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A Novel Chiral Silver(I) Complex from the Reaction of Thiazolidinethione
with AgOAc
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A novel chiral silver(I) complex was successfully synthesized
from the reaction of chiral (S)-4-isopropylthiazolidine-2-
thione ligand (1) with AgOAc in dichloromethane in the
presence of Et3N and DMAP at room temperature. Its unique
crystal structure was unambiguously disclosed by X-ray ana-
lysis. The six silver atoms and six (S)-4-isopropylthiazolidine-

Introduction

Historically, the chemistry of metal-sulfur-nitrogen clus-
ter complexes has been a very active field for organometal-
lic chemists because of the novelty and versatility of the
structures and reactivities of such clusters, as well as their
potential applications as models for the active site in non-
heme proteins such as the ferredoxins.[1] In addition, many
cluster complexes bearing chiral ligands can be used as
catalysts in asymmetric reactions.[2] Recently, during our in-
vestigations on the utilization of thiazolidine-2-thione as a
chiral auxiliary, we found that the nitrogen atom and sulfur
atom of the thiocarbonyl group of thiazolidine-2-thione can
readily coordinate to a metal center to afford the corres-
ponding chiral metal complex. In particular, with AgOAc
as the metal source we found that a very unusual chiral
metal cluster was formed under very mild reaction condi-
tions. This novel cluster has a silver octahedron with six
faces of the octahedron capped by chiral ligands. Herein,
we wish to report the synthesis and crystal structure of this
novel chiral AgI cluster complex.

Results and Discussion

The chiral ligand (S)-4-isopropylthiazolidine-2-thione (1)
was prepared according to a literature procedure.[3] The re-
action of 1 with AgOAc gave a novel AgI complex 2 in the
presence of Et3N and DMAP in dichloromethane under
very mild reaction conditions (Scheme 1). The structure of
2 was established by spectroscopic data and microanalysis.
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2-thione ligands present in the complex are connected
through the S and N atoms to form a cluster containing a
silver octahedron with six faces of the octahedron capped
by ligands.
( Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

Scheme 1

We believe that the formation of 2 is caused by the fact
that (S)-4-isopropylthiazolidine-2-thione (1) is in equilib-
rium with its tautomer 1�, which reacts directly with AgOAc
to give the corresponding AgI complex 2 (Scheme 2).[4] In
order to clarify the crystal structure of 2 by X-ray analysis,
we recrystallized 2 from dichloromethane and petroleum
ether (1:5) to obtain a yellowish single crystal of 2 in which
one molecule of CH2Cl2 was included (see the microana-
lysis data of 2 in the Exp. Section). The crystal structure is
shown in Figure 1. Selected bond lengths and bond angles
are shown in Table 1 and the crystal data of 2 are summar-
ized in Table 2.

The chiral AgI complex 2 is an air- and moisture-stable
solid which crystallizes in the space group P2(1)3. Six (S)-
4-isopropylthiazolidine-2-thione (1) ligands and six AgI

atoms form a cluster possessing a silver octahedron with six
faces of the octahedron capped by ligands that alternate in

Scheme 2
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Figure 1. The X-ray crystal structure of 2

Table 1. Selected bond lengths [Å] and angles [deg] for 2

2.250(5) Ag(1)�S(1) 2.4511(16)Ag(1)�N(2)
Ag(1)�S(1)#1 2.5117(17) Ag(1)�Ag(2) 2.9812(6)
Ag(1)�Ag(2)#1 3.2076(6) Ag(1)�Ag(1)#2 3.3260(8)
Ag(1)�Ag(1)#1 3.3260(8) Ag(2)�N(1) 2.261(5)
Ag(2)�S(3) 2.4582(18) Ag(2)�S(3)#2 2.5139(19)
Ag(2)�Ag(1)#2 3.2076(6) S(1)�Ag(1)#2 2.5117(17)

N(2)�Ag(1)�S(1) 128.03(14) N(1)�Ag(2)�S(3) 129.07(13)
N(2)�Ag(1)�S(1)#1 108.60(13) N(1)�Ag(2)�S(3)#2 108.65(12)
S(1)�Ag(1)�S(1)#1 116.67(8) S(3)�Ag(2)�S(3)#2 116.77(9)
N(2)�Ag(1)�Ag(2) 83.41(15) N(1)�Ag(2)�Ag(1) 83.63(12)
S(1)�Ag(1)�Ag(2) 80.93(4) S(3)�Ag(2)�Ag(1) 80.46(4)
S(1)#1�Ag(1)�Ag(2) 136.62(4) S(3)#2�Ag(2)�Ag(1) 134.88(5)
N(2)�Ag(1)�Ag(2)#1 78.21(14) N(1)�Ag(2)�Ag(1)#2 78.05(13)
S(1)�Ag(1)�Ag(2)#1 135.74(4) S(3)�Ag(2)�Ag(1)#2 133.90(4)
S(1)#1�Ag(1)�Ag(2)#1 75.60(4) S(3)#2�Ag(2)�Ag(1)#2 75.24(4)
Ag(2)�Ag(1)�Ag(2)#1 66.131(19) Ag(1)�Ag(2)�Ag(1)#2 64.898(19)
N(2)�Ag(1)�Ag(1)#2 144.19(15) C(1)�S(1)�Ag(1) 105.9(2)
S(1)�Ag(1)�Ag(1)#2 48.70(4) C(1)�S(1)�Ag(1)#2 98.75(19)
S(1)#1�Ag(1)�Ag(1)#2 99.77(4) Ag(1)�S(1)�Ag(1)#2 84.15(5)
Ag(2)�Ag(1)�Ag(1)#2 60.844(17) C(7)�S(3)�Ag(2) 104.5(2)
Ag(2)#1�Ag(1)�Ag(1)#2 88.441(13) C(7)�S(3)�Ag(2)#1 99.7(2)
N(2)�Ag(1)�Ag(1)#1 128.88(13) Ag(2)-S(3)�Ag(2)#1 85.71(6)
S(1)�Ag(1)�Ag(1)#1 101.09(4) C(1)�N(1)�Ag(2) 122.3(4)
S(1)#1�Ag(1)�Ag(1)#1 47.15(4) C(3)�N(1)�Ag(2) 124.9(4)
Ag(2)�Ag(1)�Ag(1)#1 92.372(15) C(7)�N(2)�Ag(1) 122.5(5)
Ag(2)#1�Ag(1)�Ag(1)#1 54.258(15) C(9)�N(2)�Ag(1) 125.5(5)
Ag(1)#2�Ag(1)�Ag(1)#1 60.0
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Table 2. Crystal data and structure refinement of 2

Empirical formula C37H62Ag6Cl2N6S12

Formula weight 1693.77
Temperature 293(2) K
Crystal system cubic
Lattice type primitive
a [Å] 18.2009(4)
b [Å] 18.2009(4)
c [Å] 18.2009(4)
α 90°
β 90°
γ 90°
V [Å3] 6029.5(2)
Space group P2(1)3
Z 4
Dcalcd. [g/cm3] 1.866
F(000) 3336
θ range for data collection 1.58 to 28.31°
Reflections collected/unique 37226/4896 [R(int) � 0.0947]
Completeness to θ � 28.32 98.2%
Absorption correction Sadabs
Max. and min. transmission 1.0000 and 0.7809
Refinement method full-matrix least-squares on F2

Data/restraints/parameters 4896/2/222
Goodness-of-fit on F2 0.738
Final R indices [I � σ(I)] R1 � 0.0329, wR2 � 0.0655
R indices (all data) R1 � 0.0801, wR2 � 0.0688
Absolute structure parameter �0.02(4)
Extinction coefficient 0.000 085(18)
Largest diff. peak and hole [e·Å�3] 0.609 and �0.386

their orientation (Figure 1): two adjacent ligands take an
anti-parallel direction using their S and N atoms to coord-
inate to the Ag center forming the Ag/S,N core network.
Each Ag atom is coordinated by two sulfur atoms with
bond lengths of 2.4527(16) and 2.5121(16) Å and a nitrogen
atom with a bond length of 2.247(5) Å. In addition, the
AgI�AgI distances are 2.9811(6), 3.2071(6), 3.3269(8), and
3.2071(6) Å. This distance is within the sum of the van der
Waals radii of Ag of 3.44 Å (Ag � 1.72 Å[5]). The six silver
atoms and six sulfur atoms present in complex 2 are con-
nected with S and N atoms with the bond angles shown in
Table 2. The Ag/S,N core forms a six-silver network. Two
faces located at opposite sites of the cluster 2 are open.
Based on a powder XRD analysis of the 2 obtained directly
from the solvent after column chromatography (Figure 2)
and of a single crystal of 2 obtained after recrystallization
from dichloromethane and petroleum ether (1:5) (Figure 3),
we can conclude that both samples are essentially the same.
It is impossible to form by-products such as clusters of dif-
ferent nuclearity or coordination polymers from solution.

Compared to the metal-metal distances in the open-shell
metallic silver in cluster 2 as well as to the rather underes-
timated sum of van der Waals radii (Ag�Ag � 3.44), we
believe that a closed-shell d10-d10 metallophilic interaction
(argentophilic interaction) may exist in the above clusters[6]

as the Ag�Ag distance is close to the upper van der Waals
limit.[7] Assignment of these metal-metal contacts to crystal
packing forces is unwarranted since the M�M vectors have
a specific directionality. In addition, the M�M interactions
do not seen to be dictated by ligand-packing effects. No π-
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Figure 2. The powder XRD spectrum of 2 obtained directly by
column chromatography

Figure 3. The powder XRD spectrum of 2 obtained after recrystal-
lization

stacking or hydrogen-bonding interactions are apparent in
the crystal structures of 2.

It should be emphasized here that when using the sim-
plest thiazolidine-2-thione 3 as the substrate under the same
reaction conditions, no reaction occurred (Scheme 3). We
believe that this may be due to the fact that the tautomer
of 3 is very unstable and the equilibrium between 3 and its
tautomer lies almost completely in the direction of 3.

Yamamoto and co-workers have reported many catalytic
enantioselective reactions using chiral phosphane
ligand·AgI complexes as the catalyst, although they did not
disclose the nature of the active species.[8] Therefore, we also

Scheme 3
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tried to use this novel chiral cluster in some catalytic asym-
metric reactions. Unfortunately we found that these reac-
tions are very sluggish. We are now looking for suitable
reaction conditions for these catalytic asymmetric reactions.

In conclusion, we have isolated a novel AgI/S,N metal
cluster from the reaction of (S)-4-isopropylthiazolidine-2-
thione (1) with AgOAc and determined its structure by X-
ray analysis. This result also confirms that silver() can eas-
ily form an unexpected polymeric metal cluster with an S,N
ligand. Such a chiral metal cluster should be very interest-
ing in the synthesis of novel metal complexes for asymmet-
ric catalysis. Work in this direction is currently in progress.

Experimental Section

Melting points were obtained with a Yanagimoto micro melting
point apparatus and are uncorrected. Optical rotations were deter-
mined in a solution of CHCl3 or methanol at 20 °C by using a
Perkin�Elmer-241 MC digital polarimeter; [α]D values are given in
units of 10�1 deg·cm2·g�1. 1H NMR spectra were determined for
solutions in CDCl3 with tetramethylsilane (TMS) as internal stand-
ard on a Bruker AMX-300 spectrometer; J values are in Hz. IR
spectra were determined on a Perkin�Elmer 983 spectrometer.
Mass spectra were recorded with an HP-5989 instrument. All solid
compounds reported in this paper gave satisfactory CHN microan-
alyses. The chiral starting materials (S)-4-isopropylthiazolidine-2-
thione (1) and thiazolidine-2-thione (3) were prepared according to
literature procedures.[3]

(S)-4-Isopropylthiazolidine-2-thione (1): Yield 300 mg, 96%; mp:
66�67 °C; [α]D20 � �35.4 (c � 0.96, CHCl3). 1H NMR (CDCl3,
300 MHz, TMS): δ � 1.0 (d, J � 7.2 Hz, 3 H, CH3), 1.03 (d, J �

7.2 Hz, 3 H, CH3), 1.96 (quintet, J � 7.2 Hz, 1 H, CH), 3.33 (dd,
J � 11.2, 8.5 Hz, 1 H, CH), 3.52 (dd, J � 11.2, 5.5 Hz, 1 H, CH),
4.0�4.10 (m, 1 H, CH), 7.62 (s, 1 H, NH) ppm. The physical data
and 1H NMR spectroscopic data are consistent with those reported
in the literature.[3c]

Thiazolidine-2-thione (3): Yield 450 mg, 95%. 1H NMR (CDCl3,
300 MHz, TMS): δ � 3.58 (t, J � 7.6 Hz, 2 H, CH2), 4.01 (t, J �

7.6 Hz, 2 H, CH2), 8.27 (s, 1 H, NH) ppm. The physical data and
1H NMR spectroscopic data are consistent with those reported in
the literature.[3c]

Preparation of Chiral Silver(i) Complex 2: (S)-4-isopropylthiazolid-
ine-2-thione (1) (65 mg, 0.5 mmol), AgOAc (84 mg, 0.5 mmol) and
DMAP (6.0 mg, 0.05 mmol) were added to a Schlenk tube under
argon atmosphere. CH2Cl2 (5.0 mL) and Et3N (61 mg, 0.6 mmol)
were added successively and the reaction mixture was stirred at
room temperature for 24 h. After filtration, the filtrate was washed
with water (10 mL) and the organic layer was dried with anhydrous
MgSO4. The solvent was removed under reduced pressure and the
residue was purified by silica gel column chromatography (length:
20 cm, ϕ: 2 cm) to give the complex 2 as a yellowish solid (eluent:
EtOAc/petroleum ether, 1:4). 120 mg, 83%; m.p. 158�160 °C (dec.);
[α]D20 � �251 (c � 0.11, CHCl3). IR (KBr): ν̃ � 1265, 1421, 1541
cm�1. 1H NMR (CDCl3, 300 MHz, TMS): δ � 0.94 (d, J � 6.7 Hz,
3 H, CH3), 0.97 (d, J � 6.7 Hz, 3 H, CH3), 2.22�2.40 (m, 1 H,
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CH), 3.30 (d, J � 9.7 Hz, 2 H, CH2), 4.20�4.32 (m, 1 H, CH)
ppm. ESI-MS: m/z � 1259 [M�] (acetone/acetonitrile, 2:1)
C36H60Ag2N6S12·CH2Cl2 (1693.77): calcd. C 26.24, H 3.69, N 4.96;
found C 26.45, H 3.64, N 4.94.

X-ray Crystallography: A suitable crystal was mounted on the top
of a glass capillary. Crystal data and details of data collection and
structure refinement are given in Table 2. Data were collected on a
CCD area detector with graphite-monochromated Mo-Kα radi-
ation (λ� 0.71073 Å) using the ω-2θ technique at 20 °C. A total
of 4896 unique reflections was collected. The data were collected
for Lorentz polarization effects. The structure was solved by direct
methods and expanded using Fourier techniques. The non-hydro-
gen atoms were refined anisotropically by full-matrix least-squares.
All hydrogen atoms were included in their calculated positions. All
calculations were performed using the SHELXS-97 (Sheldrick,
1990) crystallographic software package. Final R and Rw values
were 0.0329 and 0.0655. CCDC-177953 contains the supplement-
ary crystallographic data for this paper. These data can be obtained
free of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or
from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB2 1EZ, UK; Fax: (internat.) �44-1223/336-
033; E-mail: deposit@ccdc.cam.ac.uk].
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