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ABSTRACT: An efficient and straightforward route toward the isatin-type natural product melosatin A is reported, employing a
trisubstituted aniline as a key intermediate. The latter was synthesized in 4 steps and 60% overall yield from eugenol, through its
regioselective nitration, sequentially followed by a Williamson methylation, an olefin cross-metathesis with 4-phenyl-1-butene and
the simultaneous reduction of olefin and nitro groups. The final step, a Martinet cyclocondensation of the key aniline with diethyl 2-
ketomalonate, provided the natural product with 68% yield.

■ INTRODUCTION
Isatin (1H-indole-2,3-dione) is a privileged structural motif. Its
derivatives are valuable synthetic intermediates in the areas of
heterocyclic and pharmaceutical chemistry1 because they are
embodied with diverse and interesting biological activities;
these include cytotoxic, antimicrobial, and enzyme (carbonic
anhydrase) inhibition, among others. The syntheses, reactions,
and applications of isatins have been recently summarized in a
number of reviews.2

During their studies on tumorigenic Caribbean plants,
Kapadia et al. examined the roots of the Colombian shrub
Melochia tomentosa L. (Sterculiaceae, currently Malvaceae),
isolating several isatins and 3-methoxy-4-quinolones, along
with pyridines and cyclopeptides.3 The isatins obtained from
this plant (Figure 1) were named melosatins A−D (1−4) and
presented a distinctive and unique 5-phenyl-1-pentyl motif
attached at C4, typically accompanied by oxygen function-
alities at positions C5−C7.3a,4 These authors also performed
the first total synthesis of Melosatin A (1) to verify its
proposed structure.3a However, their sequence was rather long
(7 steps), proceeded in low overall yield (ca. 2%) and,
surprisingly, the performance of its last step (Stolle ́ reaction)
was not reported.
To date, M. tomentosa is the only source of this reduced and

quite rare group of 3-keto-indolinones. Contrastingly, isatins
are rather widespread in nature; they occur mainly in plants
belonging to the genus Isatis,5 but the floral parts of the
Guyanan evergreen tree Couroupita guianensis Aublet (Lecy-
thidaceae) and the Japanese orchid Calanthe discolor Lindl are
other natural sources.6 Isatins have also been isolated from
fungi (Chaetomium globosum and Streptomyces albus), from the

parotid glands of toads of genus Bufo, and even from some
marine mollusks.7
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Figure 1. Naturally occurring isatin and quinolone alkaloids isolated
from M. tomentosa (1−5) and Waltheria indica (6) along with other
relevant synthetic isatins (7−10).
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In the course of our program on the synthesis of heterocyclic
natural products with intriguing structures and unique
biological activities,8 we focused our attention on nonruta-
ceous quinoline alkaloids isolated from plants belonging to the
genera Melochia and Waltheria. Our efforts were crowned with
the first total syntheses of melovinone (5) and waltherione-F
(6).9 During these studies, we also noticed that compounds
like 7 are synthetic intermediates to new materials of
importance in optoelectronics10 and that 8 is a potent and
selective inhibitor of the enzyme monoamino-oxidase B (MAO
B, IC50 = 0.66 nM).11

We also realized that certain 4-substituted isatins like 9
induce dopaminergic or D2-agonist activity useful for treating
hypertension12a and others such as 10 proved to be relevant
inhibitors of enzyme CDK2.12b As a result, we became
interested in melosatin A (1), which is reminiscent of 7−10
and shares structural similarity with the substitution pattern of
the carbocyclic ring of melovinone (5). Remarkably, being co-
occurring metabolites, Kapadia et al. suggested a plausible
common biogenetic origin for 1 and 5.3a

Therefore, considering the relevance of isatin natural
products and the contrastingly scarce current knowledge on
the melosatins, we decided to develop a new and efficient
synthetic approach to melosatin A (1), based on premises of
atom and step-economy, avoidance of protective groups and
the use of a naturally abundant and affordable starting material,
as outlined in the corresponding retrosynthetic analysis
(Scheme 1).

■ RESULTS AND DISCUSSION
The analysis commenced with the retrosynthetic disconnec-
tions of the N−C2 and C3−C3a bonds, which unmasked the
polysubstituted aniline 11 and an oxalyl derivative as logic
precursors. Synthetically, it was conjectured that an isatin
synthesis involving 11 and an appropriate two-carbon atoms
unit like (COCl)2,

13 reacting as in the long known Stolle ́
reaction, could provide the required connectivity.
On continuing with the analysis, the characteristic 5-phenyl-

1-pentyl pendant side chain of aniline 11 was dissected at the
C2′−C3′ bond level, unveiling two fragments. These included
the commercially available 4-phenyl-1-butene (12) and the
allylbenzenoid 13, resulting from functional group conversion
on the nitrogen atom, on the basis that olefin cross metathesis
between the fragments along with nitro and alkene reduction

should constructively provide the intermediate 11. Further C−
O and C−N disconnections uncovered the economic and
readily available eugenol (14) as a suitable starting material.
Interestingly, the allylbenzene 13 was previously prepared by a
two-step reactions sequence (regioselective nitration → O-
methylation) from eugenol (14),14 and we developed a similar
protocol toward 13 during our synthesis of 5-methylaapt-
amine.15

As shown in Scheme 2, the synthesis commenced with the
regioselective ortho-nitration of eugenol (14). This was
performed by heating a mixture of the commercial product
with solid NH4NO3 and KHSO4 in MeCN at 80 °C for 24 h,
which efficiently provided 15 in 96% yield after filtration of the
reaction mixture through a short pad of silica gel. In line with
previous reports,15 it was observed that longer reaction times
strongly affected the reaction outcome, diminishing yields and
giving rise to highly impure samples. Presumably, this could be
a result of polynitration and product polymerization. Under
certain circumstances, it was also observed that column
chromatography enabled the isolation of minor amounts of
the catechol 16, possibly resulting from acid-promoted
demethylation of 15. Next, the projected Williamson O-
methylation reaction of 15 was accomplished with MeI in
refluxing absolute EtOH using K2CO3 as the base, to give 13 in
98% yield after 24 h. With the required compound in hand, the
olefin cross-metathesis step was undertaken. The latter is a
powerful synthetic tool that enables the facile preparation of
otherwise hardly accessible compounds.16 After reacting olefin
13 with 4-phenyl-1-butene (12) under Grubbs I catalyst in
refluxing anhydrous CH2Cl2,

16b the expected product 17 was
consistently obtained in 73% yield as a mixture of olefins (E/Z
∼ 2.2).16c

The seemingly easy concomitant NO2 group reduction and
olefin hydrogenation proved to be hard to perform. Several
conventional hydrogenation conditions were assayed [H2 (1−5
atm), 10% Pd/C EtOH; H2 (3 → 7 atm), 20% Pd(OH)2/C,
EtOH], affording mixtures of products resulting from the
partial reduction of the nitro group and incomplete reduction
of the double bond. Disappointingly, the best alternative [20%
Pd(OH)2/C, H2 3−7 atm] afforded only 49% yield of the
desired product 11.17 However, the use of the approach of
McMurray, dealing with a catalytic transfer of hydrogen,
proved to be a promising solution.18 In this reaction, molecular
H2 is generated in situ from triethylsilane in MeOH, in the
presence of chloroform and 10% Pd/C as a catalyst. Under
these conditions, the desired aniline 11 was obtained in 88%
yield.
Having secured a satisfactory route toward 11, the Stolle ́

reaction, as reported by Kapadia et al. and by other research
groups was tested.3,19 Therefore, a solution of 11 in neat oxalyl
chloride was sealed in an ampoule and heated at 165 °C for 2
h. However, this resulted in extensive decomposition of the
starting material and, except for the related bis-oxalamide 19
(obtained in very low yield), no other products could be
identified. Testing the reaction at a lower temperature (65−70
°C) also gave 19 as the only identifiable reaction by-product in
approximately 10% yield, whereas attempts at thermal
cyclization of this compound met with failure.
Aiming to circumvent this obstacle, modifications and

alternatives to the synthesis of Stolle ́ were sought and
selected,20 and models such as meta-anisidine (20) and the
simplified analog 22 were used for testing. The most relevant
results are summarized in Table 1. The Stolle ́ reaction was re-

Scheme 1. Retrosynthetic Analysis of Melosatin A (1)
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evaluated with model 20 and no product was detected under
the tested conditions (entry 1); therefore, a protocol where its
hydrochloride (20·HCl) was heated at the same temperature
was tested. Unfortunately, however, in our hands, this
procedure proved to be fruitless, resulting in no reaction
(entry 2).20a,b

Therefore, the alternative technique reported by Piggott and
Wege20c was put in place. The latter involved the sequential
addition of the aniline over (COCl)2 at room temperature, in
order to maximize the formation of the oxalamidoacyl chloride
intermediate 18, followed by a cyclization reaction under
solventless conditions. Gratifyingly, under these reaction
conditions, the expected isatins 21 and 23 were consistently
obtained at 32 and 40% of the yield, respectively (entries 3 and
4). However, when aniline 11 was subjected to identical
reaction conditions, the related bis-oxalamide 19 was isolated
at 43% of the yield (entry 5), accompanied by melosatin A in a
disappointing 3% yield. The 1H NMR spectrum of the latter
showed all the resonances compatible with the natural product,
confirming its structure.
Klein and Tufano suggested that most of the common

methods for the production of isatins become less than
adequate when the number and lipophilicity of substituents on
the targeted isatin are increased.21 Therefore, it was
conjectured that the failure of aniline 11 to afford melosatin
A in satisfactory yields was a consequence of the nature of the
substituents and steric effects resulting from polyfunctionaliza-
tion of the starting material.

Based on these results, this procedure was considered
unsatisfactory, and the need to follow an alternative strategy
was put forward. Although several methodologies have been
developed for the construction of isatins, most of them usually
involve multi-step reactions, require proper substrate pre-
functionalization, or demand harsh reaction conditions, or
complex operations which must be adapted to milligram-scale
reactions.22

Taking into account literature precedents,23 we considered
that due to its mild and essentially neutral conditions, the
Martinet isatin synthesis which employs diethyl 2-ketomalo-
nate (24) as the two-carbon synthon, would fulfill our
synthetic requirements. This is a century-old reaction, which
has been used sporadically in the past; however, in recent
times, it experienced a revival, finding frequent use in the
synthesis of natural product and their analogs,24 medicinal
chemistry,25 materials science,26 and structural studies,27

among others,28 which also resulted in being mentioned in
patent literature.29 However, one of the major drawbacks of
this approach is the poor predictability of its performance.11

In order to evaluate the reported protocols, attempts were
made to prepare the reagent 24 from diethyl malonate,
following known procedures.30 Sadly, however, these methods
did not provide the expected results. After searching for
suitable alternatives, it was found that the aerobic (air
bubbling) oxidation of the malonate ester with stoichiometric
amounts of ceric ammonium nitrate (CAN) in MeCN31

provided the expected product, albeit in 20% yield after 60 h of
stirring and a troublesome column chromatographic separa-
tion.
Therefore, aiming to improve the reaction performance, the

procedure was modified to run the reaction under pure oxygen
(from a balloon). Luckily, after stirring a mixture of diethyl
malonate and CAN in MeCN, under this static O2 atmosphere
for 4 days at room temperature, complete consumption of the
starting material was observed, with the concomitant formation
of the oxidized derivative as the sole product in 67% of the
yield. Despite the product being obtained in the hydrate form,
the latter was easily converted into the corresponding
anhydrous 2-keto form (24) after azeotropic drying with
toluene in the rotary evaporator, followed by the removal of
traces of the solvent under high vacuum.
The Martinet reaction, which entails a series of successive

operations, was tested with 20 under the conditions reported
by Trost et al.23b The aniline was firstly condensed with 24 in

Scheme 2. Reagents and Conditionsa

a(a) KHSO4, NH4NO3, MeCN, reflux, 24 h (96%); (b) MeI, K2CO3, EtOH(abs.), reflux, 24 h (98%); (c) 12, Grubbs I, CH2Cl2, reflux, 4 h (73%);
(d) 10% Pd/C, Et3SiH, MeOH/CHCl3 (10:1, v/v), r.t., 24 h (88%); (e) (COCl)2 (neat), 165 °C, 2 h or neat (COCl)2, 65−70 °C, 6 h (19, 10%).

Table 1. Optimization of the Cyclization Conditions toward
the Isatin Framework

entry aniline reaction conditions product
yield
(%)

1 20 (COCl)2, 165 °C, 2 ha 21 b

2 20·HCl (COCl)2, 165 °C, 2 ha 21 b

3 20 (1) neat (COCl)2, r.t. → 60 °C, 2 h 21 32
4 22 (2) solvent distillation to dryness 23 40
5 11 (3) heat residue at 130 °C 1 3c

6 20 (1) O�C(CO2Et)2 (24), AcOH(gl.),
120 °C, 4 h

21 20

7 22 (2) 1 M KOH, air bubbling, r.t., 17 h 23 40
8 11 (3) 6 M HCl, r.t., pH ∼ 2−3, 30 min 1 68

aSealed ampoule. bNo reaction. cAlong with bis-oxalamide 19 (44%).
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glacial AcOH at 120 °C, and after stirring for 4 h, the reaction
solvent was removed under reduced pressure and the oily
residue was quenched with 1 M KOH. Immediately, air was
bubbled overnight followed by an adjustment of the acidity of
the medium to pH ∼ 2−3 by the cautious addition of 6 M
HCl. This provided the expected isatin 21 in 20% yield (entry
6), whereas replication of the reaction with aniline 22 provided
the related isatin 23 in 40% yield (entry 7).
Encouraged by these results, the aniline 11 was subjected to

the same reaction conditions, giving a 68% of the yield of a
product whose Rf was consistent with that of the previously
obtained melosatin A (entry 8). Delightfully, its 1H NMR
spectrum in CDCl3 was in complete agreement with that of the
natural product.3a The heterocycle was fully characterized by
employing additional NMR experiments.
Since crystalline samples were obtained, the molecular

structure was also confirmed by single-crystal X-ray diffraction.
It was observed that compound 1 crystallizes in the triclinic
space group P-1, without the presence of solvent molecules in
the unit cell (Figure 2).32

Although the complete details of the mechanism of the
Martinet reaction remain unknown, a mechanistic picture can
be drawn (Scheme 3) based on data from the literature and
analogous transformations.23a It can be conjectured that the
reaction could proceed through an initial nucleophilic attack of
the aniline (25) to one of the ester moieties of an alkyl-2-
ketomalonate (mesoxalic ester 26) in AcOH to provide the
amide i. In turn, this intermediate could cyclize under the

promotion of the electron pair of the nitrogen atom, to afford
species ii, resulting from isomerization or a [1,3]-hydrogen
shift that regenerates the aromatic ring. Subsequent treatment
with aqueous 1 M KOH, would cause hydrolysis of the ester
and triggers the decarboxylation of the 1,3-dicarbonyl
intermediate iii to deliver the 3-hydroxyindolinone (iv). Final
oxidation of the latter by air bubbling would provide the
related isatin 27, after acidification with aqueous 6 M HCl.

■ CONCLUSIONS
In conclusion, an alternative, reliable, and efficient total
synthesis of melosatin A was accomplished in five steps and
41% global yield from commercial eugenol, ethyl malonate,
and 4-phenyl-1-butene. The sequence involved a greatly
improved preparation of the 2,3-dimethoxy-5-phenyl-1-prop-
yl-aniline intermediate and its cyclization to the natural
product under the mild and essentially neutral Martinet isatin
synthesis conditions. The procedure was designed under a
modular concept and would allow one to obtain other natural
isatins and related substances as well.

■ EXPERIMENTAL SECTION
General Information. The reactions were performed

under dry argon atmospheres, using oven-dried glassware.
Anhydrous MeOH and EtOH were obtained by treatment of
the analytical grade solvents with magnesium turnings and
iodine, followed by distillation from the resulting alkoxides.
Anhydrous 1,2-dichloroethane and CH2Cl2 were prepared by
refluxing the corresponding analytical grade solvent over P2O5
for 4 h, followed by distillation. Anhydrous toluene was
prepared by distillation from Na-benzophenone ketyl, whereas
anhydrous MeCN was obtained by refluxing the AR grade
solvent for 3 h over CaH2 and distillation of the product. For
storage, the anhydrous solvents were transferred to dry Young
ampoules containing activated molecular sieves. All other
reagents were used as received.
The reactions were monitored by TLC run in hexanes/

EtOAc mixtures. The chromatographic spots were revealed by
exposure to UV light (254 and 365 nm) and spraying with
appropriate reagents, including Godin, ninhydrin, etc.,
followed by careful heating to improve selectivity. In the
general workup procedure, the reaction mixtures were diluted
with brine, and the products were extracted three times with
EtOAc. The combined organic extracts were then washed once
with brine, dried over MgSO4, and concentrated under
reduced pressure. The residue was purified by flash column
chromatography (silica gel 60 H, particle size <55 μm),

Figure 2. Molecular structure of 1 including the atom-numbering
scheme. The displacement ellipsoids were drawn at the 50%
probability level, and the hydrogen atoms were omitted for the sake
of clarity.

Scheme 3. Proposed Mechanism of the Martinet Isatin Synthesis
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employing a gradient of solvent (hexanes/EtOAc) polarity
techniques, under positive pressure.
Equipment. The melting points (uncorrected) were

determined on an Ernst Leitz Wetzlar model 350 hot-stage
microscope. The FT-IR spectra were recorded on a Shimadzu
Prestige 21 spectrophotometer, as thin films held between
NaCl cells (for oily substances) or as solid dispersions in KBr
(for solid compounds). The NMR spectra were recorded on a
Bruker Avance 300 FT-NMR spectrometer (300.13 MHz for
1H NMR and 75.48 MHz for 13C{1H} NMR) in CDCl3 or
acetone-d6, as required. Chemical shifts are reported in ppm in
the δ scale, using TMS as the internal standard, scalar coupling
constants (J), and half-band width (w1

2) are informed in hertz
(Hz), and the residual solvent peaks of CDCl3 (δH = 7.26 ppm,
δC = 77.16 ppm) were used as an internal reference. In special
cases, 2D NMR experiments (COSY, HSQC, and HMBC)
were also employed. HRMS were obtained with a Bruker
MicroTOF-Q II instrument (Bruker Daltonics, Billerica, MA,
USA) from UMyMFOR (Buenos Aires, Argentina). Detection
of the ions was performed by electrospray ionization in positive
ion mode.
For single-crystal structure determination, the data were

collected on a Bruker D8 Quest ECO diffractometer (Bruker
AXS) with a Photon II detector. The equipment was operated
using Mo-Kα radiation (λ = 0.71073 Å) at 297 K. Absorption
corrections were performed by the multiscan method.33 The
structure was solved using SHELXT 2018/2 (Sheldrick, 2018)
and refined with SHELXT 2018/2 (Sheldrick, 2018) on F2
using anisotropic temperature parameters for all nonhydrogen
atoms.33 The positions of the hydrogen atoms were calculated
starting from the idealized positions.

Diethyl 2-Oxomalonate Hydrate (24·H2O). Under an
oxygen atmosphere (balloon), CAN (1.027 g, 1.87 mmol)
was added to a stirred solution of diethyl malonate (2.00 g,
12.49 mmol) in anhydrous MeCN (6 mL). The resulting
mixture was further stirred at room temperature for 4 days.
The solution was concentrated under reduced pressure, the
residue was dissolved with EtOAc (80 mL), and the organic
phase was washed with brine (2 × 40 mL) and dried over
MgSO4 to furnish the hydrate form of 24 (1.456 g, 67%), as a
colorless solid:34 m.p. = 58−60 °C (hexanes/AcOEt: 70/30),
lit. = 54.6−56.9 °C. 1H NMR (300 MHz, CDCl3) δ 6.20 (sb, w
1

2 ∼ 10.5, 2H), 4.23 (q, J = 7.3, 4H), 1.24 (t, J = 7.3, 6H);
13C{1H} NMR (75 MHz, CDCl3) δ 169.3 (C�O, ester), 92.3
[C(OH)2], 62.6 (2C, OCH2CH3), 14.2 (2C, OCH2CH3).

4-Allyl-2-methoxy-6-nitrophenol (15). Eugenol (14, 335
mg, 2.04 mmol) was added dropwise under stirring to a finely
milled solid mixture of NH4NO3 (371 mg, 4.63 mmol) and
NaHSO4 (2.13 g, 24.9 mmol) suspended with dry MeCN (5
mL). The mixture was refluxed for 24 h when it was filtered
under reduced pressure. The resulting colored organic solution
was concentrated under vacuum to afford a reddish oil,
containing essentially pure 4-allyl-2-methoxy-6-nitrophenol
(410 mg, ca. 96%), which was used in the next step without
purification: 1H NMR (300 MHz, CDCl3) δ 10.67 (s, 1H,
−OH), 7.52 (s, 1H, H-2), 6.96 (s, 1H, H-3), 5.92 (ddt, J =
17.1, 10.5 and 6.7, 1H, H-2′), 5.17−5.09 (m, 2H, H-3′), 3.94
(s, 3H, OMe), 3.36 (d, J = 6.7, 2H, H-1′); 13C{1H} NMR (75
MHz, CDCl3) δ 150.0 (C-2), 145.1 (C-1), 136.1 (C-2′), 133.8
(C-6), 131.4 (C-4), 118.8 (C-3), 117.3 (C-3′), 115.3 (C-5),
56.9 (C-OMe), 39.6 (C-1′).15

5-Allyl-1,2-dimethoxy-3-nitrobenzene (13). Anhydrous
K2CO3 (1361 mg, 14.0 mmol) was added to a stirred solution
of 15 (559 mg, 2.67 mmol) in absolute EtOH (10 mL) and the
resulting suspension was treated with MeI (0.8 mL, 14.0
mmol). The reaction was refluxed until complete consumption
of starting material (24 h), when the crude was filtered through
a cotton pad, which was washed with EtOAc (5 mL). The
combined filtrates were concentrated under reduced pressure,
taken in EtOAc (10 mL) and sequentially washed with water
(10 mL) and brine (2 × 10 mL), then dried over MgSO4 and
finally filtered and concentrated under vacuum. Chromato-
graphic purification of the resulting brown oil furnished 15
(585 mg, 98%), as a yellowish oil: 1H NMR (300 MHz,
CDCl3) δ 7.15 (d, J = 1.3, 1H, H-4), 6.92 (d, J = 1.3, 1H, H-6),
5.99−5.85 (m, 1H, H-2′), 5.17−5.09 (m, 2H, H-3′), 3.95 (s,
3H, 2-OMe), 3.90 (s, 3H, 1-OMe), 3.38 (d, J = 6.7, 2H, H-1′);
13C{1H} NMR (75 MHz, CDCl3) δ 154.0 (C-1), 144.8 (C-3),
141.2 (C-2), 136.4 (C-5), 135.9 (C-2′), 117.3 (C-3′), 116.5
(C-6), 115.7 (C-4), 62.0 (2-OMe), 56.5 (1-OMe), 39.7 (C-
1′).15

(E)-1,2-Dimethoxy-3-nitro-5-(5-phenylpent-2-en-1-yl)-
benzene (17). Grubbs I catalyst (18 mg, 1.84 mmol) was
added to a stirred solution of 4-phenyl-1-butene (12, 311 μL,
1.84 mmol) in CH2Cl2 (5 mL). The system was treated
dropwise with 13 (137 mg, 0.614 mmol) and heated to reflux
for 12 h. Additional amounts of 12 (192 μL, 1.84 mmol) and
Grubbs I catalyst (10 mg, 1.84 mmol) were added and the
reaction was refluxed for another 12 h period. Then, the
mixture was filtered through a short Florisil pad, which was
washed with CH2Cl2 (5 mL) and the combined filtrates were
concentrated under vacuum. Chromatographic purification of
the oily residue afforded 17 (141 mg, 70%) as a yellowish oil
(E:Z ≈ 2.1): 1H NMR (300 MHz, CDCl3, E-isomer) δ 7.18
(m, 5H, Ph), 7.08 (s, 1H, H-4), 6.86 (s, 1H, H-6), 5.65−5.47
(m, 2H, H-3′ and H-4′), 3.95 (s, 3H, 2-OMe), 3.88 (s, 3H, 1-
OMe), 3.30 (d, J = 5.0, 2H, H-1′), 2.71 (t, J = 7.7, 2H, H-5′)
and 2.42−2.34 (m, 2H, H-2′); 13C{1H} NMR (75 MHz,
CDCl3, E-isomer) δ 153.9 (C-1), 144.7 (Cipso), 141.7 (C-2),
137.3 (C-3), 132.7 (C-4′),* 131.3 (C-5), 128.6 (C-3′),* 128.5
(2C, Cmeta), 128.4 (2C, Cortho), 126.0 (Cpara), 116.4 (C-6),
116.2 (C-4), 62.0 (1-OMe), 56.5 (2-OMe), 38.6 (C-5′), 35.8
(C-1′), 34.2 (C-2′); HRMS (ESI+-TOF) found m/z =
350.1367; C19H21NNaO4 [M + Na]+ requires m/z = 350.1363.

2,3-Dimethoxy-5-(5-phenyl-1-pentyl)aniline (11). A stirred
solution of 17 (55 mg, 0.168 mmol) in a mixed MeOH/CHCl3
(10:1, v/v) solvent (1 mL) was treated with 10% Pd/C (8
mg). Then, Et3SiH (0.27 mL, 2.52 mmol) was added dropwise
for 5 min under argon atmosphere. The suspension was further
stirred for 24 h at room temperature when it was filtered
through Florisil and washed with MeOH/CHCl3 (10:1, v/v).
The combined organic solutions were concentrated under
vacuum and the oily residue was chromatographed giving 11
(35 mg, 70%) as a colorless oil: 1H NMR (300 MHz, CDCl3)
δ 7.29−7.15 (m, 5H, Ph), 6.21 (d, J = 1.8, 1H, H-4), 6.15 (d, J
= 1.8, 1H, H-6), 3.82 (s, 3H, 2-OMe), 3.80 (s, 3H, 3-OMe),
3.49 (sb, 2H, NH2), 2.60 (t, J = 7.8, 2H, H-5′), 2.46 (t, J = 7.5,
2H, H-1′), 1.70−1.55 (m, 4H, H-2′ and H-4′), 1.43−1.38 (m,
2H, H-3′). 13C{1H} NMR (75 MHz, CDCl3) δ 152.8 (C-3),
142.9 (Cipso), 139.9 (C-1), 139.2 (C-2), 134.3 (C-5), 128.5
(2C, Cmeta), 128.4 (2C, Cortho), 125.7 (Cpara), 108.9 (C-6),
103.0 (C-4), 60.0 (2-OMe), 55.8 (3-OMe), 36.1 (C-1′)*, 36.0
(C-5′)*, 31.5 (C-3′), 31.4 (C-4′), 29.1 (C-2′); HRMS (ESI+-
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TOF) found m/z = 300.1959; C19H26NO2 [M + H]+ requires
m/z = 300.1958.

N1,N2-Bis[2,3-dimethoxy-5-(5-phenylpentyl)phenyl]-
oxalamide (19). Oxalyl chloride (780 mg, 6.14 mmol) was
added to a stirred solution of 11 (53 mg, 0.177 mmol) in
anhydrous toluene (30 μL). The mixture was stirred at room
temperature for 15 min, and then heated to 60 °C for 2 h.
After this period, the volatiles were removed with a stream of
dry nitrogen, rendering an oily material which was further
dried under high vacuum. The resulting waxy solid was heated
at 130 °C for 2 h, then the system was cooled to room
temperature and the remaining was purified chromato-
graphically, to give oxalamide 19 (51 mg, 44%), as a colorless
oil: 1H NMR (300 MHz, CDCl3) δ 9.97 (sb, w1

2 ∼ 3.7, 2H,
N−H), 7.89 (d, J = 2, 2H, H-6), 7.30−7.17 (m, 10H, Ph), 6.56
(d, J = 2, 2H, H-4), 3.92 (s, 6H, 3-OMe), 3.87 (s, 6H, 2-
OMe), 2.64−2.56 (m, 8H, H-5′ and H-1′), 1.69−1.35 (m,
12H, H-2′, H-3′ and H-4′); 13C{1H} NMR (100 MHz,
CDCl3) δ 157.6 (ArNHCO), 151.9 (C-2), 142.9 (Cipso), 139.5
(C-5), 136.5 (C-3), 130.3 (C-1), 128.5 (2C, Cmeta), 128.4 (2C,
Cortho), 125.8 (Cpara), 111.9 (C-6), 109.3 (C-4), 61.2 (3-OMe),
56.0 (2-OMe), 36.4 (C-5′),# 36.0 (C-1′),# 31.7 (C-2′),* 31.5
(C-4′),* 29.2 (C-3′); HRMS (ESI+-TOF) found m/z =
653.3585; C40H49N2O6 [M + H]+ requires m/z = 653.3591.

6-Methoxy-1H-indole-2,3-dione (21). Diethyl 2-ketomalo-
nate (24, 62 mg, 0.356 mmol) was added to a stirred solution
of m-anisidine (40 mg, 0.325 mmol) in glacial AcOH (2 mL).
The mixture was heated to 120 °C for 4 h, after this the solvent
was removed under vacuum, then a 1 M solution of KOH (4
mL) was added and the solution was stirred under air
bubbling. The aerobic conditions were kept overnight; then,
the solution was acidified to pH 2−3. The organic products
were extracted with EtOAc (2 × 10 mL), and the combined
organic phases were washed with brine (2 × 10 mL), dried
over MgSO4 and finally filtered and concentrated under
vacuum. Chromatographic purification of the yellow oily
residue gave 21 (11.5 mg, 20%) as a yellowish solid: m.p. =
220−222 °C (PhH/Me2CO, 3:1, v/v), lit. = 228−230 °C.35
1H NMR (300 MHz, acetone-d6) δ 9.86 (sb, w1

2 ∼ 24.3, 1H,
N−H), 7.50 (d, J = 8.5, 1H, H-4), 6.64 (dd, J = 8.5, 2.2, 1H,
H-5), 6.55 (d, J = 2.2, 1H, H-7), 3.94 (s, 3H); 13C{1H} NMR
(75 MHz, acetone-d6) δ 181.9 (C-3), 169.2 (C-6), 161.3 (C-
2), 154.2 (C-7a), 127.4 (C-4), 112.6 (C-3a), 109.7 (C-5), 98.8
(C-7), 56.6 (6-OMe).

3-Amino-1,2-dimethoxy-5-propylbenzene (22). A stirred
solution (2 mL) of 13 (84 mg, 0.376 mmol) in a mixture of
MeOH/CHCl3 (10:1, v/v) was treated with 10% Pd/C (7.5
mg) and the resulting suspension was treated dropwise over 10
min with Et3SiH (600 μL, 3.76 mmol). The reaction mixture
was further stirred at room temperature for 30 min until the
bubbling of hydrogen generated during the reaction ceased.
Then, the mixture was filtered through a pad of Celite, the
filter was washed with CH2Cl2 (5 mL) and the combined
filtrates were successively washed with 3 M NaOH (3 × 20
mL) and brine (2 × 20 mL), dried over Na2SO4, filtered and
concentrated in a rotary evaporator. The crude material was
purified chromatographically to afford 22 (62 mg, 84%), as an
orange oil:36 1H NMR (300 MHz, CDCl3) δ 6.22 (d, J = 1.7,
1H, H-4), 6.16 (d, J = 1.7, 1H, H-6), 3.83 (s, 3H, 2-OMe),
3.80 (s, 3H, 3-OMe), 2.44 (t, J = 7.2, 2H, H-1′), 1.59 (dd, J =
7.2, 2H, H-2′), 0.94 (t, J = 7.2, 3H, H-3′); 13C{1H} NMR (75
MHz, CDCl3) δ 152.8 (C-3), 140.2 (C-2), 139.1 (C-1), 134.1

(C-5), 108.8 (C-4), 102.8 (C-6), 60.0 (2-OMe), 55.8 (3-
OMe), 38.3 (C-1′), 24.7 (C-2′), 14.1 (C-3′).

6,7-Dimethoxy-4-propyl-1H-indole-2,3-dione (23). Diethyl
2-ketomalonate (24, 62 mg, 0.356 mmol) was added to a
stirred solution of 22 (40 mg, 0.223 mmol) in glacial AcOH (2
mL), and the mixture was heated to 120 °C for 4 h, after this
the solvent was removed under vacuum, then a 1 M solution of
KOH (4 mL) was added and the solution was stirred under air
bubbling. The aerobic conditions were kept overnight; then,
the solution was acidified to pH 2−3 and extracted with
EtOAc (2 × 10 mL). The combined organic phases were
washed with brine (2 × 10 mL), dried over MgSO4, filtered
and concentrated under reduced pressure to obtain a yellow
oil. Chromatographic purification of the residue afforded 23
(22 mg, 40%), as a solid: m.p. = 177−179 °C (hexanes/PhH,
1:4, v/v): 1H NMR (300 MHz, CDCl3) δ 7.78 (sb, w1

2 ∼ 9.7,
1H, N−H), 6.34 (s, 1H, H-5), 3.96 (s, 3H, OMe-7), 3.86 (s,
3H, OMe-6), 2.87 (d, J = 7.7, 2H, H-1′), 1.66 (dd, J = 7.7, 2H,
H-2′), 0.97 (t, J = 7.7, 3H, H-3′); 13C{1H} NMR (75 MHz,
CDCl3) δ 180.8 (C-3), 160.6 (C-2), 159.8 (C-6), 144.6 (C-7),
142.1 (C-4), 131.4 (C-7a), 110.7 (C-3a), 107.4 (C-5), 61.4 (7-
OMe), 56.4 (6-OMe), 34.0 (C-1′), 23.6 (C-2′),14.0 (C-3′);
HRMS (ESI+-TOF) found m/z = 250.1068; C13H16NO4 [M +
H]+ requires m/z = 250.1079.

6,7-Dimethoxy-4-(5-phenylpentyl)-1H-indole-2,3-dione
(1). Diethyl 2-ketomalonate (24, 62 mg, 0.356 mmol) was
added to a stirred solution of 11 (50 mg, 0.167 mmol) in
glacial AcOH (2 mL), and the mixture was heated to 120 °C
for 4 h, after this the solvent was removed under vacuum, then
a 1 M solution of KOH (4 mL) was added and the solution
was stirred under air bubbling. The aerobic conditions were
kept overnight; then, the solution was acidified to pH 2−3. and
the products were extracted with EtOAc (2 × 10 mL). The
organic extracts were washed with brine (2 × 10 mL), dried
over MgSO4, filtered, and concentrated under reduced
pressure. Chromatographic purification of the resulting yellow
oil afforded melosatin A (1, 40 mg, 68%), as a solid: m.p. =
95−97 °C (n-hexane/PhH, 2:3, v/v), lit. = 119−121 °C
(petroleum ether/PhH)].3 1H NMR (300 MHz, CDCl3) δ
8.10 (sb, w1

2 ∼ 5.8, 1H, N−H), 7.29−7.15 (m, 5H, Ph), 6.31
(s, 1H, H-5), 3.94 (s, 3H, OMe-6), 3.86 (s, 3H, OMe-7), 2.87
(t, J = 7.7, 2H, H-1′), 2.61 (t, J = 7.7, 2H, H-5′), 1.71−1.39
(m, 6H, H-2′, H-3′, H-4′);6b 13C{1H} NMR (75 MHz, CDCl3)
δ 180.9 (C-3), 160.7 (C-6), 160.4 (C-2), 144.7 (Cipso), 142.8
(C-7a), 142.2 (C-4), 131.5 (C-7), 128.5 (2C, Cmeta), 128.4
(2C, Cortho), 125.7 (Cpara), 110.5 (C-3a), 107.3 (C-5), 61.4 (7-
OMe), 56.4 (6-OMe), 35.9 (C-5′), 32.1 (C-1′), 31.3 (C-2′),
30.2 (C-4′), 29.1 (C-3′); HRMS (ESI+-TOF) found m/z =
354.1705; C21H24NO4 [M + H]+ requires m/z = 354.1705.
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Kürti, C. L. Practical singly and doubly electrophilic aminating agents:
a new, more sustainable platform for carbon−nitrogen bond
formation. J. Am. Chem. Soc. 2017, 139, 11184−11196.
(32) CCDC 2240753 contains the supplementary crystallographic
data for this paper. The data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
structures. In addition, a brief molecular structure discussion is
provided in Supplementary Information.
(33) Sheldrick, G. M. SADABS; University of Göttingen: Göttingen,
Germany, 1996.
(34) Shinki, T. Process for production of ketomalonic acid
compounds or hydrates thereof. US 8859803 B2, 2014.
(35) Lollar, C. T.; Krenek, K. M.; Bruemmer, K. J.; Lippert, A. R.
Ylide mediated carbonyl homologations for the preparation of isatin
derivatives. Org. Biomol. Chem. 2014, 12, 406−409.
(36) Clemo, G. R.; Turnbull, J. H. The sulphonation of some
derivatives of eugenol. J. Chem. Soc. 1947, 124−127.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c02722
ACS Omega 2023, 8, 23174−23181

23181

https://doi.org/10.1002/ejoc.201501566
https://doi.org/10.3390/catal7030087
https://doi.org/10.3390/catal7030087
https://doi.org/10.3390/catal7030087
https://doi.org/10.1021/ja0214882?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/ja0214882?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/S0143-7208(00)00089-9
https://doi.org/10.1016/S0143-7208(00)00089-9
https://doi.org/10.1016/S0143-7208(00)00089-9
https://doi.org/10.1021/jo0706123?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo0706123?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tet.2017.12.053
https://doi.org/10.1016/j.tet.2017.12.053
https://doi.org/10.1016/j.tet.2017.12.053
https://doi.org/10.1016/j.bmcl.2009.03.125
https://doi.org/10.1016/j.bmcl.2009.03.125
https://doi.org/10.1071/CH00057
https://doi.org/10.1016/j.tetlet.2012.12.035
https://doi.org/10.1002/ange.201410321
https://doi.org/10.1002/ange.201410321
https://doi.org/10.1055/a-1238-2639
https://doi.org/10.1055/a-1238-2639
https://doi.org/10.1021/acs.orglett.0c00504?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.0c00504?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1039/D2NJ01307J
https://doi.org/10.1039/D2NJ01307J
https://doi.org/10.1021/jo01127a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jo01127a026?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2006.03.085
https://doi.org/10.1016/j.bmcl.2006.03.085
https://doi.org/10.1021/jm049147h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jm049147h?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.bmcl.2007.02.060
https://doi.org/10.1016/j.bmcl.2007.02.060
https://doi.org/10.1002/anie.202113078
https://doi.org/10.1002/anie.202113078
https://doi.org/10.1002/anie.202113078
https://doi.org/10.1039/D1TC02116H
https://doi.org/10.1039/D1TC02116H
https://doi.org/10.1039/D1TC02116H
https://doi.org/10.3390/molecules22111961
https://doi.org/10.3390/molecules22111961
https://doi.org/10.1039/C5TA07511D
https://doi.org/10.1039/C5TA07511D
https://doi.org/10.1039/C5TA07511D
https://doi.org/10.1021/acs.orglett.8b00684?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00684?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/acs.orglett.8b00684?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c10365?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c10365?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.0c10365?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1016/j.tetlet.2014.01.145
https://doi.org/10.1016/j.tetlet.2014.01.145
https://doi.org/10.1021/jacs.7b05279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b05279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://doi.org/10.1021/jacs.7b05279?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
http://www.ccdc.cam.ac.uk/structures
http://www.ccdc.cam.ac.uk/structures
https://doi.org/10.1039/C3OB42024H
https://doi.org/10.1039/C3OB42024H
https://doi.org/10.1039/jr9470000124
https://doi.org/10.1039/jr9470000124
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c02722?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

