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A reaction of [Cp*Ir(2-Spy)(N3)] (Cp* = pentameth-
ylcyclopentadienyl; 2-Spy = 2-pyridinethiolate) with two
equivalents of methyl iodide afforded the diiodo complex
bearing 2-MeSpy, [Cp*Irl,(2-MeSpy)] (3). From X-ray crys-
tallography and IR spectroscopy, the S atom of 2-MeSpy is
coordinated to the metal ion in the solid state. In CD,Cl,,
complex 3 exhibited a dissociation equilibrium of 2-MeSpy
similar to the corresponding thioanisole complex of
[Cp*ItI,(MeSPh)].

Transiton-metal azide complexes often exhibit interesting
reactivities on irradiation with UV-vis light or on addition
of various electrophiles. =7 For instance, it has been well docu-
mented that photooxidation of early transition-metal(III) azido
complexes gave the corresponding nitridometal(V) com-
plexes.? In case of photolysis or acid decomposition of azido-
pentaammineiridium(IIl), a coordinated nitrene intermediate
was postulated.’ In addition, the azide complexes often react
with alkynes or nitriles, affording triazolate or tetrazolate com-
plexes via 1,3-dipolar cycloadditions.* Furthermore, it has
recently been reported that a reaction of cis-di(azido)bis(2,2’-
bipyridine)ruthenium(II) with methyl iodide produced a novel
N-bonded methyleneimine (NH=CH,-kN) complex.® We are
investigating the reactivity of azido(pentamethylcyclopenta-
dienyl)iridium(III) complexes incorporating short-bite diden-
tate ligands, such as N,N-dialkyldithiocarbamate® or 2-pyri-
dinethiolate (2-Spy).” Photolysis of [Cp*Ir(2-Spy)(N3)] (1) in
acetonitrile (AN) afforded a novel nitrogen-atom insertion
product, [Cp*Ir(1-N-2-Spy)], which reacted further with Mel
to give a N-methylated product, [Cp*Ir(1-NMe-2-Spy)]I
(Scheme 1).7 Here, we describe the reaction of complex 1 with
Mel prior to photolysis and structural characterization of the
product.

A reaction of [Cp*Ir(2-Spy)(N3)] (1) (0.035moldm™ in
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[Cp*Ir(1-N-2-Spy)] [Cp*Ir(1-NMe-2-Spy)]l

Scheme 1.
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Fig. 1.

Perspective views of (a) [Cp™Ir(2-Spy-kS,MI] (2)
and (b) [Cp*IrIz(Z-MeSpy-KS)] 3).
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Scheme 2.

CD;CN) with two equivalent amounts of Mel at 30°C was
monitored by 'HNMR spectroscopy. As the peaks for complex
1 decreased in intensity, the peaks corresponding to the iodo
complex [Cp*Ir(2-Spy)I] (2), of which the molecular struc-
ture (Fig. 1a) and chemical shifts were confirmed by the
sample prepared independently from [Cp*Ir(2-Spy)Cl] and
Nal, appeared. After standing the reaction mixture for 8h,
the 'THNMR spectrum indicated the formation of at least four
complexes having a Cp*Ir fragment. The main product (3:
~60% by integration) exhibited both Cp* and py resonances,
which were different from those of 2 (complex 2 still remained
in this mixture), together with a SMe resonance at § 2.53.
Two other weak Cp™ resonances were assigned to [(Cp*IrI),-
(14-I)218 and [(Cp*IrT),(14-N3),].° In addition, the spectrum of
the reaction mixture showed a broad singlet resonance at §
2.98, which was probably due to methyl azide'® generated in
the reaction. When the reaction solution was allowed to stand
for 2 days, red prismatic crystals of product 3 were deposited
(together with a few red-brown platelet crystals of [(Cp*IrI),-
(14-N3),1%). The crystal structure of 3 was determined by X-ray
analysis; complex 3 is a diiodo complex containing a sulfur-
bonded 2-methylthiopyridine, [Cp*Irl,(2-MeSpy-«S)] (Fig. 1b).
Thus, the reaction of 1 with Mel can be outlined as Scheme 2
(the minor by-products are omitted).

The Ir-S bond length in 3 is 2.380(4) ,&, which is compara-
ble to those in the related Cp*Ir'" thioether-kS complexes:
[Cp*IrCl,(dbt)] (dbt = dibenzothiophene) 2.375(2) 10\,” [Cp*-
IrCl,(PhSCH,SPh-kS)] 2.385(1) A.!2 The structural parame-
ters around the S atom in 3 are normal for a coordinated thio-
ether ligand:'3 SI-C1 1.80(2), S1-C2 1.78(2) A, Irl-S1-C1
109.6(7), Ir1-S1-C2 111.4(5), and C1-S1-C2 101.7(9)°. The
Ir-I bond lengths are 2.712(1) and 2.714(1)A, and the I1-
Ir1-I2 angle is 91.14(4)°. In contrast, in the chelating 2-Spy
complex, 2, the structural parameters associated with the
four-membered chelate ring are highly strained; the S1-
Ir1-N1, Ir1-S1-C2, and Ir1-N1-C2 bond angles are only
67.0(1), 80.4(2), and 102.5(4)°, respectively. The Ir1-S1 bond
in 2, 2.431(2) A, is 0.05 A longer than that in 3.
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Fig. 2. Variable-temperature '"HNMR spectra of complex 3
in CD,Cl; in the pyridyl and the methyl region.

Complex 3 was directly prepared by reacting 2 and Mel in a
nearly quantitative yield. Methylation at thiolate-S atom is a
commonplace reaction,'# but the resulting S-bonded 2-methyl-
thiopyridine complex is rare (vide infra). We have, also, con-
firmed by IR spectroscopy that the pyridyl-N atom of 2-MeSpy
in complex 3 does not coordinate to the Ir'"' center in the solid
state. In the spectrum of complex 2, the absorption band due to
an in-plane ring deformation of pyridyl moiety was observed
at 652cm™!, which was indicative of the N-bonded pyridyl
ligand, while complex 3 showed a band in the region for a free
pyridyl group (607 cm™1).1

Complex 3 in CD;CN at 30 °C exhibited sharp '"H NMR sig-
nals (see Experimental), while in CD,Cl, at the same temper-
ature the Cp* and py-3H resonances were broadened. On cool-
ing the Cp* resonance (8 1.74 at 30°C) was split into two sig-
nals, and the py-3H and SMe resonances (8 7.69 and 2.80, re-
spectively, at 30°C) became much broader (Fig. 2). At 0°C
two Cp* resonances were observed at § 1.64 and 1.77 with
an integration ratio of ca. 2:1. The lower-field signal seems
to correspond to [(Cp*IrD),(u-1),], being indicative of the dis-
sociation of 2-MeSpy from the Ir'" center. These variable-tem-
perature '"HNMR spectral behaviors were similarly observed
for the analogous thioanisole complex [Cp*Irl,(MeSPh)] (4),
which was obtained as orange threadlike crystals. In CD,Cl,,
the Cp* resonance of 4 was observed as a broad singlet (8
1.69) at 30°C and split into two signals (§ 1.64 and 1.77) on
decreasing the temperature to 0°C. The SMe and ortho-H
(of Ph) resonances became broader on cooling (see Supporting
Information). This spectral similarity of complexes 3 and 4 im-
plies that the pyridyl-N atom of 2-MeSpy does not participate
in coordination to the Cp*Irl, fragment either in solution.

We have also attempted to prepare the corresponding 2-
methoxypyridine (2-MeOpy) complex, but [(Cp*IrD),(u-1),]
did not react with (excess) 2-MeOpy to give the desired com-
plex. Instead, the pyridine complex [Cp* Ity (py)] (5) was iso-
lated as an orange powdery solid by a reaction of [(Cp™*IrI),-
(£-I);] and pyridine in dichloromethane. These results suggest
that the unfavorable formation of the N-bonded 2-MeSpy or 2-
MeOpy complexes must result from a severe steric hindrance
between the Cp*Irl, fragment and the MeS or MeO ortho-sub-
stituent of (coordinated) pyridine.
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In summary, the reaction of [Cp*Ir(2-Spy)(N3)] and two
equivalent amounts of Mel afforded the diiodo complex of
[Cp*IrI,(2-MeSpy)] (3), in which 2-MeSpy acted as a mono-
dentate S-bonded (kS) ligand; neither in the solid state nor in
solution was detected any evidence for the kN coordination
mode of 2-MeSpy. Contrary to the rich chemistry of transi-
tion-metal thiolate complexes, surprisingly few studies have
been reported so far for 2-MeSpy or 2-RSpy (R = alkyl) com-
plexes.'®!7 In most reported complexes, the alkylthiopyridines
act as a monodentate N-bonded («N), a didentate chelating
(kK2N,S), or a bridging (j4-kN:kS) ligand. For the gold(I) com-
plexes of [Au(2-MeSpy),]ClO4 and [Au(2-MeSpy)(tht)]C1O,
(tht = tetrahydrothiophene), a «S-coordination mode of 2-
MeSpy was speculated but without enough structural eviden-
ces.!6 To the best of our knowledge, the present Cp*Ir™ com-
plex of 3 is the first example in which the S-bonded 2-MeSpy
was confirmed crystallographically and spectroscopically.

Experimental

Caution. Transition-metal azido complexes are, in general,
potentially explosive, so that should be handled with great cau-
tion, although we did not have any accident with this Cp*Ir'"—
N3 system.

General. The preparations of the azido complex 1 and the
chloro analogue, [Cp*Ir(2-Spy)Cl], were reported previously.” So-
dium iodide, methyl iodide, thioanisole, 2-methoxypyridine, and
solvents were purchased from Nacalai Tesque, Inc. or Wako Pure
Chemicals Industry, Ltd., and used as received. Variable-temper-
ature '"HNMR spectra were acquired on a JEOL EX-270 spec-
trometer. Chemical shifts were referenced to the residual 'HNMR
signals of the deuterated solvents and reported vs TMS. Infrared
spectra were measured on a Jasco FT-IR 410 spectrophotometer
using Nujol mulls.

[Cp*Ir(2-Spy)I] (2). A mixture of [Cp*Ir(2-Spy)CI] (280 mg,
0.59 mmol) and Nal (490 mg, 3.3 mmol) in methanol (60 cm?) was
stirred at ambient temperature for 3 h. After evaporation of the sol-
vent, the residue was extracted with dichloromethane. The filtered
extract was concentrated (to ca. 2cm’) under reduced pressure,
and diethyl ether vapor was diffused into the concentrate to give
red block crystals. Yield: 303 mg (91%). Anal. Found: C, 31.63;
H, 3.36; N, 2.42%. Calcd for C;sH;oIIrNS: C, 31.92; H, 3.39; N.
2.48%. "THNMR (CD;CN, 303 K): § 1.82 (s, Cp*, 15H), 6.54 (dt,
J =28.2, 1.1 Hz, py-3H, 1H), 6.81 (ddd, J = 7.4, 5.7, 1.1 Hz, py-
5H, 1H), 7.33 (ddd, J = 8.2, 7.4, 1.7Hz, py-4H, 1H), 8.00 (ddd,
J=5.7,1.7, 1.1 Hz, py-6H, 1H).

[Cp*IrI,(2-MeSpy)] (3). To an acetonitrile solution (10 cm?)
of complex 2 (105mg, 0.186 mmol) was added Mel (200 mg,
1.4 mmol). After standing for a day at room temperature, the mix-
ture was allowed to evaporate slowly (to ca. 2 cm?), depositing red
prismatic crystals. Yield: 91 mg (69%). Anal. Found: C, 26.99; H,
3.13; N, 1.97%. Calcd for C;sHnLIrNS: C, 27.20; H, 3.14; N,
1.98%. '"HNMR (CD;CN, 303K): § 1.81 (s, Cp*, 15H), 2.53
(s, SMe, 3H), 7.04 (ddd, J = 7.4, 4.9, 1.0Hz, py-5H, 1H), 7.26
(dm, J = 8.3Hz, py-3H, 1H), 7.57 (ddd, J = 8.3, 7.4, 1.9Hz,
py-4H, 1H), 8.39 (dm, J = 4.9 Hz, py-6H, 1H).

[Cp*IrI;(MeSPh)] (4). Diethyl ether vapor was diffused into
a dichloromethane (2 cm?) solution of [(Cp*IrI),(1-1),]1® (130 mg,
0.11 mmol) and MeSPh (230 mg, 1.85mmol) in a closed vessel.
The resulting orange threadlike crystals were collected by filtra-
tion and dried in vacuo. Yield: 121 mg (77%). Anal. Found: C,
28.77; H, 3.35%. Calcd for Ci7HxLIrS: C, 28.94; H, 3.29%.
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'HNMR (CDsCN, 303K): § 1.78 (s, Cp*, 15H), 2.61 (s, SMe,
3H), 7.20-7.41 (m, SPh, 5H).

[Cp*IrL(py)] (5). Pyridine (2 cm?®) was added with sitirring
to a red solution of [(Cp*IrI)z(/L—I)z] (50 mg) in dichloromethane
(6cm?®). The color of the mixture immediately turned orange, and
an orange precipitate formed after a few minutes. After stirring for
30min, the product was collected by filtration, washed with
CH,Cl, (2cm®) and Et,0 (3cm?), and dried in vacuo. Yield:
42mg (74%). Anal. Found: C, 27.35; H, 3.04; N, 2.19%. Calcd
for CysHylIrN: C, 27.28; H, 3.05; N, 2.12%. "HNMR (dmso-dj,
303K): 8 1.88 (s, Cp*, 15H), 7.38 (ddd, J = 7.6, 4.2, 1.6 Hz, py-
3,5H, 2H), 7.78 (tt, J = 7.6, 2.0 Hz, py-4H, 1H), 8.57 (dt, J = 4.2,
1.6 Hz, py-2,6H, 2H). IR (Nujol): v(py) = 639cm™".

Crystallography. A red block crystal of 2 suitable for the X-
ray diffraction study (approximate dimension of 0.25 x 0.15 x
0.15mm?) was mounted with a cryoloop and flash-cooled by
a cold nitrogen stream. The intensity data were obtained at
—73(2)°C on a Rigaku R-axis rapid diffractometer [8 < 26 <
55°, AMoKa) = 0.71073 A], and numerical absorption collec-
tions from crystal shape were applied.'® The X-ray diffraction data
of a red prismatic crystal of 3 (0.24 x 0.24 x 0.16 mm?) sealed in a
glass capillary tube were collected on a Rigaku AFC5R diffrac-
tometer at 23(2) °C [20 < 60°, A(MoKa) = 0.71073 A]. Absorp-
tion effects were corrected by an empirical method based on three
sets of W-scan data.'” The structures were solved by the direct
method using STR92 program,?’ and refined on F? by full-matrix
least-squares using SHELXL97 program.?! All non-H atoms were
refined anisotropically, and H atoms were treated as riding models.

The crystallographic data for 2: C;sH;oIIrNS, MW = 564.47,
T =200(2) K, orthorhombic, Pbca, a=28.5551(4) A, b=16.7071(7)
A, ¢ =23.60789)A, V =3374.3(2) A3, Z =8, Deged = 2.222
Mgm™3, Ry =0.040, F(000) = 2096, u(MoKa) = 9.855
mm~!, No. of independent reflns = 3765, No. of param = 173,
RI[F?: F? > 20(F?)] = 0.032, wR2(F?: all data) = 0.071. For
3. CigHpLIrNS, MW = 706.41, T = 296(2)K, orthorhombic,
Pbca, a=16.7102) A, b= 16.706(2) A, ¢ = 14.044(2) A, V =
3920.6(9) A3, Z =8, Deed =239%4Mgm™3, Ry = 0.052,
F(000) = 2592, u(MoKa) = 10.06mm™~', No. of independent
reflns = 5721, No. of param = 191, R1[F?: F? > 20(F?)] = 0.056,
wR2(F?: all data) = 0.173.

Crystallographic data have been deposited with Cambridge
Crystallographic Data Centre: Deposition numbers CCDC-
613445 and 613446 for compounds 2 and 3, respectively. Copies
of the data can be obtained free of charge via http://www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the Cambridge Crystal-
lographic Data Centre, 12, Union Road, Cambridge, CB2 1EZ,
UK; Fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
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Supporting Information

Variable-temperature 'HNMR spectra of complex 4 in
CD,Cl,. This material is available free of charge on the Web at:
http://www.csj.jp/journals/bcsj/.
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