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A new synthetic route for the (+)-nordasycarpidone was achieved in five steps with an overall
yield of 41 %. This route involves ring closure and formation of 5 which has a methanoazocino[4,3-
bJindole skeleton in the key step. The reaction also involved a cyclization reaction of tetrahydrocarbazole
with a monoalkyl nitrile side chain at the C-2 position, and this reaction was mediated by tetrachloro-1,4-
benzoquinone (TCB). The central step in the synthesis was the closure of the D-ring of the intra-molecu-
lar structure and the addition of amine, which resulted in an aza-tetracyclic substructure that contained the
ABCD-ring of the strychnos alkaloid family.
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HOB IPUO/J KOH LEJIOCHATA CUHTE3A HA (+)-HOPJACUKAPIIUIOH
ITO ITAT HA 3ATBOPAILE HA ITPCTEH HA TETPAXJIOPO-1,4-BEH30XWHOH

[TocTHrHAT ¢ HOB HAYMH 3a CHHTE3a Ha (+)-HOPAACHKAPIHUIOH BO MET YEKOPH CO BKYIEH MPHUHOC
ox 41 %. OBaa mocranka BO KIYYHHOT YEKOpP BKJIydyBa 3aTBOpam€ Ha IIPCTEH M 00pa3yBame Ha 5 mro
uMa MeTaHoa3oluHo[4,3-b]unmoncku ckener. PeakiujaTta MCTO Taka BKIyYyBa peakldja Ha HUKIH3ALMja
Ha TeTpaxuApokapOa30JI CO MOHOAIKMI-HUTPHIICKA CTIopeiHa Hu3a Ha nosoxk6a C-2. Bo oBaa peakiyja
Kako Menaujarop Oemie uckopucteH 1,4-6enzoxunon (TCB). IleHTpanHHOT 4yekop Ha CHHTe3ara €
3aTBOpame Ha D-TpcTeHOT BO MHTpaMolieKysIcKaTa CTPYKTypa U aMIijaTta Ha aMuH, IITO Pe3yJITHpa BO
asa-TeTpalMKINYHa CTPYKTypa o ro coapxku ABCD-npcreHoT o ankanouaHara pamuimja strychnos.

Knyunu 300poBH: JacHKapIHIOH; YIICHH; HOpJAacHKapnaaoH; 1,5-meranoaszaiuno[4,3-blunmon

1. INTRODUCTION

Nordasycarpidone represents a class of the
strychos alkaloids, and these, alkaloids are
characterized by a methanoazocino[4,3-b]indole
core structure. Nordasycarpidone is a four-
member, cyclic amine that is fused to an indole
ring, and it has scaffolds that can be found in
various synthetic and natural products that have
important biological activities [1-5]. The sub-
sequent structural modifications of nordasycarpi-
done led to a wide range of biological properties
that established them as beneficial in analgesic,
anti-inflammatory, bactericidal, anti—malarial ap-

plications [6, 7]. Most of modifications start with
the A-ring and the heterocyclic skeleton, and the
B- and C-rings are closed in the subsequent
processing [8, 9]. This occurs in spite of the
construction a significant number of D-rings from
the tetrahydrocarbazole derivatives via an acid
catalyst and the DDQ-mediated ring closure, as
reported previously [10, 11]. Inspired by the results
of our work, we used different strategies, and
developed a new method, that involved an
intramolecular strategy for the cyclization process
as the key step. In this paper, we describe a
synthetic route utilizing tetrahydrocarbazole,
which has a nitrile chain that serves as a key
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intermediate for the total synthesis of nordasy-
carpidone. However, the construction of medium-
sized rings by organic synthesis is notoriously
diffucult. However, these rings are valuable for the
construction of tetracyclic strychnos alkaloids, and
Figure 1 shows some representative examples of
the synthesis of strychnos-related natural alkaloids,
including nordasycarpidone and others. Numerous
reports have been published concerning the
development of the ingenious total synthesis of
nordasycarpidone [1-5], dasycarpidone [12-14],
and ulenine [15, 16].

The usefulness of the synthetic methods for
constructing the desired valuable intermediates is
important, as is increasing the percentage yield in
these methods. It is important to note that,
methanoazocino[4,3-b] skeletons are the framework
within all of the alkaloids, and this has prompted the

more general development of the approach [17]. In
this paper, we describe an efficient strategy for the
synthesis of nordasycarpidone (6, Scheme 1), and
the strategy is based on the expansion of the six-
atom from 3-ethyl-2,3,4,9-tetrahydro[1H-carbazole-
1,2'(1,3)dithiolane]-2-yl)ethanamine 4 using tetra-
chloro-1,4-benzoquinone (TCB) as a catalyst.

H
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Fig. 1. Structure of nordasycarpidone-type alkaloids
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Scheme 1. Synthesis of (+)-nordasycarpidone

2. EXPERIMENTAL SECTION

'H-NMR (400 MHz) C NMR (100 MHz)
spectra were recorded on a Bruker instrument
DPX-400 MHz High Performance Digital FT-
NMR Spectrometer in CDCl; with tetramethyl-
silane (TMS) as the internal standard at 25 °C.
Chemical shifts are expressed in parts per million
(8) and the coupling constants are given in Hz. IR
spectra were obtained as KBr pellets using a
Mattson 1000 FT-IR spectrometer. Melting points
were determined in capillary tubes on a Gal-
lenkamp apparatus and are uncorrected. Reactions
were monitored by thin layer chroma-tography
(TLC) (silica gel 60 F254). Purification of solvents
was performed according to standard methods.

2.1. 3-p-Ethyl-1-ox0-2,3,4,9-tetrahydro-1H-
carbazole-2-yl)acetonitrile (2)

Sodium hydride (2.3 g, 58.65 mmol, 60 %
dispersion in oil) was added in several portions to a
solution of carbazole 1 (5.0 g, 23.46 mmol) in 1,4-
dioxane (150 ml) at 0 °C under a nitrogen
atmosphere. The reaction mixture was stirred for 3
h, and 4.4 g (58.65 mmol) of chloroaceonitrile
were added dropwise via a dropping funnel over a
30-min period. The mixture was stirred for 30 min
at 0 °C, after which the mixture was heated at
reflux for 27 h under a nitrogen atmosphere. Then,
it was cooled in an ice bath and poured into 200 ml
of 10 % HCI. After extraction with chloroform, the
mixture was washed with water and brine, dried
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over Na,SO,, filtered, and concentrated under
reduced pressure to give the crude 2 as a yellow
oil. The residue was purified by column
chromatography on silica gel (ethyl acetate—n-
hexane, 5:1), and, after the solvent was removed,
the product was recrystallized from diethyl ether to
form 5.21 g (88 %) of 2 as a white solid, m.p. 144—
146 °C; TLC: Rf 0.53 (ethyl acetate); IR (KBr
pellet): v 3443, 2965, 2921, 2243, 1721, 1452,
1418, 1341 cmt; *H NMR (CDCls, 400 MHz): &
8.22 (1H, s, NH-indole), 7.93 (1H, d, J = 8.3 Hz,
Har), 7.41 (1H, J = 7.9 Hz, Ha/), 7.26-7.10 (2H, m,
Har), 2.81-2.73 (2H, m, CH.CN), 2.69 (2.61 (1H,
m, 1H, CH), 2.57 (1H, dd, J = 11.3, J = 5.51 Hz,
CH), 2.48 (1H, dd, J = 15.8, J = 5.51 Hz, CH),
1.93-1.80 (1H, m, CH), 1.63-1.51 (1H, m, CH),
1.33-1.26 (1H, m, CH), 1.08 (3H, t, J = 7.1 Hz,
CHs); BC NMR (CDCls, 100 MHz): & 188.9,
144.7, 143.1, 136.7, 127.8, 122.5, 122.0, 120.4,
119.8, 111.3, 52.8, 34.7, 31.4, 30.2, 18.7, 13.4.
Anal. calcd for Ci6H1sN2O (252.13): C 76.16, H
6.39, N 11.10; found: C 76.28, H 6.24, N 11.25.

2.2. 3-Ethyl-2,3,4,9-tetrahydro[1H-carbazole-
1,2 (1,3)dithiolane]-2-yl)acetonitrile (3)

A solution of 2 (3.0 g, 11.89 mmol) in 100
ml of chloroform, was refluxed with 1,2-ethan-
edithiol (2.50 ml, 29.72 mmol), zinc trifloro-
methanesulfonate (10.8 g, 29.72 mmol), and zinc
chloride (4.05 g, mmol) for 22 h under a nitrogen
atmosphere. After the mixture was allowed to cool
to room atmosphere, it was treated with 100 ml of
10 % sodium hydroxide. The organic layer was dried
over NazSO; filtered, and concentrated under reduced
pressure to give 3 as a dark brown oil, which was
purified by column chromatography (4:1, ethyl
acatate—hexane). After the solvent was removed, and
the product was recrystallized from diethyl ether-n-
hexane (5:1), producing 3.55 g (91 %) of 3 as a
yellow solid, m.p. 162-164 °C; TLC: Rs 0.68
(chloroform); IR (KBr pellet): v 3328, 2925, 2248,
15281454 cm™; 'H NMR (CDCls, 400 MHz): &
8.02 (1H, s, NH-indole), 7.33 (1H, d, J = 7.2 Hz,
Har), 7.22 (1H, d, J = 8.1 Hz, Ha,), 7.14-7.01 (1H,
m, Ha)), 6.98 (1H, t, J = 7.3 Hz), 3.56-3.37 (2H,
m, -CH,S), 3.32-3.01 (2H, m, -S-CH,), 2.94-2.81
(2H, m, CH.CN), 2.78-2.70 (1H, m, CH), 2.63
(1H, dd, J = 11.4, J = 5.8 Hz, CH), 2.58 (1H, ddd,
J=15.1,J=10.3,J=4.7 Hz, CH), 1.98-1.85 (1H,
m, CH), 1.58-1.37 (2H, m, CH,CHs), 1.1 (3H, t, J
= 7.4 Hz, CHs); C NMR (CDCls, 100 MHz):
137.8, 133.7, 127.3, 120.6, 119.2, 117.3, 115.7,
112.1, 111.3, 60.7, 41.9, 39.3, 38.5, 27.1, 25.6,
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21.3, 19.8, 16.3. Anal. calcd for CigH2N,S;
(328.11): C 65.81, H 6.14, N 8.53; found: C 65.93,
H 6.27 %, N 8.48.

2.3. 3-Ethyl-2,3,4,9-tetrahydro[ 1H-carbazole-
1,2 (1,3)dithiolane]-2-yl)ethanamine (4)

BH3. THF (1.0 M) (4.40 ml, 4.56 mmol) was
added to a solution of 3 (1.5 g, 4.56 mmol) in 100
ml of tetrahydrofuran was added 4.40 ml (3.90 g,
45.6 mmol) of borane-THF by using a syringe
[28]. The resulting mixture was at reflux for 6 h
under a nitrogen atmosphere. After being cooled to
room temperature and treated with 20 ml of
methanol, the solvent was removed under reduced
pressure, and the residue was heated directly at
reflux with 10 % hydrochloric acid (60 ml) for 4 h
and then filtred. The filtrate was made alkaline (pH
= 12.0) with 10 % ageous sodium hydroxide. The
resulting solution was treated with ethyl acetate (3
x 100 ml) and concentrated under reduced
pressure. The crude was dried over Na,SO, and
purified by column chromatography on silica gel
(dichloromethane-methanol, 5:1) to give 4 (1.17 g,
77 %) as a yellow foam, TLC: R 0.71 (ethyl
acetate); IR (KBr pellet): v 3393, 3210, 3071,
2967, 1513, 1423, 1328, 1301 cm?; 'H NMR
(CDClz, 400 MHz): 68.21 (1H, s, NH-indole), 7.56
(1H, d, J = 7.8 Hz, Har), 7.35 (1H, d, J = 8.0 Hz,
Har), 7.20 (1H, d, J = 7.1 Hz, Har), 7.12 (1H, t,J =
7.3 Hz, Hap), 4.32 and 4.28 (2H, brs), 3.53-3.42
(2H, m, -CH-S), 3.31-3.23 (2H, m, S-CH), 2.93—
2.87 (2H, m), 2.81-2.79 (2H, m, CH), 2.74-2.68
(1H, m, CHy), 2.61 (1H, dd, J = 12.1, J = 5.3 Hz,
CH), 2.54 (1H, dd, J = 16.1, J = 5.3 Hz, CH),
1.93-1.86 (1H, m, CH), 1.23-114 (2H, m), 0.98
(3H, t, J = 7.4 Hz, CH3); *C NMR (CDCls, 100
MHz): 6 133.4, 128.6, 127.5, 124.7, 119.4, 118.8,
112.3, 110.9, 65.8, 52.3, 42.7, 40.7, 39.6, 38.7,
29.4, 28.7, 22.3, 11.7. Anal. calcd for CigH24N,S,
(332.14): C 65.02, H 7.27, N 8.42; found: C 65.13,
H 7.36, N 8.37.

2.4. 12-Ethyl-6,6-ethylenedithio-1,2,34,5,6-
hexahydro-1,5-methano-2-azocino[4,3,b]indole (5)

Tetrachloro-1,4-benzoquinone (2.2 g, 9.03
mmol) in one portion was added to a solution of
amine 4 (1.0 g, 3.01 mmol) in 30 ml of
tetrahydrofuran, and the resulting solution was
stirred at room temperature for 6 h under a nitrogen
atmosphere, after which it was treated with 10 %
NaOH (3 x 50 ml) solution. The combined organic
extracts were dried over Na;SO4 and concentrated
under reduced pressure, and the residue was purified
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by column chromatography on silica gel (ethyl
acetate-MeOH, 3:1) to produce 0.93 g (94 %) of 5
as a white solid, m.p. 224-226 °C; TLC: R 0.51
(hexane); IR (KBr pellet): v 3251, 2943, 1618,
1461, 739 cm?; 'H NMR (CDCls, 400 MHz): &
9.31 (1H, s, NH-indole), 7.53 (1H, d, J = 7.7 Hz,
Har), 7.33 (1H, d, J = 8.1 Hz, Ha/),7.18-7.07 (2H,
m, Har), 5.73 (1H, d, J = 2.7 Hz CH), 4.73-4.67
(1H, m, CH), 4.13 (1H, t, J = 1.4 Hz, CH), 3.62—
3.37 (4H, m, CHy), 2.61 (1H, brs), 2.43 (1H, d, J =
5.6 Hz, CH), 2.51-2.24 (1H, m), 1.63-1.21 (4H, m,
CHy), 1.01 (3H, t, J = 7.4 Hz, CHs); *C NMR
(CDCl3, 100 MHz): 8 135.7, 134.5, 127.2, 123.2,
119.4, 119.0, 111.8, 110.6, 93.8, 73.7, 50.1, 41.8,
40.9, 40.6, 40.1, 28.9, 24.3, 11.4. Anal. calcd for
CisH2N2S; (330.12): C 65.41, H 6.71, N 8.48;
found: C 65.49, H 6.78, N 8.37.

2.5. 12-Ethyl-6-0x0-1,2,3,4,5,6-hexahydro-1,5-
methano-2-azocino[4,3-b]indole
(Nordasycarpidone) (6)

[Bis(trifluoroacetoxy)iodo]benzene (1.6 g,
3.77 mmol) was added to a solution of cyclization
product 5 (0.5 g, 151 mmol) in aqueous
acetonitrile (1:9) (40 ml), and the mixture was
stirred, under a nitrogen atmosphere for 5 h at
room temperature.The resulting solution was
treated with saturated aqueous NaHCO; (50 ml)
diluted with ethyl acetate (50 ml), washed with
water, dried over Na,SO, filtered, and concen-
trated under reduced pressure. The residue was
crystallized from diethyl ether to produce 0.54 g
(71 %) of nordasycarpidone (6) as a foam. TLC: R¢
0.78 (ethyl acetate); IR (KBr pellet): v 3253, 2963,
1651, 1537, 1468, 1329, 1196, 1128, 901, 744 cm™?;
'H NMR (CDCls, 400 MHz): & 8.43 (1H, s, NH-
indole), 7.53 (1H, d, J = 7.9 Hz, Ha/), 7.33 (1H, d,
J = 8.1 Hz, Ha), 7.19 (1H, td, J = 8.0 Hz, Ha),
7.11 (1H, t, J = 8.0 Hz, Har), 5.23 (1H,d, J = 6.1
Hz, CH), 2.94 (1H, bs, NH), 2.74-2.62 (1H, m,
CH), 2.41-2.29 (2H, m, CHy), 2.18-2.05 (1H, m,
CH), 2.01-1.87 (2H, m, CHy), 1.63-1.52 (2H, m,
CHy), 0.87 (3H, t, J = 7.4 Hz, CHs); 3C N NMR
(CDCl3, 100 MHz): 8 192.8, 138.1, 133.4, 126.8,
125.1, 123.9, 122.0, 121.8, 112.6, 48.7, 48.1, 47.5,
37.3, 31.4, 24.8, 11.8. Anal. calcd for CisH1sN.O
(254.14): C 75.56, H 7.13, N 11.01; found:. C
75.48, H 7.18, N 11.12.

3. RESULTS AND DISCUSSION

In this work, our synthesis bagan with pre-
paration of 3-ethyl-1-ox0-2,3,4,9-tetrahydro-1H-

carbazol-2-yl)acetonitrile (2) for the penultimate-
intramolecular cyclization mediated by tetrachloro-
1,4-benzoquinone (TCB). For this target, we
selected 3-ethyl-1,2,3,4-tetrahydro-1H-carbazole-1-
one (1) as the starting material. Initially, cyano-
methylation of compound 1 utilizing sodium
hydride and chloroacetonitrile in 1,4-dioxane gave 2
and the preparation of starting material, racemic 3-
ethyl-1-oxo0-2,3,4,9-tetrahydro-1H-carbazole-2-yl)
acetonitrile (2) has been previously described. [10,
15, 18]. Because of the possibility that the carbonyl
group might be affected by the conditions, we used
cyanomethylation of compound (2) followed by
treatment with 1,2-ethanedithiol and zinc triflate as
a catalyst, resulting in 91 % vyield of compound 3
[19]. The nitrile reduction reaction of cyano-
methylation 3 with amine 4 proceeded smoothly in
tetrahydrofuran at reflux and provided a good yield
(77 %). After intramolecular cyclization, product 5
was investigated to complete the total synthesis.
Furthermore, we have also demonstrated the
efficiency of this new cyclization method in this
study. For the purpose, cyclization by treatment
with tetrachloro-1,4-benzoquinone led to the gene-
ration of the azocino[4,3-b]indole skeleton. After
formation of the azocino[4,3-b]indole, a protecting
group was introduced by treatment with bis
(trifluoroacetoxy)iodobenzene to produce (+)-nor-
dasycarpidone in five steps [20-22].

Synthesis of nordasycarpidone-type alkaloids
are based on the construction of a 1,5-
methanoazocino[4,3-b]indole skeleton which are also
found other alkaloids. In this study, we had also
shown that 1,5-methanoazocino[4,3-b]indoles can be
formed from 2-amino-1,2,3,4-tetrahydrocarbazoles. It
is presented that azocino[4,3-b]indoles through the
cyclization reaction of starting tetrahydrocarbazoles
bearing a monoalkylmino moiety at C-2 position
mediated by tetrachloro-1,4-benzoquinone (TCB).
[18]. This reagent was used for the first time, a
mechanistic proposal is given that includes formation
of a vinylogous iminium cation via TCB-mediated
dehydrogenation of tetrahydrocarbazole [23-25].
According to our tentatively proposed reaction
mechanism as illustrated in Scheme 2, the formation
of the vinylogous iminium cation 4b in turn seems to
be unequivocal. On the other hand, the phenoxide
anion 4c can act as a Brensted-base to give the syn-
selective cylization to completion of the reaction and
2,3,5,6-tetrachlorohydroquinone 5a is formed as a
side product subsequently. The most characteristic
value of its IN NMR spectrum is a doublet of
methine proton on the C-21 position at 6 5.73 ppm,
which was comparable to the data observed
previously for the methanoazocino structure [1, 4].

Maced. J. Chem. Chem. Eng. 39 (1), 11-16 (2020)
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According to our proposed reaction mechanism, as
illustrated in Scheme 2, spectroscopic 'H NMR, ©*C
NMR, IR, elemental analysis data of the synthetic
sample were identical to those of the natural product
[4, 26, 27].

In this study, we also report and efficient,

practical, and high-yielding method for the
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synthesis of (+£)-nordasycarpidone with an overall
yield of 41 %. The methods and techniques we
used will prove useful for future synthetic
endeavors and relevant biological molecules.
Application of this strategy for the synthesis of
other alkaloids that have the azocino[4,3-b]indole
moiety is underway in our laboratory.

Scheme 2. Proposed mechanism of azocino[4,3-b]indole with tetrachlorol,4-benzoquinone (TCB)-mediated cylization

4. CONCLUSION

We established a convenient synthetic route
for producing (+)-nordasycarpidone by using
tetrachloro-1,4-benzoquinone. The strategy
developed here to built the azocino[4,3-b]indole
system, combined with the efficient method for the
preparation of starting 3-ethyl-1-oxo0-2,3,4,9-
tetrahydro-1H-carbazole-2-yl)acetonitrile, provides
a short, general synthetic entry to this tetracyclic
system that may be applicable to the synthesis of
strychnos alkaloids. This strategy will be also ap-
plicable readily to the total syntheses of related
natural products, including uleine, epidasy-
carpidone, noruleine and synthetic analogues for
structure relationship studies.

Acknowledgments: The author wish thanks must go to
Prof. Dr. Tuncer Hokelek for continuous support in the
preparations and writing of this work. The author is also
grateful to Namik Kemal University for the analysis of the
synthesized compounds.

REFERENCES

[1] F. Tang, M. G. Banwell, A. C. Willis, Palladium-

catalyzed Ullmann Cross-Coupling/Tandem reductive

Maced. J. Chem. Chem. Eng. 39 (1), 11-16 (2020)

cyclization route to key members of the uleine alkaloid
family, J. Org. Chem. 81, 29502957 (2016).
DOI: https://doi.org/10.1021/acs.joc.6b00240

R. Akdag, Y. Ergun, Y. A new synthetic route to the
synthesis of nordasycarpidone derivatives, J. Heterocycl.
Chem. 44, 863-866 (2007).

DOI: https://doi.org/10.1002/jhet.5570440418

M. Amat, S. Hadida, G. Pshenichnyi., J. Bosch,
Palladium(0)-catalyzed heteroarylation of 2- and 3-
indolylzinc derivatives. An efficient general method for
the preparation of (2-pyridyl)indoles and their
application to indole alkaloid synthesis, J. Org. Chem.
62, 3158-3175 (1997).

DOI: https://doi.org/10.1021/j0962169u

[2]

(3]

[4] J. Gracia, N. Casamitjana, J. Bonjoch, Total synthesis of
uleine-type and strychnos alkaloids through a common
intermediate, J. Org. Chem. 59, 3939-3951 (1994).

DOI: https://doi.org/10.1021/j000093a028
[5]

J. Bonjoch, N. Casamitjana, J. Gracia, A stereoselective
total synthesis of dasycarpidan alkaloids: (+)-dasycarpidone,
(+)-dasycarpidol and (+)-nordasycarpidone, J. Chem. Soc.
Chem. Commun. 23, 1687-1688 (1991).

DOI: https://doi.org/10.1039/C39910001687

T. P. C. Chierrito, A. C. C. Aguiar, I. M. de Andrade, I.
P. Ceravlolo, R. A. C. Gongalves, A. J. B. de Oliveria,
A. U. Krettli, Anti-malarial activity of indole alkaloids
isolated from Aspidosperma olivaceum, Malar. J. 13,
142-151 (2014).

DOI: https://doi.org/10.1186/1475-2875-13-142

(6]


https://doi.org/10.1021/acs.joc.6b00240
https://doi.org/10.1002/jhet.5570440418
https://doi.org/10.1021/jo962169u
https://doi.org/10.1021/jo00093a028
https://doi.org/10.1039/C39910001687
https://doi.org/10.1186/1475-2875-13-142

16

Nesimi Uludag

(7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

E. C. Miranda, S. Blechert, S. Gilbertin, Ein neuer
Indolalkaloidtyp, Tetrahedron Lett. 23, 5395-5398 (1982).
DOI: https://doi.org/10.1016/0040-4039(82)80139-1

A. Jackson, N. D. V. Wilson, A. J. Gaskel, J. J. A. Joule,
The syntheses of (&)-dasycarpidone, (+)-3-epi-dasy-
carpidone, (+)-uleine and (+)-3-epi-uleine, J. Chem. Soc.
C, 2738-2747 (1969).

DOI: https://doi.org/10.1039/J39690002738

T. Kametani, T. Suzuki, Syntheses of heterocyclic
compounds. CCCXCIV. Total syntheses of (&)-
dasycarpidone and (+)-3-epidasycarpidone. Formal total
syntheses of (£)-uleine and (+)-3-epiuleine, J. Org.
Chem. 36, 1291-1293 (1971).

DOI: https://doi.org/10.1021/j000808a026

N. Uludag, T. Hokelek, S. Patir, A new approach to the
total synthesis of (+)-20-epidasycarpidone, J. Heterocycl.
Chem. 43, 585-591 (2006).

DOI: https://doi.org/10.1002/jhet.5570430310

N. Uludag, S. Patir, Studies on the synthesis of the
azocino[4,3-b]indole framework and related compounds,
J. Heterocycl. Chem. 44, 1317-1322 (2007).

DOI: https://doi.org/10.1002/jhet.5570440613

N. Uludag, R. Yilmaz, O. Asutay, N. Colak, Facile
synthesis of the azocino[4,3-b]indole framework of
strychnopivotine and other Strychnos alkaloids, Chem.
Heterocycl. Compd. 52, 196-199 (2016).

DOI: https://doi.org/10.1007/s10593-016-1860-4

L. J. Dolby, H. Biere, The total synthesis of (+)-da-
sycarpidone and (+)-epidasycarpidone, J. Am. Chem.
Soc. 90, 2699-2700 (1968).

DOI: https://doi.org/10.1021/ja01012a047

L. Micouin, A. Diez, J. Castells, D. Lopez, M.
Rubiralta, J. C. Quirion, H. P. Husson, Synthetic
applications of 2-(1,3-dithian-2-yl)indoles V1. Asym-
metric synthesis of dasycarpidone-type indole alkaloids,
Tetrahedron Lett. 36, 1693-1696 (1995).

DOI: https://doi.org/10.1016/0040-4039(95)00047-G

S. Patir, N. Uludag, A novel Synthetic route for the total
synthesis of (£)-uleine, Tetrahedron, 65, 115-118
(2009). DOI: https://doi.org/10.1016/j.tet.2008.10.102

M. Amat, M. Perez, N. Llor, M. Martinelli, E. Molins, J.
Bosch, Enantioselective formal synthesis of uleine
alkaloids from phenylglycinol-derived bicyclic lactams.
Chem. Commun. 35, 1602-1603 (2004).

DOI: https://doi.org/10.1039/B400987H

P. Forns, A. Diez, M. Rubiralta, X. Solans, M. Font-
Bardia, Synthetic applications of 2-(1,3-dithian-2-

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

yDindoles VI.!' Synthesis of 20-epidasycarpidone,
Tetrahedron, 52, 3563-3574 (1996).
DOI: https://doi.org/10.1016/0040-4020(96)00033-6

N. Uludag, M. Yakup, Concise Total Synthesis of 20-
deethyl-4-demethyldasycarpidone, Org. Prep. Proc. Int.
47, 454-460 (2015).

DOI: https://doi.org/10.1080/00304948.2015.1088756

E. J. Corey, K. Shimoji, Magnesium and zinc-catalyzed
thioketalization, Tetrahedron Lett. 24, 169-172 (1983).
DOI: https://doi.org/10.1016/S0040-4039(00)81357-X

J. Bosch, M. Rubiralta, A. Domingo, J. Bolos, A.
Linares, C. Minguillon, M. Amat, J. Bonjoch, Synthetic
applications of 2-cyano-1,2,3,6-tetrahydropyridines. 2.
Synthesis of isodasycarpidone and related systems, the
ervitsine skeleton and its benzo analog, J. Org. Chem.
50, 1516-1522 (1985).

DOI: https://doi.org/10.1021/jo00209a031

N. J. Cussans, S. V. Ley, D. H. R. Barton, Removal of
thioacetal protecting groups by benzeneseleninic anhydride,
J. Chem Soc. Perkin Trans. |, 1654-1657 (1980).

DOI: https://doi.org/10.1039/P19800001654

J. Malek, M. Cerny, Reduction of organic compounds by
alkoxyaluminohydrides, Synthesis, 5, 217-234 (1972).
DOI: https://doi.org/10.1055/s-1972-21858

C. Hofler, C. Riichardt, Bimolecular formation of
radicals by hydrogen transfer, on the mechanism of
quinone dehydrogenations, Liebigs. Ann. 183-188
(1996). DOI: https://doi.org/10.1002/jlac.199619960206

Y. Zhang, C, Li, DDQ-mediated direct cross-
dehydrogenative-coupling (CDC) between benzyl ethers
and simple ketones, J. Am. Chem. Soc. 128, 42424243
(2006). DOI: https://doi.org/10.1021/ja060050p

W. Tu, P. E. Floreangic, Oxidative carbocation
formation in macrocycles: Synthesis of the neopeltolide
macrocycle, Angew. Chem. Int. Ed. 48, 4567-4571
(2009). DOI: https://doi.org/10.1002/anie.200901489

M. Amat, S. Hadida, N. Llor, S. Sathyanarayana, J.
Bosc, Studies on the configurational stability of 3-(2-
piperidyl)indoles, J. Org. Chem. 61, 3878-3882 (1996).
DOI: https://doi.org/10.1021/j0952251+

J. A. Joule, M. Ohashi, B. Gilbert, C. Djerassi, Alkaloids
studies — LIII: The structures of nine new alkaloids
from Aspidosperma dasycarpon A. DC. Tetrahedron,
21, 1717-1734 (1965).

DOI: https://doi.org/10.1016/S0040-4020(01)98642-9

M. C. Mollo, N. Gruber, J. E. Diaz, J. A. Bisceglia, L. R.
Orelli, An efficient synthesis of N-alkyl-N-
arylputrescines and cadaverines, Org. Prep. Proc. Int.
46, 444-452 (2014).

DOI: https://doi.org/10.1080/00304948.2014.944404

Maced. J. Chem. Chem. Eng. 39 (1), 11-16 (2020)


https://doi.org/10.1016/0040-4039(82)80139-1
https://doi.org/10.1039/J39690002738
https://doi.org/10.1021/jo00808a026
https://doi.org/10.1002/jhet.5570430310
https://doi.org/10.1002/jhet.5570440613
https://doi.org/10.1007/s10593-016-1860-4
https://doi.org/10.1021/ja01012a047
https://doi.org/10.1016/0040-4039(95)00047-G
https://doi.org/10.1016/j.tet.2008.10.102
https://doi.org/10.1039/B400987H
https://doi.org/10.1016/0040-4020(96)00033-6
https://doi.org/10.1080/00304948.2015.1088756
https://doi.org/10.1016/S0040-4039(00)81357-X
https://doi.org/10.1021/jo00209a031
https://doi.org/10.1039/P19800001654
https://doi.org/10.1055/s-1972–21858
https://doi.org/10.1002/jlac.199619960206
https://doi.org/10.1021/ja060050p
https://doi.org/10.1002/anie.200901489
https://doi.org/10.1021/jo952251+
https://doi.org/10.1016/S0040-4020(01)98642-9
https://doi.org/10.1080/00304948.2014.944404

