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Bioinspired total synthesis and structural revision
of yuremamine, an alkaloid from the entheogenic
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Guided by a biosynthetic hypothesis, a serendipitous total synthesis
of yuremamine has resulted in its structural revision from the
putative pyrroloindole (1) to the flavonoidal indole (2), which was
initially proposed as a biosynthetic intermediate.

The root bark of the entheogenic plant Mimosa tenuiflora is
used by the indigenous population of Northeastern Brazil to
prepare yurema, a psychoactive beverage consumed for medico-
religious purposes.’ The bark contains the psychedelic seroto-
nin agonist N,N-dimethyltryptamine (DMT),” which itself is not
orally active due to rapid metabolism by monoamine oxidase
(MAO).> As no MAO inhibitors have been detected in Mimosa
tenuiflora, there is ongoing interest into how yurema exerts its
visionary effects.’™ It has been suggested that yuremamine
(1; Fig. 1), isolated from the stem bark of Mimosa tenuiflora in
2005," possesses an intramolecular hydrogen bond that pro-
tects it from degradation by MAO, causing inhibition of the
enzyme and thus facilitating the oral activity of DMT in yurema.

The inferred bioactivity and unique molecular architecture
of yuremamine has led to significant interest in the synthesis of
this alkaloid and in particular, the pyrrolo[1,2-alindole core.>®
However, a total synthesis of 1 has remained elusive and none

Fig. 1 Yuremamine (1) and proposed intramolecular hydrogen bond.
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of the aforementioned studies have investigated a biomimetic
approach to 1. We propose that yuremamine is a flavoalkaloid”
due to the presence of pyrogallol and resorcinol rings in the
natural product and the documented abundance of flavonoids®
in Mimosa tenuiflora. A credible biosynthesis is shown in
Scheme 1, which commences with a diastereoselective coupling
between DMT? and the flavanol leucorobinetinidin®'® to form
the flavonoidal indole 2. In a process known to occur photo-
chemically in flavan-3-ols,"" C-O bond scission in 2 gives the
quinone methide 3 which is trapped by the indole nitrogen to
provide yuremamine.

The skeletal rearrangement of 2 to 1 is analogous to the
process by which various condensed tannins are converted into
their regioisomeric ‘phlobatannins’.’> The stereochemical
information present in yuremamine can be traced back to the
4-B-flavanol derivative 2 and it is intriguing that lotthanongine,
a natural product isolated from the Thai medicinal plant
Trigonostemon reidioides and the only known natural flavonoidal
indole,'® exists as the 4-B isomer and possesses the same relative
stereochemistry as the hypothetical intermediate 2 (Scheme 1).

To examine the biomimetic hypothesis outlined in
Scheme 1, a synthesis of the flavonoidal indole 2 was required.
The condensation of acetophenone 4'* with benzaldehyde 5"
gave chalcone 6 which underwent a facile reduction-cyclisation-
dihydroxylation sequence*”'° to give the diol (+)-7. Following a
screen of various Lewis acids, it was found that trimethylsilyl
trifluoromethanesulfonate (TMSOTf) was most effective at
executing the desired p-selective coupling'® between DMT and
(£)-7, delivering (+)-8 (d.r. > 30:1) in acceptable yield. Facile
debenzylation gave the proposed biomimetic rearrangement
precursor (+)-2, as a single diastereomer (Scheme 2).

While the characterisation of (+)-2 was being undertaken in
ds-methanol, we noticed that the NMR data was strikingly
similar to that reported for yuremamine (also recorded in
d,-methanol).* Upon converting (4)-2 to its TFA salt,'” we were
astonished to observe that its NMR data matched that of the
natural product (Table 1). A co-spiked sample of authentic
yuremamine'® and synthetic (£)-2 gave one spot by TLC and
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Scheme 1 Proposed biosynthesis of yuremamine (1) from flavonoidal
indole 2.

a single set of peaks by 'H NMR,*® confirming that they are
indeed the same compound. Considering it highly unlikely that
structures 1 and 2 possess the same NMR data,"® it was possible
that 2 may have spontaneously undergone the proposed bio-
mimetic rearrangement to form pyrroloindole 1 (Scheme 1).
This was ruled out using NOESY and 'H-"N HSQC experi-
ments, the latter clearly indicating the presence of an indole
N-H (Fig. 2)*° that would not be observed in structure 1.

As the HMBC data reasonably fits both 1 and 2, distinguish-
ing the two regioisomeric structures from this information
alone is not straightforward (Table 1). The absence of any
HMBC correlations from D3 into the indole nucleus infers that
these entities are not fused, evidence against the pyrroloindole
1. Careful analysis of the HMBC spectrum for the natural
product® helped confirm that yuremamine does indeed pos-
sess structure 2. The critical D3 to E2’ correlation (dotted arrow,
Fig. 3) effectively confirms the structural reassignment as it
would represent a *Jy_c coupling in structure 2 or an
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Scheme 2 Synthesis of flavonoidal indole (+)-2.

improbable °J;;_,¢ coupling® in the initially proposed pyrro-
loindole 1. This correlation has been overlooked in the isola-
tion report, despite being present in the HMBC spectrum of the
natural product.®® Based on all the accumulated evidence,
yuremamine can be confidently reassigned as the flavonoidal
indole 2, which had been initially proposed as a hypothetical
biosynthetic precursor to the putative pyrroloindole structure 1.

With a structural reassignment of yuremamine complete,
some interesting observations noted in the isolation report
were examined. The purification procedure used during the
isolation of the natural product provided yuremamine as its
trifluoroacetate salt, which is responsible for some of its dis-
tinctive characteristics.? First, its striking purple colour (the
free base is colourless) and second, the non-equivalent
chemical shifts of the methyl groups, which is not a result of
intramolecular hydrogen bonding as initially thought.* In the
free base of yuremamine, the NMe, group appears as a singlet
in the "H NMR spectrum and a single peak in the *C NMR
spectrum.”® The quaternization of a NMe, group with TFA can
result in non-equivalent chemical shifts of the methyl groups,
as observed in the NMR of the dimethyltryptophan natural
product amphibin A.*?

By pursuing a biomimetic synthesis of the putative yurema-
mine pyrroloindole 1, we have serendipitously uncovered the
true structure of the natural product to be flavonoidal indole 2,
initially proposed as a biosynthetic intermediate. Considering 1
and 2 possess quite structurally distinct heteroaromatic frame-
works, it is unlikely that the structural revision would have been
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Table 1 1D and 2D NMR data assigned to pyrroloindole 1 (isolation report) and synthetic (+)-27*

Putative yuremamine 1 and originally assigned NMR data (CD;0D)

Synthetic 2 and revised HMBC correlations (CD;0D)

13 13
C C
Atom 'H (500 MHz) (125 MHz) HMBCy_¢ Atom "H (500 MHz) (125 MHz) HMBCy_, ¢
A3")5" — 147.3 — A3"[5" — 147.3 —
A4" — 132.2 — A1 — 132.1 —
A2"/6"  6.39 (2H, d, ] = 0.7) 105.9 A3"/5", A4", A2"] A2"/6" 6.39 (2H, s) 105.8 A3"[5", A4", A2"|
6", A1”, D3 6", A1”, D3
A1” — 133.9 — A4" — 133.9 —
B4a — 137.7 — B4a — 137.7 —
B5 7.32 (ddd, 8.2, 1.0, 0.8)  112.3 B7, B8a B5 7.32 (d, 8.1) 112.3 B7, B8a
B6 7.09 (ddd, 8.2, 7.1,1.1) 122.6 B4a, B8 B6 7.09 (ddd, 8.0, 6.7, 1.1) 122.6 B4a, B8
B7 7.04 (ddd, 8.0, 7.1, 1.0)  120.2 B5, B8a B7 7.04 (ddd, 7.9, 7.2, 1.1) 120.2 B5, B8a
B8 7.53 (ddd, 8.0, 1.1, 0.8) 118.4 B4a, B6, B8a, C9 B8 7.54 (d, 7.9) 118.3 B4a, B6, B8a, C9
B8a — 128.5 — B8a — 128.5 —
C9 — 108.0 — Cc9 — 107.9 —
C9a — 136.5 — C9a — 136.6 —
D1 4.26 (dd, 3.9, 1.0) 36.4 C9, C9a D1 4.25 (d, 3.8) 36.3 C9a, E1/, E2/
D2 4.22 (dd, 4.9, 3.9) 71.8 C9a, E1/ D2 4.22 (t, 4.3) 71.8 C9a, E1/
D3 5.17 (dt, 4.9, 0.7) 81.2 A4" A2"/6", D1,D2 D3 5.17 (d, 4.6) 81.2 A1”, A2"/6", D1, D2, E2’
E1’ — 113.6 — E1’ — 113.6 —
E2/ — 158.9 — E4’ — 158.9 —
E3’ 6.48 (d, 2.5) 103.8 E1/, E5', E4/, E2’ E3’ 6.48 (d, 2.4) 103.8 E1/, E5', E4/, E2/
E4’ — 156.0 — E2/ — 156.0 —
E5’ 6.30 (dd, 8.4, 2.5) 109.7 E1/, E3’ E5’ 6.30 (dd, 8.5, 2.4) 109.6 E1/, E3’, E4/
E6’ 6.51 (dd, 8.4, 1.0) 131.3 D1, E4/, E2/ E6’ 6.51 (d, 8.5) 131.2 D1, E4', E2/
CCH,  3.29-3.20 (1H) 20.9 — CCH, 3.10-2.99 (3H) and 20.9 CCH,, C9, C9a, B8a, NMe’
CH,N  3.11-3.00 (3H) 59.5 — CH,N 3.28-3.20 (1H) 59.5
NMe 2.82 43.8 CH,N, NMe’ NMe  2.82 43.8 CH,N, NMe'
NMe' 2.76 43.4 CH,N, NMe NMe' 2.76 43.4 CH,N, NMe

“ Both natural and synthetic samples were characterised as their TFA salts. ? Putative yuremamine (1) numbering has been transferred to structure

2 for comparison and clarity purposes.

Fig. 2 NOESY (double headed arrows) and *H-'>N HSQC (dotted arrow)
correlations for revised yuremamine 2 (TFA salt; dg-DMSO).

as straightforward without considering the biosynthetic origins
of the natural product.> It is noteworthy that the biomimetic
synthesis of yuremamine involves only six-steps and two chro-
matographic purifications, clearly demonstrating the power of
biomimetic strategies in natural product synthesis.>* In order
to determine if yuremamine is an MAO inhibitor and/or
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NMe,

Fig. 3 The critical D3 to E2’ coupling (dotted arrow) supports structure 2.

psychoactive, a synthetic sample has been submitted to the
Psychoactive Drug Screening Program at the University of North
Carolina (https://pdspdb.unc.edu/pdspWeb/), the results of
which will be made available in due course. We anticipate this
information will help define the role of yuremamine in the
sacred brew yurema.
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