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A mild and efficient method for the synthesis of 5-substituted isoxazoles through cyclization of propar-
gylic amines with N-hydroxyphthalimide (NHPI) under metal-free conditions was developed.

� 2018 Elsevier Ltd. All rights reserved.
Introduction

N-propargylamines are one of the most useful building blocks in
chemical productions and represent as excellent synthetic inter-
mediates for constructing many significant nitrogen-containing
heterocyclic compounds.1 Recently, N-propargylamines have
received considerable attention as radical acceptors in developing
radical initiated cyclization-aromatization cascades to synthesize
3-substituted quinolines.2 Therefore, direct functionalization of
N-propargylamines to introduce these molecules into complex
organic compounds is important for the synthetic chemistry
community.

Isoxazoles and their derivatives are privileged structural motifs,
which have been widely applied in medicinal chemistry, material
science, natural products, and some other fileds.3 In the past dec-
ades, considerable efforts were focused on the synthesis of isoxa-
zoles,4 largely due to the fact that the functionalized isoxazoles
generally exhibit analgesic,5 antinociceptive,6 and anticancer prop-
erties.7 Therefore, a number of strategies for the construction of
isoxazoles backbone has been reported successively, mainly
including cycloaddition of ketoxime dianions or propargylic
oximes8 and [3+2] cycloaddition of alkenes/alkynes with nitrile
oxides.9 For some selected examples, Larock et al. (2005)
first reported an elegant work on the synthesis of numerous highly
substituted isoxazoles through the cyclization of propargylic oxi-
mes enabled by a variety of electrophiles.8a Then Fokin’s group
described a novel route to 3,4-disubstituted isoxazoles through
transition-metal-catalyzed [3+2] cycloaddition.9a Recently, Reddy
and coworkers developed a general method for the synthesis of
isoxazoles from readily available propargylic ketones using
TMSN3 as an amino surrogate.10 Despite significant achievement
have been made in past years, most of them still necessitates tran-
sition metal catalysts, additives or harsh reaction conditions. Fur-
thermore, it was found that only a handful of work has been
reported in term of 5-substituted isoxazoles synthesis.11 For
instance, Chen and coworkers recently completed a one-pot syn-
thesis of heterocycles from the propargyl amines, otherwise lim-
ited examples for isoxazole were presented therein.12 Thus, the
development of an alternative approach to 5-substituted isoxa-
zoles using readily available precursors is still highly desirable.

On the other hand, it was found that N-hydroxyphthalimide
(NHPI) as a cheap and readily available chemical has been fre-
quently employed as a catalyst for CAH bond functionalization.13

Recently, some studies revealed that stoichiometric amount of
NHPI could be employed for the CAO bond formation in organic
synthesis.14 However, to the best of our knowledge, there is no suc-
cessful example that has been reported regarding the use of NHPI
for building heterocyclic compounds. Herein, we will report a rare
cyclization of N-propargylamines with NHPI at room temperature,
in which NHPI plays an important role (providing key N-O unit) in
constructing isoxazole molecules.
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Results and discussion

In our initial experiment, propargylic amines (1a) and N-
Hydroxyphthalimide (NHPI, 2) were chosen as the model sub-
strates to optimize the reaction conditions. To our delight, the
desired product 3a was obtained in a 44% yield when phenyliodine
diacetate was used as the radical initiator in 1,2-dichloroethane
(DCE) at room temperature for 12 h (Table 1, entry 1). The follow-
ing optimization result showed that the oxidant used in this
cyclization dramatically affected the yield of 3a. For example, the
peroxides, such as tert-butyl hydroperoxide (TBHP), di(tert-butyl)
peroxide (DTBP), benzoyl peroxide (BPO), tert-butyl peroxyben-
zoate (TBPB), 3-chloroperbenzoic acid (m-CPBA), and K2S2O8 were
found to be ineffective in promoting the model reaction, respec-
tively (entries 2–7). Control experiments demonstrated that no
product was formed in absence of oxidant (entry 8). Next, we con-
tinued the condition optimization by investigating the effect of sol-
vent. The results indicated that EtOAc was the best reaction
medium, providing 3a in 84% yield under similar reaction condi-
tions. It was found that the use of 1 equiv. of PhI(OAc)2 led to lower
yield of the product 3a. Meanwhile, a comparable yield (82%) was
obtained with 3equiv. of oxidant (entries 17 and 18). Finally, the
optimized conditions were obtained from the screening of both
reaction temperature and time (entry 16, Table 1).

With the optimized reaction conditions in hand, the scope of
the substrates was investigated as shown in Scheme 1. First, the
reaction between the substituted propargylic amines (1) and NHPI
(2) were conducted under standard conditions. As expected, the
transformation for the substrates bearing with substituents at
the para-position of aromatic alkyne moiety proceeded quite
smoothly, affording the desired 5-substituted isoxazoles in good
Table 1
Optimization of the reaction conditions.a

Entry Oxidant Solvent Yield (%)b

1 PhI(OAc)2 DCE 44
2 TBHP DCE ND
3 DTBP DCE ND
4 BPO DCE ND
5 TBPB DCE ND
6 m-CPBA DCE ND
7 K2S2O8 DCE ND
8 – DCE NR
8 PhI(OAc)2 CH3CN 76
9 PhI(OAc)2 THF 61
10 PhI(OAc)2 MeOH 73
11 PhI(OAc)2 DCM 77
12 PhI(OAc)2 1,4-Dioxane 46
13 PhI(OAc)2 Acetone 52
14 PhI(OAc)2 Toluene Trace
15 PhI(OAc)2 DMF Trace
16 PhI(OAc)2 EtOAc 84
17c PhI(OAc)2 EtOAc 50
18d PhI(OAc)2 EtOAc 82
19e PhI(OAc)2 EtOAc 85
20f PhI(OAc)2 EtOAc 81

a Reaction conditions: 1a (0.2 mmol), 2 (0.3 mmol), oxidant (1.5 equiv.) in solvent
(2.0 mL) at r.t. under air for 12 h.

b Isolated yield.
c PhI(OAc)2 (1 equiv.) was used.
d PhI(OAc)2 (3 equiv.) was used.
e At 60 �C.
f 6 h.

Scheme 1. The scope of N-methyl-N-propargylanilinesa, a Reaction conditions: 1
(0.2 mmol), 2 (0.3 mmol), PhI(OAc)2 (1.5 equiv.) in EtOAc (2.0 mL) at rt. under air for
12 h. b Isolated yield.
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yields (3b-3k). In addition, we found that both electron-donating
groups (Me, Et, iPr, tBu, nBu and MeO) and electron-withdrawing
substituents (NO2, OAc, CO2Me and CO2Et) within propargylamines
were all well tolerated, thus electronic effects had no significant it
on the yields of according products.cts.

Additionally, the introduction of methyl group at the meta-
position of aromatic ring in alkyne moiety could also react with
NHPI to give the target product 3L, albeit with the slightly lower
yield. Furthermore, the use of substrate bearing with a methyl
group at the ortho-position of aromatic ring resulted into the for-
mation of the products 3m in 62% yield, probably due to the steric
effect. The cyclization reaction the is amenable to some N-methyl-
N-propargylanilines with the halogen groups at the para and meta
position (1n-s), which gave the corresponding products in moder-
ate yields. Interestingly, the employment of propargylanilines
tps://doi.org/10.1016/j.tetlet.2018.04.062
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Scheme 2. Proposed mechanism.

Y. Zhang et al. / Tetrahedron Letters xxx (2018) xxx–xxx 3
containing a 4-pyridyl group (1t) also reacted well with the NHPI,
affording the product in 70% isolated yield. It was found that the
propargylic amines with the disubstitued aromatic ring were com-
petent substrates, which proceeded normally under the optimal
conditions to generate the products in accepted yields (3u–w). N-
(hept-2-yn-1-yl)-N-methylaniline (1x) was far less reactive and did
not form the corresponding product 3x.

Based on the above experimental results and previous works,15

a possible mechanism is proposed, as shown in Scheme 2. Firstly,
the interaction of propargylic amine (1a) with PhI(OAc)2 generated
the intermediate alkynyliodonium salts A through the electrophilic
activation of the triple bond. Then Michael-type addition of NHPI
to the alkynyliodonium salt A provided the intermediate B, which
further underwent proton-transfer to afford intermediate C. A
cleavage of C–I bond within C produced allene D, which is trapped
and detected by High Resolution Mass Spectrometer (see ESI for
details). Subsequently, the protonation of D delivered positively
charged E, which can be reversibly isomerized into cationic imine
intermediate F. Furthermore, an intermolecular cyclization of F
produced cationic species G,16 which underwent aromatization to
yield the desired product 3a,12,17 along with the release of a N-
methyl aniline (see ESI for details).

Conclusions

In conclusion, we have developed a simple and effective method
for the synthesis of functionalized isoxazoles through a cyclization
process of N-propargylamines and NHPI. Various substituted
groups on N-propargylamines proceeded smoothly, and the
desired isoxazoles were obtained in good yields. NHPI was used
for the first time as the NO source for the synthesis of 5-substituted
isoxaz oles.

Acknowledgements

We gratefully acknowledge the National Natural Science Foun-
dation of China (No. 21472121) and The Department of Education,
Anhui Province (No. KJ2016A881).
Please cite this article in press as: Zhang Y., et al. Tetrahedron Lett. (2018), htt
A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.tetlet.2018.04.062.

References

1. (a) Lauder K, Toscani A, Scalacci N, Castagnolo D. Chem Rev.
2017;117:14091–14200;
(b) Miura M, Enna M, Okuro K, Nomura M. J Org Chem. 1995;60:499–5004;
(c) Jenmalm A, Berts W, Li Y, Luthman K, Csoregh I, Hacksell U. J Org Chem.
1994;59:1139–1148;
(d) Dyker G. Angew Chem Int Ed. 1999;38. 1698�1172;
(e) Vessally E, Edjlali L, Hosseinian A, Bekhradnia A, Esrafili MD. RSC Adv.
2016;6:49730–49746;
(f) Vessally E. RSC Adv. 2016;6:18619–18631.

2. (a) Zhang L, Chen S, Gao Y, et al. Org Lett. 2016;18:1286–1289;
(b) Zhang P, Zhang L, Gao Y, Tang G, Zhao Y. RSC Adv. 2016;6:60922–60925;
(c) Wu Z-G, Liang X, Zhou J, et al. Chem Commun. 2017;53:6637–6640;
(d) Sun D, Yin K, Zhang R. Chem Commun. 2018;54:1335–1338;
(e) Deng Q, Xu Y, Liu P, Tan L, Sun P. Org Chem Front. 2018;5:19–23.

3. (a) Eda M, Kuroda T, Kaneko S, et al. J Med Chem. 2015;58:4918–4926;
(b) Ye N, Zhu Y-M, Chen H-J, et al. J Med Chem. 2015;58:6033–6047;
(c) Burrows AD, Frost CG, Mahon MF, Raithby PR, Richardson C, Stevenson AJ.
Chem Commun. 2010;46:5064–5066;
(d) Ratcliffe P, Maclean J, Abernethy L, et al. Bioorg Med Chem Lett.
2011;21:2559–2563;
(e) Allegretti PA, Ferreira EM. Chem Sci. 2013;4:1053–1058;
(f) Lindsay-Scott PJ, Clarke A, Richardson J. Org Lett. 2015;17:476–479.

4. (a) Gayon E, Quinonero O, Lemouzy S, Vrancken E, Campagne J-M. Org Lett.
2011;13:6418–6421;
(b) Dissanayake AA, Odom AL. Tetrahedron. 2012;68:807–812;
(c) Xiang D, Xin X, Liu X, Zhang R, Yang J, Dong D. Org Lett. 2012;14:644–647;
(d) Gao P, Li H-X, Hao X-H, et al. Org Lett. 2014;16:6298–6301;
(e) Tang S, He J, Sun Y, He L, She X. Org Lett. 2009;11:3982–3985.

5. Daidone G, Raffa D, Maggio B, et al. Arch Pharm. 1999;332:50–54.
6. Giovannoni MP, Vergelli C, Ghelardini C, Galeotti N, Bartolini A, Dal Piaz V. J Med

Chem. 2003;46:1055–1059.
7. Li W-T, Hwang D-R, Chen C-P, et al. J Med Chem. 2003;46:1706–1715.
8. (a) Waldo JP, Larock RC. Org Lett. 2005;7:5203–5205;

(b) Waldo JP, Larock RC. J Org Chem. 2007;72:9643–9647;
(c) She Z, Niu D, Chen L, et al. J Org Chem. 2012;77:3627–3633;
(d) Chen W, Wang B, Liu N, Huang D, Wang X, Hu Y. Org Lett.
2014;16:6140–6143;
(e) Jeong Y, Kim B-I, Lee JK, Ryu J-S. J Org Chem. 2014;79:6444–6455.

9. (a) Himo F, Lovell T, Hilgraf R, et al. J Am Chem Soc. 2005;127:210–216;
(b) Grecian S, Fokin VV. Angew Chem Int Ed. 2008;47:8285–8287;
(c) Jawalekar AM, Reubsaet E, Rutjes FPJT, Delft FLV. Chem Commun.
2011;47:3198–3200;
(d) Coffman KC, Palazzo TA, Hartley TP, Fettinger JC, Tantillo DJ, Kurth MJ. Org
Lett. 2013;15:2062–2065;
(e) Hansen TV, Wu P, Fokin VV. J Org Chem. 2005;70:7761–7764.

10. Kumar GR, Kumar YK, Reddy MS. Chem Commun. 2016;52:6589–6592.
11. (a) Passacantilli P, Pepe S, Piancatelli G, Pigini D, Squarcia A. Tetrahedron.

2004;60:6453–6459;
(b) Weinig H-G, Passacantilli P, Colapietro M, Piancatelli G. Tetrahedron Lett.
2002;43:4613–4615;
(c) Churykau DH, Kulinkovich OG. Synlett. 2006;20:3427–3430;
(d) He Y, Xie Y-Y, Wang Y-C, et al. RSC Adv. 2016;6:58988–58993.

12. Chen J, Properzi R, Uccello DP, Young JA, Dushin RG, Starr JT. Org Lett..
2014;16:4146–4149.

13. (a) Recupero F, Punta C. Chem Rev.. 2007;107:3800–3842;
(b) Sheldon RA, Arends IWCE. Adv Synth Catal. 2004;346:1051–1071;
(c) Yan YP, Feng P, Zheng Q-Z, et al. Angew Chem. 2013;125:5939–5943;
(d) Chen K, Zhang P, Wang Y, Li H. Green Chem. 2014;16:2344–2374.

14. (a) Tan B, Toda N, Barbas CF. Angew Chem Int Ed. 2012;51:12538–12541;
(b) Bag R, Sar D, Punniyamurthy T. Org Lett. 2015;17:2010–2013;
(c) Andia AA, Miner MR, Woerpel KA. Org Lett. 2015;17:2704–2707;
(d) Andia AA, Miner MR, Woerpel KA. J Org Chem. 2015;80:290–295;
(e) Zhang J-Z, Tang Y. Adv Synth Catal. 2016;358:752–764.

15. (a) Ochiai M, Kunishima M, Fuji K, Nagao Y. J Org Chem. 1989;54:4038–4041;
(b) Mo D-L, Dai L-X, Hou X-L. Tetrahedron Lett. 2009;50:5578–5581;
(c) Saito A, Matsumoto A, Hanzawa Y. Tetrahedron Lett. 2010;51:2247–2250.

16. Xu X, Du P, Cheng D, Wang H, Li X. Chem Commun. 2012;48:1811–1813.
17. Dyachenko VD, Dyachenko AD. Russ J Org Chem. 2008;44:412–420.
ps://doi.org/10.1016/j.tetlet.2018.04.062

https://doi.org/10.1016/j.tetlet.2018.04.062
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0005
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0005
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0010
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0015
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0015
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0020
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0020
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0025
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0025
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0030
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0035
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0040
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0045
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0050
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0055
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0060
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0065
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0070
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0070
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0075
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0075
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0080
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0085
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0090
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0090
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0095
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0100
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0105
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0110
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0115
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0120
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0120
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0125
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0130
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0135
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0140
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0145
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0145
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0150
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0155
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0160
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0165
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0165
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0170
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0170
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0175
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0180
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0185
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0185
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0190
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0190
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0195
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0200
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0205
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0205
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0210
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0215
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0220
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0225
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0230
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0235
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0240
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0245
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0250
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0255
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0260
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0265
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0270
http://refhub.elsevier.com/S0040-4039(18)30535-5/h0275
https://doi.org/10.1016/j.tetlet.2018.04.062

	A novel synthesis of 5-substituted isoxazoles from propargylic amines and N-hydroxyphthalimide
	Introduction
	Results and discussion
	Conclusions
	Acknowledgements
	A Supplementary data
	References


