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Onium salts, e.g., iodonium, sulfonium, and ammo-
nium, are used as initiators of photopolymerization
of unsaturated compounds [1-4]. Apart from salts
containing a single cationic center, those possessing
several cationic centers were reported; examples are
disulfonium salts based on thioxanthen-9-one deriva-
tives [5].

We previously [6] synthesized 10-(4-heptyloxy-
phenyl)-9-oxothioxanthenium hexafluorophosphates(V)
by condensation of thioxanthene S-oxides with heptyl-
oxybenzene. In the present communication we report
on the synthesis of thioxanthenium bis[hexafluoro-
phosphates(V)] which differ from known salts [5] by
the presence of an additional ammonium or phospho-
nium substituent. We believe that compounds posses-
sing several photochemically active centers with dif-
ferent initiating mechanisms may be used as efficient
universal potoinitiators. The target compounds were
synthesized in two ways starting from 2-bromo-
methylthioxanthen-9-one (I) and 2-bromomethyl-10-
(4-heptyloxyphenyl)-9-oxothioxanthenium hexafluoro-
phosphate(V) (IT). According to the first of these,
bromo derivative I was treated with bases (triethyl-
amine, pyridine, or triphenylphosphine) to obtain the
corresponding triethylammonium, pyridinium, and tri-
phenylphosphonium bromides IITa—ITlc which were
converted into hexafluorophosphates(V) IVa—IVe via
exchange reaction with KPF¢. Oxidation of salts IVa—
I'Ve with cerium ammonium nitrate in acetonitrile gave
sulfoxides Va—Ve, and condensation of the latter with
heptyloxybenzene in methanesulfonic acid—phos-
phoric anhydride afforded thioxanthenium bis[hexa-
fluorophosphates(V)] Vla—Vlec.

The second route to salts VI included treatment of
hexafluorophosphate(V) II with tertiary amines. The
reaction of II with triethylamine gave bis[hexafluoro-
phosphate(V)] VIa which was identical to a sample
prepared from sulfoxide Va and heptyloxybenzene.
Analogous reactions of salt IT with N,N-dimethylben-
zylamine and urotropin led to the formation of bis-
[hexafluorophosphates(V)] VId and Vle.

The structure of the products was confirmed by
analytical and spectral methods. Initial compounds I
and II were synthesized as described in [6].

Triethyl(9-0x0-9H-thioxanthen-2-ylmethyl)am-
monium bromide (IITa). A mixture of | mmol of
compound I, 2 mmol of triethylamine, and 30 ml of
chloroform was kept for 48 h at 20-25°C. The mixture
was evaporated by half, and the precipitate was filtered
off. Yield 75%, mp 225-228°C. IR spectrum: v(C=0)
1640 cm™'. "H NMR spectrum, 3, ppm: 1.34 t and
3.22 q (15H, Et, J="7.0 Hz), 4.71 s (2H, CH,), 7.63 td
and 7.82 t.d (1H each, 6-H, 7-H, J = 7.5, 1.2 Hz),
7.88 m (2H, 3-H, 5-H), 8.01 d (1H, 4-H, J = 8.20 Hz),
8.48 d (1H, 8-H,J = 7.80 Hz), 8.60 d (1H, 1-H,
J = 1.40 Hz). Found, %: C 58.54; H 6.29; Br 20.20;
N 3.57; S 7.95. CyH»BrNOS. Calculated, %: C 59.11;
H5.91; Br 19.70; N 3.45; S 7.88.

1-(9-Oxo0-9H-thioxanthen-2-ylmethyl)pyridini-
um bromide (IIIb) was synthesized in a similar way.
Yield 84%, mp 245-247°C [7]. The IR spectrum of the
product was identical to that given in [7]. '"H NMR
spectrum, &, ppm: 6.07 s (2H, CH,), 7.61 t.d and
7.79 t.d (1H each, 6-H, 7-H, J = 8.0, 1.5 Hz), 7.86 d.d
(1H, 5-H, J= 8.0, 1.5 Hz), 7.95 m (2H, 3-H, 4-H),
8.21t (2H, 3'-H, 5'-H, J = 7.0 Hz), 8.45 d.d (1H, 8-H,
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J=28.0, 1.5 Hz), 8.65 m (2H, 1-H, 4'-H), 9.32 d (2H,
2'-H, 6'-H, J = 7.0 Hz). Found, %: Br 20.90; N 3.49;
S 8.20. C9H4BrNOS. Calculated, %: Br 20.83;
N 3.64; S 8.33.
(9-Ox0-9H-thioxanthen-2-ylmethyl)triphenyl-
phosphonium bromide (IIlc). A mixture of 2 mmol
of compound I, 2.3 mmol of triphenylphosphine, and
20 ml of toluene was heated for 1 h under reflux. The
mixture was cooled, and the precipitate was filtered
off. Yield 76%, mp 299-303°C. IR spectrum: v(C=0)
1633 cm™'. '"H NMR spectrum, 3, ppm: 5.42 d (2H,
CH,, J = 15.6 Hz), 7.36 m (1H, 3-H), 7.58 t.d (IH,
6-H, J = 8.0, 1.0 Hz), 7.69—7.80 m (14H, 4-H, 7-H,
o-H, m-H), 7.83 d (1H, 5-H, J = 8.0 Hz), 7.92 t.d (3H,
p-H, J=17.0, 2.0 Hz), 8.12 m (1H, 1-H), 8.39 d.d
(1H, 8-H, J= 8.0, 1.0 Hz). Found, %: C 68.08; H 4.65;
Br 14.10; S 5.80. C;,H»4BrOPS. Calculated, %:
C67.72; H4.23; Br 14.11; S 5.64.
Triethyl(9-0x0-9H-thioxanthen-2-ylmethyl)am-
monium, 1-(9-0x0-9H-thioxanthen-2-ylmethyl)pyri-
dinium, and (9-oxo0-9H-thioxanthen-2-ylmethyl)tri-
phenylphosphonium hexafluorophosphates(V) I'Va—

IVce were obtained by adding a solution of 1.5-2 mmol
of KPFg in 3—5 ml of water to a solution of 1 mmol
of the corresponding bromide IIIa—IIlc in 15 ml of
dimethyl sulfoxide.

Compound IVa. Yield 70%, mp 241-242°C. IR
spectrum, v, cm': 1638 (C=0), 839 (P-F). '"H NMR
spectrum, o, ppm: 1.35 t and 3.23 q (15H, 3Et, J =
7.0 Hz), 4.68 s (2H, CH,), 7.63 t.d and 7.82 t.d (1H
each, 6-H, 7-H, J = 8.0, 1.2 Hz), 7.84-7.90 m (2H,
3-H, 5-H), 7.99 d (1H, 4-H, J = 8.4 Hz), 8.47 d (1H,
8-H, J= 8.0 Hz), 8.61 d (1H, 1-H, J = 1.6 Hz). °F
NMR spectrum: dg: 92.5 ppm, d (Jgp = 711.5 Hz).
Found, %: C 50.64; H 5.19; F 24.22; N 3.08; S 6.76.
C,oH4FsNOPS. Calculated, %: C 50.95; H 5.09;
F 24.20; N 2.97; S 6.79.

Compound IVb. Yield 78%, mp 238-239°C. IR
spectrum, v, cm : 1627 (C=0), 835 (P-F). '"H NMR
spectrum, &, ppm: 6.03 s (2H, CH,), 7.62 t.d and
7.81 t.d (1H each, 6-H, 7-H, J = 8.0, 1.5 Hz), 7.88 d.d
(1H, 5-H, J= 8.0, 1.5 Hz), 7.95 m (2H, 3-H, 4-H),
8.20 m (2H, 3'-H, 5'-H), 8.46 d.d (1H, 8-H, J = 8.0,
1.5 Hz), 8.59-8.70 m (2H, 1-H, 4'-H), 9.27 m (2H,
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2'-H, 6'-H). "’F NMR spectrum: &y 92.4 ppm, d (Jyp =
711.1 Hz). Found, %: C 50.06; H 3.12; F 25.17;
N 3.61; S 7.26. C1oH4FsNOPS. Calculated, %:
C 50.78; H3.12; F 25.39; N 3.12; S 7.13.

Compound IVe. Yield 87%, mp 222-224°C (from
ethanol). IR spectrum, v, cm™': 1635 (C=0), 841
(P-F). "H NMR spectrum, 5, ppm: 5.35 d (2H, CH,,
J=15.8 Hz), 7.33 m (1H, 3-H), 7.58 t.d (1H, 6-H,
J=8.0, 1.5 Hz), 7.64-7.98 m (18H, 4-H, 5-H, 7-H,
CeHs), 8.14 m (1H, 1-H), 8.40 d.d (1H, 8-H, J = 8.0,
1.5 Hz). Found, %: C 60.08; H 3.68; F 18.02; P 9.72;
S 5.16. C3,Hy4FsOP,S. Calculated, %: C 60.76; H 3.80;
F 18.04; P9.81; S 5.06.

Triethyl(9,10-dioxo-9H-101"-thioxanthen-2-yl-
methyl)ammonium, 1-(9,10-dioxo-9H-102"-thioxan-
then-2-ylmethyl)pyridinium, and (9,10-dioxo-9H-
102*-thioxanthen-2-ylmethyl)triphenylphospho-
nium hexafluorophosphates(V) Va—Vc¢ were obtained
by oxidation of 1 mmol of the corresponding hexa-
fluorophosphate(V) IVa-IVe with 4 mmol of
(NH4),Ce(NO,)6 in 21 ml of a 3:1 acetonitrile—water
mixture on stirring at 20-25°C for 2 h, followed by
addition of 20 ml of water and cooling to 5°C.

Compound Va. Yield 85%, mp 199-205°C. IR
spectrum, v, cm: 1675 (C=0), 1036 (S=0), 936
(P—F). '"H NMR spectrum, &, ppm: 1.34 t and 3.25 q
(15H, 3Et), 4.73 s (2H, CH,), 7.88 t.d and 8.02 t.d (1H
each, 6-H, 7-H, J= 8.0, 1.5 Hz), 8.09 d.d and 8.17 d.d
(1H each, 3-H, 5-H, J= 8.0, 1.5 Hz), 8.27 d (1H, 4-H,
J=8.0 Hz), 8.32 m (1H, 8-H), 8.42d (1H, I-H, J =
1.5 Hz). "F NMR spectrum: 8¢ 92.4 ppm, d (Jip =
711.1 Hz). Found, %: F 23.41; N 3.07; S 6.66.
CyoHpF¢NO,PS. Calculated, %: F 23.41; N 2.87; S 6.57.

Compound Vb. Yield 92%, mp 230-233°C. IR
spectrum, v, cm™!: 1663 (C=0), 1041 (S=0), 839
(P—F). '"H NMR spectrum, &, ppm: 6.09 s (2H, CH,),
7.85 t.d and 7.99 t.d (1H each, 6-H, 7-H, J = 7.60,
1.12 Hz), 8.07-8.32 m (6H, 3-H, 4-H, 5-H, 8-H, 3'-H,
5'-H), 8.46 d (1H, 1-H, J = 1.12 Hz), 8.66 t (1H, 4-H,
J=17.8 Hz), 9.26 d (2H, 2'-H, 6'-H, J = 6.8 Hz).
F NMR spectrum: 8z 92.4 ppm (Jpp = 711.1 Hz).
Found, %: N 3.39; S 6.86. C,oH,4FsNO,PS. Calculat-
ed, %: N 3.01; S 6.57.

Compound Ve. Yield 66%, mp 290-292°C. IR
spectrum, v, cm ' 1672 (C=0), 1033 (S=0), 838
(P-F). "H NMR spectrum, 8, ppm: 5.41 d (2H, CH,,
J=16.0 Hz), 7.59 m (1H, 3-H), 7.68—7.80 m and
7.90-7.95 m (15H, 3C¢Hs), 7.81-7.88 m (2H, 1-H,
7-H), 7.98 t.d (1H, 6-H, J = 7.0, 1.2 Hz), 8.04 d (1H,
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4-H, J=17.5 Hz), 8.13 d and 8.23 d (1H each, 5-H,
8-H, J= 7.0 Hz). Found, %: C 59.71; H 4.21; F 18.07,
S 4.83. C3,Ho4FsO,P5S. Calculated, %: C 59.26; H 3.70;
F 17.59; S 4.94.

2-(Triethylammoniomethyl)-, 2-(pyridinio-
methyl)-, and 2-(triphenylphosphoniomethyl)-10-
(4-heptyloxyphenyl)-9-oxo0-9H-thioxanthen-10-ium
bis[hexafluorophosphates(V)] VIa—VIc. A mixture of
4 ml of methanesulfonic acid—P,Os (10:1), 0.18 g
(0.9 mmol) of heptyloxybenzene, and 0.35 g
(0.7 mmol) of hexafluorophosphate Va—Ve¢ was stirred
for 2.5 h at 20-25°C. Ice was then added to cool the
mixture to 5°C, and a solution of 0.5 g (2.7 mmol) of
KPFs in 5 ml of water was added. The mixture was
stirred for 0.5 h, and the precipitate was filtered off,
dried, and reprecipitated twice from methylene chlo-
ride with diethyl ether.

Compound VIa. Yield 0.35 g (60%), mp 126—
128°C. IR spectrum, v, cm : 1677 (C=0), 841 (P-F).
"H NMR spectrum, &, ppm: 0.85 t (3H, CH;, J =
6.6 Hz); 1.30 m, 1.69 m, and 3.24 q (25H, 5CH,, 3Et,
J = 6.4 Hz); 4.07 t (2H, OCH,, J = 6.4 Hz); 4.75 m
(2H, CH,N); 7.20 d and 7.96 d (4H, C¢H,, J = 9.0 Hz);
8.00-8.20 m (5H, 3-H, 4-H, 5-H, 6-H, 7-H); 8.56 m
(1H, 8-H); 8.67 m (1H, 1-H). ”F NMR spectrum:
8¢ 92.4 ppm, d (Jpp = 711.3 Hz). Found, %: C 48.82;
H 5.32; F 27.91; N 2.00; S 3.98. C33H;3sNO,S -2 PFq.
Calculated, %: C 49.07; H5.33; F 28.25; N 1.73; S 3.96.

Compound VIb. Yield 88%, mp 106—110°C. IR
spectrum, v, cm: 1677 (C=0), 1636 (CsHsN"),
840 (P-F). '"H NMR spectrum, 5, ppm: 0.84 m (3H,
CH;), 1.25 m and 1.69 m (10H, 5CH,), 4.04 t (2H,
OCH,, J=6.0 Hz), 6.10 s (2H, CH;N), 7.17 d and
7.93 d (4H, C¢H4, J=9.0 Hz), 8.01 m (2H, 3'-H, 5'-H),
8.11 m (2H, 3-H, 4-H), 8.24 t (2H, 6-H, 7-H, J =
7.0 Hz), 8.55 m (2H, 5-H, 8-H), 8.62-8.72 m (2H, 1-H,
4'-H), 9.31 d (2H, 2'-H, 6'-H, J = 5.8 Hz). ’F NMR
spectrum: Or 92.5 ppm, d (Jrp = 711.3 Hz). Found, %:
C 48.94; H4.17; F 28.49; N 2.00; S 3.76. C5,H5;NO,S-
2PFg Calculated, %: C 48.92; H 4.20; F 29.04; N 1.78;
S 4.07.

Compound Vle. Yield 92%, mp 115-120°C. IR
spectrum, v, cm 2930, 2850 (C-H); 1676 (C=0),
840 (P-F). "H NMR spectrum, o, ppm: 0.86 m (3H,
CN;), 1.09 m and 1.71 m (10H, 5CH,), 4.09 t (2H,
OCH,, J 6.0 Hz), 5.45 m (2H, CH,P), 7.26 d and
7.47 d (4H, C¢H,4, J = 8.8 Hz), 7.52-8.03 m (20H, 3-H,
4-H, 5-H, 6-H, 7-H, 3C¢Hs), 8.19 m (1H, 1-H), 8.48 m
(1H, 8-H). "F NMR spectrum: 3y 92.48 ppm, d
(Jgp = 711.7 Hz). Found, %: C 55.38; H 4.39; S 3.86.
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C4sHy30,PS - 2PF4. Calculated, %: C 55.78; H 4.44;
S 3.30.

Reaction of salt II with amines. A solution of
0.5 mmol of compound II and 0.7-1 mmol of triethyl-
amine, N,N-dimethylbenzylamine, or urotropin in
20 ml of chloroform was kept for 30 h at 20-25°C. In
the reaction with triethylamine, the mixture was cooled
to 0°C, and the precipitate was filtered off and washed
with diethyl ether. Yield of salt VIa 0.13 g (32%),
mp 123-126°C (from ethanol). The IR and 'H and
F NMR spectra of the product were identical to those
of a sample prepared as described above from sulf-
oxide Va and heptyloxybenzene.

In the reactions with N,N-dimethylbenzylamine and
urotropin, the mixture was evaporated almost to dry-
ness, the residue was dissolved in 10 ml of DMSO,
a solution of 1 mmol of KPF4 in 3 ml of water was
added, and compound VId or VIe was filtered off,
dried, and reprecipitated from ethanol with diethyl
ether.

2-(N-Benzyl-N,N-dimethylammoniomethyl)-10-
(4-heptyloxyphenyl)-9-o0xo0-9H-thioxanthenium bis-
[hexafluorophosphate(V)] (VId). Yield 55%,
mp 140-145°C (from ethanol). IR spectrum, v, cm:
1676 (C=0), 840 (P-F). 'H NMR spectrum, &, ppm:
0.85 m (3H, CH5CH;), 1.25 m and 1.71 m (10H,
5CH3), 2.92 s and 2.95 s (3H each, CHs), 4.06 t (2H,
OCH,, J = 6.2 Hz), 4.65 s and 4.82 s (4H, 2CH;N),
7.20 d and 7.96 d (4H, C¢Hy, J = 9.2 Hz), 7.61 br.s
(5H, Cg¢Hs), 8.02 m (3H, 5-H, 6-H, 7-H), 8.18 m (2H,
3-H, 4-H), 8.56 m (1H, 8-H), 8.77 m (1H, 1-H).
Found, %: C 51.52; H 4.54; F 26.97; N 2.01; S 4.23.
C36H4iINO,S-2PF¢. Calculated, %: C 51.37; H 4.87,;
F 27.11; N 1.66; S 3.80.

2-(1,3,5,7-Tetraazatricyclo[3.3.1.1%7|decan-1-io-
methyl)-10-(4-heptyloxyphenyl)-9-oxo-9H-thioxan-
thenium bis[hexafluorophosphate(V)] (VIe). Yield
42%, mp 173-178°C. IR spectrum, v, cm™': 2932,
2858 (C—H); 1679 (C=0); 843 (P-F). '"H NMR spec-
trum, 8, ppm: 0.85 m (3H, CH3), 1.28 m and 1.52 m
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(10H, 5CH,), 4.07 t (2H, OCH,, J = 6.5 Hz), 4.27—
4.68 m (8H, 4CH,N"), 5.10 br.s (6H, 3CH,N), 7.20 d
and 7.95 d (4H, C¢H,, J = 8.8 Hz), 7.99-8.24 m (5H,
3-H, 4-H, 5-H, 6-H, 7-H), 8.58 m (1H, 8-H), 8.67 m
(1H, 1-H). ’F NMR spectrum: & 92.49 ppm, d (Jyp =
711.3 Hz). Found, %: C 47.01; H 4.68; N 6.63; S 4.20.
C33H40N4OQS‘2PF6. Calculated, %: C 4681, H 473,
N 6.62; S 3.78.

The IR spectra were recorded in KBr on a Vector-
22 instrument. The 'H and ""F NMR spectra were
measured on a Bruker AC-200 spectrometer from solu-
tions in DMSO-d; using the residual solvent signal as
reference for 'H; the ""F chemical shifts were deter-
mined relative to C¢F¢ as reference. The progress of
reactions and the purity of products were monitored
by TLC on Silufol UV-254 plates using benzene or
chloroform as eluent.
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