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Table 1. Spectroscopic Data for 9S3 Complexes of Group 9 Me
tals.

[Cp* *M(9S3)](C104 )2(CH3CN)

e Referenced to TMS. AKBr. ^Referenced to 85% aq H3PO4.

Rh, yellow; Ir, orange) were generated in situ by stirring 
the slurry of Cp*Co(CO)l211 or [Cp*MC12〕2(M=Rh, Ir) with 
stoichiometric amount of AgClO4 in acetonitrile for 1.5-2 h 
followed by filtration. Addition of 9S3 to the filtrate, stirring 
the resulting solutions for a period of 12-18 h at rX.t and 
filtration resulted in orange-red, pale green and pale yellow 
solution for M = Co, Rh, and Ir, respectively. Recrystallization 
(CH3CN/Et2O) of the solids obtained by treating the fore
going solutions with large amount of Et2O afforded ari죠lytica- 
lly pure crystalline (C1O4)2 , 1 , (CH3CN) (orange-red; 35%; 
Anal. Found (Calc.) C, 35.2 (35.2); H, 4.85 (4.92); N, 2.05 
(2.28)), (CIOD2 ・ 2 - (CH3CN) (green; 80%; Anal. Found 
(Calc.)： C, 32.3 (32.8); H, 4.59 (4.59); N, 1.85 (2.12)) and (C1O4)2

• 3 , (CH3CN) (pale-yellow; 70%; Anal. Found (C지cj: C, 29.2 
(28.9); H, 3.98 (4.04); N, 1.69 (1.87)). In the Scheme II, analo
gous work-up yielded spectroscopically pure

QCQ
I: rCp*M(CH3CN)3](C103)2-x~^[Cp*M(9S3)3](C103)2

II: ZraMS-rM(CO)Cl(PPh3)2] 绶f黑〉-쯔， L-rlaVlN

[M(C0)(PPh3)(9S3)](C104)

crystalline orange-red 4 • (C1O4) and yellow 5 , (C1O4).
Solid infrared spectra of CCp*M(9S3)](C104)2(CH3CN) are 

all similar and contain the features of Cp*, 9S3, C1O4 and 
CH3CN, which and other spectroscopic data listed in Table 
1 indicate that the three complexes have the same structural 
core whose nature for M = Rh was determined by single cry
stal X-ray analysis.12 The structure of c가ionic species 2, dis
played in Figure 1, reveals endo-tridentate ligating nature

M NMR Cp* 9S3

】H (CD3CNy 1.70 (s, 15H) 2.91-3.16 (m, 12H)
Co 13C (CDsCNZ 102 (GA化5) 38.9

104 (C5Me5)

(d6-DMSO) 1.94 (s, 15H) 3.18-327 (m, 12H)
Rh UC (&-DMSO)9.04 (CM。 36.7

106 (CsMe5, !/rk=63Hz)

'H (CD3CN) 2.04 (s, 15H) 2.84-2.96 (m, 12H)
Ir 13C (CD3CN) 9.27 (CM) 38.5

102 (CsMes)

[M(C0)(PPh3)(9S3)](C104)

M、成,cm-1 XH-NMR (de-DMSO)
3】P{iH}・NMR「 

(de-DMSO)

z ss 2.41-2.73 (m, 12H, 9S3)，八 r TT、
Rh 1950 7.53-7.72 (m, 15H, PPh3) 424 어，人니‘Hz)
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Owing to the unique electronic and structural properties, 
l,4,7-trithiacyclononane(9S3), a nine-membered crown thio
ether, has been successfully employed in the development 
of crown thioether chemistry.1-3 Particularly, 9S3 derives its 
strong chelating ability from the retention of endodentate 
conformation on binding to a trigonal face of a metal, leading 
to an observation of large set of homoleptic complexes of 
lower oxidation state transition metal ions3 as well as 力-block 
metal ion.4 On the other hand, heteroleptic 9S3 complexes, 
which appear in the form of metal carbonyls,5 metal halides,6 
metal hydride,7 metal oxides8 or organometallic compounds,9 
constitute a newly emerging class. Described herein are brief 
accounts of synthesis and structural characterization of the 
type [L”M(9S3)]3, a set of novel heteroleptic crown thio
ether complexes with varying L, c and the Group 9 metal 
M.

Dicationic [Cp*M(9S3)] 2+(l: M = C。； 2: M = Rh; 3: M = Ir) 
and monocationic [M(CO)(PPh3)(9S3)]+(4: M —Rh; 5: M = Ir) 
were prepared as perchlorate salts according to the reaction 
Scheme I and II, respectively.10 In the Scheme I, acetonitrile 
solutions of LCp*M(CH 3CN)3](C104)2 (M = Co, deep purple;

2.33-2.73 (m, 12H, 9S3)
Ir 1932 7.50-7.69 (m, 15H, PPhj 12.4
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C(7)

Figure 1. Structure of [Cp*Rh(9S3)]2+ (2) showing the atom 
labeling scheme. Selected average distances (A) and angle (deg) 
with standard deviation in parenthesis: Rh-S, 2.340(7); Rh-C (Cp* 
ring), 2.184(9); S-Rh-S, 88.3(7)°.

of 9S3 to Rh with average Rh-S distance of 2.340(7) A and 
average S-Rh-S angle of 88.3(7)°. The observed Rh-S distan
ces in 2 are similar to those in [Rh(9S3)2] (CF3SO3)3 (average 
2.341(6) A)13 and constitute rare14 example of Rh(III)-SR2 
(R=sp3-C) bonding interaction. The relative extent of trigo
nal flattening of 9S3, measured by chelating S-M-S angles, 
in 2 is similar to ERh(9S3)2]3+ (average 88.6°),13 but lesser 
compared to [CpFe(9S3)P (average 90.6°).9a

Unlike the analogs of its heavier congener, the formation 
of 1 does not proceed when AgBF4 or AgCF3SO3 is adopted 
instead of AgC104. In addition, the reaction 옹ystem of Cp*Co  
(CO)l2/9S3/NaBPh4, which is under investigation, seems to 
lead to a new heteroleptic 9S3 complex involving three diffe
rent ligands around Co(III). The class of heteroleptic 9S3 
complexes with more than two different ligands is rare in 
example.*  The IR and NMR spectroscopic data (Table 1) 
of C1O「salt of 4 and 5 confirmed the foregoing class of 
heteroleptic 9S3 complexes of Rh(I) and Ir(I). The mononu
clear cation 5 is also accessible15 via the reaction of [Ir(CO) 
(PPh3)2(CH3CN)](10^Mrfo-SnPh3-K^o-7t8-C2B9Hn)16 with 9S3. 
Currently, synthesis of heteroleptic 9S3 complexes containing 
M：do-7,8-C2B9Hu]2_ as a coligand is in progress.
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Since selective separation and transport of metal ions are 
important subjects in the field of waste treatment, hydrome
tallurgy, or biochemistry, many efforts have been made to 
design ligands which show selectivity for a particular metal 
ion in the complex formation.1,2 It has been widely known 
that crown ethers exhibit some size-based selectivity toward 
alkali or alkaline earth metal ions.1 Although most polyaza 
macrocyclic ligands form complexes with transition metal 
ions without showing considerable selectivity for the metal 
ions, some recent reports show that the selectivity of such 
ligands can be increased by their structural modification.3-10 
For example, the 14-membered tetraaza macrocycle D con
taining four N-methyl groups shows higher selectivity for 
complex formation with Cu(II) over Ni(II) ion than the un
methylated macrocycle C.8,9 However, the selectivity of most 
polyaza macrocyclic ligands studied so far is kinetical rather 
than thermodynamical one and thus not very satisfactory. 
Therefore, we have been interested in the synthesis of highly 
selective macrocyclic ligands. We obtained a new per-N-me- 
나｝ylated macrocyclic ligand 2,3,6,13,14,17-hexamethyl-2,6,13,

C： Rts Rzs R3s R4sH
D: Ri=Ha«Mer Ras r4 =：H
E： AissRjsH ； Ran R«=Me
F ： Ri« Rz = Ra s R< = Me
G： Rt Me ； R2 = Et : R4 = H

Figure 1. Electronic spectra of metanol solutions of Ni(II) ace
tate (1), mixture of Ni(II) acetate and A (7.5X10-3 M) at room 
temperature (2), the mixture (2) after heating at 45力 for 6 h 
(3), Cu(II) acetate (4), mixture of Cu(II) acetate and A (1.5 X 
10-3 M) at room temperature (5), and this mixture after heating 
at 45t for 6 h(6). [Ni2+>1.5X10 2 M. [Cu2+>3.0X10-3 M.

17-tetraazatricyclo[ 16,4,0118,0712] docosane(A) that shows ex
traordinary high s미ectivity for complex formation with Cu(II) 
over Ni(II) ion.

New macrocycle A was obtained by the following proce
dure. A mixture of B (2.0 g)9, 85% formic acid (7.3 ml), 35% 
formaid사lyde (7.3 m/)» and distilled water (2 ml) was heated 
at reflux for 26 h and then cooled to ca. 5t. A solution 
of NaOH (30 g) in water (100 ml) was added to make the 
pH of the solution higher than 12 and the resulting solution 
was extracted with chloroform. Chloroform of the extract 
was removed on a rotary evaporator, and a yellow oily liquid 
was obtained, which slowly solid迁ied at room temperature. 
The product was recrystallized from 0.1 M NaOH aqueous 
solution-methanol mixture (Yield; —80%. Mass: m/e=392 
(M+)・ "H-NMR (CDC13): 0.97 (d, C-Me)( 2.28 (s, N-Me), 2.30 
(sf N-Me). 13C-NMR: 18.8 (C-Me), 24.8, 26.2, 30.2, 33.4, 35.4 
(N-Me), 35.8 (N-Me), 39.1, 49.4, 52.2, 61.3, 64.3). The infrared 
spectrum of A shows no peak around 3200 cm'1, showing 
that all of the nitrogens are methylated.

The reaction of A with Cu(II) acetate in methanol followed 
by addition of sodium perchlorate produces red-purple cry
stals ECu(A)](C1O4)2 in high yield (>90%).12 The synthesis 
of Ni(II) complex of A by the reaction similar to that for 
the Cu(II) complex has also been attempted. Even after pro
longed heating (>48 h) at reflux of the methanol solution 
of the mixture of the ligand and acetate, chloride, or nitrate 
salt of Ni(II) ion, the spectra of the solution was not changed. 
In all cases, the addition of sodium perchlorate to the re-


