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Substituent effect study on the experimental **C NMR chemical shifts of 3-
(substituted phenyl)-3a,4,8,8a-tetr ahydr o-1,3-dioxepino[5,6-d] [1,2]
Isoxazoles

Yesim S. KaraSumeyye Yalduz
Kocaeli University, Science and Art Faculty, Depaht of Chemistry, Umuttepe campus,
41380 Kocaeli, Turkey

Abstract
Novel heterocyclic derivatives containing isoxazotey were synthesized by the 1,3-dipolar
cycloaddition reactiorof substituted nitrile oxides withis-4,7-dihydro-1,3-dioxepin in the
present study. These 3-(substituted phenyl)-38d-&trahydro-1,3-dioxepino[5d- [1,2]
isoxazole derivatives were characterized by thaysjzal constants and IRH NMR, *°C
NMR and HRMS data.’*C NMR spectra of studied molecules were measured in
Deuterochloroform (CDG). The correlation analysis for the substituenticet
experimentaf*C NMR chemical shifts§ ppm) (SSC) of C=N, C4, C5, C7, C9 and C10
carbons of these isoxazole derivatives have beselated with various Hammett substituent
constants, and Swain-Lupton parameters using s(&g&) and multi-linear (DSP) regression
analysis. Negative values were found for correlations of C=N, C4 &fsl carbons. The
other carbons were found to have posipivealues for the electronic effect of substituent on
3C NMR chemical shifts.
Keyword: Isoxazole, Substituent effect, SSP analyses, D3yses,’>C NMR chemical
shifts.
1. Introduction
The substitution constants)( which continue to play an important role in takectron
affinity transfer studies of substituents in orgamiolecules, are the first quantitative
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measurements of the free energy of the electranaition of substituents in the molecules
[1]. Since the substituent constant is relatedht ¢lectron density of a substitution in the
studied region, the correlation with other propertihat reflect the electron distribution of the
molecule is not surprising. Electron density arotimelnucleus of interestH, *'B, *C, **N,
170, F, *'p, 3°%S) NMR is mostly affected by electron-donating aectron-withdrawing

ability of the substituent [2-8].

Many studies in the literature show how substitutemnstants correlate in a linear fashion
with reaction rates, equilibrium constantsprrosion inhibition efficiencies, entropy,
enthalpy, free energy, electrochemical and biochahypotential,UV absorption, infrared
spectral frequencieand NMR chemical shifts of various conjugate comusu[9-15]. In our
previous work*C NMR chemical shift values were related to thegraission of substituent
effects both in the heterocyclic rings and on uwnsdéd side chains attached to substituted

organic molecules [16, 17].

Nitrile oxides, R-&N*-O’, are organic compounds which are well known asth&fic
intermediates, especially in the case of prepadieterocyclic compounds because of their
high reactivity with unsaturated C=C=C, C=0, C=S, C=P, €£P and &N bonds [18-21].
Generally, isoxazole skeletons are formed by thectren of nitrile oxides with C-C
unsaturated bonds. Nitrile oxides can dimerize lgaso either 1,4,2,5-dioxadiazines or
furoxans in the absence of dipolarophiles [22]giBeing with aldoximes, chlorination and
dehydrochlorination processes are carried outdryanedium for preparation of nitrile oxide
[23]. Either N-Chlorosuccinimide or bubbling dry,@ases into the oxime solution was used

as the usual chlorination method. With the addibbtase, HCI is spontaneously eliminated



from the molecule and simultaneously nitrile oxidems. Then nitrile oxide is trapped by

using a dipolarophile.

Heterocyclic compounds which contain an isoxazolg in their structure possess various
biological activities. These include anti-microbja#], anti-inflammatory and analgesic [25],
anti-cancer [26], anti-ulcer [27], anti-viral [28§nti-oxidant [29], anti-fungal [30], anti-

malarial [31], anti-tubercular [32], anti-hypergbmic [33], anti-bacterial [34], and cytotoxic
[35] effects. Consequently, it is interesting tovastigate substituent effects on their

spectroscopic properties.

Therefore, the main purpose of this study was taintheterocyclic compounds containing an
isoxazole ring which may be biologically importa@ur other goal was to investigate the
substitution effects on tHE€C NMR spectroscopic properties of the carbon atofristerest
(especially the CH carbon at ten sigma bond distance from the subsitf in these
synthesized compounds. We report the synthesislexer® new 3-(substituted phenyl)-
3a,4,8,8a-tetrahydro-1,3-dioxepino[4]p- [1,2] Iisoxazole derivatives and subsequent
investigation of the transmission of substituefiéast on thé*C NMR chemical shifts using
various Hammett substituent constants, and Swaptdruparameters and by applying single

substituent parameter (SSP) and dual substitueateder (DSP) analyses.

2. Experimental procedure

All chemicals and analytical grade solvents werecpased from (Aldrich and Fluka)
chemical companies. The synthesi2(H-k) series was straightforward as illustrated in Fig.
1. %C NMR substituent chemical shifts (SCS) of the stigated compounds were recorded

in Deuterochloroform (CDG@) solutions employing Tetramethylsilane (TMS) asirternal



standardMelting points were determined on Stuart SMP30 egtpa and are uncorrected.
The FT-IR spectra of compou2da-k) were recorded on Bruker Alpha Il spectrometetha
region of 4000-400 cth *H NMR and*C NMR spectra were recorded on Bruker Avance lil
(400 MHz) NMR spectrometer. The HRMS analyses vperdormed on Water SYNAPT G1
Mass Spectrometer.

3. Synthesis

1,3-Dipolar cycloaddition is the simplest mehod fpreparation of dihydroisoxazole
derivatives [36-38]. The cycloaddition of nitrilexides to cis-4,7-dihydro-1,3-dioxepin
proceed in CHGIto produce a single cycloadduct.

3.1. Synthetic procedures

3.1.1. 3-phenyl-3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole (2a) (General

procedure)

N-hydroxy-benzenecarboximidoyl chloride (1.29 ¢3 8mol) (1a) without going forward
purification in chloroform (15mL) was added slowhgo the mixture of triethylamine (0.5 g,
5 mmol) andcis-4,7-Dihydro-1,3-dioxepin (0.6 g, 6 mmol) in chlésom (15 mL) at 0°C
Then the mixture was warmed at room temperature.réhaction mixture was stirred for two
day at room temperature. The reaction mixture \Wwas filtered through filter paper, and the
solution was evaporated at reduced pressure. géeeral work-up, the residue was purified
by column chromatography on silica gel using hexgthgl acetate (4:1) as eluent. The
product was crystallized in (ethyl acetate/petroiesther, 1:3) to givé2a) 400 mg. Yield 30
%:; mp 131-131.6C; IR (KBr), v (cmi*): 3060 (C-H), 2967 (C-H), 2899 (C-H), 1601 (C=N);
'H NMR (400 MHz, CDC)), & (ppm) : 7.69-7.67 (m, aromatic, 2H), 7.44-7.43J42.4,
J=3.2, aromatic, 3H), 4.94-4.90 (m, 76£A0CH, 2H), 4.69-4.67 (d, J= 6.4, 7&HH), 4.42-
4.37 (dd, J= 3.6, J= 13.6, 9gHH), 4.17-4.12 (q, J= 7.2, J=12.8, 5CH), 4.05-4.00 (m,
4ACH 9CH, 2H), 3.97-3.93 (dd, J= 3.6, J= 12.6, 3CH); **C NMR (CDCEk), & (ppm) :
157.42 (C=N), 130.19-126.95 (aromatic C), 98.43 H7C 83.62 (10CH), 68.72 (9GH
66.45 (5CH), 52.01 (4CH); HRMS m/z (ESI/TOF/MS, [M+H])calcd for GoH14/NOs:
220.0975, Found 220.0979.

3.1.2. 3-(4-methylphenyl)-3a,4,8,8a-tetrahydro-[ 1,3] dioxepino[ 5,6-d] [1,2] isoxazole (2b)
Yield 32 %; mp 161-162.8C; IR (KBr), v (cm™): 2984 (C-H), 2958 (C-H), 2912 (C-H),
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1599 (C=N);'H NMR (400 MHz, CDCJ), 5 (ppm) : 7.58-7.56 (d, J=8, aromatic, 2H), 7.25-
7.23 (d, J=8, aromatic, 2H), 4.92-4.87 (m, ACHOCH, 2H), 4.70-4.68 (d, J= 6.0, 7&HH),
4.40-4.35 (dd, J= 4, J= 13.6, 9gHH), 4.14-4.09 (g, J= 6.8, J= 12.4, 5CH), 4.03-3.97 (m,
ACH 9CH, 2H), 3.96-3.92 (dd, J= 3.6, J= 12.2, 5CH); 2.39 (s, CH3H); *C NMR
(CDCl), 8 (ppm) : 157.36 (C=N), 140.43-125.90 (aromatic 99,37 (7CH), 83.49 (10CH),
68.62 (9CH)), 66.43 (5CH), 52.07 (4CH), 21.43 (Cft HRMS m/z (ESI/TOF/MS, [M+H]
)calcd for GsH16NO3: 234.1132, Found 234.1131.

3.1.3. 3-(4-ethylphenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazole (2¢) Yield
30 %; mp 114.6-115.2C; IR (KBr), v (cm?): 2960 (C-H), 2911 (C-H), 2874 (C-H), 1599
(C=N); 'H NMR (400 MHz, CDC}), 5 (ppm) : 7.60-7.58 (d, J=8.0, aromatic, 2H), 77225
(d, J=8.0, aromatic, 2H), 4.93-4.88 (m, 7CHOCH, 2H), 4.70-4.68 (d, J= 6.0, 7§HH),
4.40-4.36 (dd, J= 3.6, J=13.6, 9CH), 4.15-4.10 (q, J= 6.8, J=12.2, 5CH), 4.03-3.98
(m, 4CH, 9CH, 2H), 3.97-3.93 (dd, J= 3.6, J= 12, 5CH), 2.72-2.66 (g, J= 7.6, J= 16.7,
CH,, 2H), 1.28-1.24 (t, J= 7.6, J= 8.4, §BH); °C NMR (CDCE), 8 (ppm) : 157.38 (C=N),
146.69-126.11 (aromatic C), 98.37 (7§H83.50 (10CH), 68.61 (9CGH 66.46 (5CH), 52.07
(4CH), 21.77 (Ch)), 15.31 (CH); HRMS m/z (ESI/ITOF/MS, [M+H])calcd for G4H1gNOs:
248.1288, Found 248.1287.

3.1.4. 3-(4-fluorophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazole (2d)
Yield 30 %; mp 150-151.4C; IR (KBr), v (cm™): 2956 (C-H), 2917 (C-H), 2870 (C-H),
1600 (C=N);*H NMR (400 MHz, CDC}), § (ppm) : 7.68-7.64 (td, J=5.2, J=8.6, aromatic,
2H), 7.14-7.10 (t, J=8.8, J=9.4, aromatic, 2H)444989 (m, 7CH, 10CH, 2H), 4.66-4.65 (d,
J=6, 7CH, H), 4.41-4.37(dd, J= 3.6, J= 13.8, 9CH), 4.16-4.12 (q, J= 6.4, J=12.4, 5CH
H), 4.01-3.96 (m, 4CH, 9CH, 2H), 3.94-3.90 (dd, 38, J= 12.6, 5CH H); *C NMR
(CDCl), & (ppm) : 157.47 (C=N), 128.96-116.24 (aromatic .45 (7CH), 83.66 (10CH),
68.85 (9CH), 66.439 (5CH)), 52.08 (4CH); HRMS m/z (ESI/TOF/MS, [M+H)calcd for
C12H13FNO;: 238.0881, Found 238.0883.

3.1.5. 3-(4-chlorophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazole (2€)
Yield 31 %; mp 165.5-165.8C; IR (KBr), v (cm™): 2986 (C-H), 2963 (C-H), 2911 (C-H),
1595 (C=N);'H NMR (400 MHz, CDC)), § (ppm) : 7.62-7.60 (d, J=8.0, aromatic, 2H),
7.42-7.40 (d, J=8.4, aromatic, 2H), 4.94-4.91 {@H,, 10CH, 2H), 4.66-4.64 (d, J= 6.0,
7CH,, H), 4.42-4.38 (dd, J= 2.8, J= 13.6, 9CH), 4.16-4.11 (q, J= 6.8, J= 12.9, 5CH),
4.01-3.98 (d, J=12.4, 4CH, H), 4.00-3.95 (d, J=818CH, H), 3.93-3.90 (d, J=12.8, 5GH
H); **C NMR (CDCEk), & (ppm) : 156.48 (C=N), 136.16-127.32 (aromatic €9,46 (7CH),



83.81 (10CH), 68.86 (9CH 66.34 (5CH), 51.89 (4CH); HRMS m/z (ESI/TOF/MS, [M+H]
)calcd for G,H13CINOs: 254.0586, Found 254.0583.

3.1.6. 3-(4-bromophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole (2f)
Yield 29 %; mp 188.6-188.8C; IR (KBr), v (cm®): 2986 (C-H), 2961 (C-H), 2910 (C-H),
1589 (C=N):'"H NMR (400 MHz, CDC}), 5 (ppm) : 7.58-7.56 (d, J=8.8, aromatic, 2H), 7.55-
7.53 (d, J=8.6, aromatic, 2H), 4.94-4.90 (m, 3CHDCH, 2H), 4.66-4.64 (d, J= 6.4, 7&H
H), 4.42-4.38 (dd, J= 3.8, J= 13.8, 9CHi), 4.16-4.11 (g, J= 6.8, J= 12.8, 5CHI), 4.01-
3.95 (m, 4CH, 9CH, 2H), 3.93-3.89 (dd, J= 3.4, 2615CH, H); *C NMR (CDCEk), &
(ppm) : 156.56 (C=N), 132.20-124.47 (aromatic C3,49 (7CH), 83.84 (10CH), 68.86
(9CH,), 66.34 (5CH), 51.83 (4CH); HRMS m/z (ESI/TOF/MS, [M+H])calcd for
C12H13BrNO3: 298.0081, Found 298.0089.

3.1.7. 3-[4-( trifluoromethyl)phenyl] -3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2]
isoxazole (2g) Yield 28 %; mp 143.8-148C; IR (KBr), v (cml): 2999 (C-H), 2936 (C-H),
2883 (C-H), 1605 (C=N)}H NMR (400 MHz, CDC)), & (ppm) : 7.81-7.79 (d, J=8.0,
aromatic, 2H), 7.71-7.69 (d, J=8.4, aromatic, 2H99-4.95 (m, 7Ck 10CH, 2H), 4.65-4.63
(d, J= 6.4, 7CH H), 4.45-4.41(dd, J= 3.3, J= 14, 9¢HH), 4.21-4.16 (g, J= 6.4, J= 12.8,
5CH,, H), 4.06-3.98 (m, 4CH, 9CH, 2H), 3.95-3.91 (dd,218, J= 12.7, 4CH, H}’C NMR
(CDCl), & (ppm) : 156.33 (C=N), 132.37-125.91 (aromatic €3,56 (7CH), 84.06 (10CH),
69.07 (9CH), 66.32 (5CH), 51.79 (4CH); HRMS m/z (ESI/TOF/MS, [M+H)calcd for
Ci13H13F3NO3: 288.0849, Found 298.0850.

3.1.8. 3-(3-methylphenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazole (2h)
Yield 30 %; mp 144.4-148C; IR (KBr), v (cm™): 3002 (C-H), 2970 (C-H), 2895 (C-H),
1596 (C=N);'H NMR (400 MHz, CDCJ), & (ppm) : 7.53 (s, aromatic, H), 7.45-7.43 (d,
J=7.6, aromatic, H), 7.34-7.24 (m, aromatic, 2H94-4.89 (m, 7ChH 10CH, 2H), 4.71-4.69
(d, J= 6.4, 7CH H), 4.41-4.37 (dd, J= 4.0, J= 13.6, 9CH), 4.16-4.11 (q, J= 6.8, J=12.4,
5CH,, H), 4.04-3.99 (m, 4CH, 9CH, 2H), 3.97-3.93 (dd,316, J= 12.4, 5CH H), 2.40 (s,
CHs, 3H); **C NMR (CDC}), § (ppm) : 157.52 (C=N), 138.74-124.04 (aromatic 99,42
(7CH,), 83.55 (10CH), 68.67 (9CGH 66.45 (5CH), 52.06 (4CH), 21.39 (CHt HRMS m/z
(ESITOF/MS, [M+H] )calcd for GsH1eNOs: 234.1132, Found 234.1130.

3.1.9. 3-(3-chlorophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazole (2i)
Yield 30 %; mp 139.2-142C; IR (KBr), v (cm™): 2995 (C-H), 2956 (C-H), 2883 (C-H),
1596 (C=N);'H NMR (400 MHz, CDCJ), & (ppm) : 7.67 (s, aromatic, H), 7.55-7.53 (d,
J=7.2, aromatic, H), 7.42-7.35 (m, aromatic, 2H96-4.92 (m, 7ChH 10CH, 2H), 4.65-4.63
(d, J= 6.4, 7CH H), 4.43-4.38 (dd, J= 3.6, J= 14.0, 9CH), 4.19-4.14 (q, J= 6.4, J=12.8,
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5CH,, H), 4.01-3.96 (d, J= 14, 4CH, 9CH, 2H), 3.9403(8d, J= 3.2, J= 12.6, 5CH, HJC
NMR (CDClk), 6 (ppm) : 156.35 (C=N), 134.96-125.04 (aromatic €3,52 (7CH), 83.88
(10CH), 68.94 (9Ch), 66.40 (5CH), 51.83 (4CH) HRMS m/z (ESI/TOF/MS, [M+H]calcd
for C;2H13CINO3: 254.0586, Found 254.0602.

3.1.10. 3-(3-bromophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole (2))
Yield 29 %; mp 175-175.8C; IR (KBr), v (cm™): 2991 (C-H), 2954 (C-H), 2882 (C-H),
1595 (C=N);'H NMR (400 MHz, CDCJ), & (ppm) : 7.83 (s, aromatic, H), 7.60-7.55 (td,
J=8.4, J=13, aromatic, H), 7.33-7.29 (t, J=8.(B.8=aromatic,2H), 4.96-4.92 (m, 7gH
10CH, 2H), 4.66-4.64 (d, J= 6.4, 7gHH), 4.42-4.38 (dd, J= 3.6, J= 13.8, 9CH), 4.18-
4.14 (q, J= 6.2, J= 12.6, 5GHH), 4.00-3.95 (m, 4CH, 9CGH2H), 3.94-3.90 (dd, J= 3.2, J=
12.8, 5CH, H); **C NMR (CDC}), § (ppm) : 156.23 (C=N), 133.09-123.04 (aromatic C),
98.51 (7CH), 83.88 (10CH), 68.93 (9CH 66.37 (5CH), 51.81 (4CH) HRMS m/z
(ESITOF/MS, [M+H] )calcd for GoH13BrNOs: 298.0081, Found 298.0090.

3.1.11. 3-(3-nitrophenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole (2Kk)
Yield 25 %; mp 138-138.7C; IR (KBr), v (cm™): 2991 (C-H), 2968 (C-H), 2885 (C-H),
1596 (C=N):"H NMR (400 MHz, CDG}), 5 (ppm) : 8.45 (s, aromatic, H), 8.29-8.27 (d, J=8,
aromatic, H), 8.07-8.05 (d, J=7.6, aromatic, H§6¢7.62 (t, J=8.0, J=8.6, aromatic, H), 5.02-
4.97 (m, 7CH, 10CH, 2H), 4.60-4.59 (d, J= 6.4, 7§HH), 4.47-4.43 (dd, J= 3.2, J= 14.0,
9CH,, H), 4.27-4.22 (q, J= 5.6 J= 13.2, 5CH), 4.11-4.07 (m, 4CH, H), 4.00-3.92 (td, J=
3.2, J= 16, 9CH 5CH,, 2H); **C NMR (CDCE), & (ppm) : 155.66 (C=N), 148.53-121.62
(aromatic C), 98.68 (7Chi 84.23 (10CH), 69.45 (9G] 66.4 (5CH), 51.71 (4CH); HRMS
m/z (ESI/TOF/MS, [M+H] )calcd for GoH13BrN,Os: 265.0826, Found 298.0823.

4. Result and Discussion

In this work a series of eleven 3-(substituted pheda,4,8,8a-tetrahydro-1,3-dioxepinol[5,6-
d] [1,2] isoxazoles were synthesized and charaddriZhe sites of interest in ti#a-k)
series are at C=N, C4, C5, C7, C9 and C10 carlfigsl(). The™*C NMR chemical shifts of
the corresponding carbon atoms of compouz{@-k) are shown in Table 1. The

measurements were performed with a low and consamiple concentration (0.1 M) to



diminish intermolecular associations. THE NMR chemical shift values refer to the central

peak of CDC which has a value of 77.050 ppm.

An examination of the data in Table 1 shows that ¢themical shifts of the investigated
carbon atoms depended on the electronic propartitee substituent on the phenyl ring. The
electron-withdrawing and electron-donating substits caused a change in the chemical
shifts. The range of chemical shifts for C=N foe #$tudied compounds was 1.885 ppm (from
157.513 to 155.628 ppm), whereas that for C4 wag @371 ppm (from 52.047 to 51.676
ppm), for C5 was only 0.126 ppm (from 66.443 to3a86. ppm), for C7 was only 0.320 ppm
(from 98.644 to 98.324 ppm), for C9 was only 0.88n (from 69.421 to 68.563 ppm) and
for C10 was only 0.737 ppm (from 84.196 to 83.4%8mp and shows that changes in
electron density for C=N carbon under the influeatsubstituents in the aryl ring was much
larger than for other carbons. The range of'fl®@ NMR chemical shift values of the C=N
carbon (1.885 ppm) value was larger than the vahserved for the C=N carbon of the five
membered rings in the previous studies (1.342 ppndificetate derivatives, 0.438 ppm for
1,2,4-oxadiazole-5-one derivatives, 0.376 ppm f@r4toxadiazole-5-thione derivatives ) [16,

17].

The values in Table 1 reveal that all electron drigtwing substituents caused an upfield shift
of C=N carbon, C4 (excegt-F) and C5 signals. This behavior was contraryhe general
tendency for SCS that suggests that the NMR chémitlis of substituents with either an
electron-withdrawing or electron-donating propeviyuld be downfield and upfield
respectively. The opposite is true for C7, C9 (@xee-NO,) and C10 carbong.hat is, the

electron withdrawing substituents caused a shifird|d.



Among the CH carbons, C5 appeared in mostly upfield while Cpeaped in mostly

downfield. Similarly, the chemical shifts of the G€@H,) carbon atom were seen in the
upfield when compared to C7 (GHarbon atom (Tablel). This was because the C%)(CH
carbon atom of the isoxazole derivative is adjadena single oxygen atom while the C7
(CHp) carbon atom is adjacent to two oxygen atoms. Tthes C7 carbon has the highest

chemical shift value among the*sp/bridized methylene carbons (QH

The C=N chemical shifts is very characteristic (& ppm), typical for sphybridized
carbon, bonded to one oxygen or one nitrogen atién I7]. Although the C4 (ca 52 ppm)
and C10 (ca 83 ppm) carbons are both gbridized methine carbons (CH), the chemical
shift values are quite different from each otherhéW examining the structure of the
molecule, it is evident that this difference is doethe electronegative oxygen atom that is
near the C10 carbon. Such results were encounbereglise the estimation of the magnitude
of the sign and the substitution chemical shifts watermined by various factors affecting

the chemical shift.

The substituent effects on the chemical shifts tgpgcally analyzed by single substituent
parameter (SSP) and dual substituent parameter)(BY§ffoaches, which are represented by

Equation 1, 2 and 3 respectively [39]

SCS=po+h (2)
SCS=po +porth (2)
SCS=pF+pR+h (3)

Where SCS is th&’C NMR chemical shift of investigated carbopsis the proportionality

constant reflecting the sensitivity of thi€ NMR chemical shifts to substituent effects which



is dependent upon the nature of the reactwrfs;, or), F and R are the corresponding

substituent constants and h is the intercept.

Equation (1) (the simple Hammett Equation-SSP) usedues which express the blending of
polar andr-delocalization effects. DSP analysis may be moeammgful than SSP analysis
because the SCS are correlated by a linear condmnet the inductive ) or field (F) and
various resonance scaless(or’ or’, or, R), depending on the electronic demand of the
atom under examination [40, 41]. The following dithent constant data were taken from the

literature:c o), or, F, R [42].

The **C NMR chemical shifts data were analyzed using Eqonal). The result of SSP
analysis is shown in Table 2. The optimal Hammatissituent constants chosen were
values for C4, C9 and C16, values for the carbon of the C=N group and C5 @ndalues
for C7in the molecules under analysis. The high conmatoefficient p) of the C=N
carbon indicated that the chemical shift valuestro$ carbon are most affected by the
substituents (Table 2). Figure 2 shows a negatmeelations (r: -0.9468) between the
chemical shift values of the C4 carbon atom withmideettc values. In contrast there was a
positive correlation (r: 0.9944) between tH€ NMR chemical shift values of C10 carbon

atom with the Hammett substituent constantlues in Figure 3.

Multi-linear regression analysis yielded slightlgtter correlation than the single regression
analysis and the results of multi-linear regressamalysis are shown in Table 3. The
variation in thep values obtained with different inductive,,(F) and resonances, R)
parameter combinations were usually small, for gdansorrelation coefficient 0.9838 using

F, R and 0.9856 using,, or at the C=N carbon. However, as a result of theetation
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analysis shown in Table 3, the SCS values of thsl @ard C4 carbons appear to correlate
better with thes), or substituent constants and the other carbon atoitistihe F and R
values. The results of dual parameter statisticalysis of*>*C NMR chemical shifts of C=N,
C5, C7 and C9 carbon atoms of 3-(substituted phe&ta,8,8a-tetrahydro-1,3-
dioxepino[5,66d] [1,2] isoxazole derivatives with Hammett subsgitti constantso(, or) and

Swain-Lupton F and R values have shown satisfacomelation (= 0.9).

The DSP equation provided a slight improvement itnwhen compared to the single
parameter analysis, except in case of the C4 carboa chemical shift of Cdarbon has
shown a fair correlation (r < 0.9) with multi-linregegression analysis. This can be attributed
to weak inductive, resonance and field effectdhefdubstituents on the chemical shifts of the
C4 carbon. It was important to notice that a highest correlaitoefficient value (r= 0.997) of
C10 carbon atom to substituents effects of invastd serie with Swain-Lupton F and R
values using dual substituent parameter approachlesh could be called the excellent

correlation.

The DSP equation showed, through negative valuesdchp, that reverse substituent effect
operates through both the polar and the resonameanent of electronic effect for C=N, C4
and C5. The positive, and pr valuesshow that a normal substituent effect is transihitte
through both polar and resonance pathways for @7,810 carbons. This implies that the
normal and reverse substituent effects operatéfataeht carbon atoms of compou¢-k)

as illustrated in Fig. 4. The aromatic ring elestdonating substituent increased the electron
density at the C7, C9 and C10 carbon atoms (upéieiitis), indicating that normal substituent
effect operates at the C7, C9 and C10 carbon ateimte electron-withdrawing substituents

have a reverse effect. An electron-donating stuestt caused a decrease in the electron
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density at the C=N, C4 and C5 carbons (down fidiftsy, which was considered to e

polarization, indicating a reverse substituent&f{®&SE) [43, 44].

A similar effect has been observed in other sysexamples being in 1,2,4-oxadiazole and
1,2,4-thiadiazole derivatives [10], in (3-(subgew phenyl)-cis-4,5-dihydroisoxazole-4,5-
diyl)bis(methylene)diacetate derivatives [16], IN(1N(4-substituted phenyl)-3-cyano-4,6-
dimethyl-2-pyridones [43], in 3-aryl-2-cyanoacryla®s [45], 4-substituted p-terphenls [46],
4-substituted  phenyl-4,5-dihydrobenzolf][1,4]oxareB(2H)-ones(thiones)  [47], 5-

arylidene-2,4-thiazolidinediones[48] and N-1-p-substitutedphenyl-5-methyl-4-carboxy

uracils [49].

RSE can be termedmapolarization mechanism [50]. Eaahunit is thought to be polarized
separately, the polarization being induced by thlesstuent dipole in another part of the
molecule, not be transmitted via an interventiigystem [44]. This has also been called
“localized polarization” (directr -polarization) [51]. This interaction can be traniged
through the molecular framework or solvent contmu{60-53]. On the other hand, the
terminal atoms of a conjugatedsystem show some additional polarization of theleir-
network, which is known as “extended polarizatioiThis second type of polarization has
been called a field-transmitted resonance-polaceffl6, 17, 54]. Transmission of substituent
electronic effects could be presented by mesonstnatures of the investigated isoxazole

derivatives oft-polarization in Fig.5.

In the structure of (1) in Fig.5, if X is an elamtrdonating substituent, a dipole is formed on
C-X bond (structure (2)) and this dipole interaatithrough the space of the molecule, result

in polarization of each individuat-unit (localized polarization). The reverse is trioe
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electron-withdrawing substituted compounds (stmecti4)). The polarization mechanism of
each localizedr-units, represented by structure (2) and (4), isy veportant as well as

polarization of the entire conjugated of the inigeged compound (extended polarization).

In the case of electron-donating substituents,n@sce interaction in the extended conjugate
system can be represented by the structure (3Wwéhdan electron-withdrawing substituent
(structure (5)) has an effect against the polaoratause. The net result is that the electron-
withdrawing substituents increase the electron iheas the C=N, C4 and C5 carbons, hence
increased shielding, caused an upfield shift. Cselg, the electron-donating substituents
reduces the electron density at C=N, C4, and Cbooar in the molecules under study,

thereby causing increased deshielding leading wanfleld shifts.

The regression coefficienp(pr) values of the investigated molecules were theskivior the

C5 atom. This indicated that the electron densibpiad the C5 carbon atom exhibited a low
sensitivity to the effects of phenyl substitueftsis value ) was also the highest at the C=N
carbon atom. This result is consistent with theeexgd effects because C=N is the closest
carbon to the substituent. According to Table & thigh substituent effect is effectively a

result of inductive effect(r> pr).

The magnitude and sign pfshould have enable an understanding of the transéehanism

of the substitution effect. Thg values in Table 3 show the dependence of the thduc
effects as a distance-dependent phenomenon frosutisituent. It can be seen from Table 3
that DSP analysis of C=N shows the largestalue among the investigated carbon atoms of
compound2(a-k). This carbon is directly bonded to the substitutbdsyl ring meaning that
resonance effects were minimal but the inductiveecefwas greatly dominantpg- -
0.426+0.258,p- - 2.221+0.203 with Swain-Lupton F and R valueskcdérding to this
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generally accepted view, the inductive effect appda be increased due to the shorter
distance between the substituent in the phenyl aitk the C=N carbon atom isoxazole

derivatives.

The correlation coefficient of C7 carbon was r:882 (using F, R valuespf 0.318,pg:
0.323) with a normal substituent effect and waselvell to be connected through a space-type
of transmission which becomes significant at ttagbon. As the C7 carbon is far from the
substituent (ten bond away), essentially the ededatreffect transmitted by bond should be
weaker as it moves away from the substituent. Tilemns that the systematic electronic
effects on the entire molecule are transmittéd.addition, although the C7 atom of the
dioxepane ring was not directly conjugated with thebstituted-phenyl ring, it was
approximately equal to the polar and resonancetsfies indicated by = pr / pr = 0.97 with

F and R parameters.

The DSP analysis also showed that the ratio ofni@see to inductive effectd< pr / pir)
changed considerably from one series to anothdicating that a single parameter equation
would be inadequate for data analysis [44]. Thiel fegfects varied with changing position of
each investigated atom in the molecular structdréhe studied compounds [55]. values
were less than 1, indicating that the inductive&fivas more important than resonance effect
in the C=N and C5 carbons in the studied moleculd®e observeg, andpg values for other
carbons indicated a similar contribution from tred and resonance effects, considering the

A values are approximately equal to 1.

In addition, it is well known that the differencetiveen SSP analyses and DSP analyses is

meaningless, exactly within therange, (about 0.5 to 1.5). Most of our resultsenerthis
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range. However, DSP analyses provided slightlyebdits in this study, except for the C4
atom. Moreover, even in those cases where thelabore coefficients (r) using the two types
of analysis was similar, DSP analyses provided mamb additional information, not

obtainable from SSP analyses, for example, tlativelsize of the, andpg values [56].

5. Conclusion

A number of 3-(substituted phenyl)-3a,4,8,8a-tetdro-1,3-dioxepino[5,&f [1,2] isoxazole
derivatives were synthesized by a 1,3-dipolar @dthition reaction of substituted nitrile
oxides with cis-4,7-dihydro-1,3-dioxepin in the presencesMEtand chloroform. A linear
relationship was shown to exist between ffi€ NMR chemical shift values of these
compounds and Hammett sigma constants and F&R pdeesnusing both single and multi-
linear regression analysis. However using the mpleltregression analysis, slightly larger
correlation coefficients were obtained. The resokDSP analysis of*C NMR chemical
shifts of C=N, C5, C7 and C9 carbon atoms with Hattreubstituent constants,(cr) and
Swain-Lupton F and R values showed satisfactoryetattion. Although poor correlation
between the substitution parameters of the C4 cavbere observed, excellent correlation
was found at the C10 (CH) carbon in this studyatidition, a normal substitution effect
operates on carbon atoms C7, C9 and C10, whileetherse substitution effect on C=N, C4
and C5 carbons was seen.
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Figure Capture

Fig.1. Synthesis of 3-(substituted phenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2]
isoxazoles 2(a-k).

Fig.2. Plot of C NMR chemica shifts of C4 carbon atom against Hammett
substituent constants ¢ values.

Fig.3. Plot of *C NMR chemical shifts of C10 carbon atom against Hammett substituent
constants ¢ values.

Fig.4. The patterns of the substituent effect of compounds 2(a-k) in term **C NMR shifts.

Fig.5. Mesomeric structures with the contribution of n-polarization in 3-(substituted phenyl)-
3a,4,8,8atetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole derivatives 2(a-k).



Tablel
3C NMR chemical shifts (ppm) of 3-(substituted phenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d][1,2] isoxazoles 2(a-k).

Substituent(x) 3 C=N, 3Ca, 3 C5, 3 C74 3 C9, 3 C10,
a(H) 157.388 51.978 66.426 98.403 68.684 83.501
b (p-CH,) 157.330 52.036 66.400 98.335 68.588 83.459
¢ (p-CoHs) 157.335 52.031 66.412 98.324 68.563 83.460
d (p-F) 156.445 52.047 66.358 98.423 68.824 83.630
e (p-Cl) 156.458 51.870 66.317 98.444 68.835 83.790
f (p-Br) 156.544 51.814 66.318 98.451 68.843 83.817
g (p-CF») 156.336 51.797 66.326 98.564 69.070 84.063
h (M-CHs) 157.513 52.047 66.443 98.410 68.662 83.536
i (mCl) 156.321 51.807 66.375 98.491 68.919 83.853
j (mBr) 156.215 51.789 66.349 98.494 68.913 83.868
k (M-NO,) 155.628 51.676 66.411 98.644 69.421 84.196

&Chemical shifts of the synthesized compounds relative to the residual solvent signal at 77.050 ppm.



Table?2

Result of the SSP analyses of tf@ NMR chemical shifts (ppm) for(@-k).

Atom sigma re p° h¢

3C=N o -0.9154 -1.938+0.284 157.060+0.096 11
3C=N o -0.7232 -1.123+0.480 156.864+0.140 7
3C=N o -0.7392 -1.229+0.501 156.957+0.145 7
3C=N o] -0.9787 -1.800+0.169 157.281+0.059 7
3C=N OR 0.1549 -0.569+1.622 156.900+0.276 7
4C -0.9468 -0.434+0.049 51.984+0.017 11
4C * -0.8651 -0.301+0.078 51.947+0.023 7
4C -0.9037 -0.336+0.071 51.973+0.021 7
4C o] -0.5967 -0.246+0.148 52.000+0.052 7
4C OR -0.4816 -0.396+0.322 51.893+0.055 7
5C -0.4209 -0.066+0.047 66.389+0.016 11
5C * -0.6846 -0.102+0.049 66.368+0.014 7
5C -0.7385 -0.118+0.048 66.377+0.014 7
5C o -0.9120 -0.161+0.032 66.405+0.011 7
5C OR 0.0954 0.034+0.157 66.369+0.027 7
7C 0.9743 0.316%0.024 98.391+0.008 11
7C * 0.9864 0.253+0.019 98.414+0.006 7
7C 0.9725 0.267+0.029 98.394+0.008 7
7C o 0.7422 0.226%0.091 98.364+0.032 7
7C OR 0.4226 0.256+0.246 98.451+0.042 7
9C c 0.9542 0.808+0.084 68.690+0.028 11
9C * 0.9505 0.532+0.078 68.758+0.023 7
aC o- 0.9439 0.566+0.089 68.716+0.026 7
9C o 0.8269 0.548+0.167 68.636+0.058 7
aC OR 0.2827 0.374+0.568 68.816+0.096 7
10C o 0.9944 0.830+0.030 83.590+0.010 11
10C * 0.9807 0.680%0.061 83.669+0.018 7
10C o- 0.9901 0.735+0.046 83.614+0.013 7
10C o 0.7463 0.613%0.245 83.535+0.085 7
10C OR 0.4296 0.704+0.662 83.770+0.112 7

2Correlation coefficientWeightingcoefficient ratiofIntercept! Number of compound

in correlation.



Table 3 Result of the DSP analyses'd& NMR chemical shifts (ppm) fa(a-k).

Scale  Atom ra pr’ pe/p” he 2d
(F,R) C=N 0.9838 -0.426+0.258 -2.221+0.203 157.3p0&8 0.19
(o1,0rR) C=N 0.9856 -0.442+0.323 -1.861+0.162 157.244+0.060.24
(F,R) C4 0.8876 -0.416+0.149 -0.377+0.117 57496039 1.10
(o1,0rR) C-4 0.8967 -0.572+0.189 -0.324+0.095 51.95G36. 1.76
(F,R) C-5 0.9369 -0.045+0.048 -0.204+0.038 6601013 0.22
(01,0rR) C-5 0.9257 -0.058+0.069 -0.169+0.035 66.401+8.010.34
(F,R) C-7 0.9882 0.318+0.036 0.323+0.029 98885110 0.98
(c10R) C-7 0.9861 0.401+0.053 0.281+0.026 98.39910.0 1.43
(F,R) C-9 0.9841 0.577+0.092 0.751+0.073 68.06624 0.77
(c10R) C-9 0.9809 0.726%+0.134 0.647+0.067 68.697+0.131.12
(F,R) C-10 0.9970 0.861+0.050 0.884+0.039 833113 0.97
(c10R) C-10 0.9947 1.121+0.088 0.766%0.044 83.628tD.0 1.46

2Correlation coefficienf?Weighting coefficient ratio?lntercept?' A- the ratio of resonance to
dirctive effectspr / pi .
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Fig.1. Synthesis of 3-(substituted phenyl)-3a,4,8,8a-tetrahydro-1,3-dioxepino[ 5,6-d] [1,2] isoxazoles
2(a-k).
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Fig.2. Plot of ®C NMR chemical shifts of C4 carbon atom against Hammett
substituent constants ¢ values.
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Fig.3. Plot of *C NMR chemical shifts of C10 carbon atom against Hammett substituent
constants ¢ values.



o = rewerse effect
@ = normal effect

Fig.4. The patterns of the substituent effect of compounds 2(a-k) in term **C NMR shifts.
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Fig.5. Mesomeric structures with the contribution of z-polarization in 3-(substituted phenyl)-
3a,4,8,8a-tetrahydro-1,3-dioxepino[5,6-d] [1,2] isoxazole derivatives 2(a-k).



* Negative p vaues were found for at C=N, C4, C5 carbons for SSP (Single substituent
parameter) and DSP (Dual substituent parameter) analysis.

* Positive p values were found for at C7, C9 and C10 carbons with same analyses methods.

* |t has been observed that substituent effects from phenyl ring are efficiently transmitted to

isoxazole ring and 1,3-dioxepane ring.



