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New and efficient strategies for the conversion of 4-oxazolin-2-
ones into 1-methyl and 1,4-dimethyl 3-formylcarbazoles are
herein described. Highly convergent cascade and one-pot
processes afforded the corresponding diarylamines, as in situ
formed synthetic intermediates or final products in high overall
yields. Special attention was given to the synthesis of meth-
ylated carbazoles by reacting 4,5-dimethyl-4-oxazolin-2-ones

with enones under microwave irradiation. The carbazole
scaffold was provided by the palladium(II)-catalyzed double
C� H activation to generate oxidative cyclization of diarylamines.
This methodology allowed for formal total syntheses of four
naturally occurring pyrido[4,3-b]carbazole alkaloids ellipticine,
9-methoxyellipticine, olivacine, and 9-methoxyolivacine.

Introduction

Carbazoles are a broad family of natural alkaloids that contain a
tricyclic dibenzopyrrole scaffold.[1] These aza-heterocycles, iso-
lated from leaves, stem bark and roots of higher plants, are
mainly of the genera Clausena, Glycosmis, Micromelum, and
Murraya, belonging to the family Rutaceae.[2] For example,
oxygenated and methylated tricyclic carbazoles comprise a
large group of alkaloids,[1–5] while tetracyclic pyrido[4,3-
b]carbazoles pertain to a smaller series of natural products. Two
representative members of the latter group are ellipticine (1a)
and 9-methoxyellipticine (1b) (Figure 1). They were first isolated
from leaves of Ochrosia elliptica Labill.,[6] Ochrosia sandwicensis
A.DC., and Bleekeria vitiensis (Markgraf),[7] and other genera of
the Apocynaceae family,[8] as well as from the Loganiaceae
family.[9] Subsequently, pyrido[4,3-b]carbazole analogues 9-
hydroxyellipticine (1c), 5-formylellipticine (also called 17-oxoel-

lipticine, 1d), and 12-hydroxyellipticine (also known as 18-
oxoellipticine, 1e) were isolated from the stem bark of Strychnos
dinklagei Gilg.[10] Olivacine (2a), an isomer of 1a, and its
congener 9-methoxyolivacine (2b) (Figure 1) were isolated from
Aspidosperma olivaceum Müll. Arg.,[11] A. longipetiolatum,[12] A.
vargasii A.DC.,[13] and other Apocynaceae genera.[14]

Since pyrido[4,3-b]carbazoles 1a–c have exhibited potent
antitumor activity, a great effort has been made to find related
compounds with a better pharmacological profile.[15] As a
consequence, various ellipticine-based derivatives have been
synthesized and reported. While datelliptium, retelliptine and
pazelliptine proved to be promising antitumor agents,[16]

elliptinium acetate (celiptium®) and ditercalinium® were intro-
duced as clinically efficient drugs in chemotherapy for the
treatment of several types of cancer.[17] Olivacine (2a), 2b, and
related pyrido[4,3-b]carbazoles have also displayed a strong
anticancer effect.[15d,18]

Given the importance of 1a and 2a and analogous
pyrido[4,3-b]carbazoles, diverse synthetic approaches have
been developed.[1c,2,8a,17c,19] A particularly attractive strategy is
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Figure 1. Naturally occurring pyrido[4,3-b]carbazoles 1a-e and 2a-b, and
synthetic precursors 3a and 4a.
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the conversion of 3-formylcarbazole 4a (Figure 1) into 1a by
utilizing the Cranwell-Saxton methodology and its related
optimized protocols.[20] It consists of a condensation of the
formyl group of 4a with 2,2-diethoxyethylamine to generate
the imine, followed by hydrogenation, to produce the secon-
dary amine. The latter undergoes an acid-catalyzed cyclization
to form the dihydropyridine ring, and then palladium-catalyzed
dehydrogenation to give the corresponding tetracyclic
carbazole 1a. Similar and non-selective routes have been
reported for the elaboration of 2a from 3a and its N-benzyl
derivative.[20c,21]

Among the diverse methods described for preparing the
carbazole scaffold,[1,2] the palladium-catalyzed diarylamine intra-
molecular coupling has been an efficient and versatile
procedure.[19d,22] Its broad usage included the synthesis of
precursors of pyrido[4,3-b]carbazoles.[19d,g] Based on this strat-
egy, our group previously developed a novel approach for the
synthesis of diarylamines 7 through a regioselective Diels-Alder
cycloaddition of 2-oxazolidinone-grafted exocyclic dienes 5,[23]

which were employed in the total synthesis of several natural
carbazoles 8 (Scheme 1).[24] Other routes for obtaining the
polysubstituted diarylamines 7 and converting them into
naturally occurring 1- and 2-oxygenated carbazoles started
from captodative enamines 2-anilinocyclohexenones 9[25] and
push-pull 3-anilinocyclohexene enaminones 10.[26]

The preliminary results showed that 4-oxazolin-2-ones 11
are versatile building blocks for the construction of polycyclic
structures such as diarylamines 12a (R1 =H) and 13a (R1 =H)
(Scheme 2).[27] Owing to the synthetic potential of this finding
and to gain insights into the scope of the strategy, the
conditions were herein optimized. Moreover, new approaches
are described for the straightforward preparation of methylated
diarylamines, 12 and 13, and their conversion into 1-methyl

(14) and 1,4-dimethyl (15) carbazoles, which are plausible
precursors for the formal total synthesis of olivacine (2a) and
ellipticine (1a), respectively, and some of their substituted
analogues.

Results and Discussion

The preparation of 4-oxazolin-2-ones 11a–g was carried out by
a solvent-free condensation of acetoin (16) with the series of
aryl isocyanates 17a–g under microwave (MW) irradiation,[27]

providing the expected products 11a–g in high yields (Table 1).
The latter compounds reacted with acrolein (6a) under MW
irradiation to furnish the 3-aryl-3a,7a-dimethyl-3,3a,7,7a-tetrahy-
dro-2H-pyrano[2,3-d]oxazol-2-ones 18a–g in good yields (Ta-
ble 1). Based on DFT calculations,[28] this process appears to take
place through a concerted hetero-Diels-Alder cycloaddition,
which was highly efficient and regioselective regardless of the
electronic effect of the functional group or its position in the
aryl ring. This is probably due to the quasi-orthogonal
conformation of the aromatic ring attached to the nitrogen
atom with respect to the 4-oxazolidin-2-one ring (as established
by X-ray diffraction of derivative 11c[29] and analogous
heterocycles[23a,29,30]), thus avoiding the perturbance of the
electronic density of the endocyclic double bond.

The synthesis of bicyclic dienes 19a–g was carried out by
reacting 4-oxazolin-2-ones 11a–g with acrolein (6a) in the
presence of methyl iodide, under conventional heating or MW
irradiation, as reported for 19a.[27] The yields of compounds
19a–g were rather modest with either energy source (Table 2).

According to the most recent report,[28] the first step of the
reaction mechanism for this transformation involves the
formation of the corresponding bicyclic tetrahydro-2H-
pyrano[2,3-d]oxazol-2-ones 18, followed by the opening of the
hemiaminal moiety to provide intermediates 20. The latter
undergo cyclization to species 21 and then dehydration,
resulting in the observed products 19 (Scheme 3). It is likely

Scheme 1. Previously reported syntheses of diarylamines 7 and their
conversion into carbazoles 8, starting from dienes 5, captodative enamines
9, and push-pull enaminones 10.

Scheme 2. Synthesis of methylated diarylamines 12a and 13a from 4-
oxazoline-2-ones 11, and their conversion into 1-methyl (14) and 1,4-
dimethyl (15) carbazoles.

Table 1. Synthesis of 11a–g and their conversion into bicyclic tetrahydro-
2H-pyrano[2,3-d]oxazol-2-ones 18a–g.[a]

Entry 17 R Product Yield [%][b] Product Yield [%][b]

1 17a H 11a 95[c] 18a 93
2 17b 3-Me 11b 94[d] 18b 88
3 17c 4-Me 11c 88[d] 18c 93
4 17d 3-OMe 11d 95[d] 18d 89
5 17e 4-OMe 11e 92[d] 18e 92
6 17 f 3,4-(OMe)2 11 f 76[d] 18 f 87
7 17g 4-Cl 11g 84[d] 18g 56

[a] Standard conditions: Step (a): 17a–g (1.1–1.5 mol equiv); Method A:
130–140 °C, 24–48 h; Method B: MW (100–150 W), 120–150 °C, 1.5-4.0 h.
Step (b): 6a (2.0 mol equiv), MW (100 W), 80 °C, 5 h. [b] Isolated yields. [c]
Methods A and B. [d] Method B.
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that the generation of iodine species (from methyl iodide)
promotes the last steps.[27]

The cyclic carbamate moiety of dienes 19a–f was efficiently
hydrolyzed and aromatized by subjecting AlCl3 in anhydrous
DMF to MW irradiation at 150 °C for 1 h, affording diarylamines
12a–f in quantitative yields (Table 3, step a). These compounds
were cyclized to the corresponding 1-methylcarbazoles 14a–f
by a palladium(II)-catalyzed coupling through a double C� H
activation under the previously described conditions.[26b] The
latter series was obtained in good yields (Table 3, step b).

Considering the need to introduce a formyl group in the C-
3 position of the carbazole precursors 3a and 4b, bicyclic
dienes 19a, 19c–e, and 19g were submitted to Vilsmeier-Haack
conditions, which led to 6-formyl-7a-methyl-7,7a-

dihydrobenzo[d]oxazol-2-(3H)-ones 22a, 22c–e, and 22g in
high yields (Table 4).

Despite these satisfactory results, the synthesis of dienes
19a–g gave only modest yields. Hence, the direct conversion of
bicyclic tetrahydro-2H-pyrano[2,3-d]oxazol-2-ones 18a–g into
the corresponding formylated dienes 22a–g was explored
through a cascade process, which may involve the in situ
formation of the respective dienes 19 before formylation takes
place (Table 5). The overall yields of the two steps (starting from
11a–g) were better with the inclusion of pyrans 18a–g (48–
82 %) than with dienes 19 (32–49 %).

Following the same methodology utilized for preparing
diarylamines 12a–f and 1-methylcarbazoles 14a–f (Table 3),
diene 22a can be transformed to diarylamine 23a. Thus, the
use of AlCl3 in anhydrous DMF under MW irradiation at 130–
160 °C for 30–60 min was also an efficient method for
generating 23a in moderate to good yields (48–80 %). However,
the procedure was not reproducible when applying it to the
other dienes 22. Hence, decarboxylation/aromatization was
attempted through a basic hydrolysis of the cyclic carbamate
moiety.[23b] Accordingly, the treatment of 22a with NaOH in a
mixture of MeOH/H2O (5 : 1) at a range of 80–120 °C furnished

Table 2. Synthesis of 19a–g by an MeI-promoted thermal reaction of
11a–g with 6a.[a]

Entry 11 R Method Product Yield [%][b]

1 11a H A 19a 43
2 11a H B 19a 53
3 11b 3-Me B 19b 46
4 11c 4-Me A 19c 45
5 11c 4-Me B 19c 61
6 11d 3-OMe B 19d 52
7 11e 4-OMe B 19e 51
8 11 f 3,4-(OMe)2 B 19f 63
9 11g 4-Cl A 19g 40
10 11g 4-Cl B 19g 40

[a] Method A: 6a (5.0 mol equiv) and MeI (2.0 mol equiv), in xylene, 160 °C,
48 h. Method B: 6a (5.0 mol equiv) and MeI (2.0 mol equiv), in xylene, MW
(200 W), 160 °C, 3 h. [b] Isolated yields.

Scheme 3. Reaction mechanism for the transformation of compounds 11
into dienes 19.

Table 3. Synthesis of 12a–f and their conversion into 1-methylcarbazoles
14a–f.[a]

Entry 19 R Product Yield [%][b] Product Yield [%][b]

1 19a H 12a 98 14a 72
2 19b 3-Me 12b 98 14b 74
3 19c 4-Me 12c 98 14c 76
4 19d 3-OMe 12d 98 14d 80
5 19e 4-OMe 12e 98 14e 66
6 19f 3,4-(OMe)2 12 f 97 14f 96

[a] Standard conditions: Step (a): AlCl3 (1.5 mol equiv), DMF, MW (100 W),
150 °C, 1 h. Step (b): Pd(OAc)2 (0.3 mol equiv), Cu(OAc)2 (2.5 mol equiv),
DMF, MW (100 W), 135 °C, 1 h. [b] Isolated yields.

Table 4. Synthesis of 22a–g starting from 19a, 19c–e and 19g under
Vilsmeier-Haack conditions.[a]

Entry Substrate R Product Yield [%][b]

1 19a H 22a 60
2 19c 4-Me 22c 71
3 19d 3-OMe 22d 95
4 19e 4-OMe 22e 83
5 19g 4-Cl 22g 97

[a] DMF (1.2 mol equiv) and POCl3 (1.3 mol equiv) in CH2Cl2, 20 °C, 24 h. [b]
Isolated yields.
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23a in low yield, with the recovery of most of the starting
material. The formyl group was affected at higher temperatures,
leading to an unsatisfactory conversion.

Consequently, a completely different approach was inves-
tigated, taking into account that diarylamine 23a has to be
coupled under Pd(II) catalysis to afford 3-formylcarbazole
3a.[24,26] To this end, diene 22a was exposed to catalytic
amounts (0.1–0.3 mol equiv) of Pd(OAc)2 with an excess of
Cu(OAc)2 (2.0–5.0 mol equiv) in DMF, while tuning the reaction
medium with distinct bases (NaOH, K2CO3, and t-BuOK) and
acids (AlCl3, AcOH, and pivalic acid), under thermal conditions
(110–150 °C). The optimized conditions, consisting of Pd(OAc)2

(0.3 mol equiv), Cu(OAc)2 (2.0 mol equiv), and t-BuOK (2.0 mol
equiv) in DMF at 150 °C for 4 h, not only provided 3a from 22a,
but also 3-formyl-1-methylcarbazoles 3b–f from the series of 6-
formyl-7a-methyl-7,7a-dihydrobenzo[d]oxazol-2-(3H)-ones 22b–
f in high yields (Scheme 4). These transformations probably
occurred by means of a decarboxylation/aromatization cascade
process, evidenced by the presence of diarylamines 23a–f,
which were detected in the 1H NMR spectra of the crude
mixtures. The decarboxylation reaction was satisfactorily
achieved by the t-BuOK-promoted elimination of one of the H-7
protons of the starting materials 22a–f. A high temperature
(150 °C) was required, as the reaction was largely incomplete
with lower temperatures. In the presence of acids, low yields
were obtained. Once the diarylamine 23 was formed, the Pd(II)-
catalyzed C� H activation of both aryl rings took place by
pursuing the coupling through palladacycle I,[31] which under-
went reductive elimination to give carbazoles 3a–f along with
Pd(0). The latter was oxidized by Cu(OAc)2 to regenerate the
active Pd(II) catalyst species, thus restarting the catalytic cycle.
Interestingly, carbazoles 3a and 3e can be considered as
potential precursors of olivacine (2a) and 9-methoxyolivacine
(2b),[21,32] respectively. Therefore, this approach represents a
formal total synthesis of the two latter natural pyrido[4,3-
b]carbazoles.

Regarding the synthesis of 1,4-dimethylcarbazoles 15, the
first approach in the search for an optimal strategy was to

follow a route like the one developed for the 1-meth-
ylcarbazoles 14. Due to the difficulty of directly obtaining the
bicyclic dihydropyrans through the hetero-Diels-Alder reaction
between 4-oxazolin-2-ones 11 and methyl vinyl ketone (6b),[27]

the thermal reaction of these substrates was attempted.
Accordingly, MW irradiation of 4-oxazolin-2-ones 11a–e with
6b resulted in diarylamines 13a–e in high yields (Scheme 5).
Remarkably, the latter were generated in a solvent-free single
step without isolation of the diene precursors 24a–e, which are
normally isolated by heating at 160 °C for 24 h and found as a
by-product along with the Michael conjugate addition
product.[27] The unexpected outcome suggests that an MW
effect[33] is involved.

Yet another approach was explored, being a solvent-free
one-pot three-step reaction involving the in situ formation not

Table 5. Synthesis of 22a–g starting from 18a–g under Vilsmeier-Haack
conditions.[a]

Entry Substrate R Product Yield [%][b]

1 18a H 22a 80
2 18b 3-Me 22b 87
3 18c 4-Me 22c 80
4 18d 3-OMe 22d 92
5 18e 4-OMe 22e 85
6 18f 3,4-(OMe)2 22 f 83
7 18g 4-Cl 22g 85

[a] DMF (2.0 mol equiv) and POCl3 (2.1 mol equiv) in CH2Cl2, 25 °C, 12–24 h.
[b] Isolated yields.

Scheme 4. A t-BuOK-promoted decarboxylation/aromatization cascade reac-
tion and Pd(II)-catalyzed coupling synthesis of 3-formyl-1-methylcarbazoles
3a–f starting from 22a–f.

Scheme 5. A cascade synthesis of diarylamines 13a–e starting from 11a–e
and 6b.
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only of dienes 24, but also of their precursors 4-oxazolin-2-ones
11, the latter of which react with 6b to deliver the correspond-
ing diarylamines 13. Thus, the reaction conditions shown in
step (a) of Table 1 were applied, leading to the condensation of
acetoin (16) with aryl isocyanates 17a–e under MW irradiation
to the in situ generation of 11a–e. Subsequently, in a second
step, the addition of 6b gave rise to diarylamines 13a–e in high
overall yields (Scheme 6).

In contrast to the oxidative cyclization of monomethylated
diarylamines 12a–f to furnish carbazoles 14a–f in good yields
(Table 3), the Pd(II)-catalyzed coupling of the diarylamines 13a–
e was carried out under more severe conditions to provide 1,4-
dimethylcarbazoles 15a–e in lower yields (Table 6). This is
probable because the steric hindrance of the methyl groups
slows down the generation of the six-membered palladacycle
between the two benzene rings, which is the key intermediate
species prior to the formation of the diaryl C� C bond.[31] The
latter process has been greatly improved by the use of pivalic
acid,[34] allowing for the total synthesis of natural carbazole

alkaloids,[35] including the efficient total synthesis of
clausenal.[26b] However, the current application of the same
process did not lead to any boost in yield.

Formylation of 15a–e was not readily
accomplished,[19d,20b,21b,36] because of the many activated posi-
tions on the carbazole structure that can react with the
Vilsmeier-Haack formylation species.[37] Although the major
products were the desired compounds 4a–b with the formyl
group at the C-3 position (Table 6), the N-formyl carbazole was
also found as a minor by-product. With the use of o-
dichlorobenzene (DCB) as the solvent, the yields increased.[36c,38]

A more complex mixture of products was observed when 15b
and 15d were formylated, owing itself to the activation of more
sites at the C-ring by the electron-donating effect of the methyl
and a methoxy group, respectively, at the C-7 carbon atom of
the carbazole scaffold. For example, the formylation reaction of
15d is known to afford a mixture of the 6- and 8-carbaldehyde
derivatives.[20b,39]

This approach represents a new formal total synthesis of
ellipticine (1a) through a short three-step process for the
efficient preparation of its known precursor carbazole 4a.[20]

Seemingly, it also constitutes a formal total synthesis of natural
9-methoxyellipticine (1b), since carbazole 15e has been
previously employed as an efficient starting material during the
last steps of the process, including 4c as an
intermediate.[19f,20b,39,40]

All the structures of intermediates and products of these
synthetic pathways were characterized by 1H and 13C NMR
spectroscopy, assisted by 2D (HSQC and HMBC) experiments,
and high-resolution mass spectrometry (HRMS).

Conclusion

An efficient synthetic route to 1-methyl and 1,4-dimethyl-3-
formylcarbazoles is herein described. It includes the preparation
of the precursors of naturally occurring pyrido[4,3-b]carbazole
alkaloids ellipticine (1a), 9-methoxyellipticine (1b), olivacine
(2a), and 9-methoxyolivacine (2b). The present strategy,
consisting of novel, short, and simple synthetic routes, demon-
strated a wide scope of application. That is, 4-oxazolin-2-ones
11 underwent a three-step conversion to both series of 1-
methyl and 1,4-dimethyl-3-formylcarbazoles 3 and 4. Many
reactions were carried out under solvent-free conditions, and
MW irradiation was involved in numerous processes, proving to
be a very efficient energy source. Hence, this is a valuable
alternative to the Cranwell-Saxton approach for the construc-
tion of the A-ring of methyl substituted carbazoles. Particularly
noteworthy is the cascade transformation of dienes 22a–f into
1-methyl-3-formylcarbazoles 3a–f, as well as the one-step
conversion of acetoin (16) and aryl isocyanates 17a–e into the
corresponding diarylamines 13a–e. These findings confirm that
diarylamines are efficient precursors for the synthesis of
carbazoles and for the formal total synthesis of pyrido[4,3-
b]carbazole alkaloids.

Scheme 6. A one-pot cascade synthesis of diarylamines 13a–e starting from
16 and isocyanates 17a–e, followed by the addition of 6b.

Table 6. Synthesis of 1,4-dimethylcarbazoles 15a–e, and the conversion of
15a and 15c into 3-formyl-1,4-dimethylcarbazoles 4a–b.[a]

Entry 13 R Product R Yield
[%][b]

Product Yield
[%][b]

1 13a H 15a H 68 4a 75
2 13b 3-Me 15b 7-Me 62 [c] –
3 13c 4-Me 15c 6-Me 63 4b 76
4 13d 3-OMe 15d 7-OMe 59 [c] –
5 13e 4-OMe 15e 6-OMe 56 4c [d]

[a] Standard conditions: Step (a): Pd(OAc)2 (0.3 mol equiv) and Cu(OAc)2

(2.0–2.5 mol equiv), DMF, MW (130 W), 145 °C, 4 h. Step (b): POCl3 (1.5 mol
equiv) and DMF (1.0 mol equiv), DCB, reflux, 4 h. [b] Isolated yields. [c] A
complex mixture of products. [d] See references[19f,20b,39].
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Experimental Section
Method A: In a threaded ACE glass pressure tube equipped with a
magnetic stirring bar and sealed with a Teflon screw cap, a mixture
of 16 (0.500 g, 5.68 mmol) and 17a (1.014 g, 8.52 mmol) was
heated at 130 °C for 24 h under nitrogen atmosphere. Afterwards,
CH2Cl2 (20 mL) was added, and the mixture was stirred at 20 °C for
30 min, before being filtered. The solvent was removed under
vacuum and the residue purified by column chromatography over
silica gel (hexane/EtOAc, 95 : 5) to give 11a (1.02 g, 95 %) as a white
solid.

Method B: In a glass vial equipped with a magnetic stirring bar and
sealed with a cap, a mixture of 16 (0.500 g, 5.68 mmol) and 17a
(1.014 g, 8.52 mmol) was heated with MW irradiation (150 W) at
120 °C for 1.5 h under nitrogen atmosphere. Subsequently, CH2Cl2

(20 mL) was added, and the mixture was stirred at 20 °C for 30 min
before being filtered. The solvent was removed under vacuum and
the residue purified by column chromatography (silica gel, hexane/
EtOAc, 98 : 2) to furnish 11a (1.04 g, 95 %) as a white solid.

More general experimental procedures for the synthesis of all
compounds, characterization, and NMR spectra are described in the
Supporting Information.
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