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Abstract: The sodium iodide/hydrogen peroxide-
mediated oxidation/lactonization of indolepropionic
acids was achieved, affording the corresponding spi-
rocyclic oxindole-lactones in moderate to high
yields. This metal-free procedure features mild reac-
tion conditions, non-toxicity and easy handling, with
hydrogen peroxide (H,O,) as a clean oxidant.
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3,3-Disubstituted oxindoles are frequently found in
many natural products, pharmaceuticals, and biologi-
cally active compounds. Thus the synthesis of these
compounds has been intensely pursued by synthetic
chemists and pharmaceutical chemists.!!  Among
them, spirocyclic oxindole-lactones are a family of
common oxindole motifs with interesting biological
activities and act as useful synthons for the synthesis
of 3-hydroxyoxindole derivatives.”! Previously report-
ed methods mainly focused on (i) the annulations of
isatins with enals or propionic acid,”! (i) Michael/cyc-
lization of 3-hydroxyoxindoles,* and (iii) intramolecu-
lar lactonization of 3-hydroxyoxindole esters.”) All
these methods need the use of the pre-prepared isa-
tins and 3-hydroxyoxindoles (Scheme 1). Thus the de-
velopment of general and direct methods for the
preparation of spirocyclic oxindole-lactones from
simple substrates like indoles is of great importance.
Oxidization/lactonization of indolepropionic acids
is a direct approach for the synthesis of spirocyclic ox-
indole-lactones.”! However, most of the existing
methods typically require the multistep procedures
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and the use of environmentally harmful metals like
Hg, TI, strong acids or non-ideal solvents, which
hinder their practical application. Therefore, we
aimed to realize a mild and metal-free strategy for
the direct synthesis of spirocyclic lactones.

Recently, a simple catalytic system combining the
use of an iodide salt or iodine with a terminal oxidant
has been found effective in various oxidative coupling
reactions.”®! The exploration of efficient transforma-
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maremycin B

5-HTg antagonists

Scheme 1. Synthesis and transformation of spirocyclic oxin-
dole-lactones.
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tions by this strategy is still attractive and promising.
With the continuing interest in the synthesis of spi-
rooxindoles,””’ we herein communicate our progress in
the Nal/H,0O,-mediated oxidization/lactonization of 3-
indolepropionic acids for the synthesis of spirocyclic
oxindole-lactones in moderate to good yields. This
method has several advantages, including being
metal-free, mild reaction conditions and avoiding
toxic by-products derived from the oxidant.

We started our study by using 3-indolepropionic
acid 1a as a model substrate at room temperature in
CH;CN for 12 h. To our delight, when treated with
iodine (10mol%) in the presence of H,0,
(2.2 equiv.), the corresponding spirocyclic oxindole-
lactone 2a could be obtained in a promising conver-
sion of 70% (Table 1, entry 1). Encouraged by this
result, further screening of other iodide sources like
Nal, Cul, TBAI, NIS and KI was carried out (Table 1,
entries 2-6). The conversion could be increased to
93% when using Nal (Table 1, entry 2), while TBAI
and KI gave 80% and 85% conversion, respectively
(Table 1, entries4 and 6). When applying Cul and
NIS as iodide source, complex mixtures were ob-
served instead of the spirocyclic oxindole-lactone. We

Table 1. Optimization of the reaction conditions.

o}

O™ e OO
\ HO I~ source, oxidant o
N solvent N
H H
1a 2a

Entry Catalyst Oxidant!® Solvent ¢  Conv.l

(equiv) ] [%]

1 L H,0, (2.2) CH;CN 12 70

2 Nal H,0, (2.2) CH;,CN 12 93

3 Cul H,0, (2.2) CH,CN 12 -

4 TBAI H,0, (2.2) CH,CN 12 80

5 NIS H,0, (2.2) CH;,CN 12 -

6 KI H,0, (2.2) CH,CN 12 85

7 - PIAD (2.2) CH,CN 12 -

8 Nal TBHP (2.2) CH,CN 12 -

9 Nal H,0, (4.0) CH,CN 2 90

10 Nal H,0, (6.0) CH,CN 2 99

11 Nal H,0, (6.0) CH,Cl, 2 50

12 Nal H,0, (6.0) EtOAc 2 95

13 Nal H,0, (6.0) toluene 2 80

14 Nal H,0, (6.0) THF 2 10

15 Nal H,0, (6.0) MeOH 2 40

) All reactions were performed with 1a (0.10 mmol) and
catalyst (10 mol%) in 1.0 mL of the solvent at room tem-
perature.

I H,0, is a 30% aqueous solution, TBHP is a 70% aque-
ous solution.

[l Determined by "H NMR spectroscopy of the crude mix-
ture.
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then examined other oxidants such as PIDA and
TBHP, but neither of them could lead to formation of
the desired product (Table 1, entries 7 and 8). Fur-
thermore, when increasing the amount of H,O, to 4.0
and 6.0 equiv., 90% and 99% conversions, respective-
ly, were obtained in a greatly reduced reaction time
of 2h (Table 1, entries 9 and 10). At last, other sol-
vents such as CH,Cl,, EtOAc, toluene, THF, MeOH
were screened, but none of them gave better conver-
sion than CH;CN (Table 1, entries 11-15). Thus, the
optimal reaction reactions were 10 mol% of Nal and
6.0 equiv. of H,O, as the oxidant in CH;CN at room
temperature for 2 h (Table 1, entry 10).

With the optimized conditions in hand, we subse-
quently examined the scope of this reaction by using
various substituted indolepropionic acids. As shown
in Table 2, all substrates containing either electron-
donating or electron-withdrawing groups ran smooth-
ly to afford the corresponding spirocyclic oxindole-
lactones in moderate to good yields. Substrates with
electron-donating methyl substituent on different sites
worked well to afford the corresponding oxindole-lac-
tones 2b, 2¢, 2d and 2e in 82-94% yields. Compared
with the methyl substituent, the methoxy or benzylox-
yl substituent gave the products (2f-2j) in a slightly
lower yield. Electron-withdrawing, halogen-containing
indolepropionic acids were tolerated well and gave
the desired products (2k-2q) in moderate yields. In
addition, the N-protected indoles like 1-methyl-3-in-
dolepropionic acid and 1-benzyl-3-indolepropionic
acids could also furnish the oxindole-lactones 2r and
2s in 95% and 74% vyields, respectively.'’! We have
also tried 3-indolebutanoic acid and 2-methyl-3-in-
dolepropionic acid. Unfortunately, the reaction did
not proceed when 3-indolebutanoic acid was used,
while 2-methyl-3-indolepropionic acid gave a complex
mixture.

In order to demonstrate the synthetic utility of this
methodology, we next prepared 3-hydroxy-2-oxindole
derivatives 3 and 4 from the oxindole-lactones 2r
(Scheme 2). In the presence of ammonium hydroxide
in methanol, the lactone 2r underwent aminolysis to
afford amide 3, which could be used for the synthesis
of a 5-HT6 antagonist.") When treated with LiAIH,
in THF followed by acetic anhydride, hexahydropyri-
do[2,3-b]indole 4, a core structure found in chaetomi-
nine,'”” could be formed in 42% overall yield from 2r
by sequential reduction/cyclization/acetylation.

The addition of TEMPO did not hamper the reac-
tion, showing that the reaction may not involve the
radical pathway. Based on this result and the sugges-
tion of a reviewer, we propose a plausible stepwise
mechanism as shown in Scheme 3. Firstly, hypervalent
iodine species [IO]7/[10,]” was likely to be generated
by the reaction of I~ with H,0,.") The hypervalent
iodine species would then react with 1la to form 2-
iodo-3-indolepropionic acid 5, which could be easily
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Table 2. Scope of the reaction.”
o)
o Nal (10 mol%), o
R N\ OH 30% H,0, (6 equiv.) X
T R o
Z N CH3CN, rt. N
. »
1 2 R
o o
o Ve o o © OMe,
(o] o Me (o) o (o) (o)
o o] o o] o} o]
N N N
N i N Me H oA H
2a, 93% (86%) 2b, 93% 2¢, 82% 2d, 87% 2e, 94% 2f, 69%

(0] 0} (0]
MeO o o] o] B
(0] (0} (0]
N N
OMe

29, 74% 2h, 49% 2i, 64%

0] 0 0 o} o 0
Br
0 0 F o o) o) o) o)
0 0 (0] (6] N 0 N o (0]
cl N N N F N N Ne N
H H H H £

2m, 69% 2n, 77% 20, 76%

o o
nO o cl o] o
o o) o}
N N N
H H

2p, 62%

o}

H
Cl

2j, 62% 2k, 55% 21, 41%!®!

0}

Bn

2q, 45%I°! 2r, 95% 2s, 74%

[} Unless otherwise noted, all reactions were performed with 1 (0.10 mmol), Nal (10 mol%) and H,0O, (6.0 equiv.) in 1.0 mL
of CH;CN at room temperature for 2 h. The isolated yield is given in each case.

I This reaction was conducted at 60°C.
[l A scale-up experiment to 1 mmol was performed.

(0]
o
(¢}
N
Me
2r
a) NH; (aq) N
MeOH Ref.[gl o
— NH
o N
HO H
NH, 5-HTg antagonists
o I
Me HO
3 b) LiAlH4, THF Q_YB
c) Ac,O, THF N N
Me Ac
4

42% overall yield

Scheme 2. Transformation of 2r.

hydrolyzed to the oxindole 6.'Y Then, oxidation of
oxindole 6 would afford the final product spirolactone
2a.7
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Scheme 3. Proposed mechanism.

In summary, we have developed an environmentally
and economic transformation mediated by Nal/H,O,
for the synthesis of spirocyclic oxindole-lactones in
moderate to high yield. This metal-free method can
provide an efficient approach to afford 3-hydroxyox-
indole derivatives, which possess potential biologically
activity. Further study on the enantioselective genera-
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tion of the quaternary carbon center in spirocyclic ox-
indole-lactones is under way in our laboratory.

Experimental Section

Typical Procedure

To a solution of 3-indolepropionic acids 1 (0.10 mmol) in
CH,CN(1.0 mL) was added Nal (10 mol%) followed by
30% H,O, (6 equiv.). The reaction mixture was stirred at
room temperature until completion of the reaction. After
this time, the solvent was removed under vacuum and the
residue was purified by flash column chromatography (pe-
troleum ether/AcOE?t) to give the pure desired product 2.

Acknowledgements

We gratefully acknowledge financial support from the NSFC
(21432003, 21572278 and 21502079) and the Program for
Chang-Jiang Scholars and Innovative Research Team in Uni-
versity (IRT 15R27).

References

[1] a) L. Hong, R. Wang, Adv. Synth. Catal. 2013, 355,
1023-1052; b) G.S. Singh, Z.Y. Desta, Chem. Rev.
2012, 7112, 6104-6155; c) R. Dalpozzo, G. Bartoli, G.
Bencivenni, Chem. Soc. Rev. 2012, 41, 7247-7290;
d) N. R. Ball-Jones, J.J. Badillo, A.K. Franz, Org.
Biomol. Chem. 2012, 10, 5165-5181; e) F. Zhou, Y.-L.
Liu, J. Zhou, Adv. Synth. Catal. 2010, 352, 1381-1407,
f) B.M. Trost, M. K. Brennan, Synthesis 2009, 2009,
3003-3025; g) K. Shen, X. Liu, L. Lin, X. Feng, Chem.
Sci. 2012, 3, 327-334; h) J. Yu, F. Shi, L.-Z. Gong, Acc.
Chem. Res. 2011, 44, 1156-1171 and references cited
therein.

[2] For selected reviews, see: a) P. Satyamaheshwar, Curr.
Bioact. Compd. 2009, 5, 20-38; b) J. J. Badillo, N. V.
Hanhan, A. K. Franz, Curr. Opin. Drug Discovery Dev.
2010, 13, 758-776. For selected examples, see: c) H. B.
Rasmussen, J. K. Macleod, J. Nat. Prod. 1997, 60,
1152-1154; d) M. Kitajima, I. Mori, K. Arai, N.
Kogure, H. Takayama, Tetrahedron Lett. 2006, 47,
3199-3202; e)J.S. Carle, C. Christophersen, J. Org.
Chem. 1981, 46, 3440-3443; f) R.L. Hinman, C.P.
Bauman, J. Org. Chem. 1964, 29, 2431-2437; g) A. W.
Galston, H. R. Chen, Plant Physiol. 1965, 40, 699-705;
h) P. Loépez-Alvarado, J. Steinhoff, S. Miranda, C.
Avendaiio, J. C. Menéndez, Tetrahedron 2009, 65, 1660—
1672.

[3] a) J. E. Dugal-Tessier, A. O’Bryan, T. B. H. Schroeder,
D. T. Cohen, K. A. Scheidt, Angew. Chem. 2012, 124,
5047-5051; Angew. Chem. Int. Ed. 2012, 51, 4963-4967,
b) L.-H. Sun, L.-T. Shen, S. Ye, Chem. Commun. 2011,
47, 10136-10138; c)F. Nawaz, M. Zaghouani, D.
Bonne, O. Chuzel, J. Rodriguez, Y. Coquerel, Eur. J.
Org. Chem. 2013, 2013, 8253-8264; d) J.-T. Cheng, X.-
Y. Chen, Z.-H. Gao, S. Ye, Eur. J. Org. Chem. 2015,

Adv. Synth. Catal. 0000, 000, 0-0
These are not the final page numbers! 77

2015, 1047-1053; e) Z. Jin, K. Jiang, Z. Fu, J. Torres, P.
Zheng, S. Yang, B.-A. Song, Y. R. Chi, Chem. Eur. J.
2015, 21, 9360-9363; f) J.-L. Li, B. Sahoo, C.-G. Dani-
liuc, F. Glorius, Angew. Chem. 2014, 126, 10683-10687;
Angew. Chem. Int. Ed. 2014, 53, 10515-10519.

a) G. Bergonzini, P. Melchiorre, Angew. Chem. 2012,
124, 995-998; Angew. Chem. Int. Ed. 2012, 51, 971-974;
b) B. M. Trost, K. Hirano, Org. Lett. 2012, 14, 2446—
2449; c) L. Chen, Z.-J. Wu, M.-L. Zhang, D.-F. Yue, X.-
M. Zhang, X.-Y. Xu, W.-C. Yuan, J. Org. Chem. 2015,
80, 12668-12675; d) E. L. Mclnturff, J. Mowat, A.R.
Waldeck, M. J. Krische, J. Am. Chem. Soc. 2013, 135,
17230-17235.

a) Y. Murata, M. Takahashi, F. Yagishita, M. Sakamoto,
T. Sengoku, H. Yoda, Org. Lett. 2013, 15, 6182-6185;
b) S. Rana, A. Natarajan, Org. Biomol. Chem. 2013, 11,
244-247; c) F. Zhou, M. Ding, J. Zhou, Org. Biomol.
Chem. 2012, 10, 3178-3181; d) M. Takahashi, Y.
Murata, F. Yagishita, M. Sakamoto, T. Sengoku, H.
Yoda, Chem. Eur. J. 2014, 20, 11091-11100; e)S.
Ranaa, A. Natarajan, Org. Biomol. Chem. 2013, 11,
244-247.

a) T. Ohnuma, H. Kasuya, Y. Kimura, Y. Ban, Hetero-
cycles 1982, 17, 377-380; b) D. Deepa, G. Chandramo-
han, Int. J. Res. Pharm. Sci. 2012, 3, 1322; c¢) D. Deepa,
G. Chandramohan, Res. J. Chem. Sci. 2012, 2, 70-74;
d) R.B. Labroo, L. A. Cohen, J. Org. Chem. 1990, 55,
4901-4904; e) P. Lopez-Alvarado, J. Steinhoff, S. Miran-
da, C. Avendano, J. C. Menéndez, Tetrahedron 2009,
65, 1660-1672.

For a review, see: a) X.-F. Wu, J.-L. Gong, X. Qi, Org.
Biomol. Chem. 2014, 12, 5807-5817. For recent selected
examples, see: b) P. S. Volvoikar, S. G. Tilve, Org. Lett.
2016, 18, 892-895; c) M. Kischkewitz, C.-G. Daniliuc,
A. Studer, Org. Lertt. 2016, 18, 1206-1209; d) Z. Chen,
H. Li, W. Dong, M. Miao, H. Ren, Org. Lett. 2016, 18,
1334-1337; e) H. Huang, L. Tang, X. Han, G. He, Y.
Xia, H. Zhu, Chem. Commun. 2016, 52, 4321-4324;
f) S. Tang, K. Liu, Y. Long, X. Gao, M. Gao, A. Lei,
Org. Lertt. 2015, 17, 2404-2407; g) L. Xiang, Y. Niu, X.
Pang, X. Yang, R. Yan, Chem. Commun. 2015, 51,
6598-6600; h) W. Wei, J. Wen, D. Yang, M. Guo, Y.
Wang, J. You, H. Wang, Chem. Commun. 2015, 51,
768-771;1)) W. Xu, B.J. Nachtsheim, Org. Lett. 2015, 17,
1585-1588; j) F. Xiao, S. Chen, Y. Chen, H. Huang, G.-
J. Deng, Chem. Commun. 2015, 51, 652-654.

a) M. Uyanik, D. Suzuki, M. Watanabe, H. Tanaka, K.
Furukawa, K. Ishihara, Chem. Lett. 2015, 44, 387-389;
b) M. Uyanik, N. Sasakura, E. Kaneko, K. Ohori, K.
Ishihara, Chem. Lett. 2015, 44, 179-181; c) M. Uyanik,
H. Okamoto, T. Yasui, K. Ishihara, Science 2010, 328,
1376-1379; d) M. Uyanik, H. Hayashi, K. Ishihara, Sci-
ence 2014, 345, 291-294; e) M. Uyanik, D. Suzuki, T.
Yasui, K. Ishihara, Angew. Chem. 2011, 123, 5443-
5446; Angew. Chem. Int. Ed. 2011, 50, 5331-5334; f) M.
Uyanik, K. Ishihara, ChemCatChem 2012, 4, 177-185;
¢) P. Finkbeiner, B.J. Nachtsheim, Synthesis 2013, 45,
979-999.

a) P. Zhang, W. Sun, G. Li, L. Hong, R. Wang, Chem.
Commun. 2015, 51, 12293-12296; b) G. Zhu, W. Sun, C.
Wu, G. Li, L. Hong, R. Wang, Org. Lett. 2013, 15,
4988-4991; ¢) W. Sun, G. Zhu, C. Wu, G. Li, L. Hong,

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

Adva
Synthesis &
COMMUNICATIONS asc.wiley-vch.de Catalysis

R. Wang, Angew. Chem. 2013, 125, 8795-8799; Angew.
Chem. Int. Ed. 2013, 52, 8633-8637; d) H. Zhang, L.
Hong, H. Kang, R. Wang, J. Am. Chem. Soc. 2013, 135,
14098-14101; e) Y. Cao, X. Jiang, L. Liu, F. Shen, F.
Zhang, R. Wang, Angew. Chem. 2011, 123, 9290-9293;
Angew. Chem. Int. Ed. 2011, 50, 9124-9127; f) W. Sun,
L. Hong, G. Zhu, Z. Wang, X. Wei, J. Ni, R. Wang,
Org. Lett. 2014, 16, 544-547.

[10] The yields were moderate for many substrates due to
the incomplete conversion of the starting material.

[11] G. Hostetler, D. Dunn, B. A. McKenna, K. Kopec, S.
Chatterjee, Chem. Biol. Drug Des. 2014, 83, 149-153.

[12] a) R. H. Jiao, S. Xu, J. Y. Liu, H. M. Ge, H. Ding, C.
Xu, H.L. Zhu, R. X. Tan, Org. Lett. 2006, 8, 5709-

(13]

(14]

5712; b) L. Liao, M. You, B. K. Chung, D.-C. Oh, K.-B.
Oh, J. Shin, J. Nat. Prod. 2015, 78, 349-354.

a) X. Zhang, M. Wang, P. Li, L. Wang, Chem.
Commun. 2014, 50, 8006-8009; b) K. Yasui, T. Kato, K.
Kojima, K. Nagasawa, Chem. Commun. 2015, 51, 2290-
2293; ¢) Y. Yuan, W. Hou, D. Zhang-Negrerie, K.
Zhao, Y. Du, Org. Lett. 2014, 16, 5410-5413; d) L.
Dian, S. Wang, D. Zhang-Negrerie, Y. Du, K. Zhao,
Chem. Commun. 2014, 50, 11738-11741.

a) R. S. Phillips, L. A. Cohen, J. Am. Chem. Soc. 1986,
108, 2023-2030; b) Y. Zi, Z.-J. Cai, S.-Y. Wang, S.-I. Ji,
Org. Lett. 2014, 16, 3094-3097; c¢) Y. Takeuchi, T. Tarui,
N. Shibata, Org. Lett. 2000, 5, 639-642.

Adpv. Synth. Catal. 0000, 000,0-0

These are not the final page numbers! 77

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim


http://asc.wiley-vch.de

COMMUNICATIONS

6 Sodium Iodide/Hydrogen Peroxide-Mediated Oxidation/
Lactonization for the Construction of Spirocyclic Oxindole-

Lactones

Adv. Synth. Catal. 2016, 358, 1-6

Guofeng Li, Liwu Huang, Jiecheng Xu, Wangsheng Sun,*
Junqiu Xie, Liang Hong,* Rui Wang*

Nal (10 mol%), 0
30 % H,0, (6 equiv.) R o

CH3CN, r.t. or 60 °C

j o
metal free yields up to 95%

green oxidant

simple-to-handle

Adpv. Synth. Catal. 0000, 000,0-0

These are not the final page numbers! 77

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



