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Abstract - Aryl-substituted oxadiazoles have been synthesized in one-pot
procedure by the palladium-catalyzed carbonylative coupling of hypervalent
iodonium salts with amidoximes under atmospheric pressure of carbon monoxide.

Oxadiazole moiety is an important structure unit in drugs and chemical materials.* Several methods are
reported in the literature for the preparation of oxadiazoles.? In general, amidoxime is reacted with acid
derivatives at high temperature, wherein O-acylation followed by cyclodehydration.®> Recently, Young et
al.* reported one-pot palladium-catalyzed coupling of aryl iodides with acetamidoxime at high
temperature under carbon monoxide to give methyl-substituted oxadiazoles. With aryl iodides only
acetamidoxime could be applied. To extend the scope of this method to aryl- and akenyl-substituted
amidoximes to synthesize a variety of oxadiazoles, we have utilized hypervalent iodonium salts as an
electrophile instead of iodides. Here we wish to report one-pot carbonylative coupling of iodonium salts
with amidoximes to form the substituted oxadiazoles ( Eq. 1).
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The results of the palladium-catalyzed carbonylative coupling of hypervalent iodonium salts with
amidoximes® to form oxadiazoles are summarized in Table 1. The amidoxime (1a) reacted with diphenyl
iodonium tetrafluoroborate (2a) in the presence of PdCl, (10 mol %) and K,COs3 (2 equiv.) in 1-methyl-2-
pyrrolidone(NMP)/toluene at 95 °C under atmospheric pressure of carbon monoxide to afford the 3-(4-
chlorophenyl)-5-phenyl[1,2,4]oxadiazole (3a) in 77% yield (Entry 1 in Table). Of the catalyst tested
PdCl,, Pd,(dba)s- CHCI3, and Pd,(dba)s, PACl, was the best choice. As a solvent, NMP/toluene (1 : 1) was
the most suitable among the solvents, toluene, NMP, NMP/toluene (1 : 1), DMF, DMF/toluene (1 : 1)
tested. Under the same conditions, treatment of p-bromophenyl- and p-methoxyphenyl-substituted
iodonium salts (2b) and (2c) with 1a gave the oxadiazoles (3a) and (3b) as the sole products in 68 and
79% vyields, respectively (Entries 2 and 3). For the alkenyl-substituted iodonium salt (2d), the 3-(4-
chlorophenyl)-5-styryl[1,2,4]oxadiazole (3c) was afforded in 56% vyield along with 3a (32%) (Entry 4).
The p-bromophenyl-substituted amidoxime (1b) was reacted with 2a to provide 3d in 75% yield (Entry
5). The method was applied to alkenyl-substituted amidoxime (1c). The amidoxime (1c) was successfully

coupled with diphenyl iodonium tetrafluoroborate (2a) to afford the coupled product (3f) in 73% vyield
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(Entry 7). Finally the amidoxime (1c) was treated with 2c to give the coupled product (3g) in 52% yield
(Entry 8).

In summary the aryl- and akenyl-substituted oxadiazoles were synthesized from hypervalent iodonium
salts and amidoximes by the palladium-catalyzed carbonylative coupling under atmospheric pressure of
carbon monoxide.

Table 1. Palladium-Catalyzed Carbonylative Coupling of Hypervalent lodonium Salts with
Amidoximes
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EXPERIMENTAL

General: All the reactions were carried out with continuous stirring under an atmosphere of dry nitrogen.
IR spectra were recorded on Nicolet 205 FT-IR spectrophotometer. *H NMR and **C NMR spectra were
measured on a Varian Unity Inova 500 (500 MHz) spectrometer using tetramethylsilane as an internal
standard and CDCl3; and DM SO-ds were used as solvents. GC-MS spectra were measured on a Hewlett
Packard 5880 GC system and HRMS were measured on a QUATTRO triple quadrupole tandem



micromass autospec mass spectrometer with 70-eV ionization energy (El). All solvents were distilled
from calcium hydride prior to use.

General Procedure for Carbonylative Coupling of Amidoximes. To a mixture of diphenyliodonium
tetrafluoroborate (2a) (500 mg, 1.36 mmoal), PdCl, (12 mg, 0.0680 mmol, 5 mol %), and K,COj3 (376 mg,
2.72 mmol) was added 4-chloro-N-hydroxybenzamidine (1a) (231 mg 1.36 mmol) under atmospheric
pressure of CO at 95 °C in NMP (20 mL). The reaction mixture was stirred at 95 °C for 7 h, extracted
with ether (20 mL x 3), and the extract was washed with water (20 mL x 3). The organic layer was dried
over anhydrous MgSO, and evaporated in vacuo. The crude product was separated by SiO, column
chromatography (EtOAc/hexanes = 1 : 10, Ry = 0.51) to afford 3-(4-chlorophenyl)-5-phenyl[1,2,4]-
oxadiazole (3a) (269 mg, 77%). mp 106~108 °C, TLC, SiO,, EtOAc/hexanes 1 : 10, R; = 0.51. *H NMR
(500 MHz, CDCl3) 8 7.50 (m, 1 H), 7.56 (m, 2 H), 7.63 (m, 2 H), 8.12 (m, 2 H), 8.21 (m, 2 H); *C NMR
(500 MHz, CDCl3) 6 176.8, 168.7, 137.6, 135.3, 134.6, 130.7, 130.1, 129.1, 126.2, 124.4; IR(KBr) 1712,
1606, 1559, 1413, 1359, 1093 cm™; MS (El): m/z (relative intensity) = 258 (16), 256 (46), 135 (38), 153
(100), 105 (11), 103 (20), 77 (35); HRM S calcd for C14HgN,OCI: 256.0403. found: 256.0412.

4-Chlor o-N-hydr oxybenzamidine (1a) mp 128~130 °C, *H NMR (500 MHz, DMSO-dg) & 5.86 (s, 2 H),
7.41 (m, 2 H), 7.67 (m, 2 H), 9.71 (s, 1 H); **C NMR (500 MHz, CDCl3) & 151.1, 135.2, 133.3, 129.4,
128.3; IR(KBr) 3592, 3406, 3055, 2987, 1712, 1603, 1550, 1423, 1157, 896 cm™; MS (El): m/z (relative
intensity) = 172 (23), 170 (78), 156 (15), 154 (47), 153 (91), 138 (100), 137 (97), 114 (42), 102 (37), 75
(32); HRM S calcd for C;H7N,OCI: 170.0246. found: 170.0252.

4-Bromo-N-hydr oxybenzamidine (1b) mp 139~140 °C, *H NMR (500 MHz, DM SO-dg) 5 5.87 (s, 2 H),
7.54 (m, 2 H), 7.61 (m, 2 H), 9.76 (s, 1 H); **C NMR (500 MHz, CDCl3) & 151.1, 133.7, 132.3, 128.6,
123.4; IR(KBr) 3572, 3406, 3055, 2899, 1668, 1587, 1070 cm™; MS (EI): m/z (relative intensity) = 214
(54), 200 (44), 199 (66), 198 (48), 197 (63), 184 (75), 183 (50), 182 (78), 102 (100), 90 (64); HRMS
calcd for C;H/N,OBr: 213.9741. found: 213.9744.

N-Hydr oxy-2-methylacrylamidine (1c) dark brown ail, *H NMR (500 MHz, DMSO-ds) 5 1.79 (s, 3 H),
5.08 (s, 1 H), 5.34 (s, 2H), 5.42 (s, 1 H), 9.61 (s, 1 H); *C NMR (500 MHz, CDCl3) 5 171.5, 137.9, 115.0,
19.8; IR(KBr) 3572, 3406, 3055, 2987, 1659, 1618, 1424, 897 cm™; MS (El): m/z (relative intensity) =
100 (100), 99 (77), 84 (27), 83 (33), 70 (45), 68 (46), 53 (16); HRMS calcd for C4HgN,O: 100.0636.
found: 100.0633.

3-(4-Chlorophenyl)-5-(4-methoxyphenyl)[1,2,4]oxadiazole (3b) mp 110 °C, TLC, SiO,, EtOAc/
hexanes 1 : 10, Ry = 0.21. *H NMR (500 MHz, CDCl3) 3. 79 (s, 3 H), 7.38 (m, 2 H), 7.47 (m, 2 H), 8.10
(m, 2 H), 8.16 (m, 2 H); *C NMR (500 MHz, CDCl3) & 176.7, 168.7, 163.0, 137.9, 130.8, 129.7, 128.2,
126.8, 125.2, 115.1, 56.2; IR(KBr) 1712, 1608, 1553, 1422, 1362, 1265, 1093 cm™; MS (El): m/z
(relative intensity) = 288 (25), 286 (70), 135 (69), 133 (100), 90 (24); HRMS calcd for Ci5H11N2O.Cl:
286.0509. found: 286.0505.

3-(4-Chlorophenyl)-5-styryl[1,2,4]oxadiazole (3c) mp 125~126 °C, TLC, SiO,, EtOAc/hexanes 1 : 10,
Rf = 0.48. 'H NMR (500 MHz, CDCls) 8 7.04 (d, 1 H, J = 16 HZ), 7.46~7.70 (m, 7 H), 8.06 (d, 1 H, J =
16 Hz), 8.11 (m, 2 H); **C NMR (500 MHz, CDCl3) & 176.1, 168.6, 137.9, 134.9, 133.8, 131.4, 130.3,
129.6, 128.9, 128.1, 126.2; IR(KBr) 1712, 1643, 1090, 972 cm™; MS (El): m/z (relative intensity) = 284
(13), 293 (25), 282 (39), 281 (63), 153 (30), 137 (65), 129 (80), 128 (100), 102 (64); HRMS calcd for
C]_eH]_]_NzOC'Z 282.0559. found: 282.0557.

3-(4-Bromophenyl)-5-phenyl[1,2,4]oxadiazole (3d) mp 98 °C, TLC, SIO,, EtOAc/hexanes 1 : 10, Ry =
0.54. 'H NMR (500 MHz, CDCl3) & 7.26~7.65 (m, 5 H), 8.05 (m, 2 H), 8.21 (m, 2 H); **C NMR (500
MHz, CDCl3) 6 176.7, 169.0, 133.6, 132.9, 129.9, 129.7, 128.9, 128.2, 126.6, 124.9; IR(KBr) 1712, 1604,
1558, 1423, 1073 cm™; MS (EI): m/z (relative intensity) = 303 (16), 302 (100), 300 (99), 199 (75), 197
(80), 105 (40), 90 (86), 77 (52); HRMS calcd for C14HgN,OBr: 299.9898. found: 299.9889.
3-(4-Bromophenyl)-5-(4-methoxyphenyl)[1,2,4]oxadiazole (3e) mp 148~150 °C, TLC, SIO,, EtOAc/
hexanes 1 : 10, R; = 0.23. *H NMR (500 MHz, CDCl53) 8 3.90 (s, 3 H), 7.03 (m, 2 H), 7.64 (m, 2 H), 8.02
(m, 2 H), 8.14 (m, 2 H); *C NMR (500 MHz, CDCl3) 5 176.5, 168.8, 164.0, 132.8, 130.8, 129.7, 126.9,



126.3, 117.4, 115.3, 56.2; IR(KBr) 1712, 1609, 1553, 1421, 1361, 1265, 1078 cm®; MS (ED): m/z
(relative intensity) = 329, 197, 181, 135, 133 (100), 102, 90, 77; HRMS calcd for Ci5H11N,O.Br:
330.0003. found: 330.0018.

3-1sopropenyl-5-phenyl[1,2,4]oxadiazole (3f) mp 50 °C, TLC, SIO,, EtOAc/hexanes 1 : 10, Ry = 0.58.
'H NMR (500 MHz, CDCl3) 5 2.23 (t, 3H, J = 1.2 Hz), 5.53 (m, 1 H), 6.27 (m, 1 H), 7.52 (m, 2 H), 7.58
(m, 1 H), 8. 17 (m, 2 H); *C NMR (500 MHz, CDCls) & 175.7, 170.5, 132.2, 130.6, 129.6, 128.7, 126.7,
118.9, 19.5; IR(KBr) 1712, 1659, 1612, 1564, 1423, 897 cm™; MS (El): m/z (relative intensity) = 187,
186, 185, 106, 105 (100), 83, 77, 53; HRMS calcd for C11H10N20: 186.0793. found: 186.0788.

3-1sopr openyl-5-(4-methoxyphenyl)[1,2,4]oxadiazole (3g) mp 77~78 °C, TLC, SIO,, EtOAc/hexanes
1:10, R; = 0.31. *H NMR (500 MHz, CDCl3) 8 2.21 (s, 3 H), 3.90 (s, 3 H), 5.51 (m, 1 H), 6.24 (m, 1 H),
7.01 (m, 2 H), 8.10 (m, 2 H); *C NMR (500 MHz, CDCl3) & 175.6, 170.4, 163.8, 132.6, 130.7, 121.8,
117.6, 115.1, 56.2, 19.5; IR(KBr) 1712, 1659, 1613, 1565, 1424, 1265, 897 cm™*; MS (El): m/z (relative
intensity) 217 (3), 216 (25), 135 (99), 133 (100), 103 (12), 77 (13); HRMS cacd for Ci,H1oN20s:
216.0898. found: 216.0893.

ACKNOWLEDGMENT

The authors wish to acknowledge the financial support from KOSEF-CMDS (Center for Molecular
Design and Synthesis). H-C. Ryu and Y-T. Hong are BK-21 graduate fellows sponsored by the Ministry
of Education.

REFERENCES

1. (8) S. Borg, G. Estenne-Bouhtou, K. Luthman, 1. Cslregh, and W. Hesselink, and U. Hacksell, J. Org.
Chem,, 1995, 60, 3112 and references therein.

2. L. B. Clapp, Adv. Heterocyclic Chem., 1976, 65.

3. (@ C. Chen, C. H. Senanayake, T. J. Bill, R. D. Larsen, T. R. Verhoeven, and P. J. Reider, J. Org.

Chem,, 1994, 59, 3738. (b) J. L. Lamattina and C. Mularski, J. Org. Chem., 1984, 49, 4800. (c) W.

Steglich and T. vanRee, Synth. Commun., 1982, 12, 457. (d) S. Chiou and H. J. Shine, J. Heterocycl.

Chem,, 1989, 26, 125. (e) J. A. Classie, M. W. Foxton, G. |. Gregory, A. H. Sheppard, E. P. Tiley, W.

K. Warburton, and M. J. Wilson, J. Chem. Soc., Perkin Trans. I, 1973, 2241. (f) C-K. Kim, P. A.

Zielinski, and C. A. Maggiulli, J. Org. Chem., 1984, 49, 5247. (g) G. B. Liang and D. D. Feng,

Tetrahedron Lett., 1996, 37, 6629.

J. R. Young and R. J. De Vita, Tetrahedron Lett., 1998, 39, 3931.

(@) D. H. Boschelli and D. T. Connor, Heterocycles, 1993, 35, 121. (b) K. P. Flora, B. Van't Rist, and

G. L. Wampler, Cancer Research, 1978, 38, 1291. (c) M. Bamford, C. Chan, A. P. Craven, B. W.

Dymock, D. Gree, R. A. Henson, B. E. Kirk, M. G. Lester, P. A. Procopiou, M. A. Snowden, S. J.

Spooner, A. R. P. Srikantha, N. S. Watson, and J. A. Widdowson, J. Med. Chem., 1995, 38, 3502.

o s



	General Procedure for Carbonylative Coupling of Amidoximes. To ...
	tetrafluoroborate (2a) (500 mg, 1.36 mmol), PdCl2 (12 mg, ...
	2.72 mmol) was added 4-chloro-N-hydroxybenzamidine (1a) (23...
	pressure of CO at 95 (C in NMP (20 mL). The reaction mixture...
	with ether (20 mL ( 3), and the extract was washed with wate...
	over anhydrous MgSO4 and evaporated in vacuo. The crude product...
	chromatography (EtOAc/hexanes = 1 : 10, Rf = 0.51) to afford ...
	oxadiazole (3a) (269 mg, 77%). mp 106~108 (C, TLC, SiO2, E...
	(500 MHz, CDCl3) ( 7.50 (m, 1 H), 7.56 (m, 2 H), 7.63 (...
	(500 MHz, CDCl3) ( 176.8, 168.7, 137.6, 135.3, 134.6, 130.7,...
	1606, 1559, 1413, 1359, 1093 cm-1; MS (EI): m/z (relative in...
	(100), 105 (11), 103 (10), 77 (35); HRMS calcd for C14H...
	REFERENCES

