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ABSTRACT: The synthesis of tricyclic 5,5-benzannulated spi-
roketal scaffolds was accomplished from 2’-hydroxyacetophenones
and gem-dibromoalkenes involving a one-pot domino strategy. The
hitherto unknown transformation afforded the tricyclic S,5-
benzannulated spiroketals as single diastereomers in high yields
with a broad substrate scope.

S piroketals are ubiquitous structural units present in several
natural products comprising structurally simple to complex
frameworks."”” A few tricyclic splroketals containing natural
products were also recently isolated,’ and benzannulated
spiroketal’-based natural products such as purpuromycin,
rubromycins, etc., are known to exhibit anticancer activity
(Figure 1).* General synthetic methods of spiroketal synthesis”
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Figure 1. Four naturally occurring spiroketals.

include the ketalization of suitably substituted ketones tethered
with hydroxyl groups,” the 4+2 cycloaddition of o-quinone,’
Me,Sil-promoted spirocyclization,” oxidative cyclizations,”
metal-catalyzed hydroalkoxylation of alkynes,” etc.'” Despite
an array of available methods, a general method for the
synthesis of tricyclic benzannulated spiroketals is still needed.

As a part of our efforts to develop new synthetic
methodologies employing gem-dibromoalkenes and their
applications in natural product synthesis,'"'> herein, we report
a novel strategy for the synthesis of tricyclic 5,5-benzannulated
spiroketal scaffolds. This strategy involves the reaction of 2’-
hydroxyacetophenone and gem-dibromoalkene under base-
mediated reaction in DMSO (Scheme 1).
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Scheme 1. Synthetic Strategy for Tricyclic 5,5-
Benzannulated Spiroketals

At the outset, the reaction of 2’-hydroxyacetophenone 1la
and gem-dibromoalkene 2a in DMSO with Cs,CO; and a
substoichiometric amount of TBAB afforded tricyclic §,5-
benzannulated spiroketal 3a in 43% yield as a single
diastereomer (Table 1, entry 1). The structure of tricyclic
benzannulated spiroketal 3a was confirmed by single-crystal X-
ray analysis. The reaction was further screened with 1.5 equiv
of gem-dibromoalkene, and the tricyclic spiroketal was isolated
in 79% yield (Table 1, entry 2). Decreasing the amount of
Cs,CO; to 4 equiv provided the spiroketal in 74% yield (Table
1, entry 3). Changing the base to K,CO5, ‘BuOk, or KOAc was
found to be ineffective (Table 1, entries 4—6). Changing the
solvent to DMA did not yield the spiroketal (Table 1, entry 7).
A mixture of 1-bromoalkyne and the corresponding terminal
acetylene arising from gem-dibromoalkene 2a was observed in
larger amounts (Table 1, entries 4—7). Performing the reaction
with different reaction times (Table 1, entries 8 and 9)
revealed that the 3 h condition is suitable to furnish the
spiroketal in 87% yield (Table 1, entry 9). A reaction carried
out without TBAB furnished the spiroketal in lower yield
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Table 1. Screening Conditions”

OH O MeO B Screening
conditions
Me + Br >

MeO

1a

entry base solvent time (h) yield (%)
1 Cs,CO, DMSO 6 43
2 Cs,CO; DMSO 6 79
3 Cs,CO;, DMSO 6 74¢
4 K,CO;4 DMSO 6 -
S ‘BuOK DMSO 6 -
6 KOAc DMSO 6 -
7 Cs,CO; DMA 6 -
8 Cs,CO;, DMSO S 79
9 Cs,CO,4 DMSO 3 87
10 Cs,CO; DMSO 2 784

“Reaction conditions: 1a (0.38 mmol, 1 equiv), 2a (0.56 mmol, 1.5
equiv), base (1.9 mmol, S equiv), TBAB (0.19 mmol, 0.5 equiv),
solvent (3 mL), 90 °C. Yield calculated considering 0.19 mmol of
spiroketal 3a as a 100% yield. Any excess gem-dibromoalkene (2a)
transformed into terminal alkyne (2.1a). “2a (0.38 mmol, 1 equiv).
“Cs,CO; (1.5 mmol, 4 equiv). “Without TBAB.

(Table 1, entry 10). Thus, the optimized protocol for the
synthesis of tricyclic §,5-benzannulated spiroketal 3a in high
yield was found to consist of 2’-hydroxyacetophenone (1
equiv), gem-dibromoalkene (1.5 equiv), Cs,CO5 (S equiv), and
TBAB (0.5 equiv) in DMSO at 90 °C for 3 h (Table 1, entry
9). Additionally, the larger scale reaction that was carried out
with 3.67 mmol of 1a furnished spiroketal 3a in 61% yield.

After establishing the optimized protocol, we explored the
synthetic scope for the formation of tricyclic 5,5-benzannulated
spiroketals using different gem-dibromoalkenes and 2’-hydrox-
yacetophenones involving 3 h conditions (Scheme 2). It was
found that the o-, m-, and p-methoxy- and p-benzyloxy-
functionalized gem-dibromoalkenes reacted well and delivered
tricyclic benzannulated spiroketals 3b—3e, respectively, in 60—
77% vyields. Further reaction of 2'-hydroxy-3’-phenylacetophe-
none 1b with gem-dibromoalkenes provided spiroketals 3f and
3g in moderate yields. gem-Dibromoalkenes derived from
simple benzaldehyde and 1- and 2-naphthaldehyde also reacted
well, furnishing spiroketals 3h—3j, respectively, in 71—74%
yields. Reactions using gem-dibromoalkenes derived from
thiophene-2-carbaldehyde and thiophene-3-carbaldehyde af-
forded tricyclic benzannulated spiroketals 3k and 3],
respectively, in high yields. Similarly, the reaction with 4-
(2,2-dibromovinyl)-N,N-diphenylaniline also provided spiro-
ketal 3m in good yield The reaction of 1-(5-bromo-2-
hydroxyphenyl)ethanone 1c with 2-(2,2-dibromovinyl)-
thiophene produced spiroketal 3n in 38% vyield. The
carbazole-derived gem-dibromoalkene, 9-benzyl-3-(2,2-dibro-
movinyl)-9H-carbazole, gave spiroketal 30 in moderate yield.
Notably, gem-dibromoalkenes derived from p-halo-benzalde-
hydes reacted to furnish spiroketals 3p—3r in 69—82% yields.
The structure of tricyclic benzannulated spiroketal 3r was also
confirmed by single-crystal X-ray analysis. However, p-cyano-,
p-nitro-, and o-nitro-functionalized electron-deficient gem-
dibromoalkenes with 2’-hydroxyacetophenone did not yield
the spiroketal products.

Scheme 2. Tricyclic §,5-Benzannulated Spiroketals with
gem-Dibromoalkenes”
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“Reaction conditions: 2’-hydroxyacetophenone 1 (0.38 mmol, 1
equiv), gem-dibromoalkene 2 (0.56 mmol, 1.5 equiv), Cs,CO; (1.9
mmol, 5 equiv), TBAB (0.19 mmol, 0.5 equiv), DMSO (3 mL), 90
°C, 3 h. Yield calculated considering 0.19 mmol of spiroketal 3 as a
100% yield.

We extended the study with challenging 1,3-dienyldibro-
mides derived from functionalized cinnamaldehydes. These
gem-dibromoalkenes showed excellent reactivity under the
optimized conditions (Scheme 3). Thus, the 1,3-dienyldi-
bromides prepared from cinnamaldehydes containing function-
alized phenyls (with R = H, 4-Me, 4-MeO, 4-Cl, and 4-Br)
reacted well with 2’-hydroxyacetophenone to afford tricyclic
benzannulated spiroketals Sa—Se, respectively, in good yields
(Scheme 3, i). 2-Naphthyl-substituted 1,3-dienyldibromide
also furnished spiroketal 5f in 68% yield. Further study using 3-
en-1-ynyldibromide 6a also afforded tricyclic 5,5-benzannu-
lated spiroketal 7a in 50% vyield under the established
conditions (Scheme 3, ii). We further demonstrated the
versatility of the protocol with 1,4-disubstituted bis-dibro-
moalkene 8a and 2'-hydroxyacetophenone la. This reaction
proceeded smoothly to give terminal acetylene-embedded
tricyclic 5,5-benzannulated spiroketal 9a in high yield (Scheme
3, iii). Interestmgly, reaction of 2’-hydroxyacetophenone with
1-bromoalkyne'** 2aa prepared from gem-dibromoalkene 2a
furnished tricyclic spiroketal 3a in 80% yield (Scheme 3, iv).
This reaction clearly indicated the in situ formation of 1-
bromoalkyne during the course of the reaction from gem-
dibromoalkene. It also further indicated the viability for the
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Scheme 3. Reactions with 1,3-Dienyldibromides, 3-En- 1—
ynyldibromide, Bis-dibromoalkene, or 1-Bromoalkyne®”

i) Tricyclic 5,5-benzannulated spiroketals with 1,3-dienyldibromides
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“Reaction conditions: 1a (0.38 mmol, 1 equiv), 4, 6a, or 2aa (0.56

mmol, 1.5 equiv), Cs,CO; (1.9 mmol, S equiv), TBAB (0.19 mmol,

0.5 equiv), DMSO (3 mL), 90 °C, 3 h. “Yield calculated considering

O 19 mmol of spiroketal as a 100% yield. “8a (0.28 mmol, 0.75 equiv).
CS2C03 (1.12 mmol, 3 equiv), 2 h.

direct use of either gem-dibromoalkene or 1-bromoalkyne as
the substrate in the reaction.

We also conducted additional control experiments to probe
the mechanistic rationale for the formation of the tricyclic $,5-
benzannulated spiroketal (as given Scheme 4 and Scheme S1).

Scheme 4. Control Experiments

OH 2a (1.5 equiv) 0o I\_/IeOH
COMe Cs,CO3 (5 equiv)
) 3. eq.1
TBAB (0.5 equiv) 5 * 2 ea- )
O O (37%)
DMSO, 90 °C 1.1 (24%)
1a 30 min : 5
o MeOH 2a (1.5 equiv) MeO //
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O o TBAB (0. 5°equ|v) (65%) MeO
11a DMSO, 90°C, 2h OMe
2.1a (26%)
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"BuLi (4 equiv) 2.1a €a.3)
eq.
THF, 78°C, 1h [ (68%) q
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O Pl
o o O o
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First, the reaction of a simple acetophenone 1d and gem-
dibromoalkene 2a failed to give tricyclic spiroketal 3a but
instead furnished terminal alkyne 2.1a (Scheme S1, eq 1). This
indicated the requirement of an o-hydroxy group in
acetophenone to form spiroketal 3a. The reaction using 2'-
acetoxyacetophenone le (Scheme SI, eq 2) and 3’-
hydroxyacetophenone 1f (Scheme S1, eq 3) failed to produce
spiroketal 3a. In both cases, terminal alkyne 2.1a was obtained.
These reactions (Scheme S1, eqs 1—3) established the
requirement of a free 2'-hydroxyacetophenone in the reaction.
The successful reaction obtained with 1-bromoalkyne (vide
supra) also confirms its in situ formation from gem-
dibromoalkene during the course of the reaction (Scheme 3,
iv). The reaction of terminal alkyne 2.la with 2’-
hydroxyacetophenone 1a failed to deliver product 3a (Scheme
S1, eq 4), indicating no role of the terminal alkyne in the
reaction. We also successfully isolated intermediate 1.1a in
24% vyield along with a 37% yield of 3a in the reaction of 2'-
hydroxyacetophenone 1la with gem-dibromoalkene 2a
quenched after 30 min (Scheme 4, eq 1). We also performed
the reaction with intermediate 1.1a in the presence of gem-
dibromoalkene 2a, and this furnished spiroketal 3a in 65%
yield (Scheme 4, eq 2), confirming the formation of spiroketal
through intermediate 1.1a. A reaction of 2’-hydroxyacetophe-
none la (without gem-dibromoalkene 2a did not furnish
intermediate 1.1a (Scheme S1, eq S), indicating the significant
role of gem-dibromoalkene in the formation of 1.1a. The
reaction with a substituted gem-dibromoalkene such as (1,1-
dibromoprop-1-en-2-yl)benzene 10a (which cannot form the
1-bromoalkyne) failed to give the tricyclic spiroketal product
(Scheme S1, eq 6). This indicated the important role of 1-
bromoalkyne in the reaction. It was also found that the
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reaction of intermediate 1.1a with gem-dibromoalkene 2a in
the presence of "BuLi furnished compound 1.1b (Scheme 4, eq
3), the structure of which was also confirmed by single-crystal
X-ray analysis. The reaction of 1.1b with Cs,COj; gave tricyclic
5,5-benzannulated spiroketal 3a in excellent yield (Scheme 4,
eq 4).

On the basis of these control experiments, the following
mechanistic rationale is proposed for the formation of tricyclic
benzannulated spiroketal 3a (Scheme 5).

Scheme S. Proposed Mechanistic Pathway

(o]
b Br
ase Me — b
+ 356 Ar———Br
DMSO oH A" Br | HBr
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~ X
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First, base-mediated aldol reaction of la forms chalcone
11.a, which undergoes epoxidation with DMSO" to yield
intermediate 11.c.”” The intramolecular cyclization of 11.c
furnishes benzofuran-3(2H)-one 11.d. Enolate 11.e formed
from 11.d undergoes X-philic reaction with 1-bromoalkyne'®
2aa (formed in situ from gem-dibromoalkene 2a) to give 2-
bromobenzofuran-3(2H)-one 11.f. Subsequent intramolecular
nucleophilic bromide displacement'® in 11.f provides inter-
mediate 1.1a. The in situ-formed acetylide in turn reacts with
1.1a to afford product 1.1b, which undergoes S-exo-dig
cyclization'” and yields the final tricyclic $,5-benzannulated
spiroketal 3a product.

In conclusion, a simple strategy for the preparation of
tricyclic 5,5-benzannulated spiroketals from 2’-hydroxyaceto-
phenones and gem-dibromoalkenes under a base-mediated
one-pot domino protocol was developed. The mechanistic
rationale was proposed to explain the formation of the tricyclic
5,5-benzannulated spiroketal product. Further investigations to
explore this methodology for the synthesis of spiroketal-
containing natural product analogues are underway.

B ASSOCIATED CONTENT
@ Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01109.

Experimental section, detailed experimental procedures,
and full spectroscopic data for all related compounds
(PDF)

Accession Codes

CCDC 1911433—1911434 and 1911438 contain the supple-
mentary crystallographic data for this paper. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/data_request/
cif, or by emailing data request@ccdc.cam.ac.uk, or by
contacting The Cambridge Crystallographic Data Centre, 12
Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

B AUTHOR INFORMATION
Corresponding Author

Maddali L. N. Rao — Department of Chemistry, Indian
Institute of Technology Kanpur, Kanpur 208016, India;
orcid.org/0000-0003-3410-3617; Phone: +91-512-259-
7532; Email: maddali@iitk.ac.in

Author

Sk Shamim Islam — Department of Chemistry, Indian Institute
of Technology Kanpur, Kanpur 208016, India

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.1c01109

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

The authors acknowledge the financial support (Project EMR/
2017/005221) received from the Science and Engineering
Research Board (SERB), New Delhi. S.S.I. thanks the
University Grants Commission (UGC), New Delhi, for a
research fellowship.

B REFERENCES

(1) (a) De Silvestro, I; Drew, S. L.; Nichol, G. S.; Duarte, F.;
Lawrence, A. L. Total Synthesis of a Dimeric Thymol Derivative
Isolated from Arnica sachalinensis. Angew. Chem., Int. Ed. 2017, S6,
6813—6817. (b) Shi, L.; Wang, S.; Huo, L.; Gao, M.; Zhang, W.; Lu,
X,; Qiu, S.; Liu, H,; Tan, H. Diastereoselective construction of the
benzannulated spiroketal core of chaetoquadrins enabled by a
regiodivergent cascade. Org. Chem. Front. 2020, 7, 2385—2390.
(c) Fukaya, M.; Nakamura, S; Nakagawa, R; Nakashima, S;
Yamashita, M.; Matsuda, H. Rare Sulfur-Containing Compounds,
Kujounins A, and A, and Allium Sulfoxide A}, from Allium fistulosum
‘Kujou’. Org. Lett. 2018, 20, 28—31. (d) Sun, J.; Zhang, P.; Wei, Q;
Xun, H; Tang, F.; Yue, Y,; Li, L.; Guo, X,; Zhang, R. Amarusine A, a
new dioxaspiro[4.4]nonane derivative with a butyrolactone ring from
Pleioblastus amarus. Tetrahedron Lett. 2014, 55, 4529—4531.

(2) (a) Sperry, J.; Wilson, Z. E.; Rathwell, D. C. K.; Brimble, M. A.
Isolation, biological activity and synthesis of benzannulated spiroketal
natural products. Nat. Prod. Rep. 2010, 27, 1117—1137 and references
cited therein. (b) Gillard, R. M.; Brimble, M. A. Benzannulated
spiroketal natural products: isolation, biological activity, biosynthesis,
and total synthesis. Org. Biomol. Chem. 2019, 17, 8272—8307 and
references cited therein. (c) Mayorquin-Torres, M. C.; Gonzélez-
Orozco, J. C.; Flores-Alamo, M.; Camacho-Arroyo, I; Iglesias-
Arteaga, M. A. Palladium catalyzed synthesis of benzannulated steroid
spiroketals. Org. Biomol. Chem. 2020, 18, 725—737. (d) Gai, S.; Lucas,
N. T.; Hawkins, B. C. Benzannulated 6,5-Spiroketals from Donor-
Acceptor Cyclopropanes. Org. Lett. 2019, 21, 2872—2875.

(3) (a) Zhao, J.-X;; Yu, Y.-Y.; Wang, S.-S.; Huang, S.-L.; Shen, Y,;
Gao, X.-H.; Sheng, L,; Li, J.-Y,; Leng, Y.; Li, J.; Yue, J.-M. Structural
Elucidation and Bioinspired Total Syntheses of Ascorbylated
Diterpenoid Hongkonoids A-D. J. Am. Chem. Soc. 2018, 140,
2485—2492. (b) Burtea, A.; Rychnovsky, S. D. Biosynthesis-Inspired

https://doi.org/10.1021/acs.orglett.1c01109
Org. Lett. XXXX, XXX, XXX—XXX


https://pubs.acs.org/doi/10.1021/acs.orglett.1c01109?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.1c01109/suppl_file/ol1c01109_si_001.pdf
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1911433&id=doi:10.1021/acs.orglett.1c01109
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1911434&id=doi:10.1021/acs.orglett.1c01109
https://summary.ccdc.cam.ac.uk/structure-summary?pid=ccdc:1911438&id=doi:10.1021/acs.orglett.1c01109
http://www.ccdc.cam.ac.uk/data_request/cif
http://www.ccdc.cam.ac.uk/data_request/cif
mailto:data_request@ccdc.cam.ac.uk
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Maddali+L.+N.+Rao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-3410-3617
http://orcid.org/0000-0003-3410-3617
mailto:maddali@iitk.ac.in
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sk+Shamim+Islam"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01109?ref=pdf
https://doi.org/10.1002/anie.201701481
https://doi.org/10.1002/anie.201701481
https://doi.org/10.1039/D0QO00484G
https://doi.org/10.1039/D0QO00484G
https://doi.org/10.1039/D0QO00484G
https://doi.org/10.1021/acs.orglett.7b03234
https://doi.org/10.1021/acs.orglett.7b03234
https://doi.org/10.1021/acs.orglett.7b03234
https://doi.org/10.1016/j.tetlet.2014.04.031
https://doi.org/10.1016/j.tetlet.2014.04.031
https://doi.org/10.1016/j.tetlet.2014.04.031
https://doi.org/10.1039/b911514p
https://doi.org/10.1039/b911514p
https://doi.org/10.1039/C9OB01598A
https://doi.org/10.1039/C9OB01598A
https://doi.org/10.1039/C9OB01598A
https://doi.org/10.1039/C9OB02255D
https://doi.org/10.1039/C9OB02255D
https://doi.org/10.1021/acs.orglett.9b00878
https://doi.org/10.1021/acs.orglett.9b00878
https://doi.org/10.1021/jacs.7b10135
https://doi.org/10.1021/jacs.7b10135
https://doi.org/10.1021/jacs.7b10135
https://doi.org/10.1021/acs.orglett.8b02530
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01109?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.1c01109?fig=sch5&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01109?rel=cite-as&ref=PDF&jav=VoR

Organic Letters pubs.acs.org/OrgLett

Approach to Kujounin A, Using a Stereoselective Tsuji-Trost
Alkylation. Org. Lett. 2018, 20, 5849—5852.

(4) (a) Wy, K-L,; Mercado, E. V,; Pettus, T. R. R. A Convergent
Total Synthesis of (+)-y-Rubromycin. J. Am. Chem. Soc. 2011, 133,
6114—6117. (b) Ueno, T.; Takahashi, H.; Oda, M.; Mizunuma, M;
Yokoyama, A.; Goto, Y.,; Mizushina, Y.; Sakaguchi, K,; Hayashi, H.
Inhibition of Human Telomerase by Rubromycins: Implication of
Spiroketal System of the Compounds as an Active Moiety.
Biochemistry 2000, 39, 5995—6002.

(5) (2) Hume, P. A; Furkert, D. P.; Brimble, M. A. Total Synthesis
of Virgatolide B via Exploitation of Intramolecular Hydrogen
Bonding. J. Org. Chem. 2014, 79, 5269—5281. (b) Xing, Q.; Liang,
H.; Bao, M,; Li, X;; Zhang, J.; Bi, T.; Zhang, Y.; Xu, J.; Du, Y.; Zhao,
K. Metal-free Synthesis of Spiro-2,2'-benzo[b]furan-3,3’-ones via
PhI(OAc),-Mediated Cascade Spirocyclization. Adv. Synth. Catal.
2019, 361, 4669—4673.

(6) Bray, C. D. Generation and hetero-Diels-Alder reactions of an o-
quinone methide under mild, anionic conditions: rapid synthesis of
mono-benzannelated spiroketals. Org. Biomol. Chem. 2008, 6, 2815—
28109.

(7) Wang, F; Qu, M; Ly, X;; Chen, F.; Chen, F.; Shi, M. Me,Sil-
promoted reaction of salicylic aldehydes with ketones: a facile way to
construct benzopyranic [2,3-b]ketals and spiroketals. Chem. Commun.
2012, 48, 6259—6261.

(8) Sperry, J.; Liu, Y.-C.; Wilson, Z. E.; Hubert, J. G.; Brimble, M. A.
Synthesis of Benzannulated Spiroketals Using an Oxidative Radical
Cyclization. Synthesis 2011, 2011, 1383—1398.

(9) (a) Liu, S.; Lan, X.-C.; Chen, K; Hao, W.-].; Li, G.; Tu, S.-J.;
Jiang, B. Ag/Bronsted Acid Co-Catalyzed Spiroketalization of j-
Alkynyl Ketones toward Spiro[chromane-2,1’-isochromene] Deriva-
tives. Org. Lett. 2017, 19, 3831—3834. (b) Xiang, K; Tong, P.; Yan,
B.; Long, L.; Zhao, C.; Zhang, Y.; Li, Y. Synthesis of Benzannulated
[6,6]-Spiroketals by a One-Pot Carbonylative Sonogashira Coupling/
Double Annulation Reaction. Org. Lett. 2019, 21, 412—416.

(10) Ge, S.; Cao, W.; Kang, T.; Hu, B,; Zhang, H; Su, Z.; Liu, X;
Feng, X. Bimetallic Catalytic Asymmetric Tandem Reaction of j-
Alkynyl Ketones to Synthesize 6,6-Spiroketals. Angew. Chem., Int. Ed.
2019, 58, 4017—4021.

(11) Rao, M. L. N;; Murty, V. N;; Nand, S. Functional group
manoeuvring for tuning stability and reactivity: synthesis of cicerfuran,
moracins (D, E, M) and chromene-fused benzofuran-based natural
products. Org. Biomol. Chem. 2017, 15, 9415—9423.

(12) (a) Rao, M. L. N.; Dasgupta, P.; Islam, S. S. Substrate-driven
selective mono- and bis-couplings of ortho-(OTf/I/Br) substituted
gem-dibromovinylarenes. Org. Chem. Front. 2017, 4, 335—342.
(b) Rao, M. L. N,; Islam, S. S.; Dasgupta, P. Rapid access to
unsymmetrical 1,3-diynes and 2,5-disubstituted thiophenes under
ligand and Pd/Ni free Cu-catalysis. RSC Adv. 2018, S, 78090—78098.
(c) Rao, M. L. N;; Jadhav, D. N.; Dasgupta, P. Pd-Catalyzed Domino
Synthesis of Internal Alkynes Using Triarylbismuths as Multicoupling
Organometallic Nucleophiles. Org. Lett. 2010, 12, 2048—2051.

(13) Mupparapuy, N.; Khan, S.; Battula, S.; Kushwaha, M.; Gupta, A.
P.; Ahmed, Q. N.; Vishwakarma, R. A. Metal-Free Oxidative
Amidation of 2.Oxoaldehydes: A Facile Access to a-Ketoamides.
Org. Lett. 2014, 16, 1152—11SS.

(14) Sharma, L; Wurst, J. M; Tan, D. S. Solvent-Dependent
Divergent Functions of Sc(OTf); in Stereoselective Epoxide-Opening
Spiroketalizations. Org. Lett. 2014, 16, 2474—2477.

(15) (a) Rao, M. L. N,; Islam, S. S. Synthesis of alkynes under dry
reaction conditions. Tetrahedron Lett. 2021, 153051. (b) Zefirov, N.
S.; Makhon’kov, D. I. X-Philic Reactions. Chem. Rev. 1982, 82, 615—
624.

(16) Wei, W,; Wang, Y.; Yin, J.; Xue, J; Li, Y. Construction of
Aromatic [5,5] Spiroketals via Hypoiodite-Catalyzed Etherification
Combined in Relay Cascades. Org. Lett. 2012, 14, 1158—1161.

(17) Weingarten, M. D.; Padwa, A. Intramolecular Addition to an
Unactivated Carbon-Carbon Triple Bond via an Apparent 6-Endo
Digonal Pathway. Tetrahedron Lett. 1995, 36, 4717—4720.

https://doi.org/10.1021/acs.orglett.1c01109
Org. Lett. XXXX, XXX, XXX—XXX


https://doi.org/10.1021/acs.orglett.8b02530
https://doi.org/10.1021/acs.orglett.8b02530
https://doi.org/10.1021/ja1115524
https://doi.org/10.1021/ja1115524
https://doi.org/10.1021/bi992661i
https://doi.org/10.1021/bi992661i
https://doi.org/10.1021/jo5008527
https://doi.org/10.1021/jo5008527
https://doi.org/10.1021/jo5008527
https://doi.org/10.1002/adsc.201900652
https://doi.org/10.1002/adsc.201900652
https://doi.org/10.1039/b806593d
https://doi.org/10.1039/b806593d
https://doi.org/10.1039/b806593d
https://doi.org/10.1039/c2cc32545d
https://doi.org/10.1039/c2cc32545d
https://doi.org/10.1039/c2cc32545d
https://doi.org/10.1055/s-0030-1259981
https://doi.org/10.1055/s-0030-1259981
https://doi.org/10.1021/acs.orglett.7b01705
https://doi.org/10.1021/acs.orglett.7b01705
https://doi.org/10.1021/acs.orglett.7b01705
https://doi.org/10.1021/acs.orglett.8b03586
https://doi.org/10.1021/acs.orglett.8b03586
https://doi.org/10.1021/acs.orglett.8b03586
https://doi.org/10.1002/anie.201812842
https://doi.org/10.1002/anie.201812842
https://doi.org/10.1039/C7OB02459B
https://doi.org/10.1039/C7OB02459B
https://doi.org/10.1039/C7OB02459B
https://doi.org/10.1039/C7OB02459B
https://doi.org/10.1039/C6QO00681G
https://doi.org/10.1039/C6QO00681G
https://doi.org/10.1039/C6QO00681G
https://doi.org/10.1039/C5RA15705F
https://doi.org/10.1039/C5RA15705F
https://doi.org/10.1039/C5RA15705F
https://doi.org/10.1021/ol1004164
https://doi.org/10.1021/ol1004164
https://doi.org/10.1021/ol1004164
https://doi.org/10.1021/ol5000204
https://doi.org/10.1021/ol5000204
https://doi.org/10.1021/ol500853q
https://doi.org/10.1021/ol500853q
https://doi.org/10.1021/ol500853q
https://doi.org/10.1016/j.tetlet.2021.153051
https://doi.org/10.1016/j.tetlet.2021.153051
https://doi.org/10.1021/cr00052a004
https://doi.org/10.1021/ol300107v
https://doi.org/10.1021/ol300107v
https://doi.org/10.1021/ol300107v
https://doi.org/10.1016/00404-0399(50)0891F-
https://doi.org/10.1016/00404-0399(50)0891F-
https://doi.org/10.1016/00404-0399(50)0891F-
pubs.acs.org/OrgLett?ref=pdf
https://doi.org/10.1021/acs.orglett.1c01109?rel=cite-as&ref=PDF&jav=VoR

