCl:); solvent was removed under re-
duced pressure giving a thick slurry (ca. 18 g).

Chromatographic Resolution of the Bases on Alumina.—The
total basic extractable was dissolved in methanol (10 ml) and
chromatographed on Brockmann alumina (35 X 4 e¢m). The
results are presented in Table I. Elution was carried out with
100-ml portions of petroleum ether (bp 40-60°), petroleum
ether-benzene (90:10, 80:20, 50:50), benzene, benzene—ether
(95:5, 90:10, 80:20, 50:50, 20:80), and methanol; 40-ml frac-
tions were collected. The course of separation was followed by
paper chromatography (ascending type) using isopropyl aleohol-
ammonia—water (9:1:1) as the solvent system and 0.5%, solution
of p-dimethylaminobenzaldehyde in 1 N hydrochloric acid as
the spraying reagent.

TapLe I
Covumn CHROMATOGRAPHIC DATA

Fraction Residue, g Rt values and color developed

2-3 4.62 0.97 blue

6-8 3.00 0.96 blue, 0.92 red

9-11 0.74 0.97 blue, 0.916 blue
20-25 0.016 0.92 blue, 0.82 red
27-33 0.472 Four spots: 0.92 blue, 0.86

blue, 0.82 red, 0.62 red

37-40 0.322 0.86 blue, 0.56 red

5-Methoxy-N,N-dimethyltryptamine. —Fractions 2-11 were
combined and concentrated under reduced pressure. The
residue (8.36 g) upon crystallization from ether-light petroleum
ether (1:1) gave colorless plates: mp 69° (lit.*mp 69°); infrared,
Mo 2.93 (NH), 3.55 (NMe), 6.19 x (aromatic OMe); ultra-
violet, Aeo¥ 224, 277, and 296 mp (log e 4.46, 3.84, and 3.76,
respectively).

Anal. Caled for CpHysN:0: C, 71.55; H, 8.25; 1-OMe, 14.22;
1H*,0.46. Found: C,70.47; H,8.29; -OMe, 14.22; HT, 0.46.

The base gave a methiodide which crystallized from acetone—
methyl alechol (9:1): mp 181-182°,

Angl. Caled for CyHyN,OI: C, 46.66; H, 5.83; N, 7.77;
I, 35.28. Found: C, 46.55; H, 5.88; N, 7.65; I, 35.35.

The base picrate was crystallized from methyl aleohol in
orange-yellow needles, mp 172°.

Anal. Caled for CpHisN,0-CeHsN;0;: N, 15.66. Found:
N, 15.80.

5-Methoxy-N-methyltryptamine . —Fractions 27-33 were com-
bined, the solvent was removed under reduced pressure, and the
crude mixture of bases obtained was divided into few small por-
tions. To one of these portions in dry ether, hydrogen chloride
gas was passed, and the crude hydrochloride which separated
was crystallized from methyl alcohol in needles: mp 167° (lit. mp
165-166°); ultraviolet, \o'o¥ 223, 276, and 292 mg.

Anal. Caled for C,oHizN.OCl: C, 59.99; H, 7.08; N, 11.68.
Found: C, 59.72; H, 7.13; N, 11.24,

To another portion in acetone, pieric acid solution in the same
solvent was added. The orange-red pierate which separated
was crystallized from methyl alechol: mp 222°,

Anal. Caled for Cy;sHypN:O:CeHzN3Or: N, 16.16. Found:
N, 15.98.

Bufotenine, N,N-Dimethyltryptamine, and N,N-Dimethyl-
tryptamine Oxide.—A sample from fractions 27-33 was subjected
to paper chromatography on Whaiman No. 1 paper and an
isopropyl aleohol-ammonia—water (9:1:1) system was used for
development. The entire width of the paper was utilized. Three
zones were cut at Rr values (0.91, 0.82, 0.63) determined with
marker strips, Each zone was eluted with ethyl alecohol. The
three solutions obtained this way were used for final paper chro-
matographic determinations. Tentative identification of these
bases was substantiated by chromatography with authentic
samples.

The R; values of the seven alkaloids isolated so far were de-
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termined separately after purification. The results are presented
in Table II. The following abbreviations for the solvent system
are used: IPAW, isopropyl alecohol-ammonia—water (9:1:1);
BAW, n-butyl alcohol-acetic acid (10:4), saturated with water.
A 0.59, p-dimethylaminobenzaldehyde in 1 N aqueous hydro-
chloric acid was used as the spraying reagent.

Tasie 11
PaPER CHROMATOGRAPHIC DaTa oF D. pulchellum ALKALOIDS
—PR¢ values— Color
Compd IPAW BAW developed

N,N-Dimethyltryptamine 0.91 0.74 Blue
N,N-Dimethyltryptamine 0.63 0.81 Mauve to blue

oxide
Gramine 0.95 0.73 Noimmediate color
with Ehrlich
reagent; with
Dragendorff
reagent, orange
Bufotenine 0.82 0.63 Blue

5-Methoxy-N-methyltrypt-  0.86 0.70 Blue
amine

5-Methoxy-N,N-dimethyl- 0.97 0.72 Blue
tryptamine

5-Methoxy-N,N-dimethyl- 0.56 0.89
iryptamine oxide

Cherry red to blue

Gramine.—Fractions 37-40 (Table I) were combined and con-
centrated under reduced pressure; the residue (0.322 g) was dis-
solved in methyl alcohol (2 ml) and chromatographed on cellulose
powder. Whatman ashless standard grade cellulose powder (ca.
30 g) was used. The column was prepared according to the
procedure reported by Taylor, ef al.'* The flow rate was adjusted
to 2-3 ml/min and 40-ml fractions were collected. The results
are presented in Table 111.

Tasre III
CoLuMN CHROMATOGRAPHY ON CELLULOSE POWDER
Eluents Fractions Residue
Ethyl acetate 2-5 Brown oil (81 mg)

R:0.69, 0.73, BAW
Negligible

R¢0.68, 0.74, BAW
Brown oil (142 mg)
R¢0.69, 0.85, BAW

Ethyl acetate—acetone (95:5) 6-8

Acetone—water (90:10) 11-15

The residue from fractions 2-5 was dissolved in acetone (5 ml)
and picric acid solution in the same solvent (5 ml) was added to
it. Orangered crystals separated almost immediately. The
crude picrate was recrystallized from methyl aleohol in fine
needles, mp 220°, and was found to be identical in all respects
with the picrate of 5-methoxy-N-methyltryptamine.® The
yellow acetone mother liquor was evaporated to dryness and the
residue was crystallized from ethyl alecohol in yellow needles,
mp 144-145°.

Anal. Caled for CyHuN,:CH;N;0.: C, 50.62; H, 4.21;
N, 6.94, Found: C, 50.21; H, 4.05; N, 6.34.

The parent base (gramine) was subsequently obtained by pass-
ing the picrate solution through a Brockmann alumina column
(18 X 1 em) and eluting with benzene-ether. The crude base
was crystallized from benzene in flakes, mp 133-135°. Mixture
melting point with an authentic sample remained undepressed.

5-Methoxy-N,N-dimethyltryptamine Oxide.—The water-solu-
ble portion from fractions 11-15 (Table III) was exhaustively
extracted with chloroform and the chloroform layer gave a pale
violet oil (17 mg) upon removal of the solvent. The residue in
alcohol formed a crimson red picrate, mp 157-158°, and gave two
spots, Ry 0.53 (faint spot, gramine), 0.91 (5-methoxy-N,N-

(13) M. F. Bartlett, B. Korzun, R. Sklar, A. F. Smith, and W. I. Taylor,
J. Org, Chem., 28, 1445 (1963).
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dimethyliryptamine oxide) on the thin layer chromatogram using
alumina as the adsorbent and chloroform-methyl aleohol (90:10)
as the developer. The red picrate was reerystallized from ethyl
alcohol in needles, mp 158°.

Anal. CyHiN.0:, CsH;N:O; requires: C, 49.24; H, 4.53:
N, 15.33. Found: C, 49.54; H, 4.33; N, 15.08.

Demethylation of 5-Methoxy-N,N-dimethyltryptamine. —5-
Methoxy-N,N-dimethyltryptamine (200 mg) was dissolved in dry
benzene (20 ml) to which anhydrous aluminium chloride (1.1 g)
was added. The mixture was refluixed on a water bath for 6
hr and cooled in ice; aluminum chloride was decomposed with
water. The benzene layer was washed with water and dried (Nas-
80y); solvent was removed under reduced pressure. The residue,
a brown gum (177 mg), R 0.82 (IPAW), gave a picrate which
was crystallized: from methanol in yellow needles, mp 177-178°,
identical in all respects with bufotenine dipicrate.”

Preparation of 5-Methoxy-N,N-dimethyltryptamine Oxide.—A
solution of 5-methoxy-N ,N-dimethyltryptamine (50 mg) in
ethyl alcohol (2 ml) was treated with a solution (3 ml) of 30%
hydrogen peroxide in ethyl alcohol (2 ml in 8 ml). The mixture
was kept at room temperature for 2 hr, then diluted with ether
when flocculent solid separated. The hygroscopic amine oxide ( R;
0.89; BAW) yielded a red picrate from ethyl alcohol: mp 158
159°,

Anal.
N, 14.93.

Rearrangement!'! of 5-Methoxy-N,N-dimethyltryptamine Oxide
with Ferrous Sulfate.—A solution of the amine oxide (64 mg) in
aqueous acetic acid (5 ml) and ferrous sulfate heptahydrate
(198 mg) in water (10 ml) was kept for 40 min over a steam
bath (60-65°) after which the mixture was cooled in ice.

Detection of Formaldehyde.—To an aliquot of the above solu-
tion an aqueous solution of dimedone (0.5%, 50 ml) was added;
the mixture was vigorously shaken and kept at room tempera-
ture overnight. The formaldehyde dimedone which precipitated
was filtered, washed with water, and dried in vacuo: mp 187-
188°. The melting point of this compound remained undepressed
on admixture with authentic formaldehyde dimedone, mp 188°,

Identification of the Basic Fragments.—To the major portion
of the ferrous sulfate treated solution, solid sodium hydroxide
was added (pH brought to 12) and the liberated bases were
extracted with chloroform. The chloroform solution was washed
with little cold water and dried and then solvent was removed.
The viscous brown mass left (27 mg) was chromatographed on
Brockmann alumina (18 X 1 em). From the benzene-chloro-
form (80:20) eluates was obtained the least polar component
(ca. 7T mg), as an oil (R 0.97; IPAW), which did not respond
to Ehrlich color reaction but showed an intense blue color with
Hopkin-Cole's glyoxalic rea%ent: ultraviolet,’s A 228, 282 mu
with inflection at 201 mpu; AZ9H 247, 288 mu. It formed a yellow
picrate which crystallized from ethanol: mp 182-191°.

Anal, Caled for C;HgN,0-CeH;N;0;: C, 51.23; H, 4.27;
N, 15.73. Found: C, 50.89; H, 4.19; N, 15.80. All the
aforementioned properties indicate that it is 6-methoxy-2-
meihyl-1,2,3,4-tetrahydro-g-carboline.

The more polar components were obtained by washing the
alumina column with ether-methyl aleohol (90:10) and identi-
fied as 5-methoxy-N,N-dimethyltryptamine and 5-methoxy-N-
methyltryptamine (R; 0.86, 0.97; IPAW). The corresponding
picrates were separated by fractional erystallization from methyl
alcohol in which the picrate of the latter compound was more
soluble,

Rearrangement of N,N-Dimethyltryptamine Oxide’ with
Ferrous Sulfate.—The preceding experiment was repeated with
N,N-dimethyltryptamine oxide (140 mg) and ferrous sulfate
(212 mg); the aldehyde compounds formed were found to be
a mixture of formaldehyde and indole-3-acetaldehyde.® The
latter was identified as the 2,4-dinitrophenylhydrazone deriva-
tive. The DNP reagent was prepared by dissolving 2,4-DNP
(2 g) in aqueous hydrochloric acid (2 N, 500 ml). The ferrous
sulfate rearranged solution was shaken vigorously with the above
DNP reagent and kept for 4 hr at room temperature; the mix-

Caled for Cy3HisN20s, CeH;N3;O7: N, 15.33. Found:

(14) Rearrangement of this type was first investigated by Horning et al.;
¢f ref 7.

(15) The ultraviolet absorption maxima and minima are comparable with
those of 10-methoxy-3,4,5,6-tetrahydrobarman: Maof 227, 282, 290 mu;
AEOH 947, 988 mu.  €F. also M. M. Janot and R. Goutarel, Compt. Rend.,
234, 830 (1952).
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ture of products (formaldehyde 2,4-dinitrophenylhydrazone and
indole-3-acetaldehyde 2,4-dinitrophenylhydrazone) was filtered,
washed with water, and dried. They were separated into pure
components by fractional erystallization from light petroleum
ether-benzene in which the latter was insoluble,
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