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Spectra '"H NMR were recorded on Varian Mercury VX 200 instrument (spectrum of 8¢ was recorded on Bruker AMX 500
spectrometer) using DMSO-d as solvent and TMS as an internal standard. '*C NMR experiments were performed using Bruker
AMX 500 spectrometer or Varian Mercury MR-400 (for 7e and 8a). FID files were analyzed and reports were created by
ACD/NMR Processor Academic Edition. For more information go to www.acdlabs.com/nmrproc.

IR Spectra were taken on a Perkin—Elmer 298 spectrophotometer in KBr pellets. Mass spectra were taken on a Varian
1200L DIP (EI, 70 eV).
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'"H NMR spectrum of 5a, solvent — DMSO-dj,
internal standard — TMS
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BC NMR spectrum of 5a, solvent — DMSO-d,

NH,

CN

o

.80
N 2

X
kMe

LY:}

—13.83

—37.49

—42.45

—58.21

—114.44
r117.28
~119.04
119.33
123.77
~-124.55
127.59
~-127.76
“128.64

—132.37

—137.75

—142.62

—146.27

—158.87

144 136 128 120 1712 104 96 88 80 T2 64 56 48 40 32 24 16
(Ppm)

162

Chemical Shift



IR spectrum of Sa
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EI-MS of 5a

Spectrum 1A 178-DEP

BP: 302 (1.505e+8=100%), 178-dep 11.10.2014.xms 1.027 min, Scans: 157-163, 50.0:500.0>, lon: NA, RIC: 9.653e+8, BC
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'"H NMR spectrum of 5b, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 5b, solvent — DMSO-dg
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IR spectrum of Sb o XN
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EI-MS of 5b

Spectrum 2A

BP: 358 (9.804e+7=100%), 182-dep_11.10.2014.xms

182-DEP

1.234 min, Scans: 206-210, 50.0:500.0>, lon: NA, RIC: 1.047e+9, BC
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BC NMR spectrum of 5¢, solvent — DMSO-dg
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IR spectrum of Sc¢
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EI-MS of 5¢

Spectrum 1A 180-DEP

BP: 312 (3.889e+8=100%), 180-dep 11.10.2014 xms 0.297 min, Scans: 23-27, 50.0:500.0>, lon: NA,  RIC: 1.576e+9

i ] 312 ]
100%- ]
] NH, E
750/0_: (O CN OMe _:
' LT 5

: N .
50%] Me -]
] o ]
25% i E
] 66 132 220 48 284 e :

: l o1 Md 156 190 JL L 16 L 40 :

OO/U ] L 4 tlllll ||||m|| | 1 L I 7
1 I I L) LI T L) 160l 1 1 1 I 1 1 1 I 2éol LI Ll L) L) I 1 L) I 360 1 1 1 1 1 I L) l4é0l 1 560 T I

m/z




"H NMR spectrum of 5d, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 5d, solvent — DMSO-dg

NH,
07X CN

.S0, OMe

Me
5d

I o
| I | |
| | I! [ ‘
‘ ‘ ‘ I‘
| y s ) . -
f
o L LE L 2L &8% ||
P Y - i SR SR 3 i i g 3 P I Vs (N s 8 [3,] w 5 w e
[$,04,] 3 W W W nN NN _ e [e] w N [s2] w
o ® o N DD 0 AWK OONPAW NN IN ~ @
~N [e 2} ~N OON [{e] o~ W =W~ N N w (¢+] s
o O, o] - = O oo = O~ bBOD
T T T T T T T T T T T T T T T T T e e e T e e
152 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)



IR spectrum of 5d
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EI-MS of 5d

Spectrum 1A 248-DEP

BP: 343 (1.532¢+8=100%), 248-dep 11.10.2014.xms 1.233 min, Scans: 204-233, 50.0:500.0>, lon: NA, RIC: 1.608e+9, EBC
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'"H NMR spectrum of Se, solvent — DMSO-dg,
internal standard — TMS
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BBC NMR spectrum of 5e, solvent — DMSO-dg

Cl

| | |
|
]\ ‘ |
|
" I
| | | — 7 1 NN |
i S by L VU VT, P TR (. Tt s S UL %)) 5 w iy
w & e W WWLWNN NN —= = ~ N (o] w
o 2 = N NMMNO A ©O0N W o S o o
~ w [*2] ~ 200 O W oo —= O co o - oo
[{s) - (%)) Y ~ 00 =N OO oo~ W
LB L B 2 L e
1562 144 136 128 120 112 104 96 88 80 72 64 56 48 40 32 24 16 8 0

Chemical Shift (ppm)



IR spectrum of Se o XN
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EI-MS of Se

Spectrum 1A 247-DEP

BP: 302 (2.678e+7=100%), 247-dep 11.10.2014 xms 0.368 min, Scans: 43-49. 50.0:500.0>, lon: NA, RIC: 3.114e+8, BC
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'"H NMR spectrum of 5f, solvent — DMSO-ds,
internal standard — TMS
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BBC NMR spectrum of 5f, solvent — DMSO-dg
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IR spectrum of 5f

%T

82,7
82

80

78

76

74 |

72

70

68

66 |

64

62 |

60 |

58 |

56 |

54 |

52.]

50

48 |

46

44

42

40,0

54,5

211,9

33249

2922,1

2196,9

LT
N/802 N,Me

Me

—

48.8)

901.0

12870 85,7 " 5380

1398, 081.1

758.8

2597

1474

1173,9

13437

16815 13249

4000.,0

T
3000

T
2000

T T T 1
1500 1000 450.0
cm-1



EI-MS of 5f

Spectrum 1A 203-DEP

BP: 210 (9.698e+7=100%), 203-dep 11.10.2014.xms 0.259 min, Scans: 24-30, 50.0:500.0>, lon: NA, RIC: 9.657e+8, EBC
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"H NMR spectrum of 5g, solvent — DMSO-dj,
internal standard — TMS

The downfield shift of 4 proton of
4H-pyran ring can be explained by
unshielding effect of the bulky
aromatic anthracene core.
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3C NMR spectrum of 5g, solvent — DMSO-d,

All carbon atoms of anthracene core are unequal
due to hindrance of rotation.
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IR spectrum of 5g
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EI-MS of 5g

Spectrum 1A
BP: 146 (2.769e+7=100%), 249-dep 11.10.2014.xms 0.364 min, Scans: 41-45, 50.0:550.0>, lon: NA, RIC: 4.336e+8, BC
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'"H NMR spectrum of 7a, solvent — DMSO-dj,
internal standard — TMS
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3C NMR spectrum of 7a, solvent — DMSO-d,
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IR spectrum of 7a
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EI-MS of 7a

Spectrum 1A 206-345-DEP

BP: 349 (1.100e+9=100%), 206-345-dep 11.10.2014.xms 0.977 min, Scans: 166-168, 50.0:500.0>, lon: NA, RIC: 6.132e+9, BC
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'H NMR spectrum of 7b, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 7b, solvent — DMSO-dg
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IR spectrum of 7b
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EI-MS

of 7b

Spectrum 1A

BP: 349 (1.356e+9=100%), 208-dep 11.10.2014.xms

0.269 min, Scans: 25-27

208-DEP

, 50.0:550.0>, lon: NA, RIC: 5.498e+9, BC
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'"H NMR spectrum of 7¢, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 7¢, solvent — DMSO-dg
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IR spectrum of 7¢
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EI-MS of 7¢

Spectrum 1A 207-2-DEP

BP: 383 (1.035e+8=100%), 207-2-dep _11.10.2014.xms 0.167 min, Scans: 7-9, 50.0:550.0>, lon: NA, RIC: 7.348e+8, BC
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'H NMR spectrum of 7d, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 7d, solvent — DMSO-dg
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EI-MS of 7d

Spectrum 1A 254-2-DEP

BP: 285 (9.980e+7=100%), 254-2-dep 11.10.2014.xms 0.223 min, Scans: 16-20, 50.0:550.0>, lon: NA, RIC: 9.703e+8, BC
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"H NMR spectrum of 7e, solvent — DMSO-dg,
internal standard — TMS
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BC NMR spectrum of 7e was recorded on
+C NMR spectrum of 7e, solvent — DMSO-ds Varian Mercury MR-400 spectrometer.
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EI-MS of 7e

Spectrum 2A

BP: 349 (3.073e+8=100%), d-253-3-dep 09.02.2015.xms

1.366 min, Scans: 171-173, 50.0:600.0>, lon: NA, RIC: 3.527e+9, EBC
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'"H NMR spectrum of 8a, solvent — DMSO-dj,
internal standard — TMS

The signals of triethylammonium NH-group are not found
in the spectra probably due to the fast deuteroexchange.
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BC NMR spectrum of 8a was recorded on
#C NMR spectrum of 8a, solvent — DMSO-d, Varian Mercury MR-400 spectrometer.
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EI-MS of 8a

The mass spectra of bis-adduct 8a is characterized by the presence of the heaviest fragment of ion peak ([M-326]") corresponding
to enone 11a.

Spectrum 2A 206-DEP

BP: 234 (3.297e+8=100%), 206-dep 11.10.2014.xms 1.223 min, Scans: 149-151, 50.0:700.0>, lon: NA, RIC: 2.646e+9, EBC
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'"H NMR spectrum of 8b, solvent — DMSO-dg,
internal standard — TMS

The signals of triethylammonium NH-group are not found
in the spectra probably due to the fast deuteroexchange.
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BC NMR spectrum of 8b, solvent — DMSO-dg
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EI-MS of 8b

The mass spectra of bis-adduct 8b is characterized by the presence of the heaviest fragment of ion peak ([M-326]") corresponding
to enone 11b.

Spectrum 1A 233-DEP

BP: 294 (8.518e+8=100%), 233-dep 11.10.2014.xms 1.133 min, Scans: 121-127. 50.0:700.0>, lon: NA, RIC: 9.381e+9, BC
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0.50

'H NMR spectrum of 8¢, solvent — DMSO-dg,
internal standard — TMS

"H NMR spectrum of 8¢ was recorded on
Bruker AMX 500 spectrometer.

The signals of triethylammonium NH-group are not found J

in the spectra probably due to the fast deuteroexchange. ‘
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BC NMR spectrum of 8¢, solvent — DMSO-dg
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"H NMR spectrum of 8e, solvent — DMSO-dg,
internal standard — TMS

The signals of triethylammonium NH-group are not found
in the spectra probably due to the fast deuteroexchange.
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BC NMR spectrum of 8e, solvent — DMSO-dg
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EI-MS of 8e

The mass spectra of bis-adduct 8e is characterized by the presence of the heaviest fragment of ion peak ([M-326]") corresponding
to enone 11e.

Spectrum 1A 253-DEP

BP: 232 (6.052e+7=100%), 253-dep 11.10.2014.xms 0.943 min, Scans: 102-119, 50.0:700.0>, lon: NA, RIC: 9.285e+8, EBC
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SINGLE CRYSTAL X-RAY DIFFRACTION STUDY
of compounds 7b and 8b

Molecular and crystal structure of the compound 7b.
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< K/\’
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Figure 1. The molecular structure of the compound 7b according to X-ray diffraction

data. Thermal ellipsoids of atoms are shown at 50% probability levels.

The compound 7b exists as methanol monosolvate in the crystal phase. The solvate
molecule is disordered over three positions with its non-equal populations (0.5 : 0.25 : 0.25).

The benzothiazine ring adopts a twist-boat conformation (the puckering parameters [1]
are: S =0.65, ® = 51.4°, ¥ = 27.3°). Deviations of the S1 and C8 atoms from the mean plane of
the remaining atoms of this ring are -0.90 A and -0.35 A, respectively. The pyrane ring is planar
within 0.02 A. The carboxylic fragment of the ester substituent is coplanar to the pyrane ring (the
CI11-C10-C12-O4 torsion angle is -5.0(2)°), that is stabilized by the N2-H2Nb...O4
intramolecular hydrogen bond (H...O 2.02 A N-H...O 132°). The formation of hydrogen bond
results in the elongation of the O4-C12 bond up to 1.227(2) A as compared with its mean value
[2] 1.210 A. The ethyl group has ap-conformation relatively the C10-C12 bond and the C13-C14
and C12-O5 bonds are anti-periplanar (the C13-O5-C12-C10 and C12-O5-C13-C14 torsion
angles are -179.5(1)° and 178.4(1)°, respectively). Para-nitrophenyl substituent adopts an axial
position and is turned appreciably relatively the pyrane ring (the C7-C8-C9-C15 and C8-C9-



C15-C20 torsion angles are -117.7(2)° and 60.5(2)°, respectively). The repulsion between vicinal
ester and p-nitrophenyl substituents (the shortened intramolecular contact O5...C15 2.96 A as
compared with van der Waals radii sum [3] 3.00 A) leads to the C9-C15 bond elongation
(1.531(2) A as compared with mean value 1.511 A). The nitro group is slightly non-coplanar to
the aromatic ring (the O7-N3-C18-C19 torsion angle is -7.0(2)°), in spite of the H17...06 2.41 A
and H19...07 2.45 A attractive interactions (van der Waals radii sum is 2.46 A) which should
not be considered as hydrogen bonds due to too small bond angle value (98° and 96°,
respectively). The ethyl substituent at the N1 atom is orthogonal to the planar fragment of the
benzothiazine ring (the C1-N1-C21-C22 torsion angle is 92.1(2)°). The steric repulsion between
this substituent and the C1...C6 aromatic ring (the shortened intramolecular contacts are:
H2...C21 2.66 A, H21b...C2 2.70 A, H2...H21b 2.32 A, H22a...H2 2.30 A as compared with
van der Waals radii sum 2.87 A for C...H contact and 2.34 A for H...H contact) causes the
elongation of the C1-N1 bond up to 1.412(2) A (mean value is 1.371 A).

In the crystal phase the 7b molecules are bonded with solvate methanol molecules by the

N2-H2Na...Ols’ intermolecular hydrogen bond (H...O 2.12 A N-H...O 168°).



Molecular and crystal structure of the compound 8b.

Figure 2. The molecular structure of the compound 8b according to X-ray diffraction

data. Thermal ellipsoids of atoms are shown at 50% probability levels.

The 8b compound corresponds to the triethylammonium salt with organic anion. The
hydrogen atom at the N1s is located from the electron density difference maps. Only one peak
corresponding to the hydrogen atom is observed between Ol and O4 atoms from the
experimental data and it is located nearer to the O4 atom. The O1-C7 and O4-C11 bond lengths
are comparable (1.309(4) A and 1.314(4) A, respectively) and slightly shorter than the mean
value for the Csp?-OH bond (1.333 A). Summary, only one tautomer of organic anion with
negative charge at the Ol atom may exist in the crystal phase. The O4-H...Ol strong charge-
assisted hydrogen bond (H...O 1.54 A, O-H...O 177°) is formed.

The bicyclic fragments of the anion is situated very similar relatively the C9-C18 bond
(the C7-C8-C9-C18 and C18-C9-C10-C11 torsion angles are -68.0(5)° and 50.05(4)°,
respectively). The endocyclic double bonds are almost coplanar to each other (the C7-C8...C10-
C11 pseudo-torsion angle is -13.8(4)°) what is stabilized by the O4-H...Ol hydrogen bond
considered over. The benzothiazine rings adopt a twist-boat conformations (the puckering
parameters are: S = 0.52, ® =46.9°, ¥ = 26.0° for the S1...C8 ring and S=0.61, ® =49.1°, ¥ =
21.4° for the S2...N2 ring). Deviations of the S1 and C8 atoms from the mean plane of the
remaining atoms of the S1...C8 ring are 0.69 A and 0.28 A, respectively. Pseudo-symmetrical to

ones S2 and C10 atoms deviate from the mean plane of the remaining atoms of the S2...N2 ring



on -0.82 A and -0.24 A, respectively. The C7-C8 and C10-C11 bonds are elongated (1.379(5) A
and 1.360(5) A) as compared with their mean value 1.331 A. The aromatic ring of the substituent
at the C9 atom is almost coplanar to the C8-C9 exocyclic bond (the C8-C9-C18-C19 torsion
angle is -1.7(5)°) and the C9-C18 bond (1.540(5) A) is elongated (mean value is 1.511 A). The
strong repulsion between substituents at the C9 atom and bicyclic fragment (the shortened
intramolecular contacts are C8...H19 2.53 A, C9...H19 2.64 A, C10...H23 2.70 A C7...C19
3.24 A, C11...C23 3.38 A (van der Waals radii sum is 2.87 A for C...H contact and 3.42 A for
C...C contact)) is supposed to be reason of it. The nitro group is non-coplanar to the aromatic
ring (the O7-N3-C21-C20 torsion angle is 14.7(8)°). The ethyl substituents are situated in such
way that the C24-C25 bond is orthogonal to the planar fragment of bicycle (the C1-N1-C24-C25
torsion angle is -90.2(6)°) and the C26-C27 bond has —sc-conformation relatively the C17-N2
bond (the C17-N2-C26-C27 torsion angle is -62.3(9)°). The considerable steric repulsion is
observed between ethyl substituent at the N1 atom and bicyclic ring (the shortened
intramolecular contacts H2...C24 2.64 A, H2...H24b 2.31 A, H24b...C2 2.70 A, H2...C25 2.83
A, H2...H25b2.31 A).

The cation and anion are bonded by the N1s-H...02’ (H...O 1.95 A, N-H...O 152°)
intermolecular hydrogen bond in the crystal phase. It causes the elongation of the S1-O2 bond
(1.458(3) A as compared with mean value 1.428 A).

Experimental part. X-ray diffraction study.

The crystals of 7b (C,,H,1N305S - CH30H) are monoclinic. At 100 K a = 21.5619(7), b =
11.3694(4), c = 18.9777(7) A, bB = 93.367(3)°°, V = 4642.4(3) A3, Mr = 500.77, Z = 1, space
groupC2/c, deae= 1.433 g/em?, mu(MoKaa) = 0.194 mm-!, F(000) = 2096. Intensities of 24414
reflections (6761 independent, R;,; = 0.029) were measured on the«Xcalibur-3» diffractometer
(graphite monochromated MoK, radiation, CCD detector, w-scaning, 20,,.x = 60°).

The crystals of 8b (C¢HsNH™ - C7H,4N304S,°) are orthorhombic. At 293 K a = 13.1522(7),
b = 23.496(2), c = 11.0242(5) A, V = 3406.8(3) A3, Mr = 684.81, Z = 4, space group Pna2,,
deae= 1.335 g/em?, mp(MoKaa) = 0.212 mm-!, F(000) = 1448. Intensities of 33893 reflections
(9887 independent, R;,; = 0.053) were measured on the«Xcalibur-3» diffractometer (graphite
monochromated MoK, radiation, CCD detector, m-scaning, 2@,,,x = 60°).

The structures were solved by direct method using SHELXTL package [4]. Position of
the hydrogen atoms were located from electron density difference maps and refined by “riding”
model with Uiy, = nUq of the carrier atom (n = 1.5 for methyl and hydroxyl groups and for water

molecule and n = 1.2 for other hydrogen atoms). Full-matrix least-squares refinement of the



structures against F? in anisotropic approximation for non-hydrogen atoms using 6714 (7b), 9840
(8b) reflections was converged to: wR, = 0.131 (R; = 0.048 for 5324 reflections with F>4c(F), S
= 1.046) for structure 7b and wR, = 0.189 (R; = 0.067 for 4692 reflections with F>4c(F), S =
0.918) for structure 8b. The final atomic coordinates, and crystallographic data for molecules 7b
and 8b have been deposited to with the Cambridge Crystallographic Data Centre, 12 Union
Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk) and are available

on request quoting the deposition numbers CCDC 1405511 for 7b and CCDC 1405512 for 8b).
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