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A new total synthesis of the f-carboline alkaloid brevicarine is disclosed. The synthesis was carried out starting from an aromatic

triflate key intermediate, allowing the introduction of various substituents into position 4 of B-carboline by cross-coupling reactions.

Thanks to its scalability, this novel approach ensures a broad accessibility to the target compound for potential pharmacological

measurements. Using detailed NMR studies, the NMR signals have been assigned for both the base and its dihydrochloride salt for

further confirming their structures. A new synthesis of the related alkaloid brevicolline was also attempted from the same interme-

diate. However, after successful coupling of B-carboline with N-methylpyrrole, the trials to saturate the pyrrole ring under various

conditions led to unexpected reactions: reduction of ring A of the B-carboline skeleton or trifluoroethylation of the pyrrole moiety

occurred, leading to interesting and potentially useful derivatives.

Introduction

Carex brevicollis DC is a widely distributed sedge which can be
mainly found in the Central and South-Eastern European
region. It contains several alkaloids, including B-carboline alka-
loids (S)-brevicolline (S-(1)) and brevicarine (2, Figure 1) as the

two main components [1-3]. Our long-standing interest in the

chemistry of f-carbolines [4-18] has now focused our attention
on these two alkaloids.

In a recent publication we disclosed a new total synthesis of

racemic brevicolline ((£)-1) (Scheme 1) [9]. A prerequisite for
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Figure 1: The structure of brevicolline ((S)-1) and brevicarine (2).

the synthesis was the development of a new, versatile key
triflate intermediate 3, which allowed the introduction of sub-
stituents attached by a C—C bond to position 4 of the f-carbo-
line scaffold by cross-coupling reactions. Sonogashira reaction
of compound 3 with N-(3-butynyl)phthalimide (4) led to
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coupled compound 5. Cleavage of the phthalimide group with
methylhydrazine afforded butynylamine derivative 6. Cycliza-
tion of the latter to dihydropyrrole 7 and subsequent reduction
resulted in compound 8, which was N-methylated to give
racemic brevicolline ((£)-1). The natural product (S)-brevi-
colline ((S)-1) was finally obtained by chiral chromatography of
the corresponding racemate.

To continue this work, we decided to attempt the synthesis of
brevicarine (2), a structurally related alkaloid, as well. There are
some published examples for the synthesis of brevicarine in the
literature. The first semi-synthetic access to brevicarine (2) was
achieved by a few-step transformation starting from brevi-
colline ((S)-1) isolated from natural sources (Scheme 2) [19].
When heating (S)-1 in benzoyl chloride, opening of the pyrrol-
idine ring and N-benzoylation occurred, resulting in compound
9. Debenzoylation of the latter to 10, followed by the catalytic

o NH,
N— W\ © \
TfO MeNHNH,
— o) 4 = MeOH, reflux, 3 h —
N \ N N
N \ Pd(PPhj3),Cl, N 7 quant. N \_,
H EtsN, Cul H H
EtOAc, 60 °C, 3 h
NH
NaAuCly-2H,0 NaBHy, CH,0, HCOOH
MeCN, reflux, 1 h MeOH, rt, 1 h = reflux, 1 h
96% 99% \ N quant.

/
N
O :
KOH
—\ Pncocl MeOH/H,0 =
Y N fl \ Y N
N re U_X reflux, 3 h N
H 30 min 90% N
40% )
(S
brevicolline brevicarine

Scheme 2: Synthesis of brevicarine (2) from brevicolline ((S)-1).
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hydrogenation of the C=C double bond in the side chain gave

brevicarine (2).

The first total synthesis of brevicarine is shown in Scheme 3
[2,20,21]. Condensation of indole (11) with 1-methylpiperi-
done (12) gave compound 13 [22]. N-Alkylation of 13 with
benzyl bromide, followed by treatment of the quaternary ammo-
nium derivative 14 with the potassium salt of compound 15
resulted in the ring-opened derivative 16. Removal of the
benzylthiocarbonyl moiety, then Beckmann rearrangement of
the oxime obtained from ketone 17 and subsequent cyclization
gave B-carboline derivative 18, which was dehydrogenated and
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debenzylated to brevicarine (2), isolated as a dihydrochloride
salt.

Miiller et al. accomplished an alternative synthesis of brevi-
carine (2, Scheme 4) [23]. Compound 21 was obtained by treat-
ment of nitrovinylindole 19 with N-methylpyrrole (20). Catalyt-
ic hydrogenation of the pyrrole ring and the nitro group of 21
under extremely harsh conditions (100 °C, 130 bar), followed
by N-acetylation gave a mixture of diastereomeric racemates 22,
which was cyclized to a diastereomeric mixture of f-carboline
derivatives 23. Heating of 23 in pivalic acid in the presence of a
catalytic amount of trifluoroacetic acid gave brevicarine (2).

Ph
\ PhCH,Br
N 4 steps EtNO, t-BuOK, DMSO
H 72%
1 ref. [22]
/
N/\Ph N
\ H
2HCI
1. HO-NH,-HCI 1. Tgé(i,CHOCHZCHZOH
Al MeOH, 4 h g —
THF/HZ0 ) O 2.PCls, PhNO, 2. HCI/EtOH \ N
44% H 22.5% 28% H
7 2-2HCI
brevicarine
dihydrochloride
Scheme 3: First total synthesis of brevicarine (2).
/ —
C — __ N7 1.HyRuRh N
NO, = MeOH, AcOH *
— 20 130 bar, 100 °C *
NO; HN—< -
N\ reflux, 48 h N\ 2. Ac,0 N\ X
H 19 83% H 29 50% H 22
/
N
pivalic acid H
CF3COOH (cat.)
POCI3 130 C. —
\ N
77% 88% N ¢
H 2
brevicarine

Scheme 4: Multistep synthesis of brevicarine (2) starting from nitrovinylindole 19.
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The sedge Carex brevicollis DC has long been recognized for
its ability to stimulate the contraction of smooth muscles [2].
This effect may be linked to the oxytocic activity of (S)-brevi-
colline ((S)-1), which has been studied on pregnant mammals
[24,25]. (S)-Brevicolline, first isolated in 1960 [3], was tested in
vitro and demonstrated antibacterial and antifungal properties
due to its photosensitizing ability [26]. It was used in medical
practice as an obstetrical drug and also in veterinary practice for
treating infertility [2]. Experiments investigating the synthesis
of brevicarine (2) from (S)-brevicolline ((S)-1) (see Scheme 2)
and their biogenetic relationship suggest that (S)-brevicolline
could serve as a biosynthetic intermediate of brevicarine (2) in
plants [19].

Brevicarine (2), isolated in 1967 from Carex brevicollis DC
[27], has also been identified in various other natural sources,
including Tambourissa ficus (mauritian endemic fruit) [28],
Asparagus racemosus (linn seed) [29] and a mixture extract of
Phellinus linteus smilax corbularia and Phellinus linteus smilax
glabra [30]. Literature reports indicate that brevicarine exhibits
several pharmacological activities: it acts as an antioxidant [28],
shows antibacterial activity against Mycobacterium tuberculo-
sis [31], has antiproliferative effects against triple-negative
breast cancer [32], serves as an agent against Parkinson's
disease [29], and possesses skin anti-inflammatory properties
[33]. Notably, the dihydrochloride salt of the alkaloid has been
tested in vivo in rats, cats, and rabbits as an antiarrhythmic
agent, demonstrating superior efficacy compared to the com-
mercially available drugs quinidine and novocainamide [34].
N-Methylbrevicarine, a semi-synthetic derivative of the alka-
loid, has been screened in silico for non-peptide malignant brain
tumor (MBT) antagonist activity, showing hits on three MBT-
containing proteins [35]. Although Carex brevicollis DC has
been observed to have a teratogenic effect on animals [1,36],
which could be linked with the presence of the two mentioned
B-carboline alkaloids, further investigation is needed to prove
this observation. However, the mentioned alkaloids have high
potential as medications. Based on the above, research on the
total synthesis of these alkaloids and their closely related deriv-
atives is crucial for further confirming their structure and for

ensuring their accessibility for pharmacological measurements.

Results and Discussion

In the present study, we aimed to develop a novel, scalable syn-
thesis of brevicarine (2) and an alternative synthetic approach
for the preparation of brevicolline (1), both based on the
common key intermediate 3 [9]. The synthesis of brevicarine
(2) (Scheme 5) started with the known synthesis of 5 from 3,
followed by catalytic reduction of the triple bond of phthaloyl
intermediate 5 to give compound 24. Removal of the phthal-

imide group with methylamine resulted in amine 25. Alterna-
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tively, the removal of the phthaloyl moiety from compound 5 to
amine 6 using methylamine instead of the highly toxic and envi-
ronmentally harmful methylhydrazine, which was used earlier
[9], has been developed as a greener approach, followed by cat-
alytic reduction of the triple bond also leading to compound 25.

Our experiments for the N-monomethylation of the primary
amino group of compound 25 by alkylation with methyl iodide
or by Eschweiler—Clarke reductive amination with formalde-
hyde and formic acid were unsuccessful, because the dimethy-
lated byproduct was also formed, even when one equivalent
alkylating agent was used. Finally, our efforts were crowned by
success. In order to completely avoid the possibility of
overmethylation [37], the methyl group was introduced by
N-formylation of the primary amine group of 25 to give
congener 26, followed by reduction of the formyl group with
borane—dimethyl sulfide complex [38] to result in brevicarine
(2, isolated as its dihydrochloride salt). Based on the above
results, Eschweiler—Clarke methylation of primary amine 25
was applied for the synthesis of N-methylbrevicarine (27) [39],

a close structural analogue of alkaloid 2.

The NMR data of our synthesized brevicarine (2) base and
dihydrochloride salt are summarized in Table 1. Although a
rudimentary '"H NMR spectrum of isolated brevicarine (2) base
and some of the NMR signals were reported in 1969 [39], the
signals were not fully assigned. However, the mentioned signals
are identical to those of our synthetic product. All other publica-
tions [19,23,24] confirmed the structure with IR and MS data,
or by reactivity. Herein, we report the full set of assigned 'H
and 13C NMR data for both the base and the dihydrochloride

salt.

In the course of our efforts devoted to elaborating a new and
efficient synthesis of brevicarine (2), we encountered a
surprising reaction (Scheme 6). Based on literature data, we ex-
pected to transform carbamate 28, obtained from amine 25 by
ethoxycarbonylation, into brevicarine (2) by reduction with
LiAlH4 [40,41]. However, to our surprise, the reduction stopped
at the N-formyl (26) stage, the formation of brevicarine (2)
could not be detected by LC-MS.

As regards our plans for an alternative synthesis of racemic
brevicolline ((¥)-1), our primary goal was the direct coupling of
the pyrrole ring to compound 3, instead of its ring-closing con-
struction shown in Scheme 1. Suzuki reaction of 3 with pyrrole
boronic ester 29 gave pyrrolo-f-carboline 30 in excellent yield
(Scheme 7). Our attempts for the selective saturation of the
pyrrole ring of 30 by catalytic reduction were unsuccessful.
When the hydrogenation was carried out under mild conditions

(ambient temperature, 15 bar Hy) in the presence of PtO,"H,0O
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Scheme 5: New synthesis variants for the preparation of brevicarine alkaloid (2) and its synthetic derivative N-methylbrevicarine (27).
Table 1: Assigned 'H and '3C NMR data of brevicarine (2) base and its dihydrochloride salt.
brevicarine
Atom Synthetic brevicarine Synthetic brevicarine dihydrochloride salt
no. "H NMR (DMSO-d, 13C NMR (DMSO-dg, "H NMR (DMSO-d, 13C NMR (DMSO-d,
600 MHz), 8y 150 MHz), &¢ 600 MHz), 8y 150 MHz), &¢
1 - 140.1 - 140.3
1 2.72 (s, 3H) 20.4 2.74 (s, 3H) 20.2
2 — — - —
3 7.99 (s, 1H) 137.7 8.03 (s, 1H) 137.4
4 - 129.0 - 128.4
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Table 1: Assigned 'H and '3C NMR data of brevicarine (2) base and its dihydrochloride salt. (continued)

4a - 125.1 - 125.3
4b - 121.1 - 121.0
5 8.13 (m, 1H) 1233 8.13 (m, 1H) 123.4
6 7.25 (m, 1H) 119.6 7.27 (m, 1H) 119.7
7 7.53 (m, 1H) 127.3 7.55 (m, 1H) 127.6
8 7.61 (m, 1H) 112.1 7.64 (m, 1H) 112.2
8a - 140.5 - 140.6
9 1157 (br s, 1H) - 11.70 (br s, 1H) -
9a - 134.5 - 134.5
10 311 (t, J = 7.6 Hz, 2H) 30.8 317 (t, J = 7.1 Hz, 2H) 30.2
11 1.75 (m, 2H) 27.5 1.79 (m, 2H) 26.3
12 1.55 (m, 2H) 29.3 1.72 (m, 2H) 25.4
13 2.50 (m, 2H) 51.5 2.91 (t, J = 7.4 Hz, 2H) 48.3
14 - - 8.56 (br s, 2H) -
15 2.25 (s, 3H) 36.4 2.50 (s, 3H) 32,6
'COOEt CHO
NHz  cicookt N LiAIH, N
NaOH THF
CHCI3/H,0 reflux, 1 h
= 78% = 9 =
o (W 51% o

N N N

H H H

25 28 26

Scheme 6: Preparation of carbamate 28 and subsequent reduction with LiAlH,4.
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HCI
MeOH, H,0
rt, 24 h, 91%
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Scheme 7: Experiments for the synthesis of racemic brevicolline ((+)-1), and formation of unexpected products.
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catalyst, overreduced product 31, i.e., the tetrahydro derivative

of racemic brevicolline ((*)-1) was obtained in 91% yield.

Structure determination of 31 was supported by single-crystal
X-ray diffraction, as well (Figure 2). Changing the catalyst
[Pd(OH);, Ru, Rh], did not alter the course of the reaction: the
formation of compound 31 was always observed, and brevi-
colline ((¥)-1) was not formed. Interestingly, our attempts made
for the transformation of compound 31 by dehydrogenative
aromatization to brevicolline ((*)-1) by using several reagents
(DDQ, Pd/C, MnO,, CuCly, I, elemental sulfur, KMnQOy4) were
also ineffective. Based on literature data [42,43], we attempted
the selective reduction of the pyrrole ring of compound 30 with
NaCNBHj3 in TFA as well. Surprisingly, trifluoroethylated
product 32 was isolated. The formation of this compound can
also be explained on the basis of analogies described in the lit-
erature for trifluoroacetylation of aromatic ring systems with
TFA [44,45]. Nevertheless, in our case, trifluoroacetylation of
the pyrrole moiety of 30 by TFA and reduction of the carbonyl
group of 33 with NaCNBHj took place in one pot, which is
unprecedented in the literature. It is worth mentioning that in a
similar reaction of 30 with NaCNBHj3 in acetic acid (instead of
TFA) we did not observe any reaction, however, with NaBH,
(instead of NaCNBHj3) in TFA, the formation of 32 was
detected.

Figure 2: X-ray structure of compound 31.

Conclusion

In conclusion, a new method for the synthesis of B-carboline
alkaloid brevicarine has been elaborated rendering the prepara-
tion of larger amounts of the target compound possible. NMR
data of brevicarine base and dihydrochloride salt were fully
assigned for a further confirmation of their structure. In the
course of the unsuccessful attempts for a new synthesis of

brevicolline, we synthesized several new, potentially pharmaco-

Beilstein J. Org. Chem. 2025, 21, 955-963.

logically active f-carboline derivatives structurally close to the
alkaloids brevicarine and brevicolline. These derivatives
(25-28, 30-32) can also serve as versatile starting materials for
the synthesis of new alkaloid analogues and other C(4)-substi-
tuted B-carbolines. Some surprising reactions were also ob-
served, such as the unexpected formation of racemic tetrahydro-
brevicolline and the trifluoroethylation of the pyrrole moiety,
which can also serve as favorable starting points for further

research.
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