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Abstract

The title silver(I) complexes as [AgX(R,R-DIOP)]2 dimers (X=Cl, Br, I or SCN) were synthesized either by the reaction of
[Ag(NO3)(R,R-DIOP)]n with NaX or the reaction of AgX with R,R-DIOP. The complexes were confirmed by elemental analysis,
IR, 1H- and 31P-NMR, UV–vis and circular dichroism (CD) spectra, as well as single-crystal X-ray characterization. X-ray
analysis showed that the silver atoms are tetrahedral, surrounded by two bridged halides and two phosphorus atoms of the
bridged R,R-DIOP ligands. The Ag···Ag distances, ranging from 3.065(6) to 3.724(1) A� , are dependent on the polarizability of the
halide anions. All of the solid-state structures of the complexes are crystallized in triclinic, space group P1 (no. 1). The CD spectra
of these complexes demonstrate their chirality, and their Cotton effects vary according to the different halides, i.e. a negative band
(at 241 nm) for 1 (X=Cl), a positive one for 2 (X=Br) and 3 (X=I), and a strong positive band for 4 (X=SCN). © 2001
Elsevier Science B.V. All rights reserved.

Keywords: Silver complexes; R,R-DIOP; CD spectra; Cotton effect; Structures

1. Introduction

The chiral ligand R,R-DIOP (4R,5R-trans-4,5-
bis[(diphenylphosphino) - methyl] - 2,2 - dimethyl - 1,3-
dioxalane), first synthesized by Dang and Kagan [1],
has been extensively studied for asymmetric catalytic
reactions [2–4]. Numerous complexes of rhodium,
ruthenium, cobalt and platinum have been reported,
and their well-defined structures revealed that the DIOP
ligand acted as a chelate ligand [5]. On the contrary, the
copper and silver complexes were rarely reported, per-
haps owing to their poor catalytic properties [6]. How-

ever, copper(I) and silver coordination chemistry has
attracted great attention because it is a very important
part of metal-directed current supramolecular self-as-
sembly chemistry [7], and it could create some interest-
ing coordination environments [8]. It was reported that
these metal complexes, when coordinated with het-
eroatom ligands, have been assembled to form some
striking structures, for instance, molecular cavities and
macrocyclic frameworks [9]. Moreover, some silver–
phosphine complexes were reported to have antitumor
activities [10] and luminescent properties [11]; recently,
there was a report of a silver–phosphine complex cata-
lyzing the enantioselective addition [12].

Previously, the reaction of silver nitrate with R,R-
DIOP was carried out to give a helical infinite chain
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[13]. In the present case, reactions of [Ag(NO3)(R,R-
DIOP)]n with NaX and/or AgX with R,R-DIOP oc-
curred to form their corresponding dimer complexes
[AgX(R,R-DIOP)]2, in which the two DIOP ligands
linked two silver atoms, along with the two bridged
halides. Herein, we report the syntheses and characteri-
zation of the dimer complexes [AgX(R,R-DIOP)]2
(X=Cl, Br, I and SCN), along with their circular
dichroism (CD) spectra.

2. Experimental

All reactions were completed under a positive pres-
sure of pure argon (Ar) using standard Schlenk tech-
niques, in a dark environment (aluminum foil). The
solvents were dried and deoxygenated prior to use. The
optically pure phosphine ligand R,R-DIOP was pre-
pared from L-tartaric acid according to a previous
literature report [14]. [AgNO3(R,R-DIOP)]n was synthe-
sized as reported by Wu et al. [13]. Elemental analyses
were carried out in a Carlo–Erba 1106 microanalyzer.
The 1H- and 31P-NMR spectra were recorded at 500
and 202 MHz, respectively, in a Brucker AM NMR
spectrometer with corresponding standards of internal
TMS and external H3PO4. IR spectra were recorded as
KBr discs in a Perkin–Elmer 577 spectrometer. UV–vis
spectra were obtained in a Shimadzu UV-3000 spec-
trophotometer in the region of 200–700 nm. CD spec-
tra were recorded in a JASCO-20C Automatic
Recording spectropolarimeter, testing the characteristic
electronic absorption of the complexes from 220 to 300
nm.

The title complexes could be easily synthesized by the
reaction of NaX and [AgNO3(R,R-DIOP)]n in CH2Cl2.
The mixture of NaX (X=Cl, Br, I or SCN, 0.30 mmol)
and [AgNO3(R,R-DIOP)]n (0.14 g, 0.20 mmol) was
refluxed in CH2Cl2 (10 ml) for 10 min and cooled to
room temperature. The precipitate was filtered off and
washed with CH2Cl2 (3×5 ml). The filtrate was con-
centrated in vacuum to ca. 5 ml and Et2O (10 ml) was
added to afford a white powder. The resulting white
powder was collected and washed with Et2O to give the
title complexes in moderate yields (40–60%) after dry-
ing in vacuum. In this procedure, however, it was
difficult to control the reaction conditions to obtain
good yields with reproducibility.

Interestingly, the reaction of fresh AgX and R,R-
DIOP in CH2Cl2 under reflux provided the title com-
plexes in high yields. In this procedure, AgX was
prepared just prior to use. After refluxing the mixture
of AgX (0.3 mmol) and R,R-DIOP (0.10 g, 0.20 mmol)
in CH2Cl2 (10 ml) for 10 min, the corresponding prod-
ucts were purified and collected as mentioned above.
[AgCl(R,R-DIOP)]2 (1) was isolated to afford 0.10 g
(78.1%). Anal. Calc. for C31H32Ag1Cl1O2P2: C, 58.01;

H, 5.03; P, 9.65. Found: C, 57.89; H, 4.97; P, 9.55%. IR
(KBr disc): 1435.1(s), 1352.0(s), 1176.4(m), 874.4(s) and
561.5(s) cm−1. 1H-NMR (CDCl3, TMS): 0.88 (s, 6H,
(CH3)2C), 2.75 (m, 2H, CH2P), 3.03 (m, 2H, CH2P),
4.91 (br, 2H, 2CH), 7.34–7.47 (m, 20H, Ph) ppm.
31P-NMR (CDCl3, H3PO4): +31.88 (br, d, 1JAg�P=ca.
713 Hz) ppm.

[AgBr(R,R-DIOP)]2 (2) was isolated to yield 0.12 g
(87.6%). Anal. Calc. for C31H32Ag1Br1O2P2: C, 54.25;
H, 4.70; P, 9.65. Found: C, 54.00; H, 4.76; P, 9.47%. IR
(KBr disc): 1434.7(s), 1370.9(s), 1163.3(m), 822.1(s) and
507.0(s) cm−1. 1H-NMR (CDCl3, TMS): 0.87 (s, 6H,
(CH3)2C), 2.78 (m, 2H, CH2P), 3.04 (m, 2H, CH2P),
4.92 (br, 2H, CH), 7.25–7.47 (m, 20H, Ph) ppm.
31P-NMR (CDCl3, H3PO4): −8.551 (br, s) ppm.

[AgI(R,R-DIOP)]2 (3) was isolated to afford 0.13 g
(88.8%). Anal. Calc. for C31H32Ag1I1O2P2: C, 50.78; H,
4.40; P, 8.45. Found: C, 51.51; H. 4.66; P, 8.55%. IR
(KBr disc): 1431.4(s), 1360.0(s), 1157.6(m), 853.6(s) and
496.5(s) cm−1. 1H-NMR (CDCl3, TMS): 0.88 (s, 6H,
(CH3)2C), 2.75 (m, 2H, CH2P), 3.03 (m, 2H, CH2P),
4.90 (br, 2H, CH), 7.22–7.43 (m, 20H, Ph) ppm.
31P-NMR (CDCl3, H3PO4): −13.302 (br, s) ppm.

[Ag(SCN)Br(R,R-DIOP)]2 (4) was isolated to yield
0.12 g (90.5%). Anal. Calc. for C32H32Ag1N1O2P2S1: C,
57.84; H, 4.85; P, 9.32. Found: C, 57.80; H. 4.65; P,
9.28%. IR (KBr disc): 2070.0(s), 1435.4(s), 1090.1(m),
803.3(s) and 510.1(s) cm−1. 1H-NMR (CDCl3, TMS):
0.906 (s, 6H, (CH3)2C), 2.757 (m, 2H, CH2P), 3.045 (m,
2H, CH2P), 4.892 (br, 2H, CH), 7.291–7.455 (m, 20H,
Ph) ppm. 31P-NMR (CDCl3, H3PO4): +31.34 (br, d,
1JAg,P=ca. 214 Hz) ppm.

2.1. X-ray crystallographic study

The colorless crystals of complexes 1, 3 and 4 were
obtained by the slow evaporation of their CHCl3 solu-
tions, and of complex 2 from its CH2Cl2 solution. All
data were collected in a Siemens SMART CCD area-
detector diffractometer using Mo–K� radiation (�=
0.71073 A� ). A total of 1261 frames were collected for
each complex with a graphite monochromator in a
three-cycle goniometer (fixed � axis). The exposure time
of one frame was 10 s. The data were reduced by SIANT

[14] and corrected for absorption by SADABS [15] with
maximum absorption corrections of 1.000 and mini-
mum corrections of 0.822 (1), 0.453 (2), 0.716 (3), and
0.233 (4), respectively. All the complexes were crystal-
lized in the triclinic, P1 space group, and the crystal
data are given in Table 1.

2.2. Structure analysis and refinement

Complex 1: the heavy atoms were solved using the
direct method. The remaining atoms were located in
successive difference Fourier syntheses. The structure
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was refined using a full-matrix least-squares technique.
All non-hydrogen atoms were refined with anisotropic
thermal parameters. Only hydrogen atoms on chiral
carbon atoms were calculated, using a riding model and
including the structure factor calculation. The final
R=0.0571, wR=0.1603 for 689 parameters and 5619
reflections with I�2�(I); maximum residual electron
density=1.557 e A� −3 around the chlorine atom of the
solvent CH2Cl2. Weighting scheme: w=1/[�2(Fo

2)+
(0.1153P)2+3.5221P ] where P= (Fo

2 +2F c
2)/3.

Complex 2 was analyzed similarly, to give a final
R=0.0538, wR=0.1513 for 1288 parameters and
13 293 reflections with I�2�(I). The maximum resid-
ual electron density is 1.064 e A� −3. Weighting scheme:
w=1/[�2(Fo

2)+ (0.1174P)2 where P= (Fo
2 +2F c

2)/3.
Complex 3 was calculated using an analogous

method, with some carbon atoms of the phenyl group
restrained as planes, to give a final R=0.0338, wR=
0.1007 for 667 parameters and 6389 reflections with
I�2�(I); maximum residual electron density=0.675
e A� −3. Weighting scheme: w=1/[�2(Fo

2)+ (0.0481P)2]
where P= (Fo

2 +2F c
2)/3.

Complex 4 was analyzed similarly to complex 3, with
all carbon atoms of the phenyl group restrained as
planes, to give a final R=0.0801, wR=0.2141 for 463

parameters and 5340 reflections with I�2�(I); maxi-
mum residual electron density=0.735 e A� −3. Weight-
ing scheme: w=1/[�2(Fo

2)+ (0.1454P)2+7.2371P ]
where P= (Fo

2 +2F c
2)/3.

The absolute configuration of all complexes was
confirmed by an � refinement [16]. All calculations were
performed in an INDY workstation using the SHELXL-
93 program package [15].

3. Results and discussion

[AgNO3(R,R-DIOP)]n were reacted with sodium
halides NaX (X=Cl, Br, I, or SCN) to form the title
complexes. The nitrate anion was exchanged by the
halide due to the silver-affinity of halides. Moreover,
the original helical chain of [AgNO3(R,R-DIOP)]n was
broken to form its corresponding dimer complex with
the assistance of two bridged halides. The complexes
were formed in various yields by changing the reaction
conditions, with a by-product observed as a precipitate
in the reaction. The different conditions affected the
nitrate–halide exchange, potentially forming different
species beyond the title product.

Table 1
Crystal data and structure refinement parameters for complexes 1–4

1Complex 2 3 4
C64H66Ag2Cl8O4P4Empirical formula C64H64Ag2N2O4P4S2C125H134Ag4Br4Cl2O10P8 C62H64Ag2I2O4P4

1326.90Formula weight 1466.552866.101522.39
293(2) 293(2)Temperature (K) 293(2) 293(2)

Wavelength (A� ) 0.71073 0.71073 0.71073 0.71073
Triclinic Triclinic Triclinic TriclinicCrystal system

Space group P1P1 P1 P1
Unit cell dimensions

10.6519(9)10.3148(2)14.329(2)a (A� ) 10.4559(1)
13.6746(2)b (A� ) 15.579(2) 12.7360(3) 12.5609(10)

c (A� ) 12.7575(10)12.7519(2)16.674(3)14.0125(2)
65.270(1)106.716(10) 65.855(2)110.836(1)� (°)

104.836(1)� (°) 91.14(2) 88.294(1) 82.981(2)
98.064(1) 113.294(14)� (°) 84.987(1) 86.158(2)

V (A� 3) 1749.89(4) 3236.2(8) 1515.71(5) 1545.6(2)
111Z 1

1.000 2.025� (mm−1) 1.815 0.852
Dcalc (g cm−3) 1.445 1.471 1.607 1.426
F(000) 1446772 728 678

−8–11 −17–16h −12–12 −12–12
k −15–15 −18–14 −11–15 −9–14
l −15–13 −19–19 −7–15 −15–15

0.43, 0.30, 0.25 0.25, 0.22, 0.15Dimension 0.50, 0.44, 0.40 0.25, 0.23, 0.17
0.01620.02420.0149Rint 0.0806

0.0358 0.05410.03550.0651R�

0.0571 0.0538R a 0.0339 0.0801
0.1603 0.1513 0.1029wR b 0.2141
1.064 1.010Goodness-of-fit 1.156 1.069
0.00(5) 0.05(7)� 0.02(2)0.031(12)

a R=��Fo�−�Fc�/��Fo�.
b wR= [�w(�Fo�−�Fc�)2/�w �Fo�2]1/2.
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Scheme 1.

The UV–vis absorption and CD spectra of the com-
plexes were measured at room temperature. In CH2Cl2,
an intense UV absorption is found at 241 nm with
�max=1.35×104 dm3 mol−1 cm−1 for 1, the absorp-
tion band is broadened for complex 2, while shoulder-
like absorptions appear for complexes 3 and 4. The
former band is due to the absorbency of the free ligand,
whereas the shoulder band was assigned to the metal-
to-ligand charge transfer (MLCT) according to a previ-
ous study [11]. As expected, the hypochromic shift of
the 241 nm transition and the appearance of a shoul-
der-like band from complexes 1–4 is due to the polariz-
ability of halide ions increasing from Cl to Br, I and S
(in SCN), respectively. At room temperature, the CD
spectra of complexes 1–4 display their chirality and the
evident Cotton effects. A negative Cotton effect at 247
nm with ��247= −6.46 dm3 mol−1 cm−1 is shown in
the spectrum of complex 1. For complex 2, an addi-
tional positive band is shown at 252 nm with ��252=
+4.65 dm3 mol−1 cm−1, while for complex 3 the posi-
tive Cotton effect increases and the negative one de-
creases. For complex 4, the CD spectrum displays a
very large positive Cotton effect. This also shows the
relationship between the Cotton effect of the complexes
with the polarizability of halide ions. The band maxi-
mums and their intensities in the UV–vis and CD
spectra of 1–4 are summarized in Table 2.

To determine the structures of the title complexes,
single-crystal X-ray diffraction was used to obtain their
absolute structures. The crystal structures of the title
complexes are built from well-separated discrete
molecules with no crystallographically imposed symme-
try. Figs. 1–4 show the perspective views of the struc-
tures of [AgCl(R,R-DIOP)]2·2CHCl3 (1), {[AgBr-
(R,R-DIOP)]2}2·CH2Cl2·2H2O (2), [AgI(R,R-DIOP)]2
(3) and [AgSCN(R,R-DIOP)]2 (4), respectively. The
complexes contain binuclear units in which the metal is
coordinated to two P atoms and two halide ions (i.e.
Cl, Br, I and S (for SCN), respectively) in a distorted
arrangement; which is different from a normal tetrahe-
dron such as [Ag(py)4]ClO4 (N�Ag�N, 110.2(2)°) [18].
The molecule 4R,5R-trans-4,5-bis[(diphenylphosphino)-
methyl]-2,2-dimethyl-1,3-dioxalane (R,R-DIOP) acts as
a bridged ligand with the two P atoms coordinating to
different Ag atoms. The selected bonds and angles
for complexes 1–4 are collected in Tables 3–6, respec-
tively. The feature of the title complexes is a double-
ring structure: the outer ring consists of an
Ag�DIOP�Ag�DIOP 14-membered ring in which C(2),
C(3), C(9) and C(10) are chiral carbon atoms with R
absolute configuration, while the inner ring consists of
the two halide anions and silver atoms, forming a
four-membered ring. Both silver atoms are also linked
by the halide anions (or the sulfur atom of the SCN
complex) so that the cores of the complexes are approx-
imate rhomboids with Ag···Ag and X···X diagonals.

Table 2
Band maxima �max (nm), extinction coefficients (dm3 cm−1 mol−1) in
the UV–vis spectra; band maxima �max (nm), the difference in the
extinction coefficients for left- and right-handed circularly polarized
light � (dm3 cm−1 mol−1) in CD spectra of complexes 1–4 (in
CH2Cl2)

UV–vis, �maxComplex CD, �max (��)
(�mol×10−4)

241 (1.35)1 247 (−6.46)
258 (1.15)2 236 (−3.65), 252 (+4.65), 272

(−1.66)
3 232 (−4.26), 269 (+6.39)235 (1.87)

232 (2.69)4 224 (−12.64), 246 (−3.73), 267
(+15.51)

However, the reaction of AgX with R,R-DIOP gave
a stable yield of the corresponding complexes. The
silver halide was easily prepared from the stoichiomet-
ric reaction of AgNO3 and sodium halide. The fresh
AgX was added into a CH2Cl2 solution of R,R-DIOP.
Driven by the formation of the highly soluble complex
in CH2Cl2, the amount of AgX was reduced by reacting
with R,R-DIOP. In general, an excess amount of AgX
was used on the basis of the easy synthesis of AgX, but
more steps are involved in the synthesis of R,R-DIOP.
In this case, the title complex could be easily separated.
All AgX was consumed upon increasing the amount of
R,R-DIOP to a slight excess, but removal of R,R-
DIOP from the corresponding title products was
impossible.

The synthesis of the title complexes is shown in
Scheme 1. The complexes are soluble in CH3OH,
CH2Cl2, CHCl3, CH3CN, and DMF, but insoluble in
EtOH, Et2O and petroleum ether. The complexes were
confirmed by satisfactory elemental analyses. They are
relatively stable under Ar atmosphere, but the colorless
transparent solutions and white powders could turn
slightly gray in air, especially their solutions. All the
complexes showed similar IR spectra except for a very
strong band at 2070 cm−1 in complex 4, which is
assigned to the characteristic absorption band of termi-
nal SCN in a bridged silver complex [17]. 1H-NMR
measurement also showed characteristic spectra of the
complexes.
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These four atoms are coplanar (deviations are less than
0.03 A� ). The four P atoms are coplanar (deviations less
than 0.03 A� ), with the metals also located in this plane
(deviations are less than 0.03 A� ) for the four complexes.
The intersecting angles (°) of these two planes are 73.9
(complex 1), 102.0 (complex 2), 98.4 (complex 3) and
87.7 (complex 4). The structures of the four complexes
are distinguishable from that of [AgNO3(R,R-DIOP)]n,
which is a right-handed helical infinite chain [13]. In
these cases, R,R-DIOP bridged two metal centers; how-
ever, it was common for R,R-DIOP to form a seven-
membered heterometallic ring with other transition
metals, such as Ru, Rh, Pt, Pd and Ni [5].

The selected bond lengths and angles for complex 1
are given in Table 3. In this complex, the coordination
polyhedron around Ag(1) differs slightly from that
around Ag(2), as the angles P(1)�Ag(1)�P(2) and
P(3)�Ag(2)�P(4) are, respectively, 130.71(4) and
133.61(4)°, which are larger than the corresponding
124.4(1) and 128.6(1)° found in (AgClP2C29H30)2 [19].
The Ag�P bond distances are 2.427(4)–2.490(5) A� . The
Ag�Cl distances, 2.649(4)–2.703(4) A� (average 2.677(4)
A� ) agree well with the mean Ag�Cl distances (2.668(2)
A� ) of (AgClP2C36H30)2 [20].

In complex 2, two similar molecules are arranged
differently in a unit with the torsion angle of

Fig. 1. Perspective view of [AgCl(R,R-DIOP)]2 at the 30% probability level. Some hydrogen atoms and solvents are omitted for clarity.

Fig. 2. Perspective view of {[AgBr(R,R-DIOP)]2}2 at the 30% probability level. Some hydrogen atoms and solvents are omitted for clarity.
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Fig. 3. Perspective view of [AgI(R,R-DIOP)]2 at the 30% probability
level.

(average 2.782(2) A� ), which is somewhat longer than
that of the corresponding data in [AsPh4]2[Ag(2)Br(4)]
(average 2.677(1) A� ) [21].

The selected bond lengths and angles for complex 3
are given in Table 5. Similar to complex 1, the angles
P(1)�Ag(1)�P(2) and P(3)�Ag(2)�P(4) are 120.56(9) and
124.04(9)°, much larger than 119.87(7)° in
(AgIP2S2C28H28)2 [22]. The Ag�I bond lengths are
2.8959(9)–2.9877(11) A� in complex 3, which is longer
than those in (AgIP2SC28H28)2 [23] (2.895(1) A� ).

Table 3
Selected bond lengths (A� ) and bond angles (°) for [AgCl(R,R-
DIOP)]2·2CHCl3

Bond lengths
2.427(4)Ag(2)�P(3)Ag(1)�P(1) 2.472(4)

Ag(1)�P(2) 2.490(5) Ag(2)�P(4) 2.436(4)
Ag(1)�Cl(1) 2.649(4) 2.683(4)Ag(2)�Cl(2)

2.703(4)Ag(2)�Cl(1)Ag(1)�Cl(2) 2.674(4)
Cl(1)···Cl(2)Ag(1)···Ag(2) 3.847(3)3.724(1)

Bond angles
130.71(14)P(1)�Ag(1)�P(2) P(3)�Ag(2)�P(4) 133.61(14)
97.22(14)P(1)�Ag(1)�Cl(1) P(3)�Ag(2)�Cl(2) 117.77(13)

P(2)�Ag(1)�Cl(1) 96.75(14)P(4)�Ag(2)�Cl(2)118.83(14)
P(3)�Ag(2)�Cl(1)P(1)�Ag(1)�Cl(2) 94.37(14)117.67(14)
P(4)�Ag(2)�Cl(1)P(2)�Ag(1)�Cl(2) 116.15(15)94.53(14)

91.18(13)Cl(2)�Ag(2)�Cl(1)Cl(1)�Ag(1)�Cl(2) 92.55(13)
Ag(1)�Cl(1)�Ag(2) Ag(1)�Cl(2)�Ag(2)88.18(12) 88.09(12)

Fig. 4. Perspective view of [AgSCN(R,R-DIOP)]2 at the 30% proba-
bility level.

Table 4
Selected bond lengths (A� ) and bond angles (°) for {[AgBr(R,R-
DIOP)]2}2·CH2Cl2·2H2O

Bond lengths
2.491(3)Ag(3)�P(6)Ag(1)�P(1) 2.473(3)

Ag(1)�P(2) 2.497(3)Ag(3)�P(5)2.481(3)
Ag(3)�Br(3) 2.774(2)2.732(2)Ag(1)�Br(2)

2.776(2)Ag(3)�Br(4)Ag(1)�Br(1) 2.789(2)
2.432(4)Ag(4)�P(8)Ag(2)�P(4) 2.419(4)

2.421(4) Ag(4)�P(7) 2.436(3)Ag(2)�P(3)
2.781(2) Ag(4)�Br(4) 2.796(2)Ag(2)�Br(1)

2.818(2)Ag(2)�Br(2) Ag(4)�Br(3)2.792(2)
3.547(1) Ag(3)···Ag(4)Ag(1)···Ag(2) 3.624(1)

Br(1)···Br(2) Br(3)···Br(4)4.264(1) 4.245(2)

Bond angles
126.05(11) 128.35(12)P(1)�Ag(1)�P(2) P(6)�Ag(3)�P(5)
115.28(9) P(6)�Ag(3)�Br(3) 98.99(9)P(1)�Ag(1)�Br(2)

P(2)�Ag(1)�Br(2) 114.11(9)99.72(9) P(5)�Ag(3)�Br(3)
P(1)�Ag(1)�Br(1) 115.01(9)P(6)�Ag(3)�Br(4)95.69(8)

P(5)�Ag(3)�Br(4) 97.74(9)117.18(9)P(2)�Ag(1)�Br(1)
Br(2)�Ag(1)�Br(1) 101.09(5) Br(3)�Ag(3)�Br(4) 99.80(5)

P(8)�Ag(4)�P(7) 131.55(12)P(4)�Ag(2)�P(3) 129.43(12)
P(4)�Ag(2)�Br(1) 114.09(9)P(8)�Ag(4)� Br(4)116.75(11)

P(7)�Ag(4)�Br(4) 98.08(8)97.98(9)P(3)�Ag(2)�Br(1)
97.35(9) P(8)�Ag(4)�Br(3)P(4)�Ag(2)�Br(2) 96.24(10)

P(7)�Ag(4)�Br(3) 114.61(9)P(3)�Ag(2)�Br(2) 112.35(9)
99.82(5) Br(4)�Ag(4)�Br(3)Br(1)�Ag(2)�Br(2) 98.24(5)

80.80(5)Ag(3)�Br(3)�Ag(4)Ag(2)�Br(1)�Ag(1) 79.11(5)
79.89(5)Ag(1)�Br(2)�Ag(2) Ag(3)�Br(4)�Ag(4) 81.16(5)

Ag(1)�Ag(2)�Ag(3)�Ag(4) −114.0°. One CH2Cl2 and
two H2O molecules are crystallized in this complex. The
H2O molecules perhaps originate from the ambient
moisture. The selected bond lengths and angles for
complex 2 are collected in Table 4. The angles of
P(1)�Ag(1)�P(2) and P(3)�Ag(2)�P(4) are 126.05(11),
128.35(12) and 129.43(12), 131.55(12)°, respectively.
The Ag�P bond distances are 2.419(4) and 2.497(3) A� .
The Ag�Br distances vary from 2.732(2) to 2.818(2) A�
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Table 5
Selected bond lengths (A� ) and bond angles (°) for [AgI(R,R-DIOP)]2

Bond lengths
I(1)�Ag(2)I(1)�Ag(1) 2.9876(10)2.8960(8)
I(2)�Ag(2)2.9369(9) 2.9049(9)I(2)�Ag(1)
Ag(2)�P(3)Ag(1)�P(1) 2.445(2)2.503(2)
Ag(2)�P(4)2.508(2) 2.460(2)Ag(1)�P(2)

Ag(1)�Ag(2) I(1)···I(2)3.0650(6) 4.9967(6)

Bond angles
Ag(2)�I(2)�Ag(1) 63.29(2)Ag(1)�I(1)�Ag(2) 62.77(2)
P(3)�Ag(2)�P(4)120.58(8) 124.03(8)P(1)�Ag(1)�P(2)
P(3)�Ag(2)�I(2) 112.70(6)P(1)�Ag(1)�I(1) 102.20(6)
P(4)�Ag(2)�I(2)111.34(6) 101.96(7)P(2)�Ag(1)�I(1)
P(3)�Ag(2)�I(1)P(1)�Ag(1)�I(2) 94.53(6)111.74(7)
P(4)�Ag(2)�I(1)94.10(6) 108.34(7)P(2)�Ag(1)�I(2)
I(2)�Ag(2)�I(1) 115.98(3)I(1)�Ag(1)�I(2) 117.88(3)

The structures of the title complexes demonstrate the
asymmetry of these molecules. The selected mean bond
distances and angles of the cores of the complexes are
given in Table 7. In these complexes, the values of the
core diagonals (A� ) are Ag···Ag=3.724 (1), 3.586(1)
(average) (2), 3.0651(6) (3), 3.307(2) (4), and X···X=
3.847 (1), 4.264(2) (average) (2), 4.9967(6) (3), 4.364(6)
(4), respectively, i.e. the Ag···Ag distance(s) in the
rhomboid of the core increases in the order of I�S�
Br�Cl. Although it is not yet clear, these results may
be partly helpful in explaining the tendency of the CD
spectra. Additionally, the mean angle of P�Ag�P in-
creases in the same order, from complex 3, 4, 2 to 1,
while that of X···Ag···X decreases in the same sequence.
It should be interpreted as being due to the polarizabil-
ity and electron distribution of the silver atom of the
four ions as this decreases in the same order.
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