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ABSTRACT: A domino propargylation/furanylation (intramolecular exo-dig-cyclization)/benzannulation reaction of 2,4-diyn-1-
ols with 1,3-dicarbonyl compounds has been developed for the first time. This provides a novel and effective method for the prepa-
ration of aryl/heteroaryl-fused benzofurans from easily accessible starting materials in a single step. The methodology was extended
to pyrrolyl-benzannulation to obtain aryl/heteroaryl-fused indoles. Further, application of this approach in the synthesis of
eustifoline D and dictyodendrin structural frameworks has been demonstrated.

Fused polycyclic heteroaromatics are privileged molecular
scaffolds present in a range of bio-active molecules,* pharma-
ceuticals® and bioimaging probes,® as well as in optoelectronic
materials.* Particularly, aryl/heteroaryl annulated-benzofurans
are frequently used in organic light-emitting diodes (OLEDs)
owing to their charge-transport properties and thermal stabil-
ity.® Further, m-expanded naphthalimides with fused furan ring
were used as novel fluorescent probes and naphthofurans
(R7000, 1A) as mutagenic agents.® Moreover, these scaffolds
are found as core structure of natural products. For instance,
the alkaloid eustifoline D (Figure 1, 1B), isolated by Furukawa
from the root bark of Murraya euchrestifolia, which has
unique furo[2,3-c]carbazole framework, is used as an active
constituent in some folk medicines in China.” Likewise, ar-
yl/heteroaryl annulated-indoles are the key motifs of various
molecules having drawn attention of the pharmaceutical and
material science communities. For example, dictyodendrin A
and B, pyrrolo[2,3-c]carbazoles (Figure 1, 1C and 1D), are
unusual natural alkaloids isolated from the Japanese marine
sponge Dictyodendrilla verongiformis and known to possess
telomerase inhibitory activity.® Additionally, the 3H-
benzo[e]indole skeleton has potential applications in molecu-
lar probes useful for optical imaging and photochromic mate-
rials.® This tricyclic framework is also found in enzymes like
indoleamine 2,3-dioxygenase (IDO, 1E),  fructose-2,6-

biphosphatase 3 (PFKFB3) inhibitors and drugs for treating
Alzheimer’s disease and other related conditions."
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Figure 1. Selected molecules having aryl/heteroaryl-fused
benzofurans and indoles

Due to their pharmacological importance and unique electron-
ic properties, the development of synthetic methods for the
construction of aryl/heteroaryl-fused benzofurans and indoles
has attracted substantial attention in medicinal, as well as in



materials chemistry.*** Typically, these methods proceed

either through the construction of furan or pyrrole rings on
aryl/heteroaryl-annulated benzenes (Scheme 1a)™ or via the
formation of benzene rings on substituted furans or pyrroles,
(Scheme 1b).*? However, one-pot assembly of aryl/heteroaryl-
annulated benzofuran or indoles from acyclic precursors are
uncommon®® and still remains challenge. Hence, development
of such new methods enabling the direct access to diversely
functionalized (hetero)aryl-fused benzofurans and indoles
from readily accessible acyclic compounds is highly desirable.
In this direction, domino reaction is one of the effective strate-
gies for the construction of functionalized heterocycles with
molecular diversity and atom- as well as pot-economy by
avoiding separation of the intermediates.™*

Scheme 1. Approaches to the synthesis of aryl/heteroaryl-
fused benzofurans and indoles
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On the other hand, 1-aryl/heteroaryl propargyl alcohols have
emerged as adaptable precursors to vyield various het-
ero/carbocycles through nucleophilic substitution followed by
alkyne-assisted annulation.”® However, their analogues with
extended alkyne conjugation, 1-aryl-2,4-diyn-1-ols, are under-
explored.'® These 2,4-diyn-1-ols offer an important avenue to
undergo additional cyclization in a cascade manner. Our re-
search interests in exploring 2,4-diyn-1-ols,"” led us to exam-
ine the possibility of cycloisomerizations for the synthesis of
aryl/heteroaryl-annulated benzofurans and indoles. Herein, we
describe  a novel domino propargylation/furanylation
(pyrrolylation)/benzannulation reactions of 2,4-diyn-1-ols with
1,3-dicarbonyl compounds to access the corresponding ar-
yl/heteroaryl-fused benzofurans/indoles in one-pot (Scheme
1c). To our knowledge, an approach to benzofuran or indole
by the sequential construction of the furan or pyrrole and ben-
zene ring from the annulation of diynols has not been de-
scribed to date.

To examine the proposed plan, the reaction between 1-phenyl-
2,4-diyn-1-ol (1a) and ethyl acetoacetate (2a) was employed
as a model reaction. Firstly, the propargylation reaction was
tested in the presence of different acid-catalysts to form the
intermediate A and found that BF;.Et,O (10 mol% in acetoni-
trile) was the best choice among the tested acid catalysts such
as pTSA, Sc(OTf);, Cu(OTf),, In(OTf); and FeCl; (entries 1 to
6, Table 1). Then, the conversion of A to the benzofuran 3a
was verified in the presence of a base through furan formation,
followed by a benzannulation reaction. To our delight, treat-
ment of A with K,COs in acetonitrile at 80 °C provided the
target 3a in 97% yield (entry 7, Table 1). Other bases, such as
DBU or NaHCO;, were found to be less effective in yielding

3a (entries 8 and 9, Table 1) even after prolonged reaction
time. With these conditions, next we performed both the reac-
tions in a one-pot manner eluding the isolation of intermediate
A to get 3a in 92% vyield (entry 10, Table 1).

Table 1. Optimization of Reaction Conditions®

OH BOTN_
+ conditions e}
—_—
A EtO "one pot” OO
X
1a Ph 2a 3a
o O Ph
step 1 EtO step 2
Propargylation furano-
AN benzannulation
A Ph
entry  Propargylation furano-benzannulation o qyct yield
. : o/.\b
[acid (10 mol %)] (base, temp, time) (%)
1 pTSA, 1h - A 72
2 BF; .Et,0, 0.5 h --- A 95
3 Sc(OTf)3, 1.5 h - A 70
4 Cu(OTf)p, 2 h --- A 76
5 FeCls, 1 h - A 65
6 IN(OTf), 2 h A 85
7 K,CO3, 80 °C, 7 h 3a 97
- DBU, 80 °C, 12 h 3a 20
9 - NaHCO3, 80 °C, 12 h 3a 10
10° BF;.Et;0,0.5h KyCOs;, 80°C,7h 3a 92

4(entries 1 to 6): Reactions were performed using 0.5 mmol of 1a
with 0.35 mmol of 2a in 3 mL of CH3CN and acid at 0 °C to rt;
(entries 7 to 9): Reaction of A with 1.25 mmol of base in CH3;CN
at 80 °C; bisolated yield; “One-pot reaction

Having established the optimal reaction conditions, the scope
with respect to 2,4-diyn-1-ols, as well as 1,3-dicarbonyl com-
pounds, was next examined (Scheme 2). A variety of 1-
aryl/heteroaryl 2,4-diyn-1-ols 1 (see the supporting infor-
mation for structure of 2,4-diyn-1-ols) were well tolerated in
this domino furanylation/benzannulation with ethyl acetoace-
tate (2a) to give the corresponding aryl/heteroaryl-fused
benzofurans 3 in good to high yields. 1,5-Diphenylpenta-2,4-
diyn-1-ol (1a) having substitutions such as 4-OMe and 4-Ph
groups on 1-phenyl ring reacted easily, affording the desired
naphtho[2,1-b]furans 3b (91%) and 3c (83%), respectively. In
addition, 2,4-diyn-1-ol bearing 1-naphthyl group at C1 posi-
tion was also viable substrate, furnishing the corresponding
phenanthro[3,4-b]furan 3d in 86% vyield. Remarkably, the
present domino-annulation has a good tolerance of 1-
heteroaryl groups such as 3-carbazolyl and 2-thiophenyl on
diynols, providing the 7H-benzofuro[5,4-b]carbazole 3e and
thieno[2,3-e]benzofuran 3f in good yields. Further study re-
vealed that the tested diynols, either with 4-CF;-phenyl group
or trimethyl silyl (TMS) at C5 position (alkyne carbon), un-
derwent furanyl-benzannulation to furnish the expected
naphtho[2,1-b]furans 3g (85%) and 3h (86%), respectively.
Subsequently, diverse 1,3-dicarbonyl compounds were inves-
tigated in their reactions with 1a under the optimal conditions.
The alkyl acetoacetate possessing either methyl or allyl group



endured this reaction to afford naphtho-furans 3i (82%) and 3j
(81%). The reaction of ethyl 3-oxo-3-(p-tolyl)propanoate (2d)
with 1a worked well to afford 3k in 80% vyield. Similarly,
diketo-compound, pentane-2,4-dione (2e) was also indicated
to be suitable in this domino-annulation with different diyn-1-
ols to deliver the matching naphtho[2,1-b]furans 3I, 3m and
phenanthro[3,4-b]furan 3n in good vyield. Notably, 1,3-
cyclohexadione (2f, cyclic diketocompound) also smoothly
participated to produce 9,10-dihydronaphtho[2,1-
b]benzofuran-11(8H)-ones 30 (89%) and 3p (75%).

Next, we endeavored to construct the furo[2,3-c]carbazole, a
unique framework embedded in eustifoline D natural product.’
Pleasingly, the reaction of suitable 2,4-diyn-1-ol 1i, derived
from indole-3-carboxaldehyde, with 2a under optimal condi-
tions, offered the furo[2,3-c]carbazole 3g in 89% yield
(Scheme 2). Additionally, few more 1,3-dicarbonyls including

Scheme 2. Investigation of Substrate Scope®
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aAll reactions were performed using 0.5 mmol of 1 with 0.35 mmol of 2
in 3 mL of CH3CN and BF3.Et,0 (10 mol %). After stirring at rt for 30
min, K,CO3 (1.25 mmol) was added and stirred at 80 °C.

1,3-cyclohexanedione were examined with 2,4-diyn-1-ol 1i, to
get the corresponding furo[2,3-c]carbazole products 3r, 3s and
3t (eustifoline D analogues) in good yields (Scheme 2).

Next, we wondered if the annulated-indole products 4 could be
formed also in the presence of an amine using the present ap-
proach via domino pyrrolylation/benzannulation reactions.
The reaction of 1a with 2a in the presence of aniline was car-
ried out under the conditions used for furano-benzannulation.
As predicted, the construction of 4a is challenged by the cata-
Iytic activity of acid in the presence of aniline (base) and only
a low yield of the product formation was observed, which
forced us to further optimize the reaction conditions (for de-
tails see supporting information Table S1). Gratifyingly, the
desired benzo[e]indole 4a was isolated in 87% yield by heat-
ing in toluene at 60 °C in the presence of BF;.Et,0 (10 mol %)
for 1 h followed by addition of amine and reflux for 8 h, then
removal of toluene, addition of DBU in CH;CN and stirred at
room temperature for 1 h. These optimized conditions were
subsequently employed to examine the generality of this
method (Scheme 3). Initially, diverse 1,3-dicarbonyl com-
pounds 2d to 2f were treated with 1a in the presence of aniline
and the reaction proceeded smoothly, affording the desired
benzo[e]indoles 4b to 4d in 78-86% yields. Different amines
such as benzyl amine and 4-methoxy benzylamine were also
studied in the reaction of 1la with 2a to obtain the expected N-
benzyl products 4e (84%) and 4f (81%), respectively. To our
delight, annulation of 1-heteroaryl 2,4-diyn-1-ols 1le and 1f
with 2a in the presence of aniline, led to the formation of 3,7-
dihydroindolo[5,4-b]carbazole 4g (79%) and 6H-thieno[3,2-
elindole 4h (91%), respectively. Notably, the developed meth-
od was found to be suitable for the synthesis of
pyrrolo[2,3-c]carbazole 4i, from the reaction of 1-(3-indoloyl)-
2,4-diyn-1-ol 1i with 2a in 83% yield (Scheme 3). This mole-
cule has the structural motif of dictyodendrin A and B.®

Scheme 3. Generality of domino pyrrolo-benzannulation*®
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4Reactions performed using 0.5 mmol of 1 and 0.6 mmol of 2 and
BF3.Et,0 (10 mol%) in toluene (3 mL) at 60 °C for 1 h, then addition of
RZ—NHz (0.6 mmol) and reflux for 8-12 h. Removal of toluene and addition
of DBU in CH3CN (0.5 mmol) stirred at rt. ?Isolated yields



On the basis of our experimental results and the literature re-
ports,"® plausible reaction mechanism is depicted in Scheme
4. Initially, the propargylation (involving nucleophilic substi-
tution via a carbocation I) occurred to generate the intermedi-
ate A (isolated and fully characterized) from la and
propargylic alcohol 2a in the presence of BF;.Et,O. Next,
base-mediated intramolecular 5-exo-dig-cyclization of enol 11
and subsequent isomerization of 11l would provide the
propargyl-furan 1V. Later, intermediate undergoes further
cycloisomerization through V (1,7-hydrogen shift driven aro-
matization) to result in the benzannulated product, fused-
benzofuran 3a. For the formation of benzo-annulated indole
(Scheme 4, route b), it is considered that the intermediate A
reacts with aniline to give the corresponding imines VI which
tautomerize to the corresponding conjugated enamines VII.
From these derivatives, similar sequence of cyclization-
isomerization-benzannulation-aromatization should occur to
afford the target 4a via pyrrole B (isolated and fully character-
ized).

Scheme 4. Proposed Mechanism
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To establish the reaction scalability of this method, a gram
scale preparation of 3m (81%) was attained by the reaction of
1b with 2e. Additionally, the practicality of functional groups
on the furan ring is shown through further derivatization to-
wards expanding the structural diversity. To our delight, the
treatment of 3m with NH,OH.HCI/NaOAc in MeOH:H,0
(2:1) provided the ketoxime 5 in 92% vyield (Scheme 5). The
structure of 5 was confirmed by a single crystal X-ray method.

Scheme 5. Gram-Scale Synthesis of 3m and derivatization
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In summary, this study presents a handy reaction of 2,4-diyn-
1-ols with 1,3-dicarbonyl compounds as a novel method for
the synthesis of distinctly functionalized aryl/heteroaryl-
annulated benzofurans and indoles. Remarkably, the reaction
allows the assembly of two C-C and one C-O (two C-N) bonds
by the cleavage of one C—O in a one-pot operation via a dom-
ino acid-catalyzed propargylation of 1,3-dicarbonyls followed
by base-mediated furanylation or pyrrolylation (intramolecular
exo-dig-cyclization)/benzannulation sequence. This protocol
enables accessing eustifoline D analogues as well as the struc-
tural framework of dictyodendrins in good to excellent yields.
The developed approach is noteworthy for its wide scope,
good yields and a mild, operationally simple strategy.

ASSOCIATED CONTENT

Supporting Information

Experimental procedures, characterization details and *H and *C
NMR spectra of new compounds. This material is available free
of charge via the Internet at http://pubs.acs.org.

AUTHOR INFORMATION

Corresponding Author
*E-mail: rajireddy@iict.res.in
Author Contributions.

Notes
The authors declare no competing financial interest.

ACKNOWLEDGMENT

MA, KW and MS thank Council of Scientific and Industrial Re-
search (CSIR), New Delhi for research fellowships. This work has
been executed as part of the Indo-French “Joint Laboratory for
Natural Products and Synthesis towards Affordable Health”.
CRR and RG thank CSIR, CNRS and University of Rennes 1 for
the support.

[CSIR-IICT Communication No. [ICT/Pubs./2021/104].

REFERENCES

1. For selected papers, see: (a) La Clair, J. J.; Rheingold, A. L.;
Burkart, M. D. Ganodone. a Bioactive Benzofuran from the Fruit-
ing Bodies of Ganoderma tsugae. J. Nat. Prod. 2011, 74, 2045-
2051. (b) Guevel, Le. R.; Oger, F.; Lecorgne, A.; Dudasova, Z.;
Chevance, S.; Bondon, A.; Barath, P.; Simonneaux, G.; Salbert,
G. ldentification of Small Molecule Regulators of the Nuclear
Receptor HNF4a based on Naphthofuran Scaffolds. Bioorg. Med.
Chem. 2009, 17, 7021-7030.

2. (a) Jahnke, W.; Rondeau, J. M.; Cotesta, S.; Marzinzik, A. Rho-
dium-Catalyzed  Dehydrogenative ~ Coupling of  Phenyl
heteroarenes with Alkynes or Alkenes J. Org. Chem. 2015, 80,
2804-2814. (b) Ferri, N.; Beccalli, E. M.; Contini, A.; Corsini,
A.; Antonio, M.; Radice, T.; Pratesi, G.; Tinelli, S.; Zunino, F.;
Gelmi, M. L. Antiproliferative effects on human tumor cells and
rat aortic smooth muscular cells of 2,3-heteroarylmaleimides and
heterofused imides. Bioorg. Med. Chem. 2008, 16, 1691-1701.

3. (a) Krawczyk, P. Modulation of benzofuran structure as a fluores-
cent probe to optimize linear and nonlinear optical properties and
biological activities. J. Mol. Model. 2020, 26, 272. (b) Singh, D.
K.; Jang, K.; Kim, J.; Lee, J.; Kim, I. Intramolecular electrophilic
cyclization approach to 6-substituted naphtho [2,1-b]
benzofurans: novel dual-state emissive fluorophores with blue
emission. ACS Comb. Sci. 2019, 21, 408-416. (c) Sameiro, M.;
Goncalves, T. Fluorescent Labeling of Bio-molecules with Or-
ganic Probes. Chem. Rev. 2009, 109, 190-212.

4. For representative papers, see: (a) Im, Y.; Lee, J. Y. Effect of the
Position of Nitrogen In Pyridoindole on Photophysical Properties


mailto:rajireddy@iict.res.in

10.

11.

12.

and Device Performances of a-, B-, y Carboline Based High Tri-
plet Energy Host Materials for Deep Blue Devices. Chem.
Commun. 2013, 49, 5948—5950. (b) Jiao, C.; Huang, K. W.; Luo,
J.; Zhang, K., Chi, C.; Wu, J. Bis-N-annulated
Quaterrylenebis(dicarboximide) as a New Soluble and Stable
Near-Infrared Dye. Org. Lett. 2009, 11, 4508—4511.

(a) Kim, S. M.; Yun, J. H.; Han, S. H.; Lee, J. Y. A Design Strat-
egy of Bipolar Host Materials for More Than 30 times Extended
Lifetime in Phosphorescent Organic Light-Emitting Diodes using
Benzocarbazole and Quinazoline. J. Mater. Chem. C 2017, 5,
9072-9079. (b) Tao, Y.; Yang, C.; Qin, J. Organic host materials
for phosphorescent organic light-emitting diodes. Chem. Soc. Rev.
2011, 40, 2943-2970.

Arrault, X.; Michel, V.; Quillardet, P.; Hofnung, M.; Touati, E.
Comparison of kinetics of induction of DNA adducts and gene
mutations by a nitrofuran compound, 7-methoxy-2-
nitronaphtho[2,1-b]furan (R7000), in the caecum and small intes-
tine of Big Blue™ mice, Mutagenesis, 2002, 17, 353-359.

(a) Ito, C.; Furukawa, H. New Carbazole Alkaloids from Murraya
euchrestifolia Hayata. Chem. Pharm. Bull. 1990, 38, 1548-1550.
(b) Fan, X.; Yu, L. Z; Wei, Y.; Shi, M. Cascade Amina-
tion/Cyclization/Aromatization Process for the Rapid Construc-
tion of [2,3-c] Dihydro carbazoles and [2,3-c] Carbazoles. Org.
Lett. 2017, 19, 44764479 and references cited therein.

Warabi, K.; Matsunaga, S.; Van Soest, R. W. M.; Fusetani, N.
Dictyodendrins A—E, the first telomerase-inhibitory marine natu-
ral products from the sponge Dictyodendrilla verongiformis. J.
Org. Chem. 2003, 68, 2765—2770 and references cited therein.

(a) lzumi, S.; Kawabata, Y.; Takeda, Y.; Momoda, J.; Nagoh, H.
2000, EP 1184379. (b) Ye, Y.; Bloch, S.; Kao, J.; Achilefu, S.
Multivalent Carbocyanine Molecular Probes: Synthesis and Ap-
plications Bioconjugate Chem. 2005, 16, 51-61.

(a) Tanaka, M.; Li, X.; Hikawa, H.; Suzuki, T.; Tsutsumi, K;
Sato, M.; Takikawa, O.; Suzuki, H.; Yokoyama, Y. Bioorg. Med.
Chem. 2013, 21, 1159-1165. (b) Bruderer, H.; Godel, T.; Imhof,
R.; Jakob- Roetne, R. 1994, US 5,318,967.

(@) zZhu, C. F,; Gao, C. H.; Hao, W. J.; Zhu, Y. L.; Tu, S. J;
Wang, D. C.; Jiang, B. Synthesis of C3-alkylated benzofurans via
palladium-catalyzed  regiocontrolled  hydrofuranization  of
unactivated alkenes. Org. Chem. Front. 2021, 8, 127-132.(b) Liu,
S.; Zang, Y.; Huang, H.; Sun. J. In(OTf)s-Catalyzed Synthesis of
2,3-Dihydro-1H-benzo[e]indoles and 2,3-Dihydrobenzofurans via
[3 + 2] Annulation. Org. Lett. 2020, 22, 8219-8223. (c) Aiken,
S.; De Azevedo, O. D. C. C.; Chauhan, K.; Driscoll, T.; Elliott, P.
I.; Gabbutt, C. D.; Heron, B. M. Base-Mediated Ring Contraction
of Pyran Systems Promoted by Palladium and Phase Transfer Ca-
talysis. J. Org. Chem. 2020, 85, 952-966. (d) Clarke, A. K.; Ho,
H. E.; Rossi-Ashton, J. A.; Taylor, R. J. K.; Unsworth, W. P.
Indole Synthesis Using Silver Catalysis. Chem. - Asian J. 2019,
14, 1900-1911. (e) Liu, L.; Ji, X.; Dong, J.; Zhou, Y.; Yin, S. F.
Metal-Free Oxidative Annulation of 2-Naphthols with Terminal
Alkynes Affording 2-Arylnaphtho [2,1-b] furans. Org. Lett. 2016,
18, 3138-3141. (f) Kuram, M. R.; Bhanuchandra, M.; Sahoo, A.
K. Direct Access to Benzo[b]furans through Palladium-Catalyzed
Oxidative Annulation of Phenols and Unactivated Internal Al-
kynes. Angew. Chem., Int. Ed. 2013, 52, 4607-4612. (g) Zhang, F.
R.; Li, C. M.; Wang, C.; Qi, C. Z Facile Synthesis of
Benzoindoles and Naphthofurans through Carbonaceous Materi-
al-Catalyzed Cyclization of Naphthylamines/Naphthols with
Nitroolefins in Water. Org. Biomol. Chem. 2015, 13, 5022 —5029.
(a) Clarke, A. K.; Lynam, J. M.; Taylor, R. J. K.; Unsworth, W.
P. Back-to-Front” Indole Synthesis Using Silver(l) Catalysis: Un-
expected C-3 Pyrrole Activation Mode Supported by DFT. ACS
Catal. 2018, 8, 6844—6850. (b) Reddy, C. R.; Valleti, R. R
Sathish, P. [4 + 2] Benzannulation of 3 Alkenylpyrroles/
Thiophenes with Propargylic Alcohols: Access to Substituted
Indoles, Benzothiophenes, and Aza[5]helicenes. J. Org. Chem.
2017, 82, 2345-2354. (c) Martins, M. G.; Zeni, G.; Back, D. F,;
Kaufman, S. T.; Silveira, C. C. Expedient lodocyclization Ap-
proach Toward Polysubstituted 3H-Benzo[e]indoles. Adv. Synth.
Catal., 2015, 357, 3255-3261. (d) Asao, N.; Aikawa, H. Lewis

13.

14.

15.

16.

17.

18.

Acid-Catalyzed [4 + 2] Benzannulation between Enynal Units
and Enols or Enol Ethers: Novel Synthetic Tools for
Polysubstituted Aromatic Compounds Including Indole and
Benzofuran Derivatives. J. Org. Chem. 2006, 71, 5249—-5253. (e)
Barluenga, J.; Va'zquez-Villa, H.; Ballesteros, A.; Gonza’lez, M.
J. Synthesis of Indoles upon Sequential Reaction of 3-
Alkynylpyrrole-2-carboxaldehydes with lodonium lons and Al-
kenes. Preparation of Related Benzofuran and Benzothiophene
Derivatives. Adv. Synth. Catal. 2005, 347, 526 — 530.

(a) Jash, M.; De, S.; Pramanik, S.; Chowdhury, C. Palladium (I1)-
Catalyzed Cascade Reactions of Ene-Ynes Tethered to
Cyano/Aldehyde: ~ Access to  Naphtho[1,2-b]furans  and
Benzo[g]indoles. J. Org. Chem. 2019, 84, 8959—-8975. (b) Zhang,
X.; Feng, C.; Jiang, T.; Li, Y.; Pan, L.; Xu, X. Expedient and Di-
vergent Tandem One-Pot Synthesis of Benz[e]indole and Spi-
ro[indene-1,3-pyrrole]  Derivatives from  Alkyne-Tethered
Chalcones/Cinnamates and TosMIC. Org. Lett. 2015, 17, 3576-
3579. (c) Xia, G.; Han, X.; Lu, X. Efficient Synthesis of
Heterocyle-Fused S-Naphthylamines via Intramolecular Addition
to a Cyano Group Initiated by Nucleopalladation of Alkynes.
Org. Lett. 2014, 16, 6184-6187.

For selected references, see: (a) Tietze, L. F. Domino Reactions
in Organic Synthesis. Domino Reactions in Organic Synthesis
Chem. Rev. 1996, 96, 115-136. (b) Hayashi, Y. Pot economy and
one-pot synthesis Chem. Sci., 2016, 7, 866-880.

For selected reviews, see: (a) Qian, H.; Huang, D.; Bi, Y.; Yan,
G. 2-Propargyl Alcohols in Organic Synthesis Adv. Synth. Catal.
2019, 0361, 3240-3280. (b) Zhang, D. Y.; Hu, X. P. Recent ad-
vances in copper-catalyzed propargylic substitution. Tetrahedron
Lett. 2015, 56, 283-295. (c) Reddy, C. R.; Ranjan, R;
Kumaraswamy, P.; Reddy, M. D.; Gree, R." 1-Aryl Propargylic
Alcohols as Handy Synthons for the Construction of Heterocycles
and Carbocycles. Curr. Org. Chem. 2014, 18, 2603-2645.
Representative references, see: (a) Xiao, X.; Hoye, T. R. The
domino hexadehydro Diels—Alder reaction transforms polyynes
to benzynes to naphthynes to anthracynes to tetracynes (and be-
yond?). Nat. Chem. 2018, 10, 838—844. (b) Chinta, B. S.; Baire,
B. Total Synthesis of Selaginpulvilins A and C. Org. Biomol.
Chem. 2018, 16, 262-265. (c) Chen, Z.; Jia, X.; Ye, C.; Qiu, G,;
Wu, J. AgOTf-catalyzed electrophilic cyclization of triynols with
NXS: rapid synthesis of densely trisubstituted naphthalenes and
quinolines. Chem. — Asian J. 2014, 9, 126—130.

(a) Reddy, C. R.; Subbarao, M.; Sathish, P.; Kolgave, D. H.;
Donthiri, R. R. One-Pot Assembly of 3-Hydroxycarbazoles via
Uninterrupted Propargylation/Hydroxylative Benzannulation Re-
actions. Org. Lett. 2020, 22, 689-693. (b) Reddy, C. R;
Dilipkumar, U.; Shravya, R. An Atom- and Pot- Economical
Consecutive Multi-Step Reaction Approach to Polycyclic Aro-
matic Hydrocarbons. Chem. Commun. 2017, 53, 1904—1907.

(@) Kwon, Y.; Cho, H.; Kim, S. Expedient Synthesis of
Phenanthrenes via In(111)-Catalyzed 6-Exo-Dig-
Cycloisomerization. Org. Lett. 2013, 15, 920-923. (b) J. W. Lim,
K. H. Kim, S. H. Kim and J. N. Kim, Copper-catalyzed tandem
alkynylation, propargyl-allenyl isomerization, 67-
electrocyclization of  Morita—Baylis—Hillman adducts to
naphthalenes. Tetrahedron Lett., 2012, 53, 5449-5454.






