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Stepwise assembly of a molecular box from 16-

electron half-sandwich precursor [Cp*M(pdt)] (M 

= Rh, Ir) 
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 Yue-Jian Lin

 a
 and Guo-Xin Jin*

a
  

The coordinatively-unsaturated 16-electron half-sandwich precursors [Cp*M(pdt)] (M = Rh, Ir; pdt = 

pyrazine-2,3-dithiol) have been synthesized. X-ray crystallography in combination with
 1

H NMR analysis 

were used to elucidate the nature of the precursors. The Rh(III) precursor displays a dimeric form in 

trans arrangement in the solid state, formulated as [(Cp*Rh)2(µ(S)-pdt)2] (1), in which covalent Rh-S 

bonds bridge the metal centers. In solution, however, dimers 1 and monomers 2 coexist in equilibrium. 

The dissociation equilibrium of 1 in DMSO-d6 was evaluated by 
1
H NMR at several temperatures 

between 20-80 ºC. The Ir(III) precursor [Cp*Ir(pdt)] (3) is monomeric form, and stable in the solid state 

and solution. Due to their unsaturation and bridging properties, these precursors were further used in 

stepwise assembly reactions with the binuclear building blocks to give open macrocycles and a closed 

molecular box.  

Introduction 

Metal-dithiolene complexes have generated considerable 

interest as a new class of materials used in electromagnetic 

systems1 and molecular devices.2 Particularly, dithiolene 

ligands have great potential as ancillary groups in the rational 

design of polymetallic complexes, due to their coordinative 

unsaturation in planar MS2C2 subunits.3,4 Besides their strong 

tendency to undergo addition reactions with electron donors at 

the metal centers, they exhibit suitable attributes for the design 

of a variety of novel coordination motifs.5 Although much work 

has been devoted to this topic, there are very few reports 

focusing on the rational design of organometallic macrocycles 

and cages supported by coordinatively-unsaturated 16-electron 

subunits.6  

Our efforts have been focused on finding functional ligands 

suitable for the construction of organometallic macrocycles and 

cages.7,8 Reliable approaches have been exploited based on 

metal-based subunits, which allow step-by-step syntheses 

because of different reactivity of various functionalities.9 In this 

regard, it is important to mention that the pyrazine-2,3-dithiol 

ligand (H2pdt), has been widely used in the construction of 

molecular conductors.10 However, due to the nature of dithio 

ligand, it appeared possible that the pdt dianion could chelate 

{Cp*M} (M = Rh and Ir, Cp* = pentamethylcyclopentadienyl) 

fragments, giving 16-electron half-sandwich species.11,12 

Meanwhile, such ligands can act as bridging elements through 

the nitrogen atoms of adjoined pyrazine moieties (see Fig. 1). 

Therefore, it should be possible to control the molecular 

arrangement, giving rise to multinuclear assemblies.  

 

Figure 1 16-electron half-sandwich precursor [Cp*M(pdt)] in active site 
model (M = Rh and Ir). 

Herein we report the synthesis of representative 16-electron half-

sandwich precursors [Cp*M(pdt)] (M = Rh and Ir). The Rh(III) 

complex is a dimer featuring a trans arrangement of the Cp* 

ligands relative to the Rh-Rh vector in the solid state, 

formulated as [(Cp*Rh)2(µ(S)-pdt)2] (1). Complex 1 dissociates 

in solution, thus dimers 1 and monomers 2 coexist in 

equilibrium, which was evaluated by 1H NMR at several 
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 Scheme 1 Synthetic routes to complexes 1-7.

temperatures between 20-80 oC. For the Ir(III) complex, 

[Cp*Ir(pdt)] (3) exists in the 16-electron monomeric form, and 

is stable in the solid state and solution. Following a stepwise 

strategy, starting from the 16-electron half-sandwich precursors, 

a series of the macrocycles featuring a coordinatively 

unsaturated metal center in two opposite bridging groups (M = 

Rh (4) and M = Ir (5)) have been synthesized. Most 

interestingly, in solution, by introduction of the pyrazine, these 

are linked converting the hexanuclear macrocycle 4 into a 

distorted trigonal-prism 6. In addition, complex 7 is a 1D 

heterometallic framework structure supported by 

[(Cp*Rh)2(µ(S)-pdt)2] dimeric units in cis and trans 

arrangement. Therefore, for the first time, we demonstrate the 

extension of 16-electron half-sandwich precursors as buliding 

blocks in the construction of organometallic macrocycles and 

cages. 

Results and discussion 

Synthesis and characterization 

As shown in Scheme 1, treatment of pyrazine-2,3-dithiol with 

two molar equivalents of n-BuLi in THF at –78 ºC, followed by 

the addition of 0.5 molar equivalents of [(Cp*MCl2)2] (M = Rh 

and Ir), results in displacement of the chlorides from the MIII 

centers and a dimer formulated as [(Cp*Rh)2(µ(S)-pdt)2] (1) in 

68% yield, while a similar reaction give the expected 

mononuclear precursor [Cp*Ir(pdt)] (3) (Yield: 31%). 

However, in solution, complex 1 partially dissociates, giving 

the 16-electron monomeric complex, [Cp*Rh(pdt)] (2), giving 

an equilibrium of dimers 1 and monomers 2. Compared to 

nitrogen or oxygen ligands, the reactions to form the 16-

electron half-sandwich precursors occur more rapidly, since the 

softer pdt dianion is a better ligand towards {Cp*M} (M = Rh 

and Ir) fragments. 

As illustrated in Fig. S1, the 1H NMR spectra of complex 1 

in CDCl3 shows one complete set of proton resonances for the 

pdt ligands and the Cp* rings, as evidenced by two signals at δ 

7.89 and 7.77 ppm, peaks assignable to the pdt protons, along 

with one singlet peak at δ 1.32 ppm for the methyl protons of 

the Cp* rings. These proton signals are consistent with the 

formation of the dimeric complexes. However, additional 

smaller peaks also exist: the peaks attributable to the pdt 

ligands and the Cp* rings appear at δ 8.26 ppm and δ 1.97 ppm, 

we assume that these species correspond to a mononuclear 

complex, [Cp*Rh(pdt)] (2). The ESI-MS spectrum of 1 shows 

an isotopic distribution corresponding to [(Cp*Rh)2(µ(S)-

pdt)2]
+ (M=760.98) at m/z = 760.98 (see Fig. S2). In 

comparison with those of complex 3, it is stable in solution, no 

dimerization reaction is observed in the 1H NMR spectra, only 

one single peak at δ 2.13 ppm for methyl protons of the Cp* 

ligand and one peak at δ 8.23 ppm for pdt dianion protons are 

observed in CDCl3. Additionally, the ESI-MS spectrum of 3 

indicates the existence of the mononuclear ion [Cp*Ir(pdt)]+ 

(m/z = 471.05) (see Fig. S4 and S5). 

Due to their unsaturation and bridging properties, it was 

envisaged that fine tuning of the geometry and functionality of 

new metal-dithiolene organometallic macrocycles or cages 

could be achieved. When the known bridging binuclear 

complexes [Cp*2M2(µ-CA)Cl2]
13 (M = Rh, Ir; µ-CA = 2,5-

dichloro-3,6-dihydroxy-1,4-benzoquinone) were used along 

with the 16-electron precursors in a 1:0.5 and 1:1 ratio (with 

addition of silver salts), the open hexanuclear organometallic 

macrocycles {Cp*2M2(µ-CA)[Cp*M(pdt)]}2·(OTf)4 (M = Rh 

(4) and M = Ir (5)) were obtained in about 63% and 42% yields, 

respectively. Interestingly, utilizing the coordinative 

unsaturation of 4, we further tuned the open rectangular 

macrocycle 4 by adding pyrazine in a 1:1 ratio in methanol, 

resulting in the 18-electron closed box {Cp*2Rh2(µ-

CA)[Cp*Rh(pdt)]}2(pyrazine)·(OTf)4 (6) in 37% yield. 
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Additionally, complex {[Ag(Cp*Rh)3(pdt)3]·(OTf)}n (7) was 

obtained from dimeric 1 in the presence of AgOTf (Yield: 

30%).  

Molecular Structures 

The dinuclear form of complex 1 (M = Rh) was confirmed by 

single-crystal X-ray diffraction analysis. It crystallized in the 

monoclinic space group P2(1)/c. In Fig. 2(a), the pdt dianion 

acts both as a chelating ligand via the S1 and S2 atoms and as a 

bridging one through the S2 atom. The distance between two 

Rh atoms in the dimer is 3.549(7) Å, which indicates no 

bonding interaction between them. Due to the dimeric form of 

the complex, the ligand sphere around both Rh centers satisfies 

the 18-electron rule, and the dimer form is thereby stable in the 

solid state. However, compared to the Rh-S1 (2.352(16) Å) and 

Rh-S2 (2.354(16) Å) distances, the bond lengths between the 

Rh atoms and the bridging S2 atoms are significantly longer 

(2.401(15) Å). This elongation appears to cause easy cleavage 

of the S-bridge in solution, giving the mononuclear form. The 

Rh center in the monomer, with 16 valence electrons, is 

coordinatively unsaturated. The monomeric complex 

[Cp*Rh(pdt)] (2) could not be isolated, but was characterized 

by 1H NMR.  

 

Figure 2 Crystallographically-determined molecular structures of 

[(Cp*Rh)2(µ(S)-pdt)2] (1) (a) and [Cp*Ir(pdt)] (3) (b). H atoms have 

been omitted for clarity (violet for Rh, orange for Ir, yellow for S, blue 

for N, gray for C). 

X-ray structural analysis reveals that complex 3 is a 

monomer. It is crystallized in the orthorhombic space group 

Pca2(1). As displayed in Fig. 2(b), 3 is a coordinatively-

unsaturated five-coordinate species with Ir center. However, in 

order to achieve an 18 valence electron configuration for the 

Ir(III) center, the thiolate ligand donates p-electron density to 

the metal, and consequently, the Ir-S bonds have a formal bond 

order of 1.5.11 Accordingly, the Ir-S bond lengths are 2.257(21) 

(Ir-S1) and 2.248(19) (Ir-S2) Å, significantly shorter than the 

normal Ir-S bond length (2.35 Å),14 or the Rh-S bond lengths 

(Rh-S1 2.352(16) and Rh-S2 (2.354(16) Å) in complex 1. 

Notably, both the electronic and metal center reasons are 

responsible for the formation of complex 3 as monomer. Due to 

the p-electron donation from the S atoms, the Ir atom is almost 

coplanar with the chelated pdt dianion in 3, which is in contrast 

to the non-planar structure of complex 1. 

Complexes 4 and 5 may be described as open hexanuclear 

rectangular macrocycles constructed from µ-CA units and 16-

electron precursors (see Fig. 3). Complex 4 crystallized in the 

monoclinic space group P2(1)/c. As shown in Fig. S6, 

{Cp*Rh1} and {Cp*Rh2} fragments all adopt a classical three-

legged piano-stool geometries in which the Rh centers are 

coordinated by two Oµ-CA atoms and one Npdt atom. Four 

{Cp*Rh} vertices reside on the edges of the rectangular 

structure with distances of 8.048(18) (Rh1−Rh2) and 7.021(21) 

(Rh1−Rh2A) (A 1-x, 1-y, -z) Å, respectively. The dihedral 

angles between the µ-CA units and the 16-electron precursors 

in the rectangular macrocycle 4 are 87.7°. However, 

coordinatively unsaturated metal center are in two opposite 

bridging groups. Similarly, as shown in Fig. S7, complex 5 also 

shows an open rectangular macrocycle with Ir atoms. The 

distances between the adjacent Ir atoms are 8.069(12) (Ir1−Ir2) 

and 6.993(16) (Ir1−Ir2A) (A-x, 1-y, 2-z) Å, respectively. The 

dihedral angles between the µ-CA units and the 16-electron 

precursors in the rectangular macrocycle 5 are 87.5°. It is 

noteworthy that, 1H NMR showed two complete sets of proton 

resonances for the open macrocycles, suggesting that cis and 

trans conformations coexist in solution for the complexes 4 and 

5. The major features of the complex 4 in trans arrangement are 

signals from the pdt ligand (δ 7.93 ppm), the 16-electron Cp* 

fragments (δ 2.07 ppm), and the 18-electron Cp* fragments (δ 

1.67 ppm), respectively. For complex 4 in cis arrangement, the 

corresponding signals appear at δ 8.09 ppm, δ 2.02 ppm and δ 

1.68 ppm, respectively. It is noteworthy that there is 

inconversion between cis and trans arrangements in 4 (see Fig. 

S9). The spectral data of complex 5 is qualitatively very similar 

to complex 4 (see Fig. S8 and S10). 

  

Figure 3 (a) Crystallographically-determined molecular structures of 

{Cp*2M2(µ-CA)[Cp*M(pdt)]}2·(OTf)4 (M = Rh (4) and M = Ir (5)). H 

atoms, anions, and solvent molecules have been omitted for clarity; (b) 

Simplified view of 4 and 5 in wireframe mode (Dark red for M1 and 

M2, Black for M3, yellow for S, blue for N, red for O, gray for C, green 

for Cl). 

We reasoned that 16-electron unsaturated building blocks 

might provide a method for the formation of a closed molecular 

box through the use of linear bidentate ligands. Using this logic, 

we have successfully transformed the open rectangular 

macrocycle 4 into the 18-electron trigonal-prism 6 using a 

pyrazine bridging ligand as a “lid” for the box. X-ray structural 

analysis reveals that complex 6 is a hexanuclear cage, 
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crystallized in the monoclinic space group C2/C. As shown in 

Fig. 4, all of the Rh atoms show three-legged piano-stool 

geometries, in which Rh1 and Rh2 are both coordinated by O2N 

donor sets and one Cp* fragment, while the Rh3 atoms are 

bound instead by S2N donor sets. The pyrazine bridged Rh3-

Rh3 distance is 7.082(10) Å, and the distances of between 

adjacent Rh atoms along the edges of rectangular box are 

8.037(14) (Rh1-Rh2) and 6.989(17) (Rh1-Rh2A) (A 2-x, y, 1.5-

z) Å, respectively. In the cage 6, the dihedral angles of the 16-

electron precursors with the µ-CA units and the pyrazine 

ligands are 89.6 and 86.3°, respectively. As shown in Fig. S11, 

the 1H NMR spectrum of 6 consists of two single peaks at δ 

8.49 ppm and δ 7.41 ppm corresponding to the pryazine and pdt 

ligands, respectively, and at δ 1.75 ppm and δ 1.77 ppm 

corresponding to Cp* fragments, respectively. These proton 

signals are consistent with the formation of the closed box. 

 

Figure 4 (a) Crystallographically-determined molecular structure of 

{Cp*2Rh2(µ-CA)[Cp*Rh(pdt)]}2(pyrazine)·(OTf)4 (6). H atoms, anions, 

and solvent molecules have been omitted for clarity; (b) Simplified 

view of 6 in wireframe mode; (c) View of 6 in space-filling mode; (d) 

Perspective image showing the closed box of 6 (violet for Rh, yellow 

for S, blue  for N, red for O, gray for C, green for Cl). 

 

Figure 5 Crystallographically-determined molecular structure of 

{[Ag(Cp*Rh)3(pdt)3]·(OTf)}n (7). H atoms, anions and solvent 

molecules have been omitted for clarity (violet for Rh, yellow for S, 

blue for N, red for O, gray for C, sea green for Ag). 

Complex 7 is a 1D coordination polymer consisting of silver-

bridged [(Cp*Rh)2(µ(S)-pdt)2] dimers in cis- and trans- modes 

(see Fig. 5). The fundamental silver(I) coordination 

environment in 7 is depicted in Fig. S12. The silver atom 

adopts a tetrahedral geometry, coordinated by two Npdt atoms 

(N3, N5) from two cis dimers, and one Npdt atom (N2) and one 

S atom (S2) from a trans dimer. The AgˑˑˑˑAg distances 

spanned by cis and trans dimers are 4.387(9) and 10.940(10) Å, 

respectively. Importantly, it also represents the first example of 

the coexistence of cis and trans dimers of 1 in the solid state 

(see Fig. S13).  

Dissociation equilibrium in solution 

The RhIII dimer 1 and monomer 2 coexist in equilibrium, while 

in the solid state 1 exists in its dimeric form. The dissociation 

equilibrium of 1 in solution,11,15 was studied by 1H NMR 

spectra in DMSO-d6 at several temperatures between 20 and 80 
oC, as shown in Fig. 6(a). The set of signals for 2 (in red) grow 

gradually with increasing temperature, while those of 1 (in blue) 

decrease in intensity. A similar intense change was observed in 

CDCl3 (see Fig.S3). However, the peaks for 2 in DMSO-d6 

change relatively large with temperature in contrast to CDCl3, 

which is probably associated with the solvent-dependent. 

Presumedly, DMSO has the ability to donate an electron pair, 

which could stabilize monomer with 16-electrons. In addition, 

the equilibrium constant, K = [2]2/[1], is determined by the 

monomer and dimer ratio. Dissociation enthalpies (∆H) and 

entropies (∆S) were evaluated from the slope and intercept of 

the Van’t Hoff plots of In K vs 1/T (see Fig. 6(b)). The values 

of ∆H and ∆S were obtained as 32 kJ mol-1 and 91 J K-1 mol-1 

in DMSO-d6, respectively. In contrast, iridium complex 3 is 

stable in solution and no dimerization reaction was observed.  
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Figure 6 (a) 1H NMR spectral change of complexes 1 (blue) and 2 (red) 

in DMSO-d6 with increasing temperature between 20-80 ºC; (b) Van’t 

Hoff plots of InK vs 1/T for the equilibrium between 1 and 2. 

Conclusions 

In summary, 16-electron half-sandwich precursors, the dimer 

[(Cp*Rh)2(µ(S)-pdt)2] (1) and the monomer [Cp*M(pdt)] (M = 

Rh (2) and Ir (3)), have been synthesized and characterized. 

The reactivity of these 16-electron half-sandwich precursors 

was investigated. In solution, dimer 1 dissociates to the 

monomer 2, as determined by variable-temperature 1H NMR in 

DMSO-d6 between 20-80 oC. The potential of these precursors 

to function as metal-based subunits in formation of 

organometallic macrocycles and cages is demonstrated. These 

results may be useful for further work on metal-dithiolate 

complexes in the design of organometallic materials. 

Experimental Section 

General considerations. All reactions were carried out under a 

nitrogen atmosphere by using standard Schlenk techniques. All 

of the solvents were freshly distilled prior to use. THF was 

distilled under nitrogen from sodium benzophenone and MeOH 

was distilled over Mg/I2. The starting materials [(Cp*MCl2)2]
16 

(M= Rh and Ir) and pyrazine-2,3-dithiol10 (H2pdt) and 

[Cp*2M2(µ-CA)Cl2]
13 (M= Rh and Ir) were prepared according 

to reported procedures, respectively. Elemental analyses were 

performed on an Elementar III Vario EI analyzer. 1H NMR 

(400/500 MHz) spectra were obtained on a Bruker DMX-

400/500 spectrometer. IR spectra of the solid samples (KBr 

tablets) in the range 400-4000 cm-1 were measured on a Nicolet 

Avatar-360 spectrophotometer. ESI-MS spectra were recorded 

on a Micro TOF II mass spectrometer using electrospray 

ionization. 

Synthesis of 1. Yellow suspension of H2pdt (28.8 mg, 0.20 

mmol) in THF (20 mL) was treated by addition of 2 equiv. of n-

BuLi at -78 oC. To the solution was added [Cp*RhCl2]2 (62.0 

mg, 0.10 mmol) with stirring at room temperature, and the 

colour turned red immediately. The mixture was stirred for 24h, 

after concentrating to get a dark red solid, which was extracted 

by dichloromethane, and further washed by diethyl ether and 

dried under vacuum. Yield: 51.7 mg, 68%. Crystals of 1 

suitable for an X-ray diffraction study were obtained by slow 

diffusion with diethyl ether and THF. Anal. Calcd (%) for 

C28H34N4S4Rh2: C 44.21, H 4.51, N 7.37. Found: C 43.93, H 

4.68, N 7.10. ESI-MS: m/z calcd for 1+: 760.98, found: 760.98. 

IR (KBr disk): 3076(w), 3026(w), 2964(w), 2905(w), 2849(w), 

1633(m), 1476(m), 1412(w), 1374(m), 1315(s), 1280(m), 

1277(m), 1262(m), 1145(vs), 1056(m), 1027(s), 800(m), 

640(w), 587(w), 452(w) cm-1. 1H NMR (400MHZ, CDCl3, ppm): 

δ 7.89 (d, 2H, J = 2.4, pdt), δ 7.77 (d, 2H, J = 2.4, pdt), δ 1.32 

(s, 30H, Cp*). 

For the mononuclear complex 2, which exists in solution. 1H 

NMR (400MHZ, CDCl3, ppm): δ 8.26 (s, 2H, pdt), δ 1.97 (s, 

15H, Cp*). 

Synthesis of 3. A procedure similar to that utilized in the 

synthesis of 1 was used, except [Cp*RhCl2]2 was replaced by 

[Cp*IrCl2]2. Yield: 29.1 mg, 31%. Slow evaporation of 3 in the 

mixed solvent (methanol and dichloromethane) in the air 

produced red crystals suitable for X-ray study. Anal. Calcd (%) 

for C14H17N2S2Ir: C 35.80, H 3.65, N 5.96. Found: C 35.63, H 

3.56, N 5.90. ESI-MS: m/z calcd for 3+: 471.05, found: 471.05. 

IR (KBr disk): 3043(w), 3011(w), 2961(w), 2919(m), 2850(w), 

1634(w), 1455(m), 1383(m), 1326(s), 1292(m), 1165(vs), 

1120(w), 1071(w), 1028(m), 852(w), 722(w), 696(w), 542(w) 

cm-1. 1H NMR (400MHZ, CDCl3, ppm): δ 8.23 (s, 2H, pdt), δ 

2.13 (s, 15H, Cp*). 

Synthesis of 4. A mixture of [Cp*2Rh2(µ-CA)Cl2] (22.6 mg, 

0.03 mmol) and AgOTf (15.4 mg, 0.06 mmol) in methanol (6 

mL) was stirred at room temperature for 5h. After filtration to 

remove AgCl, 1 (11.4 mg, 0.015 mmol) was added to the 

filtrate, and the mixture was stirred for 24h. Then the solution 

was concentrated to give a dark red solid, which was washed by 

diethyl ether and dried under vacuum. Yield: 25.8 mg (63%). 

X-ray quality crystals for 4 were obtained by slow diffusion of 

diethyl ether into methanol. Anal. Calcd (%) for 

C84H94N4O20S8Cl4F12Rh6: C 37.05, H 3.48, N 2.06. Found: C 

37.23, H 3.55, N 2.12. IR (KBr disk): 2981(w), 2925(w), 

2360(w), 2342(w), 1620(w), 1514(s), 1497(s), 1430(w), 

1374(s), 1259(s), 1224(w), 1192(w), 1162(m), 1083(w), 

1068(w), 1031(m), 856(w), 839(w), 639(m), 574(w) cm-1. 1H 

NMR (400MHZ, CD3OD, ppm): δ 8.09 (s, 4H, pdt, cis), δ 7.93 

(s, 4H, pdt, trans), δ 2.07 (s, 30H, Cp*, trans), δ 2.02 (s, 30H, 

Cp*, cis), δ 1.68 (s, 60H, Cp*, cis), δ 1.67 (s, 60H, Cp*, trans). 

Synthesis of 5. A mixture of [Cp*2Ir2(µ-CA)Cl2] (28.0 mg, 

0.03 mmol) and AgOTf (15.4 mg, 0.06 mmol) in methanol (6 

mL) was stirred at room temperature for 5h. After filtration to 

remove AgCl, 3 (14.1 mg, 0.03 mmol) was added to the filtrate, 

and the mixture was stirred for 24h. Then the solution was 

concentrated to give a dark red solid, which was washed by 

diethyl ether and dried under vacuum. Yield: 20.5 mg (42%). 

X-ray quality crystals for 5 were obtained by slow diffusion of 

diethyl ether into methanol. Anal. Calcd (%) for 

C84H94N4O20S8Cl4F12Ir6: C 30.95, H 2.91, N 1.72. Found: C 

30.83, H 2.86, N 1.65. IR (KBr disk): 2988(w), 2922(w), 

1624(w), 1504(s), 1451(s), 1373(s), 1316(w), 1261(s), 1224(w), 

1192(w), 1168(m), 1079(w), 1065(w), 1031(m), 868(w), 

846(w), 639(m), 573(w) cm-1. 1H NMR (400MHZ, CD3OD, 

ppm): δ 8.12 (s, 4H, pdt, cis), δ 7.96 (s, 4H, pdt, trans), δ 2.18 

(s, 30H, Cp*, trans), δ 2.13 (s, 30H, Cp*, cis), δ 1.61 (s, 60H, 

Cp*, cis), δ 1.61 (s, 60H, Cp*, trans). 

Synthesis of 6. To the solution of 4 (27.2 mg, 0.01 mmol) in 

methanol was added pyrazine (0.8 mg, 0.01 mmol) with stiring 

for 24h. Then the solution was concentrated to give a dark red 

solid, which was washed by diethyl ether and dried under 

vacuum. Yield: 10.4 mg (37%). X-ray quality crystals for 6 

were obtained by slow diffusion of diethyl ether into methanol. 

Anal. Calcd (%) for C88H98N6O20S8Cl4F12Rh6: C 37.70, H 3.52, 

N 3.00. Found: C 37.59, H 3.44, N 2.92.  IR (KBr disk): 

2970(w), 2924(w), 2360(w), 2342(w), 1630(w), 1518(s), 

1501(s), 1424(w), 1376(s), 1260(s), 1224(w), 1161(m), 
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1109(w), 1080(w), 1031(m), 859(w), 842(w), 812(w), 639(m), 

574(w) cm-1. 1H NMR (400MHZ, CD3OD, ppm): δ 8.49 (s, 4H, 

pyrazine), δ 7.41 (s, 4H, pdt), δ 1.77 (s, 30H, Cp*), δ 1.75 (s, 

60H, Cp*). 

Synthesis of 7. Excess AgOTf (36.0 mg, 0.14 mmol) was 

added into the solution of [Cp*RhCl2]2 (18.6 mg, 0.03 mmol) in 

methanol (6 mL) with stirring at room temperature for 5h. After 

filtration to remove AgCl, H2pdt (8.6 mg, 0.06 mmol) in 

methanol (5 mL) treated by addition of MeONa (6.5 mg, 0.12 

mmol) was mixed with the filtrate and stirred for 24h. Then the 

mixture was concentrated and extracted by dichloromethane to 

give a dark red solid, which was washed by diethyl ether and 

dried under vacuum. Yield: 8.5 mg, 30%. Crystals of 7 suitable 

for an X-ray diffraction study were obtained by slow diffusion 

of nhexane into dichloromethane. Anal. Calcd (%) for 

C43H51N6O3S7F3AgRh3: C 36.94, H 3.68, N 6.01. Found: C 

36.89, H 3.65, N 5.95. IR (KBr disk): 2982(w), 2918(w), 

1637(w), 1457(m), 1381(m), 1338(m), 1274(vs), 1245(vs), 

1222(m), 1146(s), 1079(w), 1059(m), 1031(vs), 859(w), 753(w), 

637(vs), 572(w), 517(w), 477(w), 454(w) cm-1.  

X-ray crystal structure determinations. All the determinations 

of unit cell and intersity data were performed with 

graphitemonochromated Mo Kα radiation (λ = 0.71073 Å). All 

The data were collected at 173(2) or 193(2) K using the ω scan 

technique. These structures were solved by direct methods, 

using Fourier techniques, and refined on F2 by a full-matrix 

least-squares method. All the calculations were carried out with 

the SHELXTL program.17 Crystal data, data collection 

parameters, and the results of the analysis of these complexes 

are listed in Table 1.  

 
Table 1 Crystallographic data for complexes 1 and 3-7. 

 1 3 4 5 6 7 

formula C28H34N4Rh2S4 C14H17IrN2S2 C84H94N4O20S8Cl4F12

Rh6·2CH3OH·Et2O  

C84H94N4O20S8Cl4F12 

Ir6·2CH3OH·Et2O  

C88H98N6O20S8Cl4F12

Rh6·5CH3OH·2Et2O·
H2O 

C43H51N6O3S7F3Ag 
Rh3·3CH3OH·C6H12 

Mr  760.66 469.64 2861.60 3397.49 3129.95 1578.21 

crystal system Monoclinic Orthorhombic Monoclinic Monoclinic Monoclinic Orthorhombic 

space group P 21/c P c a 21 P 21/c P 21/c C 2/c P b c n 

a [Å] 15.9143(19)  16.4804(18) 13.8710(9) 13.9252(13) 29.239(4) 25.2150(14) 

b [Å] 14.3411(18) 13.5952(15) 26.3536(17) 26.276(3) 15.984(2) 16.4859(10) 

c [Å] 13.2230(16) 13.7037(15) 15.6676(11) 15.7341(15) 29.109(4) 28.9810(17) 

α [ º ] 90 90 90 90 90 90 

β [ º ] 98.709(2) 90 98.0260(10) 97.805(2) 110.880(2) 90 

γ [ º ] 90 90 90 90 90 90 

V [Å3] 2983.1(6)  3070.4(6) 5671.2(7) 5703.8(9) 12711(3) 12047.2(12) 

T [K] 193(2) 173(2) 173(2) 173(2) 173(2) 193(2) 

Z 4 8 2 2 4 8 

ρcalcd [g cm-3] 1.694 2.032 1.676 1.978 1.636 1.740 

µ [mm-1] 1.412 8.957 1.180 7.298 1.064 1.432 

F(000) 1536 1792 2876 3260 6344 6384 

Independent reflections 

[R(int)] 

0.0523 0.0313 0.0392 0.0397 0.0427 0.0649 

data/restraints/ 

parameters 

6442/0/354 6484/1/353 12963/120/628 12030/175/625 13772/237/801 12532/20/538 

R1/wR2 [I＞2σ(I)]a 0.0455/0.1233 0.0237/0.0511 0.0604/0.1793 0.0566/0.1676 0.0911/0.2416 0.0558/0.1459 

R1/wR2 (all data)a 0.0760/0.1667 0.0310/0.0539 0.0843/0.1959 0.0766/0.1848 0.1280/0.2833 0.0927/0.1609 

goodness-of-fit  1.066 1.002 1.031 1.066 1.048 0.944 

largest residuals[e Å-3] 1.580/-1.259 1.990/-0.958 2.765/-1.605 3.704/-2.855 2.978/-2.615 0.968/-0.735 

ρcalcd [g cm-3] 1.694 2.032 1.676 1.978 1.636 1.740 

µ [mm-1] 1.412 8.957 1.180 7.298 1.064 1.432 

[a] R1 = ∑||F0|-|Fc|| (based on reflections with F0
2 > 2σF2); wR2 = {∑[ω(F0

2-Fc
2)2]/∑[ω(F0

2)2]}1/2; w = 1/[σ2F0
2 + (0.095P)2]; P = [max (F0

2, 0) + 2Fc
2]/3 (also with F0

2 > 2σF2). 
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Toc Graphic 

Text:  

The coordinatively unsaturated 16-electron half-sandwich precursors [Cp*M(pdt)] (M = Rh and Ir, pdt = 
pyrazine-2,3-dithiol) have been synthesized. Utilzing their bridging and unsaturated attributes, and further used in 
stepwise assembly reactions with the binuclear blocks to give closed molecular box. 
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