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In order to confirm the identities of several phenoxazines, 13C NMR data were obtained, assigned and compared with previously obtained data. Previously, the 13C nmr spectrum of the unsubstituted phenoxazine (Table 1) had been assigned by Ragg et al.1 Although the phenoxazine-carboxylic acid produced by Gilman and Moore was originally claimed to be phenoxazine-4-carboxylic acid,2 Blank and Baxter claimed this designation to be incorrect and demonstrated the product was phenoxazine-1-carboxylic acid.3 On that basis, Katritzky et al. assigned the 13C nmr spectrum of phenoxazine-1-carboxylic acid (Table 1).4 The product produced in this work by hydrolysing the cyano-compound formed as a result of fluoro displacement between 2-aminophenol and 2,3-difluorobenzonitrile at 130 °C had the same 13C chemical shifts in CDCl3 as those obtained and assigned as phenoxazine-1-carboxylic acid(Table 1) by Katritzky et al. We therefore concluded that the hydrolysis product was phenoxazine-1-carboxylic acid and, hence, the cyanophenoxazine produced by the fluoro displacement reaction was 1-cyanophenoxazine.

Chemical shifts observed for the 13C nmr spectrum of the 1-cyanophenoxazine are presented in Table 1 along with the calculated 13C chemical shifts for phenoxazine-1-carboxylic acid and 1-cyanophenoxazine. The chemical shifts for these species were estimated by applying the chemical shift parameters usually applied to substituant groups in substituted benzenes to the experimental shifts assigned to the unsubstituted phenoxazine by Ragg et al. These calculated shifts for phenoxazine-1-carboxylic acid are in good accord with the experimental data of Katritzky et al. and with the experimental data obtained in this study for phenoxazine-1-carboxylic acid. The calculated data for 1-cyanophenoxazine also agree well with the experimental data for the compound we assigned to be 1-cyanophenoxazine.

The only slight discrepancy between experimental and calculated data for phenoxazine-1-carboxylic acid is that the COOH group produces and upfield shift (113 to 111 ppm) for C(1) relative to the unsubstituted phenoxazine whereas a downfield shift was predicted. For the 1-cyanophenoxazine there is good accord between the experimental and calculated data while there is considerable discrepancy between the experimental spectrum and that calculated for the alternative 4-cyanophenoxazine (Table 1).

In addition, the observed 13C chemical shifts for the cyanophenoxazine prepared from 2-aminophenol and 3,4-difluorobenzonitrile at 130 °C were in better correspondence with the calculated shifts for 3-cyanophenoxazine than for 2-cyanophenoxazine; compare, for example, the observed shift of 101 ppm for the cyano-substituted C atom with 104.7 ppm calculated for 3-cyanophenoxazine and 108.3 ppm for 2-cyanophenoxazine. This cyanophenoxazine was, therefore, assigned to be 3-cyanophenoxazine.

Thus, assignments for both cyanophenoxazines are in agreement with the first formed intermediate in the fluoro displacement reactions, aminophenyl cyanofluorophenyl ethers 6b and 12b in the main text, undergoing a Smiles’ rearrangement prior to cyclization.

Absolute proof of the designation of compounds 8b and 14b as 1-cyanophenoxazine and 3-cyanophenoxazine, respectively, was obtained by single crystal X-ray analysis of their 10-acetyl derivatives 17 and 18. ORTEP diagrams for these compounds, together with crystallographic data are presented below.

Compound designations refer to those used in the main text.

1-Cyanophenoxazine 8b:
For 13C NMR in d6DMSO see Table 1. Fluorescence and excitation and emission spectra were recorded in methanol (MeOH) and dichloromethane (DCM); the fluorescence lifetimes were also determined. Details of the procedures are presented in the preceding paper. The excitation maxima were found at (DCM) 246 (max), 314 and 380 and (MeOH) 227, 242 (max), 309 and 380 nm. Emission maxima were at (DCM) 449 nm and (MeOH) 454 nm.; fluorescence lifetimes were (DCM) 5.8 ns and (MeOH) 4.5 ns. These parameters were kindly recorded by Dr Linda Swanson, University of Lancaster.

3-cyanophenoxazine 14b:

For 13C (/ppm (d6DMSO) see Table 1; it is possible that the peaks assigned to C(4a) and C(5a) should be interchanged.

1-cyanobenzo[b]phenoxazine 21
13C (/ppm (d6-DMSO) 142.80, 142.42, 134.50, 131.10, 129.86, 129.33, 127.39, 126.64, 126.09, 125.32, 124.27, 120.43, 119.45, 116.38, 110.64, 109.75, CN 94.64.

2'-Amino-2-cyano-6-fluorodiphenylether 6b
13C (/ppm (d6DMSO) 155.09, 152.60, (145.01,144.88), 144.17, 138.27, (129.73,129.69), (126.57,126.49), 124.19, (122.86,122.70), (115.74,115.45), CN (114.67,114.62), 114.16, (107.88,107.85).

2'-Amino-2-fluoro-4-cyanodiphenylether 12b
13C (/ppm (d6DMSO) 152.69, 150.22, (149.75,149.62), 140.65, 139.23, (130.11,130.07), 126.51, 120.84, (120.62,120.40), (117.84,117.82), 117.36, (116.51,116.28), (104.48,104.39).

Phenoxazine-1-carboxylic acid 11b:

For 13C see Table 1.
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X-ray structure determinations: Crystal data were recorded on a Stoe-IPDS diffractometer using graphite monochroamated MoK(-radiation (( = 0.71073 Å), T = 200 K, structures were solved by Direct Methods and refined by full-matrix least squares against F2 using all data (SHELX97). All non-hydrogen atoms were refined anisotropically. H-positions were fixed geometrically and allowed to ride on their parent atom during refinement. Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: (+44)1223 336-033; e-mail: deposit@ccdc.cam.ac.uk

Details of the crystal structures of 10-acetyl-1-cyanophenoxazine 17 and 10-acetyl-3-cyanophenoxazine 18 are presented in the following diagrams and accompanying tables.

Table 1 13C NMR data for cyanophenoxazines prepared by cyano-activated fluorodisplacement reactions between cyanodifluorobenzenes and 2-aminophenol at 130 °C.

C1
C2
C3
C4
C4a
C5a
C6
C7
C8
C9
C9a
C10a
other

unsubst.a
113.1
123.7
120.1
114.9
142.7
142.7
114.9
120.1
123.7
113.1
132.3
132.3


1-COOHb
111.3
125.2
118.9
118.6
142.6
143.5
114.9
121.8
124.0
114.6
135.6
129.9
168.7

1-COOH
111.4
125.3
119.0
118.7
142.6
143.6
114.9
121.9
124.0
114.6
135.6
129.9
168.6

1-COOHc
115.2
125.2
120.1
120.0
142.7
142.7
114.9
120.1
123.7
113.1
132.3
133.8


1-CN
95
125.8
121.0
119.3
143.1
143.9
114.0
123.0
124.2
115.8
129.0
135.8
116.0

1-CNc
97.7
127.3
120.7
118.8
143.3
142.7
114.9
120.1
123.7
113.1
132.3
135.9
~116

4-CNc
117.0
124.3
123.7
99.5
146.3
142.7
114.9
120.1
123.7
113.1
132.3
135.9
~116

3-CN
115.2
129.6
101.0
121.7
142.66
142.41
113.9
119.1
124.4
113.2
130.3
137.4
119.1

3-CNc
113.7
127.3
104.7
118.5
143.3
142.7
114.9
120.1
123.7
113.1
132.3
136.2


2-CNc
116.7
108.3
123.7
115.5
146.6
142.7
114.9
120.1
123.7
113.1
132.3
132.9
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