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Abstract: The natural abundance 1 7 0 N M R chemical shift data for 3,5-diarylisoxazoIes ( l a -k ) and 3,5-
diatylisoxazolines (2a-j) in acetonitrile at 75°C are reported. The l 7 0 N M R signals for the isoxazole 
oxygen of the 3-aryl-5-phenylisoxazoles showed a good correlation vs • constants (rho = 6.3) while 
those for the isoxazoline oxygen of the 3-aryl-5-phenylisoxazoIines showed an excellent correlation vs • 
constants (rho = 13.4). The I 7 0 NMR data for the ring oxygen of 3-phenyl-5-arylisoxazoIes and the 3-
phenyl-5-arylisoxazolines, respectively, showed little or no sensitivity to substituent effects. 

Introduction 

, 7 0 N M R spectroscopy has been shown1 to have applications in organic chemistry. I 7 0 N M R data can 
provide useful information regarding the electronic and/or geometrical structure for a variety of oxygen-
containing organic compounds. Extensive reviews of organic l 7 0 N M R data are available,1 organized by 
functional group type. For heterocyclic systems containing oxygen bound to nitrogen, there are only 
isolated reports of l 7 0 NMR data, especially for isoxazoles and isoxazolines (4,5-dihydroisoxazoles).2 '3 

Furthermore, there is little or no information on aryl substituent effects on the l 7 0 chemical shift signal of 
the heterocyclic oxygen for these two heterocyclic ring systems. We report here the effect of aryl 
substitution on the , 7 0 NMR data for two series of heterocycles: 3,5-diarylisoxazoles and 3,5-
diarylisoxazolines. 

Results and Discussions 

The natural abundance l 7 0 chemical shift data for the ring oxygen atom of eleven 3,5-diarylisoxazoles 
( la-k) and ten 3,5-diarylisoxazoIines (2a-j) were obtained in acetonitrile at 75 °C . The l 7 0 N M R signals 
for the 3-aryl-5-phenylisoxazoles showed a good correlation (r = 0.98) vs • constants with a rho value of 
6.3. The 3-phenyl-5-arylisoxazole l 7 0 N M R data results showed little or no sensitivity to substituent 
effects. The chemical shift data for these compounds are, essentially, within experimental error, identical 
(±1 ppm) to that observed (5=331.5 ppm) for the parent 3,5-diphenyIisoxazole. The data for the 
isoxazoles are summarized in Table 1. The l 7 O N M R data for the 3-aryl-5-phenylisoxazoIines exhibited a 
larger substituent chemical shift variation and showed an excellent correlation (r = 0.99) vs • constants 
(rho = 13.4). The l 7 0 N M R signals for the 3-phenyl-5-arylisoxazolines showed little or no sensitivity to 
substituent effects; the chemical shift data were essentially within experimental error (±1 ppm) of that 
(5=228 ppm) for 3,5-diphenylisoxazoline (2li). The data for the isoxazolines are summarized in Table 2. 

la-k 2a-j 
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Table-1: 1 7 0 Chemical Shift Data for 3,5-Diarylisoxazoles in Acetonitrile at 75 °C. 
Compd. X Υ δ3 for 0 - N b δ3 for X or Y 
l a CF3 Η 331.0 — 

l b Η Η 331.5 — 

l c 4-F Η 331.5 — 

Id 4-Me Η 331.0 — 

l e 4-MeO Η 331.5 55 (630)c 

If Η 4-CN 335.0 — 

i g Η 3-C1 333.0 — 

l h Η 4-F 332.0 — 

l i Η 4-Me 330.0 — 

i j Η 4-MeO 329.0 56 (950)° 
l k Η 4-EtO 329.0 81 (600)° 
a) ±1 ppm; b) ν '/2 = 750 ±100 Hz; c) ν Vi in Hz. 

Table-2: | 7 0 Chemical Shift Data for 3,5-Diarylisoxazolines in Acetonitrile at 75 °C. 
Compd. X Υ 5a'b for O-N öa'b for X or Y 
2a 3-Br Η 227 — 

2b 4-CI Η 228 
2c 4-F Η 229 — 

2d 4-Me Η 229 — 

2e 4-EtO Η 228 81 
2f Η 3-CI 233 — 

2g 4-MeO 4-CI 232 51 
2h Η Η 228 — 

2i Η 4-Me 226 — 

2j Η 4-MeO 225 56 
"±1 ppm; b v '/2 = 9 5 0 ± 100 Hz. 

The chemical shift data observed for the 3,5-diarylisoxazoles (329-335 ppm) are generally upfield from 
those reported for alkyl substituted isoxazoles (336-356 ppm);3c the only aromatic substituted isoxazole 
listed in the literature (3-phenyI-5-triiluoromethyl) has a chemical shift of 330 ppm.30 The linewidths 
observed for the 3,5-diarylisoxazoles (750 ± 100 Hz) are much broader than those observed for 
alkylisoxazoles (90-160 Hz); they are closer in magnitude to those of isoxazoles with either nitro, 
tricholoromethyl or phenyl groups (400-600 Hz). The chemical shift data obtained for the 3,5-
diarylisoxazolines appear about 20 ppm upfield to those for the only reported examples (alkyl-substituted 
or unsubstituted 5-hydroxyl-5-trichloromethylisoxazoline) which show in the range of 245-255 ppm;3* the 
linewidths for these other isoxazolines were not reported. 

The present study appears to be the first to investigate aiyl substituent effects on the l 7 0 chemical shift 
signal for the heterocyclic oxygen of these two heterocyclic ring systems. The 5-aryl groups of the 
isoxazoles and isoxazolines were expected to exhibit an inverse substituent effect for the heterocyclic 
oxygen signal similar to that observed in 4-substituted benzyl alcohols and esters.4 The chemical shifts 
for 4-substituted benzyl alcohols had been shown to be very susceptible to the electronic effects of the 
substituents resulting in an inverse relationship due to the lack of conjugation of the oxygen with the 
aromatic ring.4 This effect was not observed for either the 3-phenyl-5-aryl-isoxazolines or for the 3-
phenyl-5-arylisoxazoles. All the chemical shift data were within experimental error of the parent for each 
series. On the other hand, the effect of the 3-aryl groups on the l 7 0 NMR data for the isoxazoles and 
isoxazolines show a trend similar to that observed for the oximes of 4-substituted benzaldehydes.5 The 
chemical shift data for these oximes showed a poor correlation versus either σ or σ+ constants attributed to 
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a lack of conjugation between the oxygen atom and the aromatic ring.5 In the present case, both series 
showed strong correlation with σ constants although the range of substituents investigated was limited 
due to low solubility of many of the compounds. 

In conclusion, the correlation of the l 7 0 data with 3-aryl substituents for both series suggests strong 
conjugation between the rings. On the other hand, the lack of sensitivity of the l 7 0 data with 5-aryl 
substituents will require further investigation. 

Experimental 

The 3,5-diaiylisoxazoles and 3,5-diaiylisoxazolines were prepared by literature methods [la, Id, If, li , 
lk;6 lb, lc, le, lh, lj;7 lg;8 2b;9 2d;10 2f;" 2g;12 2h;13 2i-j14]. The melting points and the 'H and 13C 
chemical shift data for these compounds were in agreement with published results. Isoxazolines 2a, 2c 
and 2e are new compounds (see below). The l 7 0 NMR spectra were recorded on a Varian Inova 500 MHz 
NMR spectrometer, equipped with a 10 mm broad band probe under the following conditions: 48.3 kHz 
spectral width, 3K data points, 90° pulse angle, 0.075 ms acquisition delay and 30 ms acquisition time. 
The spectra were recorded with sample spinning and without lock. The signal-to-noise ratio was 
improved by applying a 100 Hz exponential broadening factor to the FID prior to Fourier transformation. 
The data point resolution was improved to ± 0.2 ppm by zero filling to 8K data points. The NMR spectra 
were acquired at natural abundance on 0.3-0.5 Μ solutions, depending on the solubility, in anhydrous 
acetonitrile (Aldrich) at 75°C. The chemical shift data were referenced to the l 7 0 carbonyl signal of an 
internal standard: 1% 2-bulanone (558.8 ± 0.1 ppm). 

5-(3-Broinophenyl)-3-phenyl-4,5-dihydroisoxazole (2a). White crystals, m.p. 97-98 °C; MS: 301 (base 
180); l3C NMR (300 MHz, CDC13) δ 43.2, 81.5, 122.8, 124.4, 126.7, 128.7, 128.8, 129.1, 130.2, 130.3, 
131.2, 143.3, 156. Anal. Calc. For C l5H|2BrNO: C, 59.62; H, 4.00; N, 4.64; found: C, 59.59; H, 3.94; N, 
4.58. 

5-(4-FIuoiophenyI)-3-phenyl-4,5-dihydiOisoxazole (2c). White crystals, m.p. 90-91.5 °C; MS: 241 
(base 122); l3C NMR (300 MHz, CDCI3) δ 43.2, 81.9, 115.5, 115.8, 126.7, 127.6, 127.7, 128.7, 129.3, 
130.2, 136.6, 136.7, 156.1, 160.9, 164.2. Anal. Calc. For C i5H|2FNO: C, 74.67; H, 5.01; N, 5.81; found: 
C, 74.57; H, 4.84; N, 6.12. 

5-(4-EtIioxyphenyl)-3-pIienyI-4,5-dihydiOisoxazole (2e). White crystals, m.p. 96-97 °C; MS: 264 (base 
148); l3C NMR (300 MHz, CDCI3) δ 14.7, 42.8, 63.4, 82.5, 114.6, 126.6, 127.3, 129.5, 130.0, 132.5, 
156.2, 158.9. Anal. Calc. ForC,7H l 7NO: C, 76.38; H, 6.41; N, 5.24; found: C, 76.47; H, 6.51; N, 5.07. 

Acknowledgments 

Dr. Yuzuri acknowledges support from the Japanese Ministry for Education, Culture, Sports, Service and 
Technology; ALB acknowledges the GSU Research Foundation for support for this work. 

References 

1. For extensive reviews please see: D.W. Boykin, Ed., 17 Ο NMR Spectroscopy in Organic Chemistry, 
CRC Press, Boca Raton, (1990). 

2. D.W. Boykin and A.L. Baumstark, "Oxygen Bound to Nitrogen" in 170 NMR Spectroscopy in 
Organic Chemistry, Chap. 9, pp 233-251, Ed.: D.W. Boykin, CRC Press, Boca Raton, (1990). 

3. (a) M.A.P. Martins, A.F.C. Flores, N. Zanaitta, R.A.Freitag and G.M. Siqueira, " l 3C, l 7 0 and 15N 
NMR of Isoxazoles" in New Advances in Analytical Chemistry, pp 605-658, Ed.: Atta-ur-Rahman, 

9 



Vol. 12, No. 1, 2006 nO NMR spectroscopy ofheterucycles: substitiient effect 
in 3,5-diarylisoxazoles and 3,5-diarylisoxazolines 

Harwood Academic Publishers, Singapore, 2000; (b) S. Chimichi, R. Nesi and F. De Sio, Org. Mag. 
Reson. 22, 55 (1984); (c) M.A.P. Martins, R.A. Freitag, N.E.K. Zimmermann, A.P. Sinhorin, W. 
Cunico, G.P. Bastos, N. Zanatta, and H.G. Bonacorso, Spectroscopy Letters, 34, 375 (2001). 

4. P. Balakrishnan, A.L. Baumstark and D.W. Boykin, Tetrahedron Lett. 169(1984). 

5. G. Cerioni and A. Plumitallo, Magn. Reson. Chem., 31, 320 (1993). 

6. D.R. Chrisope, R.A. Keel, A.L. Baumstark and D.W. Boykin, J. Heterocycl. Chem. 18, 795 (1981). 

7. A.L. Baumstark, D.R. Chrisope, R.A. Keel and D.W. Boykin, J. Heterocycl. Chem. 17, 1719 
(1980). 

8. A. Battaglia, A. Dondoni and F. Taddei, J. Heterocycl. Chem. 7, 721 (1970). 

9. C.A. Park, C.F. Beam, E.M. Kaiser, R.J.Kaufman, F.E. Henoch, and C.R. Hauser, J. Heterocycl. 
Chem. 13 ,449(1976). 

10. P.Li, Pan, H.-J. Gi, L. Sun, and K. Zhao, J. Org. Chem. 63 (2), 366 (1998). 

11. A. Dondoni and F. Taddei, Boll. Sei. Fac. Chim. Ind. Bologna, 25 145 (1967). 

12. K. Mizuno, "N. Ichinose, T. Tamai, Toshiyuki and Y. Otsuji, J. Org. Chem., 57 4669 (1992). 

13. R.G. Shorter, D. Sesardic and P.H. Wright, Tetrahedron 31, 3069 (1975) 

14. S. Kanemasa, H. Matsuda, A. Kamimura and T. Kakinami, Tetrahedron 56 1057 (2000). 

Received on September 23, 2005. 

10 


