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Abstract—Trithiazyltrichloride, (NSCI);, reacted with [Ru(#-CsHs),], [{Ru(cod)Cl,},]
(cod = cis-cis-1,5-cyclooctadiene), [Ru(cht)CL], (cht = 1,3,5~cycloheptatriene) and [(n°-
Ce¢Hg)RuCl,], to give thionitrosyl complexes [(7°-CsHs)Ru(NS)CL,], [Ru(NS)Cl,(cod)]Cl,
[Ru(NS)Cl,(cht)]Cl and [(#°-CsHg) Ru(NS)CL]CI, respectively. Reaction of nitrosyl chlor-
ide with [Ru(’-CsHs),), [{Ru(cod)CL},], [Ru(cht)CL), and [(n°-C¢H¢)RuCl,], yielded
corresponding  nitrosyl complexes  [(7’-CsHs)Ru(NO)CL,], [Ru(NO)Cl(cod)]Cl,
[Ru(NO)ClLy(cht)]Cl and [(7*-C¢He)Ru(NO)CL]CL. The complex [(n°-CsHs)Ru(NO)Cl,]
was also prepared by the reaction of Ru(NO)CIl; with C;H,. In the presence of zinc dust,
reaction of Ru(NO)CI, with C;H, gave a paramagnetic complex [{(7>-CsH;) Ru(NO)},(u-

Ch.l.

Despite the absence of requisite precursors and the
inconvenience of handling sulphur nitrogen
compounds, a number of transition metal thio-
nitrosyl complexes have been studied.'” The thio-
nitrosyl radical with one unpaired electron has only
a transient existence. So far there is no report of
an organometallic thionitrosyl ruthenium complex
and relatively few organometallic nitrosyl com-
plexes have been reported.*® Herein we wish to
report the isolation of organometallic thionitrosyl
and nitrosyl complexes. [(°-CsH;)Ru(NS)Cl,] and
[Ru(NS)Cl,(L)ICl [L = cis-cis-1,5,-cycloocta-
diene (cod), 1,3,5-cycloheptatriene (cht), n®— CgHy]
are useful starting materials and excellent pre-
cursors for synthesizing organometallic thionitrosyl
complexes.

EXPERIMENTAL

All the reagents used were of AnalaR grade or of
chemically pure grade. Solvents were dried over
appropriate drying agents, purged with nitrogen
and distilled before use. Reactions of (NSCl), were

* Author to whom correspondence should be addressed.

performed under pure, dry nitrogen. [Ru(n’-
C;Hs)),  [{Ru(cod)Cly}.], [Ru(cht)CL],, [(%°-
CH¢)RuClL,);, Ru(NO)Cl,, trithiazyltrichloride
and nitrosyl chloride were prepared by literature
methods.'®'¢

Analysis

Carbon, hydrogen and nitrogen analysis were
performed by the microanalytical section of the
Central Drug Research Institute, Lucknow, India.
For the determination of chloride, the samples were
decomposed with NaNO; and NaOH in the ratio
8:64 in a nickel crucible for about 20 min and
allowed to cool. The chloride was extracted with
distilled water and acidified with HNO; and was
estimated as AgCl. For the determination of sulphur,
the samples were decomposed with HCl and HNO,
and from the solution, sulphur was estimated as
BaSO,. The IR spectra of the samples were recorded
with the Shimadzu model 460 spectrophotometer.
Samples were prepared as KBr pellets. The mag-
netic measurement was made on a Gouy balance at
room temperature (25°C) and mercury tetra-
thiocyanatocobaltate(II) was used as calibrant. The
proton NMR spectra were recorded on a Varian
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CFT-20 at 300 MHz in CDCI; or DMSO-d; using
tetramethylsilane as an internal reference. ESR
spectrum was recorded oh a Varian Associates E-
line EPR Century Series model E-104 A spectro-
photometer. Analytical data and important fre-

quencies of the complexes are given in Tables 1 and
2.

(a) Preparation of [(n>-CsH)Ru(NS)Cl,]

A solution of trithiazyltrichloride (0.09 g, 0.37
mmol) in tetrahydrofuran (25 cm®) was added drop-
wise to a stirred solution of ruthenocene (0.2 g, 0.86
mmol) in tetrahydrofuran (30 cm®) at — 5°C. The
reaction mixture was then stirred for 2 h. The result-
ing solution was evaporated to 5 cm’ under reduced
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pressure. On addition of n-hexane (50 cm?®), a green
complex [(#*-CsH5)Ru(NS)Cl,] separated, which
was collected, recrystallized from dichloro-
methane-hexane and dried in vacuo (yield 0.14 g,
57%).

(b) Preparation of [Ru(NS)Cl,(cod)]Cl

A solution of trithiazyltrichloride (0.09 g, 0.39
mmol) in tetrahydrofuran (25 cm®) was added drop-
wise to a stirred suspension of [{Ru(cod)Cl,},] (0.2
g, 0.72 mmol) in tetrahydrofuran (40 cm?) at room
temperature. The reaction mixture was stirred for
20 h. It was reduced to dryness under reduced pres-
sure. A red brown complex [Ru(NS)Cl,(cod)]Cl

Table 1. Elemental analysis of the complexes

Found (calc.) (%)

Complex C H N S Cl
[(7°-CsH,)Ru(NS)CL,] 21.1 1.8 4.9 1.5 25.1
12 (A7) @49 (113) (25.0)
[Ru(NS)Cl,(cod)Cl1 26.6 32 39 8.7 28.8
26.5  (3.3) (3.8) (8.8) (294)
[Ru(NS)Cl,(cht)]CI 24.4 23 4.1 9.1 306
(243) (23) (40  (92) (30.8)
[(7*-CeHg) Ru(NS)CL]CI 21.6 2.3 43 9.6 31.6
QL7 (1.8 (42 (9.6 (321
[(7*-CsHs)Ru(NO)ClLy} 22.6 1.8 5.1 — 26.7
224) (1.8) (5.2) — (26.5)
[Ru(NO)Cl,(cod)]Cl 27.6 35 4.1 — 30.7
277 (B4 (4.0 — (30.8)
[Ru(NO)ClL(cht)]Cl 255 23 42 — 32.2
254 (29 4.2) — (32.3)
[(7°-CsHg) Ru(NO)CL,]Cl 22.7 2.5 43 e 33.6
22.8) (1.9 4.4 e (33.7)
[{(’-CsH5)RU(NO)},(1-CD),) 25.7 2.5 3.1 - 15.2
259 (2.5 (3.0) — (15.3)

Table 2. Colour, m.p. and important IR frequencies of the complexes

Complex Colour m.p. °C) v(NS) (cm™") v(NO) (cm™')
[(7*-CsHs)Ru(NS)CLy] Green Dec. 195-97 1270 —
[Ru(NS)Cly(cod)]Cl Reddish-brown >250 1332 —
[Ru(NS)Cl,(cht)]Cl Brown >250 1325 —
[(7°-CHy)Ru(NS)CLICI Brown >250 1322 _
[(7°-CsHg)Ru(NO)Cly] Green 230 — 1810
[Ru(NO)Cly(cod)]Cl Red-brown >250 — 1890
[Ru(NO)Cl,(cht)]Cl Brown >250 — 1891
[(7*-CcHe) Ru(NO)C1,]Cl Orange-brown >250 — 1895
[{(°-CsH;)Ru(NO) },(u-Cl);] Brown Dec. 198 — 1880
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was isolated, washed with cold water, ethanol, ether
and dried in vacuo (yield 0.19 g, 73%).

(¢) Preparation of [Ru(NS)Cl,(cht)]Cl

A solution of trithiazyltrichloride (0.07 g, 0.31
mmol) in tetrahydrofuran (25 cm®) was added drop-
wise to a stirred suspension of [Ru(cht)Cl,}, (0.2 g,
0.76 mmol) in tetrahydrofuran (40 cm®) at room
temperature. The reaction mixture was stirred for
20 h. A brown complex [Ru(NS)Cl,(cht)]C]l was
isolated by the same procedure as given in (b) (yield
0.18 g, 69%).

) Preparation of [(°*-C{H)Ru(NS)CL]CI

A solution of trithiazyltrichloride (0.08 g, 0.33
mmol) in tetrahydrofuran (30 cm®) was added drop-
wise to a stirred suspension of [(#*-C¢H¢)RuCly),
(0.2 g, 0.79 mmol) in tetrahydrofuran (40 cm?) at
room temperature. The reaction mixture was stirred
for 20 h. A brown complex [(#n*-CcH¢)Ru
(NS)CL,]CI1 was isolated by the same procedure as
given in (b) (yield 0.18 g, 70%).

(€) Preparation of [(n°-CsH)Ru(NO)Cl,]

Method I. A saturated solution of NOCI (20 cm?)
in dichloromethane was added dropwise to a stirred
solution of ruthenocene (0.2 g, 0.86 mmol) in
dichloromethane (20 cm?) at room temperature.
The reaction mixture was stirred for 5 min. It was
evaporated to 10 cm® under reduced pressure, On
addition of n-hexane (50 cm?), a green complex [(n°-
C;H;)Ru(NO)Cl,] separated out which was filtered,
washed with n-hexane and dried in vacuo. It was
recrystallized with  dichloromethane—n-hexane
(vield 0.14 g, 62%).

Method 11. Freshly distilled cyclopentadienyl (2
cm?) was added to a stirred solution of Ru(NO)Cl,
(0.3 g, 1.26 mmol) in tetrahydrofuran (30 cm’) at
room temperature. The reaction mixture was stirred
for 24 h. It was reduced to 5 cm® under reduced
pressure. On addition of n-hexane (40 cm®), a green
complex [(7*-CsH;)Ru(NO)Cl,] separated out,
which was filtered, washed with n-hexane. It was
recrystallized with dichloromethane-n-hexane and
dried in vacuo (yield 0.19 g, 41%).

(f) Preparation of [Ru(NO)Cl,(cod)]Cl

A saturated solution of NOCI (20 cm?) in di-
chloromethane was added dropwise to a stirred sus-
pension of [{Ru(cod)Cl,},] (0.2 g, 0.72 mmol) in
dichloromethane (40 c¢m®) at room temperature.
The reaction mixture was stirred for 20 h and then
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filtered. A red-brown residue [Ru(NO)Cl,(cod)]Cl
was washed with n-hexane and dried in vacuo (yield
0.17 g, 67%).

(g) Preparation of [Ru(NO)Cl,(cht)]Cl

A saturated solution of NOCI (20 ¢cm®) in dichlo-
romethane was added dropwise to a stirred sus-
pension of [Ru(cht)Cl], (0.2 g, 0.76 mmol) in
dichloromethane (40 c¢cm?) at room temperature.
The reaction mixture was stirred for 20 h. A brown
complex [Ru(NO)CL(cht)]Cl was isolated by a
similar procedure as given in () (yield 0.19 g, 72%).

(h) Preparation of [(n°-CsHs)Ru(NO)CL,)]CI

A saturated solution of NOCI (20 c¢m?) in di-
chloromethane was added dropwise to a stirred sus-
pension of [(#°-CH)RuClL], (0.2 g. 0.79 mmol) in
dichloromethane (40 cm?®) at room temperature.
The reaction mixture was stirred for 20 h. An
orange-brown complex [(#®-CsHg)Ru(NO)CL]Cl
was isolated by a similar procedure as given in (f)
(yield 0.19 g, 73%).

(i) Preparation of [{(n*-CsH)Ru(NO)}»(4-Cl).]

Freshly distilled cyclopentadienyl (2 ¢cm®) and
zinc dust (0.5 g) were added to a stirred solution of
Ru(NO)Cl,; (0.3 g, 1.26 mmol) in tetrahydrofuran
(30 cm®) at room temperature. The reaction mixture
was stirred for 24 h. It was filtered and reduced to
5 ¢m® under reduced pressure. On addition of n-
hexane a brown complex [{(7’-CsH;)Ru(NO)},(u-
Cl),] was isolated, which was filtered, washed with
n-hexane and dried in vacuo (yield 0.13 g, 44%).

RESULTS AND DISCUSSION

Reaction of [Ru(y>-C;H;),] with  tri-
thiazyltrichloride in tetrahydrofuran resulted in the
formation of the thionitrosyl complex [(#’-
C;Hs)Ru(NS)Cl;] (1). The IR spectrum of 1
showed a sharp band at 1270 cm™' due to thio-
nitrosyl stretching vibration, besides the bands due
to cyclopentadienyl. Complex is air and moisture
sensitive.

Reaction of trithiazyltrichloride with [{Ru(cod)
CL} ], [Ru(cht)Cl)), and [(#°-CsHe)RuCly); in tet-
rahydrofuran resulted in the formation of cationic
thionitrosyl complexes [Ru(NS)Cl,(cod)Cl (2),
[Ru(NS)CL(cht)]Cl (3) and [(#°-CsHg)Ru(NS)
Cl,)C1 (4), respectively. The IR spectra of these
complexes exhibited bands at 1332, 1325 and 1322
cm ™! due to v(NS), respectively.

The proton NMR spectrum of 2 shows multiplets
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at § 5.47 and 6 2.25 ppm due to the olefinic and
methylenic protons, respectively. The proton NMR
spectrum of 3 exhibits multiplets due to H-2, H-3,
H-4 and H-5 protons at the lowest field (6 6.16
ppm) ; due to terminal protons H-1 and H-6 at ¢
5.36and 6 2.17 ppm due to H-7 protons. The proton
NMR spectrum of [(#°-CsHg) Ru(NS)CL]Cl shows
the presence of only one benzene resonance at o
5.97 ppm. This is assigned to 4.

Reaction of ruthenocene with nitrosyl chloride
in dichloromethane resulted in the formation of a
green complex [(7°-CsHs)Ru(NO)CL)], which was
also prepared by the reaction of [Ru(NO)CI;] with
C;sHq. The complex [(7°-CsHs)Ru(NO)Cl,] was pre-
viously prepared (a) by the reaction of [(n’-
CsH;)Ru(CO),Cl] with NO under UV radiation'’
and (b) by the reaction of [(#°-CsHs)Ru(CO),Cl]
with NOCL'® The IR spectrum of the complex [(5°-
C:H)Ru(NO)Cl,] exhibited a band at 1810 cm™'
due to v(NO). '"H NMR spectrum of complex [(1’-
C;H)Ru(NO)Cl,] showed a singlet at 6 6.30 due to
the CsH; group.

Reaction of nitrosyl chloride with [{Ru{cod)
CL}.], [Ru(cht)Cl], and [(#°-CsH()RuClLy), in di-
chloromethane yielded cationic nitrosyl complexes
[Ru(NO)Cl,{(cod)]Cl, [Ru(NO)ClL(cht)]Cl and
[(7°-CcHg) Ru(NO)CL]CI, respectively. The IR
spectra of the complexes [Ru(NO)Cly(cod)]Cl,
[Ru(NO)Cl,(cht)]Cl and [(n°*-CH¢)Ru(NO)CL]Cl
exhibited bands at 1890, 1891 and 1895 cm~"' due
to v(NO), respectively. The proton NMR spectrum
[Ru(NO)Cl,(cod)]ClI exhibits resonances at ¢ 5.50
ppm for the olefinic protons and at § 2.30 ppm for
the methylene protons. The proton NMR spectrum
of [Ru(NO)CIl,(cht)]Cl exhibits multiplets due to
H-2, H-3, H-4 and H-5 protons at lowest field (&
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6.18 ppm) ; due to terminal protons H-1 and H-6
at 0 5.33 and 0 2.17 ppm due to H-7 protons. The
proton  NMR  spectrum  of  [(55-C¢Hy)
Ru(NO)CL,]CI shows the presence of only one ben-
zene resonance at ¢ 5.96 ppm.

In the presence of zinc dust, the reaction of
Ru(NO)Cl,; with cyclopentadiene, CsH, yielded the
[{(n’-CsHs)Ru(NO)},(u-Cl);] complex. The IR
spectrum of the complex [{(n>-CsHs)Ru(NO)},(u-
Cl),] exhibited a band at 1880 cm~! due to v(NO)
suggesting the presence of linear nitrosyl group.
This complex can be regarded as involving
ruthenium(l) and NO*. Coordination compounds
of ruthenium(I) have as yet attracted less attention
than those of ruthenium(II) and ruthenium(III)."
The complex [{(#°-CsHs)Ru(NO)},(u-Cl),] is para-
magnetic with a magnetic moment p = 1.61 B.M.
at 298 K. The first derivative X-band ESR powder
spectrum of the complex [{(#*-CsHs)Ru(NO)},(u-
Cl),] showed a broad band with g,, = 2.12.
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