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Abstract—Treatment of 2-chloro-1,10-phenanthroline with NaSH hydrate in DMF, Na,S nonahydrate in DMF or thiourea in
refluxing ethanol readily afforded 1,10-phenanthroline-2(1H)-thione. This thione undergoes reaction with 1,2-dibromoethane to
yield a thiazole bromide salt. Upon heating the thione in diphenyl ether with 2-chloro-1,10-phenanthroline, the hydrochloride salt
of 2,2'-thiobis-1,10-phenanthroline precipitated and could be converted into the corresponding free base on treatment with aqueous
base. Heteroaryl substituted sulfides could be prepared by treatment of 2-chloro-1,10-phenanthroline with pyridine-2-thione or

pyrimidine-1-thione with potassium carbonate in DMF.
© 2007 Elsevier Ltd. All rights reserved.

Treatment of 2-chloro-1,10-phenanthroline (1) with
NaSH hydrate in DMF,"> Na,S nonahydrate in
DMF? or thiourea in refluxing ethanol® led to 1,10-phe-
nantholine-2(1H)-thione (2a). The structure of 2a as the
thione, rather than the tautomeric thiol, was firmly
established by 'H NMR and '*C NMR comparative
data with related analogues. The gas phase and solvent
dependent tautomeric equilibrium between pyridine-2-
thione and 2-mercaptopyridine (thiol) has been reported
using FTIR experiments and ab initio and density func-
tion theoretical computations.® In solvents such as hep-
tane or dichloromethane, the thione tautomer is more
stable in solution. The '"H NMR spectrum of pyridine-
2-thione in DMSO-dy exhibits the NH absorption at
13.25ppm and the '*C NMR C=S absorption at
177.7 ppm.® The C=S absorption in the '*C NMR spec-
trum in CDCI; occurs at 176.4 ppm.” The '>*C NMR res-
onances for C-S in CDCI; for 2-methylthiopyridine®
and analogue 3a’ are at 159.9 ppm and 161.2 ppm,
respectively. The '"H NMR spectrum of 2a in CDCl;
exhibits the NH peak at 12.35 ppm and the '*C NMR
thione carbon at 181.0 ppm. The N-methyl thione ana-
logue 2b'° in CDCl; exhibits the '*C NMR C=S reso-
nance at 185.1 ppm. The comparative 'C NMR
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chemical shifts in CDCl; for the C=S in pyridine-2-
thione (176.4 ppm) and N-methylpyridine-2-thione
(180.2 ppm) show an upfield shift of +3.8 ppm, respec-
tively. A similar comparison of the '*C NMR data for
2a and 2b shows an upfield shift of +4.1 ppm, respec-
tively. These comparisons suggest that, at least in solu-
tion, the predominant tautomer is thione 2a.

Thione 2a on treatment with neat CH;I readily under-
went methylation in sulfur to afford the hydroiodide salt
of 3a, which on addition of aqueous base afforded 3a.
Compound 3a could also be readily prepared by treat-
ment of 1 with sodium methylthiolate in DMF at room
temperature in DMF as solvent.’
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Upon heating 2a with 1,3-dibromopropane at reflux, the
S-alkylated product 3b (as the hydrobromide salt) was
formed which upon basification yielded the free base
3b.!'! A similar reaction procedure using 1,2-dibromo-
ethane led to thiazole salt 4 readily identifiable by the
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triplets at 6 6.40 and 4.02 ppm (DMSO-dj) for the pro-
tons adjacent to the quaternary nitrogen and the sulfur,
respectively.!?

Of particular interest is the observation that upon heat-
ing a solution of equimolar amounts of 1 and 2a in
diphenyl ether (185-190 °C), the hydrochloride salt of
2,2'-thiobis-1,10-phenanthroline 5 precipitated and was
easily isolated by filtration.'? Treatment of this salt with
aqueous KOH led to 2,2'-thiobis-1,10-phenanthroline
5.'4 Compound 5 can also be readily obtained by treat-
ment of 1 and 2 with K,CO; in refluxing DMF. The
thermal procedure is clearly superior to a previous prep-
aration of 5 which required heating 1 and 2a in KOH/
DMA at reflux for 2.5h.2
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The structure of the product, previously formulated as
the hydrochloride salt of 5, formed on heating 1 under
an atmosphere of H,S gas for 10 h at 180 °C must be
revised to 2a.!> The complete 'H NMR spectrum,
available in the Supplementary data of Ref. 15, exactly
matches the spectrum of our preparations of 2a.

Since our interests in molecules related to 5 deal with
DNA metal-binding ligands, the reactions of two het-
erocyclic thiones with 2-chloro-1,10-phenanthroline (1)
were also studied. Treatment of 1 with pyridine-2-thione
or pyrimidine-1-thione in DMF in the presence of
K,COj; readily afforded 6a'® or 6b,!” respectively.
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A mixture of 1 and NaSCHj; (3 M excess) was stirred at
room temperature for 20 h, quenched into water and the
sulfide was collected by filtration (80%), mp 52-54 °C; 'H
NMR (CDCl;) 6 9.17 (dd, J = 1.8, 4.4 Hz, 1H); 8.23 (dd,
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Unpublished observations. Prepared by treatment of 3¢
with Lawesson’s reagent in THF.

Thione 2a was heated with excess 1,3-dibromopropane
(120 °C, 1h). The hydrobromide salt was collected by
filtration (80%). "H NMR (DMSO-dg) 6 9.37 (dd, J = 1.5,
5.3 Hz, 1H), 9.26 (d, J = 8.2 Hz, 1H), 8.51 (d, J = 8.6 Hz,
1H), 8.30 (m, 1H), 8.28 (d, J=8.8 Hz, 1H), 8.22 (d,
J=8.8Hz, 1H), 7.90 (d, J=8.6 Hz, 1H), 3.74 (m, 4H),
2.30 (quintet, J = 6.8 Hz, 2H). Treatment of this salt with
water and aqueous KOH followed by extraction with
dichloromethane and evaporation led to 3b (49%). 'H
NMR (DMSO-dy) 6 9.18 (dd, J = 1.6, 4.5 Hz, 1H), 8.67
(d, J=17.5Hz, 1H), 8.37 (d, J = 6.5 Hz, 1H), 8.00 (m, 2H),
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J=1.5, 8.0 Hz, 1H), 8.46 (d, J=9.0 Hz, 1H), 8.31 (m,
2H), 8.01 (dd, J=4.5, 8.5Hz, 1H), 6.40 (t, J=8.7 Hz,
2H), 4.02 (t, J = 8.7 Hz, 2H).
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diphenyl ether was heated in an oil bath held at 185—
190 °C for 4.5 h. The resultant yellow solid was collected
by filtration and washed thoroughly with ether. '"H NMR
(DMSO-ds) HCl salt 6 9.2 (dd, J = 1.5, 5.0 Hz, 2H), 9.0 (d,
8.0 Hz, J = 8.5 Hz, 2H), 8.61 (d, J = 8.5 Hz, 2H), 8.19 (m,
4H), 8.13 (m, 4H).
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The HCI salt was treated with aqueous KOH and
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(d, J=8.4 Hz, 2H), 8.01 (d, J = 8.4 Hz, 2H), 7.78 (m, 4H),
7.65 (dd, J=4.3, 8.1 Hz, 2H). '"H NMR (DMSO-dy) 6
9.12 (m, 2H), 8.52 (m, 4H), 8.17 (d, J = 8.4 Hz, 2H), 8.03
(br s, 4H), 7.80 (m, 2H). '*C NMR (DMSO-d;) & 156.8,
150.1, 145.5, 144.6, 137.5, 136.2, 128.8, 126.9, 126.7, 126.2,
124.6, 123.5.
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Equimolar amounts of pyridine-2 thione, 1 and K,COsin
DMF were refluxed for 4 h. The DMF was removed under
reduced pressure and the residue quenched into water. The
product was extracted with dichloromethane and the
residue was treated with ether and placed in the freezer to
afford 6a as orange-brown crystals. On dissolving in
acetonitrile, addition of silica gel and removal of the gel by
filtration followed by removal of the acetonitrile, a pale
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yellow solid was obtained which readily crystallized from
acetonitrile, mp 114-116 °C. '"H NMR (DMSO-d) & 9.0
(dd, J=2.0, 4.5 Hz, 1H), 8.58 (d, / =4.5Hz, 1H), 8.50
(dd, J=1.5, 8.0 Hz, 1H), 8.44 (d, J=28.5Hz, 1H), 8.00
(m, 2H), 7.86 (m, 2H), 7.79 (dd, J = 4.0, 8.0 Hz, 1H), 7.72
(d, J = 8.0 Hz, 1H), 7.40 (m, 1H). '*C NMR (DMSO-dj) 6
157.3,156.0, 150.5, 150.4, 145.8, 144.9, 138.1, 137.6, 136.5,
129.1, 127.0, 126.9, 126.5, 126.2, 124.7, 123.8, 122.8.

As in Ref. 16 using pyrimidine-2-thione, the mixture was
quenched into water and product 6b was collected by
filtration. On solution in acetonitrile, addition of silica gel
and removal of the gel by filtration, followed by removal
of the solvent, a yellow solid was obtained, mp 198-
200 °C. '"H NMR (DMSO-dq) 6 9.10 (dd, J = 1.8, 4.2 Hz,
1H), 8.70 (d, J=4.8 Hz, 2H), 8.54 (d, J=28.4 Hz, 1H),
8.51 (dd, J=1.8, 8.0 Hz, 1H), 8.19 (d, J=8.4 Hz, 1H),
8.00 (m, 2H), 7.80 (dd, 4.3, 8.1Hz, 1H), 7.35 (t,
J=48Hz, 1H). '*C NMR (DMSO-dg) § 158.3, 153.8,
150.1, 145.5, 144.8, 137.2, 136.3, 128.7, 128.2, 127.5, 127 4,
126.2, 124.6, 123.5, 118.6.
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