Short, Scalable Access to Pyrrovobasine
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ABSTRACT: A concise, gram-scale synthesis of pyrrovobasine (1) is reported. Key transformations include a 3-step decagram-scale
synthesis of the tetracyclic compound without protecting groups, Mn-mediated direct radical cyclization, and introducing a naturally
rare pyrraline structure. The synthesis is designed to be applicable to gram-scale synthesis using inexpensive and readily available

reagents.

Pyrrovobasine (1) is an indole alkaloid with a pseudo-dimer
structure isolated from Voacanga africana stem bark extracts,
mainly in tropical Africa, by Beniddir and co-workers in 2022
(Figure 1A).! It is structurally characterized by a pyrraline struc-
ture on the complex linkage of tryptophan and tryptamine, which
is unusual for a natural product. The total synthesis of pyrrovo-
basine (1) has not yet been reported. In this work, we report the
first total synthesis of pyrrovobasine (1). This method features
an inexpensive and efficient strategy towards pyrrovobasine (1)
on a gram scale in a short process. It can be widely applied to
synthesizing other related natural products and analogs.

The synthetic strategy of pyrrovobasine (1) is shown in Figure
1A. Since pyrrovobasine (1) has a pyrraline structure, which is
relatively rare as a natural product, the key to this synthetic route
is how to introduce this pyrraline structure. Considering the in-
stability of the pyrraline skeleton, we planned to introduce a pyr-
raline derivative into a tryptamine derivative at the end of the
total synthesis. There are several reports on the synthesis of alkyl
pyrralines.? Alkylation of pyrrole derivatives is the simplest and
most reliable reaction, although strong basic conditions are gen-
erally used. On the other hand, it has been reported that the epi-
merization of the methyl ester on the Vobasine skeleton pro-
ceeds readily under basic conditions.® Based on the above, we
planned to synthesize the pyrraline skeleton using a pyranone
derivative, which proceeds under weakly acidic conditions in the
late stage of the synthesis. The regioselectivity and stereoselec-
tivity of the tryptamine derivative in the VVobasine skeleton must
be controlled, and we speculated that the regioselectivity of the
tryptamine derivative would be C2-selective based on its elec-
tron density. Interestingly, the Me-group of methyl ester on the
Vobasine skeleton shows a signal around 2.5 ppm in *H NMR.!
This peak is shifted to a higher field than that of the normal me-
thyl ester. This is presumably due to the shielding effect of the
indole moiety of the Vobasine skeleton, which covers the methyl
ester moiety, and thus shifts it to a higher magnetic field. There-
fore, we speculate that the methyl ester on the Vobasine back-
bone acts as a steric hindrance and that the introduction of tryp-
tamine derivatives proceeds by avoiding the methyl ester, allow-
ing the stereoselective introduction of tryptamine derivatives.

The plausible biosynthetic pathway of pyrrovobasine (1) is

shown in Figure 1B. After removal of the alcohol moiety of vo-
basinol (2), the C2 position of the tryptamine derivative 4 with
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Figure 1. (A) A synthetic approach to pyrrovobasine (1); (B)
Plausible biosynthetic pathway of pyrrovobasine (1).

the pyrraline structure is linked to the activated vobasinol deriv-
ative 3 to form pyrrovobasine (1). It is known that sugar deriva-
tives such as hexose react with amine residues of amino acids
and proteins by Maillard-type reactions.*
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Scheme 1. Synthetic route to pyrrovobasine (1).2
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@Reagents and conditions: (a) 5 (0.95 eq.), K2COs (3.0 eq.), DMF, 23 °C, 24h; (b) 6 (1.5 eq.), dioxane, reflux, 48h, 49% (2 steps, trans/cis
=2:1); (c) NaH (2.5 eq.), MeOH (5.0 eq.), toluene, 110 °C, 12h, 88%; (d) LiBr (5.8 eq.), DMSO, 120 °C, 24h; (e) Boc20 (1.0 eq.), EtsN (1.0
eq.), DCM, 23 °C, 0.5h, 56% (2 steps); (f) Mn(OAc)s2H20 (1.4 eq.), AcOH, 23 °C, 5h, 49% (E/Z = 1:1); (g) (Methoxymethyl)tri-
phenylphosphonium chloride (3.0 eq.), t-BuOK (3.0 eq.), THF, 23 °C, 2 h, 75%; (h) TFA, DCM/H20, 23 °C, 24h, then I (1.0 eq.), KOH
(4.5 eq.), MeOH, 23 °C, 2h; (i) Boc20 (1.1 eq.), EtsN (1.1 eq.), DMAP (0.3 eg.), DCM, 23 °C, 1h, 53% (2 steps); (j) LDA (4.0 eq.), 12 (3.0
ed.), THF, =30 °C, 15 min; (k) [Ir(ppy)2(dtbbpy)]PFs (1.3 mol%), DIPEA (6.5 eq.), (TMS)2NH (3.9 eq.), DMF, —60 °C, 365 nm, 7h; (I)
TFA/DCM, 23 °C, 12h; (m) NH4OAc (6.7 eq.), TMSCF2Br (6.7 eq.), then AgBF4 (6.7 eq.), DCE, 23 °C, 2h, then SOCI2/MeOH, reflux, 24h;
(n) 37% ag. CH20 (excess), NaBH(OAC)3 (2.2 eq.), EtOAc/MeOH, 23 °C 4h, 17% (5 steps) (0) Zn (30.0 eq.), AcOH, 23 °C, 2h; (p) 22 (14
eq.), THF/H20/AcOH, 59% (2 steps). DMSO = Dimethyl sulfoxide; DMF = N,N-dimethylformamide; DMAP = N,N-dimethyl-4-amino-
pyridine; LDA = lithium diisopropylamide.
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Tryptamine derivative 4 is thought to be formed by the enzy-
matic decarboxylation of L-tryptophan followed by the reaction
of the amino group with hexose in a Maillard-type reaction.
Based on the biosynthetic pathway described above, we planned
to introduce the tryptamine and pyrraline skeletons at the end of
the synthesis.

The synthetic route of pyrrovobasine (1) is shown in Scheme
1. The key to this synthesis is the short and scalable synthesis of
the vobasinol skeleton 2, a key intermediate in the biosynthetic
pathway. Therefore, the use of an inexpensive and scalable re-
action that can be performed on a decagram scale is critical for
the large-scale synthesis of pyrrovobasine (1). Therefore, we de-
cided to perform the C-C bond formation reaction mainly in the
early stage of the synthesis. In addition, we avoided using ex-
pensive transition metals such as Pd in the C-C bond formation
reaction as much as possible, especially in the early stage of the
large-scale synthesis. First, D-tryptophan was used as the start-
ing material and N-propargylated by reaction with propargyl
bromide 5. The resulting compound was then reacted with a-ke-
toglutaric acid 6, affording the cyclized compound 7 in 49% (2
steps) (trans/cis = 2:1).5 Compound 7 was successfully used for
the synthesis of tetracyclic compound 8 in 88% yield (40 g) via
Dieckmann condensation, which proved to be very useful in the
synthesis of 1,3-dicarbonyl compounds.® It is worth noting that
the tetracyclic compound 8 can be synthesized on a 40-gram
scale from the starting material D-tryptophan in a 3-step proce-
dure without any protecting group using inexpensive reagents.
Subsequent decarboxylation of 8 followed by Boc protection led
to the synthesis of 9.

Our next attempt was the construction of the pentacyclic com-
pound 12. The development of an inexpensive and scalable
method for the preparation of vobasinol skeleton 2 is one of the
most important aspects of this synthetic route. Several synthetic
approaches for vobasinol scaffold 2 have been reported.t®’
However, some of them require expensive Pd catalysts, which
have dramatically increased in recent years, and are not suitable
for the decagram scale, or require activation of the ketone moi-
ety of the starting material, or several derivatization steps after
the cyclization reaction.® In view of this, we investigated various
cyclization reactions of 9. Interestingly, 12 was found to be eas-
ily synthesized by the reaction of 9 with Mn(OAc); at room tem-
perature in acetic acid (49%, E/Z = 1:1).° The reaction mecha-
nism involves the coordination of 9 to Mn(OAc); to form the
Mn-enolate 10. Subsequently, 10 undergoes enolate oxidation to
form 11, which has a radical at the a-position of the ketone. Then
11 is subjected to a radical addition with a nearby alkyne to form
12-Z and 12-E. This concise and short-step strategy has made it
possible to prepare pentacyclic compound 12, a common inter-
mediate for many vobasine alkaloids, from inexpensive trypto-
phan on a decagram scale in only 6 steps. Notably, 12-Z and 12-

E are separable and can be derivatized to related natural products.

The obtained 12-Z with Boc group was deprotected to achieve a
simple formal synthesis of koumidine with antitumor activity
(see Supporting Information).’® On the other hand, 12-E was
converted to 13 by the Wittig reaction. The resulting 13 was hy-
drolyzed to the aldehyde with trifluoroacetic acid, and the ther-
modynamically stable stereochemistry of the methyl ester 14
was obtained using iodine, KOH, and MeOH, followed by Boc
protection.

The synthetic challenge for the total synthesis of pyrrovo-
basine (1) is the epimerization of the thermodynamically stable
methyl ester stereochemistry in 14 to the kinetic product methyl
ester 16. We first tried to epimerize 14 under different basic con-
ditions, but the desired kinetic product methyl ester 16 was not
observed under any of the conditions. On the other hand, Zhang
and Yang et al. reported the epimerization of the thermodynam-
ically stable methyl ester using Ir-catalyzed photo-epimeriza-
tion.!! Therefore, 14 was treated with LDA and iodine to give
15, which was found to be unstable and used immediately for
the next reaction without purification. Then 15 was successfully
converted to 16 by UV irradiation at 365 nm in the presence of
an Ir-catalyst at —50 °C followed by deprotection of the Boc
group. Although this epimerization procedure works well, the
resulting kinetically dominated product 16 was difficult to sep-
arate from the thermodynamically dominated product methyl es-
ter, which was also generated in situ during the photo-epimeri-
zation reaction from 15. Therefore, the crude product 16 was
used in the next reaction without further purification.

The introduction of the tryptamine derivative 4 with the pyr-
raline structure to 16 is the last task necessary to complete the
total synthesis of 1. Because of the possible instability of the
pyrraline scaffold, we planned to introduce the pyrraline moiety
step by step after the introduction of protected tryptamine 19 to
18. The bioinspired activation of the tertiary amine moiety on 16
was inspired by the pioneering work of Han et al.™ In prior stud-
ies, it was demonstrated that the activation of tertiary amine moi-
ety followed by C-N bond cleavage could take place using (bro-
modifluoromethyl)trimethylsilane. When the condition using
(oromodifluoromethyl)trimethylsilane!? was applied to 16, 17
was successfully detected in the reaction mixture by LC-MS. It
is also worth noting that the BF, salt 17 was a stable solid and
could be easily isolated by Celite® filtration followed by concen-
tration. This stable BF4 salt 17 is a useful intermediate that could
be used for the synthesis of other related natural products. The
reaction mixture of 17 was then acidified with HCI/MeOH to
cleave the C-N bond and protected tryptamine 19 was added to
react with intermediate 18 to give 20. The resulting 20 was suc-
cessfully subjected to N-methylation by reductive amination to
give 21 in 17% (5 steps). Finally, 21 was deprotected with Zn to
afford a primary amine and then reacted with pyranone deriva-
tive 222 in AcOH at 50°C to complete the total synthesis of 1.06
g of pyrrovobasine (1).

The synthesis described here was enabled by user-friendly re-
actions and strategies that are inexpensive and scalable. The
early stages of this synthetic route focused primarily on the short
steps, decagram-scale synthesis of the key intermediate, the pen-
tacyclic compound 12. In the process, a 3-step synthesis of the
tetracyclic compound 8 without protecting groups was achieved.
In addition, a direct radical coupling of ketone 9 with Mn(OAC);
was discovered and a decagram-scale synthesis of pentacyclic
compound 12, a key intermediate for many vobasine alkaloids,
was achieved in only 6 steps. Finally, we developed an efficient
bioinspired method for introducing tryptamine, which has a pyr-
raline structure that is relatively rare in natural products and
achieved the first total synthesis and gram-scale supply of pyr-
rovobasine (1). This methodology is anticipated to be useful for
future investigations into the biological activity and structure-
activity relationships of pyrrovobasine (1).
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