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Acid hydrazides were coupled with acrylic acid derivatives and cyclodehydration gave 1,3,4-oxadiazoles.
Lastly, in-situ nitrile oxide formation from aryl oximes treated with sodium hypochlorite, and subsequent
1,3-dipolar cycloaddition to the exomethylene moiety delivered 2-(4,5-dihydroisoxazol-5-yl)-1,3,4-oxa-
diazoles. This library was evaluated in a high-throughput screen at Dow AgroSciences. Several com-
pounds were active against fungal pathogens and pest insects.

� 2009 Published by Elsevier Ltd.
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Figure 1. Retrosynthetic analysis of proposed 2-(4,5-dihydroisoxazol-5-yl)-1,3,4-
oxadiazole library.
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1,3,4-Oxadiazoles are an important class of heterocyclic com-
pounds with a variety of biological activities. Substituted 1,3,4-
oxadiazoles have shown antibacterial,1 anti-inflammatory,1b anti-
fungal,1a,2 anticonvulsant and muscle relaxant,3 insecticide,4 and
anion sensing and fluorescent patterning activities.5 The wide-
spread use of 1,3,4-oxadiazoles as a scaffold in medicinal chemistry
establishes this moiety as a member of the privileged structures
class.6 Isoxazolines are also an important heterocycle; molecules
containing this moiety have been found to elicit herbicidal,7 anti-
inflammatory,8 anti-tuberculosis,9 antifungal,10 anti-influenza,11

antibacterial,12 spermicidal, and anti-HIV properties.13 As part of
collaboration with Dow AgroSciences, lead generation libraries
are designed and biologically evaluated for new chemistry as well
as product pipeline potential. Indeed, there are several reports of
combinatorial libraries as discovery tools for agrochemicals and
these have provided numerous hits and leads.14 These libraries
serve to both produce molecules with activity and, simultaneously,
provide valuable information to facilitate optimization. This cou-
pled with the broad spectrum of biological activity of 1,3,4-oxadi-
azole and isoxazoline derivatives prompted us synthesize
heterocycle 6 (Figure 1). While the core structure is known in the
literature,15 most examples display diversification only on the
isoxazoline moiety. We envisioned that tethering together the
two heterocycles with diversification at three points in the mole-
cule could lead to new properties. Due to the importance of each
Elsevier Ltd.
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heterocycle in the literature, a library based on this scaffold was
pursued. Herein we report the synthesis and biological activity of
a library with diversification of three positions in the molecule.
4{1-4,1-2} 6{1-4 ,1-2,1-10}

Scheme 1. Preparation of racemic 2-(4,5-dihydroisoxazol-5-yl)-1,3,4-oxadiazole
library; experimental details and spectral data are provided in Supplementary Data.
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Library diversity inputs
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Table 2
Fungicidal (PYR & SEP) and insecticidal (BAW) activity for subset of 2-(4,5-
dihydroisoxazol-5-yl)-1,3,4-oxadiazole library.

Entry R1 R2 R3 PYR SEP BAW

1 C6H5 H 4-Pyridyl 0 0 0
2 C6H5 H 4-Cl–C6H4 0 0 17
3 C6H5 H 4-F–C6H4 30 0 17
4 Benzyl CH3 4-NO2–C6H4 30 30 17
5 4-Cl–C6H4 CH3 4-Cl–C6H4 50 0 17
6 C6H5 H 2,6-Di-Cl–C6H3 40 30 17
7 4-Cl–C6H4 CH3 4-Pyridyl 30 70 0
8 3-Cl–C6H4 CH3 4-Cl–C6H4 40 0 50
9 Benzyl CH3 2,6-Di-Cl–C6H3 0 0 0

10 3-Cl–C6H4 CH3 4-F–C6H4 50 10 0
11 3-Cl–C6H4 CH3 3-Cl–C6H4 30 0 33
12 3-Cl–C6H4 CH3 2,6-Di-Cl–C6H3 50 0 50
13 3-Cl–C6H4 CH3 C6H5 40 10 17
14 C6H5 H 3-Cl–C6H4 30 0 0
15 4-Cl–C6H4 CH3 4-NO2–C6H4 30 40 0
16 4-Cl–C6H4 CH3 3-Cl–C6H4 50 10 50

PYR = Pyricularia oryzae; SEP = Septoria tritici; data is percent disease control.
BAW = Spodoptera exigua (beet armyworm); data is percent mortality.
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The synthesis of the target scaffold 6, as seen in Scheme 1, be-
gan with EDC-mediated coupling of hydrazide chemset 1 with ac-
rylic acid chemset 2 (Table 1).22 When methacrylic acid (R2 = CH3)
was used, formation of the product proceeded cleanly in nearly
quantitative yields. However, when acrylic acid (R2 = H) was used,
significant byproduct, presumably from the polymerization of the
acrylic acid, made isolation of the product difficult. Due to the
low yielding nature of this reaction and difficulties with purifica-
tion, only ten derivatives where R2 = H were synthesized.

There are several known methods for the synthesis of 1,3,4-oxa-
diazoles,16 but approaches based on cyclodehydration of diacyl
hydrazides are the most commonly used.1d,6,17 This approach often
employs strongly acidic reagents or dehydrating reagents that pro-
mote cyclization.1d Due to the alkene functionality present in com-
pound 3, a dehydrating reagent was chosen over strongly acidic
conditions. Typical examples of dehydrating reagents include tri-
phenylphosphine, thionyl chloride, triflic anhydride, phosphorus
pentoxide, and phosphorus oxychloride.1d These reagents are
known to result in significant byproduct formation, but due to
the sensitive nature of compound 3, this approach was selected.
The method chosen utilizes a mild triphenylphosphine and hexa-
chloroethane mediated cyclodehydration to form the 1,3,4-oxadi-
azoles.17 Although byproduct formation was observed, the
desired product can be easily isolated from the mixture by purifi-
cation via flash column chromatography. This method was em-
ployed to isolate all 1,3,4-oxadiazole intermediates in moderate
to high yields (51–96%).23

With the 1,3,4-oxadiazole exomethylene intermediate 4 in
hand, the last step to diheterocycle 6 was to introduce the isoxaz-
oline component by way of the nitrile oxide 1,3-dipolar cycloaddi-
tion. This was accomplished via biphasic treatment of
exomethylenes 4{1-4,1-2} with reagent chemset 5 (aryl oximes,
Table 1) and bleach (Huisgen’s method18) to afford the targeted
2-(4,5-dihydroisoxazol-5-yl)-1,3,4-oxadiazoles 6{1-4,1-2,1-10} in
yields ranging from 40–86%.24 The lower end yields arise from
the chlorine and pyridine diversity elements where solubility
was an issue for these compounds. It has been shown that the
5,5-disubstituted isoxazoline is the major regioisomer when react-
ing a 1,1,-disubstituted alkene with a nitrile oxide.19 Comparison of
the proton NMR isoxazoline methylene protons in 6{1-4,1-2,1-10}
to similar systems established that the 5,5-disubstituted regio-
isomer was the desired product.20,21

Sixteen compounds from this collection were screened broadly
for herbicidal, fungicidal, and insecticidal activity.25 This set of
compounds was screened against Helianthus annuus (sunflower)
and Digitaria sanguinalis (crabgrass) as a measure of herbicidal
activity, and Pyricularia oryzae (rice blast) and Septoria tritici
(wheat leaf blotch) for fungicial activity. While none of the com-
pounds tested displayed any herbicidal activity, several show mod-
est disease control (Table 2), however the observed activity was far
below that for fungicide standards such as azoxystrobin. Four of
the sixteen compounds in the set passed the HTS insect screens
against larvae of Spodoptera exigua (beet armyworm), a 25% pass
rate. Moreover, some initial trends in the SAR were observed, as
seen in entries 8, 11, 12, and 16, which have a 4-Cl or 3-Cl phenyl
substituent on the oxadiazole and on the isoxazoline rings, sug-
gesting that chlorine substituents are important for insecticidal
activity. Unfortunately, further testing of the four compounds in
secondary assays against larvae of S. exigua and Helicoverpa zea
(corn earworm) showed no activity when compared to the insecti-
cide standard spinosad. Future efforts to increase the insect activity
will comprise expanding these early SAR trends and surveying bio-
isosteres of the oxadiazole ring, including screening 5-(thiazol-5-
yl)-4,5-dihydro-isoxazoles from a previous library.20

In summary, a route to 2-(4,5-dihydroisoxazol-5-yl)-1,3,4-oxa-
diazoles has been developed leading to a 50-member library of
1,3,4-oxadiazoloisoxazolines. Key steps included diacyl hydrazide
formation, followed by cyclodehydration to give the 1,3,4-oxadiaz-
ole, and 1,3-dipolar cycloaddition to give the isoxazoline. These
compounds were evaluated in the insecticide HTS and exhibited
weak to moderate insecticidal activity. Early SAR trends point to
chlorine substituents as important for insecticidal activity. Future
efforts to increase the insecticidal activity will include screening
other heterocyclic rings isosteres.

Acknowledgments

This work was supported by the National Science Foundation
(CHE-0614756) and the National Institute for General Medical Sci-
ences (GM076151). NMR spectrometers used in this work were
funded in part by the National Science Foundation (CHE-0443516
and CHE-9808183). The authors would also like to thank Mr. Jeff-
ery Butler for his synthetic assistance, and Mr. Brian Waldman,
Mr. Tye Burgland, and Ms. Cathy Young for assistance with the
bioassays.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2009.07.139.

http://dx.doi.org/10.1016/j.bmcl.2009.07.139


5798 K. A. Milinkevich et al. / Bioorg. Med. Chem. Lett. 19 (2009) 5796–5798
References and notes

1. (a) Gaonkar, S. L.; Rai, K. M. L.; Prabhuswamy, B. Eur. J. Med. Chem. 2006, 41,
841; (b) Kadi, A. A.; El-Brollosy, N. R.; Al-Deeb, O. A.; Habib, E. E.; Ibrahim, T. M.;
El-Emam, A. A. Eur. J. Med. Chem. 2007, 42, 235; (c) Laddi, U. V.; Desai, S. R.;
Bennur, R. S.; Bennur, S. C. Indian J. Heterocycl. Chem. 2002, 11, 319; (d) Iqbal, R.;
Zareef, M.; Ahmed, S.; Zaidi, J. H.; Khan, K. M.; Arfan, M.; Shafique, M.; Shahzad,
S. A. J. Chem. Soc. Pak. 2006, 28, 165.

2. (a) Zuming Liu, Z.; Yang, G.-F.; Qin, X. J. Chem. Technol. Biotechnol. 2001, 76,
1154; (b) Zou, X.; Zhang, Z.; Jin, G. J. Chem. Res. 2002, 5, 228; (c) Li, Y.; Liu, J.;
Zhang, H.; Yang, X.; Liu, Z. Bioorg. Med. Chem. Lett. 2006, 16, 2278; (d) Chen, C.-
J.; Song, B.-A.; Yang, S.; Xu, G.-F.; Bhadury, P. S.; Jin, L.-H.; Hu, D.-Y.; Li, Q.-Z.;
Liu, F.; Xue, W.; Lu, P.; Chen, Z. Bioorg. Med. Chem. 2007, 15, 3981; (e) Chen, Q.;
Zhu, X.-L.; Jiang, L.-L.; Liu, Z.-M.; Yang, G.-F. Eur. J. Med. Chem. 2008, 43, 595.

3. (a) Almasirad, A.; Vousooghi, N.; Tabatabai, S. A.; Kebriaeezadeh, A.; Shafiee, A.
Acta Chim. Slov. 2007, 54, 317; (b) Zarghi, A.; Tabatabai, S. A.; Faizi, M.; Ahadian,
A.; Navabi, P.; Zanganeh, V.; Shafiee, A. Bioorg. Med. Chem. Lett. 2005, 15, 1863.

4. (a) Luo, Y.-P.; Yang, G.-F. Bioorg. Med. Chem. 2007, 15, 1716; (b) Zheng, X.; Li, Z.;
Wang, Y.; Chen, W.; Huang, Q.; Liu, C.; Song, G. J. Fluorine Chem. 2003, 123, 163;
(c) Qian, X.; Zhang, R. J. Chem. Technol. Biotechnol. 1996, 67, 124.

5. Kim, T. H.; Lee, C.-H.; Kwak, C. G.; Choi, M. S.; Park, W. H.; Lee, T. S. Mol. Cryst.
Liq. Cryst. 2007, 463, 255.

6. Dolman, S. J.; Gosselin, F.; O’Shea, P. D.; Davies, I. W. J. Org. Chem. 2006, 71,
9548.

7. Hwang, I. N.; Kim, H. R.; Jeon, D. J.; Hong, K. S.; Song, J. H.; Cho, K. Y. J. Agric. Food
Chem. 2005, 53, 8639.

8. Habeeb, A. G.; Rao, P. N. P.; Knaus, E. E. J. Med. Chem. 2001, 44, 2921.
9. Tangallapally, R. P.; Sun, D.; Rakesh, B. N.; Lee, R. E. B.; Lenaerts, A. J. M.;

Meibohm, B.; Lee, R. E. Bioorg. Med. Chem. Lett. 2007, 17, 6683.
10. Basappa; Sadashiva, M. P.; Mantelingu, K.; Swamy, S. N.; Rangappa, K. S. Bioorg.

Med. Chem. 2003, 11, 4539.
11. Kai, H.; Matsumoto, H.; Hattori, N.; Takase, A.; Fujiwara, T.; Sugimoto, H. Bioorg.

Med. Chem. Lett. 2001, 11, 1997.
12. Gaonkar, S. L.; Rai, K. M. L.; Prabuswamy, B. Med. Chem. Res. 2007, 15, 407.
13. Srivastava, S.; Bajpai, L. K.; Batra, S.; Bhaduri, A. P.; Maikhur, J. P.; Gupta, G.;

Dhar, J. D. Bioorg. Med. Chem. 1999, 7, 2607.
14. (a) Ruiz, J. M.; Lorsbach, B. A., ACS Symp. Ser. 2005, 892, 99 (New Discoveries in

Agrochemicals).; (b) Zhou, Z.-Z.; Yang, G.-F. Bioorg. Med. Chem. 2006, 14, 8666;
(c) Zhou, Z.-Z.; Huang, W.; Ji, F.-Q.; Ding, M.-W.; Yang, G.-F. Heteroatom Chem.
2007, 18, 381; (d) Choung, W.; Lorsbach, B. A.; Sparks, T. C.; Ruiz, J. M.; Kurth,
M. Synlett 2008, 3036; (e) Lindell, S. D.; Pattenden, L. C.; Shannon, J. Bioorg. Med.
Chem. 2009, 17, 4035.

15. (a) Palle, V.; Balachandran, S.; Baregama, L. K.; Chakladar, S.; Ramnani, S.;
Muthukamal, N.; Ray, A.; Dastidar, S. G. Preparation of indazolylisoxazoles as
phosphodiesterase IV inhibitors. PCT Int. Appl. WO 2007/029077 A1, 2007.; (b)
Palle, V. P.; Balachandran, S.; Gupta, N.; Kukreja, G.; Khera, M. K.; Baregama, L.
K.; Mandadapu, R.; Ray, A.; Dastidar, S. G. Preparation of isoxazolines and their
analogs as phosphodiesterase inhibitors. PCT Int. Appl. WO 2005/051931 A2,
2005.; (c) Freyne, E. J. E.; Andres-Gil, J. I.; Deroose, F. D.; Petit, D. P. F. M.;
Matesanz-Ballesteros, M. E.; Alvarez Escobar, R. M. Preparation of novel 4, 5-
dihydroisoxazole derivatives and their use as pharmaceuticals for T cell-
mediated diseases. PCT Int. Appl. WO 2000/021959 A1, 2000.

16. Dabiri, M.; Salehi, P.; Baghbanzadeh, M.; Zolfigol, M. A.; Bahramnejad, M. Synth.
Commun. 2007, 37, 1201. and references therein.

17. James, C. A.; Poirier, B.; Grisé, C.; Martel, A.; Ruediger, E. H. Tetrahedron Lett.
2006, 47, 511. and references therein.

18. (a) Lee, G. A. Synthesis 1982, 6, 508; (b) Kozikowski, A. P.; Scripko, J. G. J. Am.
Chem. Soc. 1984, 106, 353.

19. Hamme, A. T., II; Xu,, J.; Wang, J.; Cook, T.; Ellis, E. Heterocycles 2005, 65, 2885.
20. Milinkevich, K. A.; Long, Y.; Kurth, M. J. J. Comb. Chem. 2008, 10, 521.
21. Beccalli, E. M.; Broggini, G.; Martinelli, M.; Masciocchi, N.; Sottocornola, S. Org.

Lett. 2006, 8, 4521.
22. Procedure for Acid Coupling: (3{1,1}). 4-Chlorobenzhydrazide (2.50 g,

14.7 mmol) was dissolved in DCM (100 mL) and cooled to 0 �C. EDC (3.09 g,
16.1 mmol) was added and the mixture was stirred for 10 min after which time
methacrylic acid (1.24 mL, 14.7 mmol) was added. The reaction mixture was
warmed to room temperature, stirred overnight and diluted by the addition of
brine. The layers were separated and the aqueous layer was extracted with
EtOAc (3�). The combined organic layers were dried over sodium sulfate,
filtered, and concentrated under rotary evaporation to afford 3{1,1} in �100%
yield which was used without further purification. A small portion of the
product was purified for analytical purposes; 1H NMR (600 MHz, DMSO-d6) d
10.42 (s, 1H), 10.01 (s, 1H), 7.90 (d, J = 8.4 Hz, 2H), 7.59 (d, J = 9.0 Hz, 2H), 5.81
(s, 1H), 5.49 (s, 1H), 1.92 (s, 3H); 13C NMR (150 MHz, DMSO-d6) d 167.0, 164.7,
138.1, 136.6, 131.3, 129.3, 128.6, 120.6, 18.5; ESI-MS m/z 239, 241 (M+H)+.
Purity was determined to be 100% by HPLC analysis.

23. Procedure for Oxadiazole Synthesis: (4{1,1}). Hydrazide 3{1,1} (3.50 g,
14.7 mmol) was dissolved in dry acetonitrile (�300 mL), and
triphenylphosphine (6.92 g, 26.4 mmol), and DIEA (14.8 mL, 85.0 mmol) were
added and the mixture was stirred for 5 min. Hexachloroethane (4.51 g,
19.1 mmol) was added and the solution was stirred at room temperature for
2 h. The reaction mixture was concentrated and water and EtOAc were added.
The aqueous layer was separated and extracted again with EtOAc (2�). The
combined organic layers were washed with water and brine, dried over sodium
sulfate, filtered, and concentrated under rotary evaporation. The crude solid
was purified by flash chromatography (EtOAc/Hexane, 1:4) to give 4{1,1}
(1.64 g, 51% yield); 1H NMR (600 MHz, CDCl3) d 8.02 (d, J = 9.0 Hz, 2H), 7.49 (d,
J = 8.4 Hz, 2H), 6.07 (s, 1H), 5.58 (s, 1H), 2.27 (s, 3H); 13C NMR (150 MHz, CDCl3)
d 165.4, 163.7, 138.1, 129.6, 129.5, 129.0, 128.4, 122.5, 18.8; ESI-MS m/z 221
(M+H)+. Purity was determined to be 100% by HPLC analysis.

24. Procedure for Isoxazoline Synthesis: (6{1,1,4}). Oxadiazole 4{1,1} (0.055 g,
0.25 mmol) and nicotinaldehyde oxime (0.061 g, 0.50 mmol) were dissolved in
DCM (2 mL) and cooled in an ice bath. Bleach (laboratory grade, 5.65%, 2.5 mL)
was added dropwise and the reaction mixture was stirred overnight. Water
(2 mL) and DCM (2 mL) were added and the layers were separated. The organic
layer was dried over sodium sulfate, filtered, and concentrated by rotary
evaporation. Purification by preparative HPLC gave 6{1,1,4} (0.071 g, 83%
yield); 1H NMR (400 MHz, CDCl3) d 9.08 (s, 1H), 8.84 (d, J = 4.8 Hz, 1H), 8.58 (d,
J = 8.0 Hz, 1H), 8.00 (d, J = 8.4 Hz, 2H), 7.84–7.80 (m, 1H), 7.50 (d, J = 8.4 Hz,
2H), 4.43 (d, J = 17.2 Hz, 1H), 3.58 (d, J = 16.8 Hz, 2H), 2.07 (s, 3H); ESI-MS m/z
341, 343 (M+H)+. Purity was determined to be 99% by HPLC analysis.

25. General Procedure for Bioassays. The insect assays were conducted as
described previously by Choung et al.14d Fungicidal activity was determined
using two fungal pathogens, Pyricularia oryzae and Septoria tritici. Compounds
were tested for inhibition of fungal growth, graded using a nephlometer
(Nephelostar Galaxy, BMG Labtechnologies, Offenburg, Germany), in 96 well
microtiter plates. The test compounds were diluted to 2.5 mg/mL in
dimethylsulfoxide (DMSO) all wells receiving 2.0 lL of the test solution.
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