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ABSTRACT: Manganese-catalyzed intermolecular oxidative
annulation of alkynes with y-vinyl aldehydes involving
acylation and alkylation is described, thus providing a scenario
for the divergent synthesis of bridged carbocyclic systems. By
means of this manganese-catalyzed alkyne dicarbofunctional-
ization strategy, three chemical bonds, including two C—C
bonds and one C—H bond, are formed via an aldehyde
C(sp*)—H oxidative functionalization/[4 + 2] annulation/

protonation cascade.
B ridged carbocyclic systems, including bridged bicyclic and
tricyclic carbocycles, are unique structural motifs that
widely exist in numerous natural products, pharmaceuticals, and
other bioactive molecules (Scheme 1)."* For example,

Scheme 1. Examples of Important Bridged Carbocycles
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trichagmalin A and xyloccensins,” " which were isolated from
the leaves of Cedrela odorata or the fruits of the Chinese
mangrove plant, are constituted by an octahydro-1H-2,4-
methanoindene skeleton Other natural products, including
spirovibsanin A,”®" hyperforln, =% g-cedrene,” (—)-huperzine
A”™7° and lycodoline,”? all feature a bicyclo[2.3.2]nonane
ring system. Furthermore, bridged carbocyclic systems have a
multitude of applications in the organic and medicinal
community, including use as chiral ligands® and versatile
synthetic intermediates.”* Efficient construction of a bridged
dicarbocyclic or tricarbocyclic framework is therefore in
demand and has attracted ongoing interest from scientific
researchers.””* However, the majority of strategies for
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selectively building such frameworks are restricted to the
intramolecular fashion with unavailable limited substrates via
multiple synthetic steps, and an alternative one-step entry that
allows the divergent construction of different bridged cyclic
systems from simple starting materials is very challenging.
The cycloaddition reaction with aldehydes represents a
powerful method for the construction of diverse cyclic systems,
with the vast majority of examples concerning destruction of
the carbonyl group via C=O bond cleavage as a carbon
monoatom unit or a C/O two-atom unit for construction of the
cycle.’ To the best of our knowledge, an approach to radical-
mediated cycloaddition with the aldehyde C(sp*)—H bond, to
avoid the destruction of the carbonyl group, has yet to be
reported. In recent years, radical-mediated addition of
aldehydes across the unsaturated C—C bonds has become an
important tool for directly incorporating an acyl group into
simple unsaturated hydrocarbons,”~® in which acyl radical A is
generated by cleavage of the aldehyde C(sp*)—H bond using
photocatalysis” or oxidation® (Scheme 2a,b). We envisioned
that if an aldehyde inherently contains a functional group to
trap radical intermediate B, the cycloaddition process would
not destroy the carbonyl group, allowing the assembly of
carbonyl-containing cycles (Scheme 2c). Herein we report a
new MnSO,-catalyzed intermolecular oxidative annulation of
alkynes with y-vinyl aldehydes via acylation and alkylation for
the divergent synthesis of SH-2,4-methanoinden-5-ones,
bicyclo[3.3.1]non-3-en-2-ones, and cyclohex-2-en-1-ones
(Scheme 2d), which rely on the y-vinyl aldehyde reaction
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Scheme 2. Radical Transformations of Aldehydes

Previous work: Radical-mediated addition of aldehydes across C-C unsaturated bonds
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partners. This radical-mediated reaction is achieved by

simultaneously incorporating an acyl group and a vinyl group
across the C=C bond through the formation of two C—C
bonds and one C—H bond and represents a new, alternative
entry to bridged carbocyclic systems from branched aldehydes
by avoiding the tendency for the competing decarbonylation.”
Our initial studies started with the reaction between
phenylaceylene (1a) and norborn-S-ene-2-carbaldehyde (2a)
for optimization of the reaction conditions (Table 1).

Table 1. Optimization of the Reaction Conditions”

g H
Ph o
w . N [Mn], [O] o‘ H
H
Ph solvent, Ar, 12 h g
(o]

1 © 2a 3aa
entry [M] (mol %) [O] (equiv)  solvent t(°C) yield (%)
1 MnSO, (10) TBHP (3)  PhCE, 100 73 (68%)
2 MnSO, (5) TBHP (3)  PhCF, 100 55
3 MnSO, (20) TBHP (3) PhCF, 100 75
4 MnCl (10) TBHP (3)  PhCE, 100 54
S Mn(OAc), (10) TBHP (3) PhCF, 100 S0
6  MnO, (10) TBHP (3)  PhCE, 100 S8
7 MnSO, (10) CHP (3) PhCF, 100 63
8  MnSO, (10) DTBP (3)  PhCEF, 100 <5
9 MnSO, (10) TBPB (3)  PhCE, 100 <5
10 MnSO, (10) — PhCF; 100 trace
11 MnSO, (10) TBHP (2) PhCF, 100 37
12 MnSO, (10) TBHP (4) PhCF, 100 71
13 MnSO, (10) TBHP (3) PhCF, 110 73
14 MnSO, (10) TBHP (3)  PhCF, 9 S5
15 MnSO, (10) TBHP (3) MeCN 100 47
16 MnSO, (10) TBHP (3)  DMF 100 33

“Reaction conditions: 1a (0.2 mmol), 2a (2 equiv), [M], [O], PhCF3
(2 mL), argon, 12 h. The dr values were >20:1, as determined by 'H
NMR analyses of the crude products. 1a (1 mmol) and PhCF; (3
mL) for 24 h.

Treatment of alkyne la with aldehyde 2a, MnSO,, and
TBHP in PhCF; at 100 °C succeeded in accessing the desired
product 3aa in 73% yield (entry 1). Notably, a reaction scaled
up to 1 mmol of 1a also afforded 3aa in good yield (entry 1).
The amount of MnSO, affected the reaction: a lower loading of
MnSO, (5 mol %) decreased the yield of 3aa (entry 2),
whereas a higher loading of MnSO, (20 mol %) gave an
identical yield as 10 mol % MnSO, (entry 3). Other Mn
catalysts, namely, MnCl,, Mn(OAc),, and MnO,, displayed
high activity (entries 4—6), but they all were less efficient than
MnSO,. Using cumene hydroperoxide (CHP) also delivered a
satisfactory yield (entry 7). However, both di-tert-butyl

peroxide (DTBP) and fert-butyl perbenzoate (TBPB) exhibited
lower reactivity (entries 8 and 9). It was noted that the reaction
could not occur without an oxidant (entry 10). Screening of
both the amount of TBHP and the reaction temperature
revealed that 3 equiv of TBHP at 100 °C was the best option
(entries 11—14). Two other alternative solvents, MeCN and
DMF, both were less reactive than PhCF; (entries 15 and 16).

With the optimal reaction conditions identified, we turned
our attention to an investigation of the scope of this tandem
annulation protocol with respect to alkynes 1 (Scheme 3) and

Scheme 3. Variation of Alkyne 1¢
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“Reaction conditions: 1 (0.2 mmol), 2 (2 equiv), MnSO,, (10 mol %),
TBHP (3 equiv), PhCF; (2 mL), argon, 100 °C, 12 h. The dr value of
each product was >20:1.

Scheme 4. Variation of y-Vinyl Aldehyde 2
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“Reaction conditions: 1 (0.2 mmol), 2 (2 equiv), MnSO4 (10 mol %),
TBHP (3 equiv), PhCF; (2 mL), argon, 100 °C, 12 h. *The dr value of
the product was >20:1.

y-vinyl aldehydes (Scheme 4). As shown in Scheme 3, the
optimal conditions were compatible with a wide range of
alkynes, including terminal aryl alkynes (1b—1), alkyl alkynes
(1m and 1n), ethynyltrimethylsilane (10), propiolamide (1p),
propiolate (1q) and internal alkynes (1r—t). With terminal
arylalkynes 1b—1, a series of substituents, namely, Me, MeO, Cl,
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Br, and CN, on the aryl ring were well-tolerated (3ba—la). Me-
substituted aryl alkyne 1b, for example, was converted into 3ba
in 65% yield. MeO-substituted aryl alkyne 1c delivered 3ca in
70% yield. Importantly, halogen groups, including Cl and Br,
are consistent with the optimal conditions, thus offering facile
handles for further synthetic elaborations of the halogenated
positions (3da, 3ea, 3ga, and 3ha). Aryl alkynes 1d, 1g, and 1h
with a Cl group at the para, meta, and ortho positions,
respectively, were suitable substrates, giving 3da, 3ga, and 3ha
in 58—75% yield. Alkyne 1f having an electron-withdrawing CN
group was also successful at accessing 3fa. With bis(MeO)-
substituted alkyne 1i and 1-ethynylnaphthalene (1j), this
tandem annulation protocol afforded 3ia and 3ja in 55% and
70% yield, respectively. The heteroaryl alkynes 3-ethynylpyr-
idine (1k) and ethynylferrocene (11) both showed high
reactivity (3ka and 3la). Alkyl alkynes lm and In and
electron-poor terminal alkyne 1p could undergo the annulation
reaction (3ma, 3na, and 3pa), but all were less reactive than
terminal aryl alkynes. To our delight, 1o proved amenable to
the optimal conditions, giving silyl-substituted product 3o0a in
50% yield. Gratifyingly, the optimal conditions were applicable
to internal alkynes, including 1,2-diphenylethyne (1q), diethyl
but-2-ynedioate (1r), and N,N-dimethyl-3-phenylpropiolamide
(1s), affording 3qa—sa in 46%—85% yield.

The optimal conditions were also suitable for other y-vinyl
aldehydes 2b—d (Scheme 4). Cyclohex-3-ene-1-carbaldehyde
(2b), the other secondary aldehyde, exhibited high reactivity
and executed the acylalkylation reaction with alkynes 1a, Ic,
and 1r to deliver bicyclo[3.3.1]non-3-en-2-ones 3ab, 3cb, and
3rb in 52%—65% vyield, respectively. For pent-4-enal (2c), a
primary aldehyde, the acylalkylation reactions with alkynes 1a
and 1c proceeded smoothly, giving the corresponding cyclohex-
2-en-1-ones 3ac and 3cc in good yields. However, 2,2-
dimethylpent-4-enal (2d), a tertiary aldehyde, underwent
decarbonylative annulation with alkynes 1a and I, resulting
in the formation of the five-membered cyclic products 3ad and
3cd in high yields.

Notably, the reaction of alkyne la with aldehyde 2a was
completely inhibited when radical inhibitors were used,
implying that the reaction includes a radical process (Scheme
S, eq 1).

A possible mechanism for the intermolecular oxidative
acylalkylation protocol is outlined in Scheme 5."° Initially,
the splitting of the O—O bond in TBHP occurs when the active
Mn" species is heated to generate the tert-butoxyl radical and
the Mn'(OH) species.”” The Mn"(OH) species can be
readily converted into the Me™(OOfBu) species in the
presence of TBHP. Selective hydrogen abstraction of the
aldehyde group in 2a with the tert-butoxyl radical produces
silicon-centered radical intermediate A and BuOH,%’ and
subsequent addition across the C=C bond in alkyne 1a affords
vinyl radical intermediate B. Cyclization of intermediate B with
the C=C bond gives rise to radical alkyl intermediate C.
Finally, oxidation of C through hydrogen atom transfer to
TBHP or single-electron oxidation by the Me™(OOBu)
species, followed by protonation, provides access the desired
product 3aa.

In summary, we have described the first example of a
manganese-catalyzed intermolecular oxidative [4 + 2] annula-
tion of alkynes with y-vinyl aldehydes for constructing bridged
carbocyclic systems. The reaction is achieved through a
sequence of carbonyl C—H oxidative functionalization, acyl
radical generation, addition across the C=C bond, annulation

Scheme S. Control Experiments and Possible Mechanism
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with the C=C bond, and protonation. The reaction is
applicable to a wide range of alkynes, including aryl alkynes,
alkyl alkynes, ethynyltrimethylsilane, and electron-poor alkynes,
and represents a new alkyne annulation alternative to access
diverse bridged carbocycles, such as 5H-2,4-methanoinden-5-
ones, bicyclo[3.3.1]non-3-en-2-ones, and common five- or six-
membered cycles. Studies on expanding this annulation strategy
in total synthesis and developing new synthetic methodologies
are currently underway.

Hl ASSOCIATED CONTENT
© Supporting Information

The Supporting Information is available free of charge on the
ACS Publications website at DOI: 10.1021/acs.or-
glett.7b03086.

Descriptions of experimental procedures for compounds
and analytical characterization (PDF)

B AUTHOR INFORMATION
Corresponding Authors

*E-mail: wangqa@hnu.edu.cn.
*E-mail: jhli@hnu.edu.cn.

ORCID

Jin-Heng Li: 0000-0001-7215-7152

Author Contributions

Y.L. and J.-X.L. contributed equally to this work.
Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We thank the Natural Science Foundation of China (21625203
and 21472039) and the Jiangxi Province Science and
Technology Project (20171ACB2001S and 20165BCB18007)
for financial support.

B REFERENCES

(1) For reviews, see: (a) Gill, G. B. Alicycl. Chem. 1977, S, 292.
(b) Marchand, A. P. Polycarbocyclic bridged ring compounds. In
Rodd’s Chemistry of Carbon Compounds, 2nd ed.; Sainsbury, M., Ed,;

DOI: 10.1021/acs.orglett.7b03086
Org. Lett. XXXX, XXX, XXX—XXX


http://pubs.acs.org
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b03086
http://pubs.acs.org/doi/abs/10.1021/acs.orglett.7b03086
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.7b03086/suppl_file/ol7b03086_si_001.pdf
mailto:wangqa@hnu.edu.cn
mailto:jhli@hnu.edu.cn
http://orcid.org/0000-0001-7215-7152
http://dx.doi.org/10.1021/acs.orglett.7b03086

Organic Letters

Elsevier: Amsterdam, 1994; pp 277—329. (c) Le Bideau, F.; Kousara,
M.; Chen, L.; Wei, L.; Dumas, F. Chem. Rev. 2017, 117, 6110.

(2) (a) Veitch, N. C.; Wright, G. A; Stevenson, P. C. J. Nat. Prod.
1999, 62, 1260. (b) Zhou, Y.; Cheng, F.; Wu, J.; Zou, K. J. Nat. Prod.
2006, 69, 1083. (c) Yin, S.; Wang, X.-N,; Fan, C.-Q; Lin, L.-P.; Ding,
J,; Yue, J-M. J. Nat. Prod. 2007, 70, 682. (d) Cui, J.; Wy, J.; Deng, Z.;
Proksch, P.; Lin, W. J. Nat. Prod. 2007, 70, 772. (e) Wu, J; Xiao, Q.;
Huang, J,; Xiao, Z,; Qj, S;; Li, Q; Zhang, S. Org. Lett. 2004, 6, 1841.
(f) Tan, Q.-G.; Luo, X.-D. Chem. Rev. 2011, 111, 7437. (g) Kubo, M,;
Fujii, T.; Hioki, H.; Tanaka, M.; Kawazu, K.; Fukuyama, Y. Tetrahedron
Lett. 2001, 42, 1081. (h) Fukuyama, Y.; Kubo, M.; Minami, H.; Yuasa,
H.; Matsuo, A.; Fujii, T.; Morisaki, M.; Harada, K. Chem. Pharm. Bull.
2005, 53, 72. (i) Ciochina, R;; Grossman, R. B. Chem. Rev. 2006, 106,
3963. (j) Singh, I P.; Bharate, S. B. Nat. Prod. Rep. 2006, 23, 5S8.
(k) Beerhues, L. Phytochemistry 2006, 67, 2201. (1) Joseph-Nathan, P.;
Santillan, R. L.; Gutiérrez, A. J. Nat. Prod. 1984, 47, 924. (m) Liy, J.-S.;
Zhu, Y.-L; Yu, C-M; Zhou, Y.-Z; Han, Y.-Y.; Wu, F.-W,; Qi, B.-F.
Can. J. Chem. 1986, 64, 837. (n) Kozikowski, A. P.; Tiickmantel, W.
Acc. Chem. Res. 1999, 32, 641. (o) Bai, D. Pure Appl. Chem. 2007, 79,
469. (p) Zhu, D.-Y,; Bai, D.-L,; Tang, X.-C. Drug Dev. Res. 1996, 39,
147. (q) Zhao, X.-H.; Zhang, Q; Dy, J.-Y.; Lu, X.-Y.; Cao, Y.-X; Deng,
Y.-H.; Fan, C.-A. J. Am. Chem. Soc. 2017, 139, 7095.

(3) (a) Hayashi, T.; Ueyama, K.; Tokunaga, N.; Yoshida, K. J. Am.
Chem. Soc. 2003, 125, 11508. (b) Punniyamurthy, T.; Mayr, M,
Dorofeev, A. S.; Bataille, C. J. R.; Gosiewska, S.; Nguyen, B.; Cowley,
A. R; Brown, J. M. Chem. Commun. 2008, 5092. (c) Defieber, C,;
Grutzmacher, H.; Carreira, E. Angew. Chem., Int. Ed. 2008, 47, 4482.

(4) For selected reviews, see: (a) Parvatkar, P. T.; Kadam, H. K;
Tilve, S. G. Tetrahedron 2014, 70, 2857. (b) Zhao, W. Chem. Rev.
2010, 110, 1706. (c) Roche, S. P.; Porco, J. A, Jr. Angew. Chem., Int.
Ed. 2011, 50, 4068. (d) Richard, J.-A.; Pouwer, R. H,; Chen, D. Y.-K.
Angew. Chem, Int. Ed. 2012, 51, 4536. (e) Xu, ].; Lacoske, E;
Theodorakis, A. Angew. Chem., Int. Ed. 2014, 53, 956. (f) Biischleb, M.;
Dorich, S.; Hanessian, S.; Tao, D.; Schenthal, K. B.; Overman, L. E.
Angew. Chem., Int. Ed. 2016, 55, 4156.

(5) For selected reviews, see: (a) Carruthers, W. Cycloaddition
Reactions in Organic Synthesis; Tetrahedron Organic Chemistry Series;
Pergamon Press: Elmsford, NY, 1990. (b) Lautens, M.; Klute, W,;
Tam, W. Chem. Rev. 1996, 96, 49. (c) Yet, L. Chem. Rev. 2000, 100,
2963. (d) Cycloaddition Reactions in Organic Synthesis; Kobayashi, S.,
Jorgensen, K. A, Eds; Wiley-VCH: Weinheim, Germany, 2002.
(e) Lopez, F.; Mascarefias, J. L. Beilstein J. Org. Chem. 2011, 7, 1075.
(f) Ylijoki, K. E. O.; Stryker, J. M. Chem. Rev. 2013, 113, 2244. (g) Liu,
Y.; Song, R.-J.; Li, J.-H. Sci. China: Chem. 2016, 59, 161. (h) Remy, R ;
Bochet, C. G. Chem. Rev. 2016, 116, 9816. (i) Minami, A.; Oikawa, H.
J. Antibiot. 2016, 69, 500. (j) Jeon, B.-S.; Wang, S.-A.; Ruszczycky, M.
W.; Liu, H-W. Chem. Rev. 2017, 117, 5367. (k) Pellissier, H.
Tetrahedron 2009, 65, 2839. (1) Meyer, A. G,; Ryan, J. H. Molecules
2016, 21, 935. (m) Milnes, K. K.; Pavelka, L. C.; Baines, K. M. Chem.
Soc. Rev. 2016, 45, 1019.

(6) For selected reviews of the transformations of acyl radicals, see:
(a) Chatgilialoglu, C.; Crich, D.; Komatsu, M; Ryu, I. Chem. Rev.
1999, 99, 1991. (b) Srikanth, G. S. C.; Castle, S. L. Tetrahedron 2005,
61, 10377. (c) Chatani, N. Chem. Rec. 2008, 8, 201. (d) Jia, F.; Li, Z.
Org. Chem. Front. 2014, 1, 194. (e) Song, R.-J.; Liu, Y.; Xie, Y.-X,; Li,
J.-H. Synthesis 2018, 47, 1195.

(7) (a) Kharasch, M. S,; Urry, W. H.; Kuderna, B. M. J. Org. Chem.
1949, 14, 248. (b) Fraser-Reid, B.; Anderson, R. C,; Hicks, D. R;;
Walker, D. L. Can. ]. Chem. 1977, S5, 3986. (c) Chatgilialoglu, C.;
Lunazzi, L.; Macciantelli, D.; Placucci, G. J. Am. Chem. Soc. 1984, 106,
5252. (d) Kobayashi, K; Suzuki, M.; Takeuchi, H.; Konishi, A;
Sakurai, H,; Suginome, H. J. Chem. Soc,, Perkin Trans. 1 1994, 1099.
(e) Oelgemdller, M.; Schiel, C.; Frohlich, R,; Mattay, J. Eur. J. Org.
Chem. 2002, 2002, 2465. (f) Manfrotto, C.; Mella, M.; Freccero, M.;
Fagnoni, M.; Albini, A. J. Org. Chem. 1999, 64, 5024. (g) Cardarelli, A.
M.; Fagnoni, M.; Mella, M.; Albini, A. J. Org. Chem. 2001, 66, 7320.
(h) Dondi, D.; Caprioli, I; Fagnoni, M; Mella, M,; Albini, A.
Tetrahedron 2003, 59, 947. (i) Esposti, S.; Dondi, D.; Fagnoni, M.;
Albini, A. Angew. Chem,, Int. Ed. 2007, 46, 2531. (j) Protti, S.; Ravellj,

D.; Fagnoni, M.; Albini, A. Chem. Commun. 2009, 7351. (k) Ravelli,
D.; Zema, M.; Mella, M.; Fagnoni, M.; Albini, A. Org. Biomol. Chem.
2010, 8, 4158. (1) Moteki, S. A;; Usui, A.; Selvakumar, S.; Zhang, T.;
Maruoka, K. Angew. Chem., Int. Ed. 2014, 53, 11060. (m) Zheng, L.;
Huang, H.; Yang, C.; Xia, W. Org. Lett. 2015, 17, 1034. (n) Jiang, J;
Ramozzi, R.; Moteki, S.; Usui, A.,; Maruoka, K.; Morokuma, K. J. Org.
Chem. 20185, 80, 9264. (o) Selvakumar, S.; Sakamoto, R.; Maruoka, K.
Chem. - Eur. J. 2016, 22, 6552. (p) Selvakumar, S.; Sakamoto, R;
Maruoka, K. Chem. - Eur. . 2016, 22, 6552.

(8) (a) Liu, W.-P; Li, Y.-M,; Liu, K-S; Li, Z.-P. J. Am. Chem. Soc.
2011, 133, 10756. (b) Zhou, M.-B.; Song, R.-J.; Ouyang, X.-H.; Liu, Y.;
Wei, W.-T.; Deng, G.-B.; Li, J.-H. Chem. Sci. 2013, 4, 2690. (c) Jia, F.;
Liu, K; Xi, H; Lu, S.; Li, Z. Tetrahedron Lett. 2013, 54, 6337. (d) Du,
P; Li, H; Wang, Y,; Cheng, J; Wan, X. Org. Lett. 2014, 16, 6350.
(e) Zhao, W.; Xie, P.; Zhang, M.; Niu, B.; Bian, Z.; Pittman, C.; Zhou,
A. Org. Biomol. Chem. 2014, 12, 7690. (f) Lv, L.-Y.; Qj, L.-Y.; Guo, Q.-
X.; Shen, B.-J.; Li, Z.-P. J. Org. Chem. 2015, 80, 12562. (g) Wei, W.-T.;
Yang, X.-H,; Li, H.-B; Li, J-H. Adv. Synth. Catal. 2015, 357, 59.
(h) Lv, L; Xi, H.; Bai, X; Li, Z. Org. Lett. 2015, 17, 4324. (i) Ke, Q;
Zhang, B.; Hu, B; Jin, Y,; Lu, G. Chem. Commun. 2015, 51, 1012.
(j) Yang, L.; Lu, W.; Zhou, W.; Zhang, F. Green Chem. 2016, 18, 2941.
(k) Jafarpour, F.; Abbasnia, M. J. Org. Chem. 2016, 81, 11982.
(1) Jhuang, H.-S.; Reddy, D. M.; Chen, T.-H.; Lee, C.-F. Asian ]. Org.
Chem. 2016, S, 1452. (m) Lu, D.-Y.; Wan, Y.-M.; Kong, L.-C.; Zhu, G.-
G. Org. Lett. 2017, 19, 2929. (n) Lv, L.-Y,; Li, Z.-P. Org. Lett. 2016, 18,
2264. (o) Lv, L; Li, Z. Chin. J. Chem. 2017, 3S, 303. (p) Fitzmaurice,
R. J; Ahern, J. M,; Caddick, S. Org. Biomol. Chem. 2009, 7, 23S.
(q) Chudasama, V.; Fitzmaurice, R. J.; Ahern, J. M.; Caddick, S. Chem.
Commun. 2010, 46, 133. (r) Chudasama, V.; Fitzmaurice, R. J;
Caddick, S. Nat. Chem. 2010, 2, 592. (s) Luo, J.-Y.; Hua, H.-L.; Chen,
Z.-S.; Zhou, Z.-Z.; Yang, Y.-F,; Zhou, P.-X,; He, Y.-T.; Liu, X.-Y,;
Liang, Y.-M. Chem. Commun. 2014, 50, 1564. (t) Ouyang, X.-H.; Song,
R-J; Li, Y,; Liu, B.; Li, J.-H. J. Org. Chem. 2014, 79, 4582. (u) Ouyang,
X.-H; Song, R.-J; Wang, C.-Y,; Yang, Y,; Li, J.-H. Chem. Commun.
2015, 51, 14497. (v) Mai, W.-P.; Wang, ].-T.; Xiao, Y.-M.; Mao, P.; Lu,
K. Tetrahedron 2018, 71, 8041. (w) Mi, X; Wang, C.; Huang, M.; Wu,
Y.; Wu, Y. J. Org. Chem. 2015, 80, 148.

(9) For selected recent papers, see: (a) Biswas, P.; Paul, S.; Guin, J.
Angew. Chem., Int. Ed. 2016, 55, 7756. (b) Pan, C.; Chen, Y.; Song, S.;
Li, L; Yu, J.-T. J. Org. Chem. 2016, 81, 12065. (c) Li, Y.; Pan, G.-H,;
Hu, M,; Liu, B,; Song, R.-J.; Li, J.-H. Chem. Sci. 2016, 7, 7050. (d) Lv,
L.; Bai, X; Yan, X; Li, Z. Org. Chem. Front. 2016, 3, 1509. (e) Ouyang,
X.-H,; Song, R.-J; Liu, B,; Li, J.-H. Adv. Synth. Catal. 2016, 358, 1903.
(f) Ding, K; Xu, S.; Alotaibi, R; Paudel, K; Reinheimer, E. W.;
Weatherly, J. J. Org. Chem. 2017, 82, 4924.

DOI: 10.1021/acs.orglett.7b03086
Org. Lett. XXXX, XXX, XXX—XXX


http://dx.doi.org/10.1021/acs.orglett.7b03086

