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[2])-[[(en),Co{XCH,S(CH,),SCH,Y }Co(en);]Cl,,]-[e-CDX]-rotaxanes (n=8, 10, and 12 for X=Y=CO,~
(m=4); n=10 for X=CO,~ and Y=CH,;NH,y(m=>5); a-CDX=a-cyclodextrin) were prepared with partial ste-
reoselectivity and characterized from their visible-UV absorption, circular dichroism(CD), and *C NMR spectra,
and elemental analysis. The rotaxane formation could be identified by the down field shift of the chemical shift
due to @-CDX in the 3C NMR spectra and the increase of the CD intensity in the ligand-to-metal charge transfer
band region in the CD spectra. The rotaxanes always showed apparently 44-rich CD spectra, the highest

selectivity(10% 44-rich) being found in the case of n=10.

a-Cyclodextrin (CDX) has the hydrophobic cavity
and is an excellent host molecule for a great variety
of guest molecules.? Using this inclusion property
of CDX, Ogino first prepared the novel cobalt(III)
rotaxane complexes.® We recently prepared similar
rotaxanes consisting of a dinuclear cobalt(I1I) complex
[(en)2Cof{NH2(CH32)2S(CHz),S(CH2)2NH2}Co(en)z]5+
(n=8, 10, and 12) and - or B-CDX starting from a
mononuclear thiolato complex [Co(aet)(en)2]?* (Haet
=2-aminoethanethiol, NH;CH2CH2SH).? Interesting-
ly, the rotaxanes showed the partial stereoselectivity,
which led to the relatively higher yield of 44-rotaxanes
as compared with that of A4-rotaxanes.

In this paper, another thiolato complex [Co(maa)-
(en)2]* (H2maa=mercaptoacetic acid, HSCH2CO:H)
was used as a starting material for the synthesis of [2]-
[[(en)2Co{XCH2S(CH2),.SCH2Y}Co(en)2]Clx]-{a-CDX].9
As shown in Fig. 1, the preparation was carried out
for the two kinds of rotaxanes: X=Y=COz~ (m=4),
and X=COz~ and Y=CH2:NHgy(m=5). The bridging
quadridentate ligands are abbreviated to dtda for n=38
(X=Y=CO27): 3,12-dithiatetradecanedioic acid ; dhda
for n=10 (X=Y=COgz™): 3,14-dithiahexadecanedioic
acid; doda for n=12 (X=Y=CO27): 3,16-dithiaocta-
decanedioic acid; and adha for n=10 (X=COz~ and
Y=CH2NH3;): 16-amino-3,14-dithiahexadecanoic acid.
The cobalt(IIl) rotaxanes and the bridged complexes
(=dinuclear complexes without a-CDX) were charac-
terized from the elemental analysis, absorption, circular
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[2]-[[(en),Co{XCH,S(CH,) SCH,Y}-
Co(en) 2]Clm]--[on-CDX]-'rotaxane
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a-CDX

abbr. n X Y m
dtda 8 coz'- coz‘ 4
dhda 10 coz‘ coz' 4
doda 12 coz' coz' 4
adha 10 CO,  CH,NH, 5

Fig. 1. The rotaxanes prepared and abbreviations of
the bridging quadridentate ligands.

dichroism(CD) and 3C NMR spectra. The optically
active 44- and AA-rotaxanes were also prepared starting
from the resolved mononuclear complexes.

Experimental

Preparation and Separation of Complexes. rac-, A’-,
and A’-[Co(aet)en)z[ClO4)2:® This complex was prepared and
optically resolved according to the published procedure.®

rac-, A- and A-[Co(maa)en)z]JClOs: The racemate was
prepared according to the literature® and used as a starting
material. The perchlorate salt was converted into the chlo-
ride by the use of QAE-Sephadex A-25 (Cl- form).

Optical resolution of this complex was attempted using
resolving agents such as Ke[Sha(d-tart)z]- 3H20, Ag(d-Histart),
NHy(d-BCS), K[Co(edta)]-2H20, and Na(d-HDBT) (abbrev:
d-Hstart—=hydrogen (R,R)-tartrate(1—), d-BCS—=(IR,3S,-
4S,7R)-3-bromocamphor-9-sulfonate, edtat~=ethylenedi-
aminetetraacetate (4—), and d-HDBT-=hydrogen (R,R)-di-O-
benzoyltartrate(1—)), only the last resolving agent leading to
the successful result. The racemic complex [Co(maa)(en)2]Cl
(10.6 g, 35 mmol) was dissolved in 150 cm? of water. To this
solution was added dropwise a solution of Na(d-HDBT) (19
mmol), which was previously prepared from 7.2g of d-
H:DBT and 0.7g of NaOH in 200cm3 of water at 50°C.
The mixture was allowed to stand at room temperature
for overnight with stirring. The less soluble diastereomer
(—)SB-[Co(maa)(en)2)(d-HDBT) was filtered off and washed
with water and then ethanol. The filtrate was later used for
gaining (+)SB-antipode. The excess of QAE-Sephadex A-25
(Cl~ form) resin was added to a suspension of the diastereomer,
and the mixture was stirred for 1 h. The resultant dark violet
solution was collected by filtration and 6g of NaClO4 was
added to it to yield the crystals of (—)$B-[Co(maa)(en)2]ClO04.
This was recrystallized by dissolving in a minimum amount
of water, adding NaClQy, and filtering. The yield was 3 g.
AeSB3=—2.32. Found: C, 19.49; H, 4.93; N, 15.29%. Calcd
for 4-[Co(maa)(en)2]C10s=CsH1sN4SOcClCo: C, 19.55; H,
4.92; N, 15.20%. The initial filtrate was condensed to ca.
130 cm? by rotaevaporation at 30 °C and 2 g of NaClO4 was
added to it. The first crystals deposited (2.5 g) were almost
racemate and removed by filtration. Further additon of
NaClOyq (ca. 4 g) gave the desired (+)SB-[Co(maa)(en)z]Cl104.
The yield was 3.5g. AefB=4+2.32. Found: C, 19.55; H,
4.89; N, 15.19%. Calcd for A-[Co(maa)(en)2]C104=CeHi1sN4¢-
SOeClCo: C, 19.55; H,4.92; N, 15.20%.

A- and A-{Co{O2CCH3S(CH2)10Bri(en)2 [ ClO4)Br. To 12
cm3 of DMSO (dimethyl sulfoxide) solution containing 4- or
A-[Co(maa)(en)2]Cl04(2g) was added 3.25 g of 1,10-dibromo-
decane, and then the mixture was keptat 30°C for 2d. The
unreactive 1,10-dibromodecane was removed by extraction
with diethyl ether for several times. To the resultant dark
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red oil was added ca. 20 cm3 of water. The precipitate of the
desired product appeared immediately and then was fil-
tered off and washed with water, ethanol, and diethyl ether.
This complex was sparingly soluble in water but very solu-
ble in DMSO, and used as a starting material for the pre-
paration of adha rotaxanes described later. Found for the
4-complex: C, 28.99; H, 5.85; N, 8.05%. Found for A-com-
plex: C, 28.80; H, 5.85; N, 8.05%. Calcd for [Co{O2CCH.S-
(CHza)10Br}(en)2])(ClO4)Br=C16H3sN+SOsCIBrCo: C, 28.74; H,
5.73; N, 8.38%.

[2}-[(en)2Co(dtda)Co(en)s JCls]-[a-CDX J-rotaxane (R1) and
[(en)2Co(dtda)Co(en):]Cls (B1). The starting materials of
rac-[Co(maa)(en)2]Cl04 (1.4 mmol) and 1,8-dibromooctane
(0.84mmol, 20% excess) were dissolved in 4cm3 of DMSO
containing 1.25g of a-CDX. The mixture was kept at 30°C
for 7d, leading to the red solution. The unreactive dibromo-
octane was extracted into diethyl ether. The resultant red oil
was dissolved in water, adsorbed onto a cation exchange col-
umn (SP-Sephadex C-25, Na* form) and eluted with 0.3 mol
dm=3 NaCl. Six colored bands, f1—f6, were eluted in this
order. The species f2(dark violet), f4(red), f5(red), and f6(red)
were assigned to [Co(maa)(en)z]*, [Co{O2CCH2S(CHz)sBr}-
(en)2]?*, [2]-[(en)2Co(dtda)Co(en)z}**-[a-CDX]-rotaxane, and
[(en)2Co(dtda)Co(en)z]4+, respectively. The other red bands
fl and f3 were remained unknown. The eluate from the
red band f6 was evaporated to a small volume. After re-
peated removal of NaCl deposited out, a large amount of
ethanol was added to it. The resultant solution was refrig-
erated for 2—3d at —15°C. The supernatant solution was
discarded, and then the precipitate was washed with ethanol
several times and filtered off. Found for B1; C, 29.41; H,
7.09; N, 12.39%. Calcd for [(en):Co(dtda)Co(en)s]Cls- C2H50OH -
3.5H20 =C22HegsNS20s5Cl1sCoz: C, 29.31; H, 7.27; N, 12.43%.
The rotaxane R1 was not isolated as a solid but the yield
was 3.340.5% (the mean for 2 preparations). The band of
the rotaxane showed apparently 44-rich CD spectra (ca.
2% rich).®

[2H AA-[(en)2Co(dtda)Co(en )2 JCls}{a-CDX Jrotaxane (R2) and
AA-[(en)Co(dtda)Co(en)]JCls (B2): These complexes were
prepared and chromatographed by the same procedure as
R1 and Bl except for the use of 4-[Co(maa)(en)2]C1O4 in-
stead of the racemate. The yield was 2.540.5% for R2 and
60+5% for B2. Found for R2; C, 34.07; H, 6.73; N, 5.76%.
Calcd for [2])-[44-[(en)2Co(dtda)Co(en)2]Cls]-[@-CDX]-rotax-
ane-11H20 =Cs6H134NgS2045Cl4Coz: C, 34.26; H, 6.88; N,
5.71%. Found for B2;C, 26.90; H, 7.01; N, 12.32%. Calcd for 44-
[(en)2Co(dtda)Co(en)2]Cls-0.2C2HsOH - 6HaO=Cg0.4Hes2NsS2-
0102ClsCos: C, 26.93; H, 7.22; N, 12.32%.

[2]H[[(en)2Co(dhda)Co(en)2]Cls]-[a-CDX J-rotaxane (R3) and
[(en)eCo(dhda)Co(en)z]Cls (B3): These complexes were
prepared and chromatographed in the same manner as R1
and Bl except for the use of 1,10-dibromodecane instead of
1.8-dibromooctane. In the separation seven bands fl1’—f7’
were eluted in this order. The species f3’(dark violet), 5" (red),
f6’(red), and 7’(red) were assigned to [Co(maa)(en)z]*, [2]-
[(en)2Co(dhda)Co(en)z**-[a-CDX]-rotaxane, [Co{O2CCHos-
S(CHz)10Br}(en)2]?*, and [(en)2Co(dhda)Co(en):]#*, respec-
tively. Three species f1’(pink), {2’(red), and f4’(pink) were
unassignable as yet. When the eluate {2’ was allowed to stand
for several days at room temperature, white precipitate of
a-CDX was deposited. Therefore, this species is inferred as
an inclusion compound of [Co{O2CCH2S(CHz)10Br}(en)z]2+
and a-CDX from the analogy of [Co(en)2{NHz(CHz2)2S(CHz)10-
Br}]Cls-2(a-CDX) reported previously.? The yield was 9.6+
2% for R3 and 47+44% for B3 (3 preparations). In this system,
pronounced selectivity was observed”: The band {5’ showed
apparently 44-rich (ca. 10%) CD spectra and {7’ AA-rich (ca.
3%). Found for R3; C, 34.98; H, 6.80; N, 5.55%. Calcd for
[2]-[[(en)2Co(dhda)Co(en)z]Cls]-[ @-CDX ]-rotaxane - 0.2CsHs

Stereoselective Formation of Cobalt(III) Rotaxanes

1597

OH - 11H20=Cs84H1392NsS20452ClsCoz: C, 35.06; H, 7.01; N,
5.60%. Found for B3; C, 29.83; H, 7.07; N, 12.36%. Calcd for
[(en)2Co(dhda)Co(en)2]Cls- 0.2C2HsOH - 4H20O=Cs2.4He52N5Ss-
052Cl4Coz2: C, 29.83; H, 7.29; N, 12.43%.

[2H AA-[(en 2Co(dhda)Co(en 2 JClsH a-CDX J-rotaxane (R4), AA-
[(en)xCo(dhda)Co(en)]Cly (B4), [2} AA-{(en)Co(dhda)Co(en ]Cls}-
[a-CDX J-rotaxane (R5), and AA-[(en)Co(dhda)Co(en)]Cls(B5):
These complexes were prepared and chromatographed in
the same manner as R3 and B3 except for the use of 4- or 4-
[Co(maa)(en)2]ClO4 instead of the racemate. The yield was
12% for R4 and 52% for B4 in the 4-system (1 preparation),
and 7% for R5 and 49% for B5 in the A-system (1 preparation).
Found for R4; C, 36.14; H, 6.98; N, 5.38%. Calcd for [2]-[44-
[(en)eCo(dhda)Co(en)2]Cls])-[a-CDX }-rotaxane - 2CeHsOH . 9.5H,-
O=CgH147N5S20455Cl4Co2: C, 36.21; H, 7.20; N, 5.45%. Found
for R5; C, 32.55 H, 6.35; N, 5.01%. Calcd for [2]-[44-[(en)z-
Co(dhda)Co(en)2]Cls]-[a-CDX J-rotaxane-4NaCl - 1.3C;HsOH -
8H20=Cg06H1398N8S20433ClsNasCoz: C, 32.62; H, 6.32; N,
5.02%. In the case of B4 or B5, the addition of ethanol to the
concentrated eluate yielded the gelatinous precipitate, which
contained a large amount of NaCl. Therefore, no satisfactory
analytical data were obtained for B4 and B5. The concen-
trations of their CD spectra were calculated by reference to the
molar absorption coefficient of the corresponding racemate
B3.

[2H{AA-[(en)Co(dhda)Co(en)2]Cls}{a-CDX J-rotaxane (R6) and
AAA{(enkCo(dhda)Co(en)2JCl; (B6): These complexes were
prepared from 4-[Co{OzCCH32S(CHz)10Br}(en)2](C1O4)Br
(1.3 mmol), A-[Co(maa)(en)2]C104 (1.4mmol), and a-CDX
(2.5g) in DMSO (8cm?3). The reaction and separation con-
ditions were the same as those for R3 and B3. The yield was
8.8% for R6 and 46% for B6 (1 preparation). Found for R6; C,
35.13; H, 6.93; N, 5.43%. Calcd for [2]-[44-[(en)eCo(dhda)-
Co(en)2]Cls]-[@-CDX ]-rotaxane - CeHs0H - 12H20=CgoH146-
NsS2047C14Co2: C, 35.06; H, 7.16; N, 5.45%. Found for B6;
C, 29.45; H, 6.92; N, 12.07%. Calcd for 44-[(en);Co(dhda)-
Co(en)2]Cls-0.1C2Hs0OH - 5H20=C322Hes 6NsS209.:Cl4Co2: C,
29.13; H, 7.34; N, 12.24%.

[2H][(en)xCo(doda)Co(en 2 JCls]{a-CDX Jrotaxane (R7) and [(en)s-
Co(doda)Co(en):]JCly (B7): The complexes were prepared
and chromatographed in the same manner as R3 and B3
except for the use of 1,12-dibromododecane instead of 1,10-
dibromodecane. The yield was 21 4-2% for R7 and 44+ 3% for
B7 (2 preparations). The apparent selectivity was ca. 8% for R7
and ca. 3% for B7.? Found forR7;C, 36.57; H, 7.09: N, 5.36%.
Caled for [2]-[[(en)2Co(doda)Co(en)z]Cls])-[a-CDX]-rotaxane -
1.8C2H50H - 10H20=Cg36H1508N8S20458Cl4Coz: C, 36.65; H,
7.29; N, 5.38%. Found for B7; C, 32.52; H, 7.33; N, 12.19%.
Calcd for [(en)2Co(doda)Co(en)z]Cls-0.4C2HsOH -2.5H.0=
C248He7.4N8S2069Cl4Co2: C, 32.66; H, 7.45; N, 12.29%.

[2H AA{(en)oCo(doda)Co(en o JC1sHa-CDX J-rotaxane (R8), AA-
[(en)2Co(doda)Co(en)s]Cls (B8), [2]f AA-[(en)2Co(doda)Colen )z }-
ClyH a-CDX J-rotaxane (R9), and AA-[(en)Co(doda)Co(en)]Cls
(B9): The complexes were prepared and chromatographed in
the same manner as R7 and B7 except for the use of 4- or 4-
[Co(maa)(en)2]ClO4 instead of the racemate. The yield was
2441% for R8 and 39+2% for B8 in the A4-system (2 pre-
parations), and 1741% for R9 and 4342% for B9 in the A-
system (2 preparations). Found for R8; C, 36.89; H, 7.17;
N, 5.29%. Calcd for [2]-[44-[(en)2Co(doda)Co(en)2]Cls]-[a-
CDX]-rotaxane - 2.5C2HsOH . 10H20 = CgsH155NS2046,5Cls -
Coq: C, 36.88; H, 7.38; N, 5.29%. Found for B8; C, 33.01; H, 7.29;
N, 11.63%. Calcd for 44-[(en)2Co(doda)Co(en)2]Cls- 1.2CoHs-
OH-O.GNaCl‘H20=C26.4H692N882062CI45N30,6002: C, 33.14; H,
7.29; N, 11.71%. Found for R9: C, 35.83; H, 6.75; N, 5.47%.
Calcd for [2]-[44-[(en)2Co(doda)Co(en)z]Cls]-{a-CDX]-rotax-
ane - 0.5C2Hs0OH - NaCl . 8H20 = Cs1H139NsS20425ClsNaCos: C,
35.79; H, 6.84; N, 5.47%. Found for B9; C, 30.79; H, 7.33;
N, 11.74%. Calcd for A4-{(en)2Co(doda)Co(en)z]Cls-0.2C2HsOH -
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5H20=C244H712NsS2092ClsCo2: C, 30.92; H, 7.57; N, 11.82%.

[2H AA{(en)2Co(adha)Co(en)e]Cls [ a-CDX Frotaxane (R10),
AAQ'{(en)Co(adha)Co(en)]Cls (B10), [2HAA’-[(en)Co(adha)-
Co(en)z]JCls]H{ a-CDX J-rotaxane (R11), and AA’-[(en):Co(adha)-
(en)k[Cls (B11):® To 8 cm? of DMSO solution containing a-CDX
(2.5g) was added the complexes of 4(or A)-[Co{O:CCHS-
(CHz2)10Br}(en)z](C104)Br and 4’(or A’)-[Co(aet)(en)2](Cl1O4)2,
and the mixture was kept at 30°C for 10d. The resulting
reaction mixture was diluted with 20cm3 of water, poured
onto a column of SP-Sephadex C-25 (Na* form), and eluted
with 0.65mol dm~3 NaCl. Seven bands, f1”(pink), {2”(pink),
£3”(brown), f4”(pink), f5”(orange red), {6”(red), and {7”(orange
red), were eluted in this order. The two orange red bands
£5” and f7” were the desired bands and isolated as the chlo-
ride salt in the same manner as above. The other four bands
except for [Co(aet)(en)z]2* (£3”) were low in yield and unas-
signable as yet. The yield was 12% for R10 and 54% for B10
in the 44’-system (1 preparation), and 6.4% for R11 and 58%
for B11 in the 44’-system (1 preparation). Found for R10;
C, 36.38; H, 7.20; N, 6.15%. Calcd for [2]-[44’-[(en)2Co(adha)-
Co(en )2]Cls]H{ a-CDX]-rotaxane - 2C2HsOH - 8HoO=Ce2H148Ns-
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S2042ClsCoz: C, 36.31; H, 7.27; N, 6.15%. Found for B10;
C,29.84; H,7.66; N, 12.83%. Calcd for 44’-[(en)2Co(adha)Co-
(en)g]Cls - CaHsOH - 4.5H20=C24HNS2075ClsCoz: C, 29.74;
H, 7.80; N, 13.01%. Found for R11; C, 34.85; H, 7.06; N, 6.05%.
Calcd for [2]-[A4’-[ (en)eCo(adha)Co(en)2]ClsH a-CDX]-rotaxane -
C2Hs0H -0.5NaCl - 10H20=CsoH146N9S2043Cl55Nao5Coz: C,
34.81; H, 7.11; N, 6.09%. Found for B11; C, 30.03; H, 7.68;
N, 12.97%. Calcd for A4’-[(en)2Co(adha)Co(en)2]Cls- 1.1C2HsOH -
4H20=Ca42H746N9S207.ClsCoz: C, 30.12; H, 7.79; N, 13.06%.

Measurement. The visible and ultraviolet absorption
spectra were measured on a Hitachi 330 spectrophotometer
and CD spectra with a JASCO MOE-1 spectropolarimeter in
aqueous solutions. The 13C NMR spectra were recorded with
a JEOL FX-90Q NMR spectrometer in D20 containing
dioxane as an internal standard.

Results and Discussion

Absorption and CD Spectra. The analytical data
show explicitly the formation of the rotaxanes and the

TABLE 1. ABSORPTION AND CD DATA OF THE ROTAXANE AND BRIDGED COMPLEXES
Complex Iiir}g(eilil(?gcorgggrlxle)ms Absorption® omax(log &) CD? gex(de)
R2 dtda 44 20.15(2.511) 27.8(2.81)® 18.90(—1.62) 21.25(—2.30) 27.47(+0.824)
35.8(4.14)” 43.40(4.492) 38.76(—11.8) 43.1(+26.4)
Bl dtda rac 19.95(2.513) 27.8(2.71)®
35.50(4.186) 43.30(4.486)
B2 dtda 44 20.00(2.513) 27.8(2.71) 18.90(—2.42) 21.16(—3.07) 27.47(+1.06)
35.40(4.184) 43.40(4.495) 37.17(—9.29) 42.9(+35.5)
R3 dhda rac 20.04(2.514) 27.8(2.74)
35.60(4.173) 43.50(4.483)
R4 dhda 44 20.02(2.505) 27.8(2.75) 18.90(—2.32) 21.25(—2.91) 27.46(+1.02)
35.60(4.170) 43.48(4.480) 37.33(—10.2) 42.9(+27.9)
R5 dhda A4 19.97(2.500) 27.8(2.76)" 18.98(+2.08) 21.28(+2.59) 27.46(—0.902)
35.50(4.144) 43.45(4.459) 37.33(+8.42) 42.9(—29.9)
R6 dhda a4 19.97(2.518) 27.8(2.75)”
35.58(4.183) 43.26(4.496)
B3 dhda rac 19.95(2.511) 27.8(2.70)®
35.30(4.189) 43.40(4.478)
B4 dhda 44 18.92(—2.79) 21.14(—3.41) 27.46(+1.19)
37.17(—10.7) 49.9(+40.2)
B6 dhda 44 19.98(2.497) 27.8(2.70)®
35.38(4.152) 43.30(4.458)
R7 doda rac 19.98(2.540) 27.8(2.75)
35.50(4.175) 43.24(4.475)
R8 doda 44 19.95(2.530) 27.8(2.75) 18.90(—1.53) 21.28(—1.89) 27.47(+0.632)
35.55(4.161) 43.30(4.460) 37.31(—8.06) 43.1(+22.0)
R9 doda A4 19.90(2.534) 27.8(2.75) 18.96(+1.44) 21.23(+1.71) 27.43(—0.641)
35.60(4.162) 43.40(4.474) 37.04(+5.81) 43.1(—20.2)
B7 doda rac 19.98(2.538) 27.8(2.73)®
35.35(4.172) 43.24(4.453)
B9 doda A4 19.97(2.549) 27.8(2.75) 18.98(+1.45) 21.19(+1.82) 27.47(—0.636)
35.40(4.209) 43.40(4.500) 37.31(+6.03) 42.9(—21.2)
R10° adha 44’ 20.25(2.536) 28.2(2.77) 20.04(—3.13) 27.40(+0.353)
35.28(4.221) 44.72(4.481) 35.34(—11.6) 44.4(+30.3)
R119 adha AN’ 20.28(2.556) 28.2(2.77)° 20.04(+3.27) 27.46(—0.342)
35.34(4.232) 44.62(4.490) 35.46(+9.87) 44.4(—31.3)
B10° adha 44’ 20.26(2.560) 28.1(2.73) 20.12(—4.03) 27.46(+0.560)
35.20(4.250) 44.52(2.514) 35.34(—11.5) 44.3(+39.2)
[Co(maa)(en):]C1O0s 4 16.2(1.50) 19.33(2.180) 18.40(—2.32) 26.32(+0.714)
27.0(2.49)” 35.45(4.073) 34.84(+4.81) 44.6(+19.4)
45.20(4.180)
[Co(aet)(en)z]- A 16.7(1.66)" 20.72(2.158) 16.8(+0.844)”  19.12(+1.34) 21.88(—0.278)
(C104)2? 27.3(2.49)” 35.45(4.118) 26.32(+0.677)  35.09(—4.68) 45.7(—11.3)

49.90(4.221)

a) Wave numbers are given in 103cm~! unit and loge or de values (in parentheses) in mol-!dm3cm=!. b)

Shoulder.

c) Ref. 7.
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corresponding bridged complexes. The ratios C/N in
these complexes are somewhat higher than the ideal
values because a large amount of ethanol was used for
the isolation of them. It seems that the high ability
of adduct formation with organic solvent is common
in the present complexes with the hydrophobic
polymethylene bridging atoms.

Table 1 collects the absorption and CD data of the
present complexes. The representative absorption and
CD spectra of the rotaxanes and the bridged complexes
are shown in Figs. 2 and 3, respectively, together with
those of dhdd complexes (n=10, X=Y=CH3:NHy) for
comparison. The starting thiolato complex [Co(maa)-

log(s/rrlol'ldl113cm'1 )

Fig. 2. Absorption and CD spectra of the rotaxanes
with the bridging methylene chain length n=10: R4

(dhda, X=Y=CO2~) —; R10 (adha, X=CO;z~-
and Y=CH:NH3) -.-- ; dhdd rotaxane (X=Y=
CH:NH_)? ------ .

=

w

log(e/mol™ Lam3em™1)

Fig. 3. Absorption and CD spectra of the bridged
complexes with n=10: B4 (dhda, X=Y=CO2")
——; B10 (adha, X=COz~ and Y=CH2:NH32) ------ ;
dhdd complex (X=Y=CH:NH3)? ------ .

(en)2]ClO4 exhibits a characteristic absorption at ca.
610nm (16000—17000cm™?). It is well known that
this band disappears by alkylation of the thiolato
groups.®-® Since all present complexes lack this ab-
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Fig. 4. CD spectra of the dhda and adha rotaxanes:
(a) R4 (44) — and R5 (AA) ------ ; (b) R10 (44) —
and R11 (44) ------ .

NHZCHZ
CHy (CHy) Chy)n- _oCHy
SCHZCHz
(b)
SCH,C0,
‘YWMMJMM% »
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8
(c)
e
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Fig. 5. 13C NMR spectra of the bridged complexes:
(a) dhdd complex (X=Y=CH:NH_),” (b) B10 (X=
CO2~ and Y=CH;:NHj3), and (c) B4 (X=Y=CO3").
1,4-Dioxane (6=67.40 vs. MesSi) was used as the
internal reference. The spectral region due to the
carboxyl group was omitted in (b) and (c).
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Fig. 6. 13C NMR spectra of the rotaxane R8.

sorption, they contain only thioether donor atoms as
sulfur atom. The first spin-allowed d-d absorption
bands of the rotaxanes with the bridging methylene
chain length n=10 gradually red-shift with the increase
of oxygen atom, locating at 20440 cm™! for the dhdd
rotaxane with 2[Co(N)s(S)] chromophore, at 20250
cm™! for the adha one with [Co(N)s(S)] and [Co(N)4(S)-
(0)], and 20020 cm~! for the dhda one with 2[Co(N)4(S)(O)]
(Fig. 2). The intense bands at ca. 35000 cm™!, which
can be assigned to the Co(o*)«S(0) ligand-to-metal
charge transfer (LMCT) band,? show apparently no
such shift. The LMCT band intensity of the adha rotax-
ane is intermediate between those of the dhdd and
dhda rotaxanes. Such a mean behavior of the adha rotax-
ane is also realized in the CD spectra. The absolute
configurations of the present complexes can be as-
signed on the basis of the net CD sign in the first spin-
allowed d-d absorption band region, that is, 4-
configuration for negative and A-one for positive.1.®
The bridged complexes (Fig. 3) show the analogous
absorption and CD spectral changes as the corre-
sponding rotaxanes.

The rotaxanes prepared from rac-[Co(maa)(en)]* are
each the mixture of four diastereomers, 44-, A4-, and
two AA-forms (pseudo-meso) with respect to the
bridged cobalt(III) moieties(neglecting the R and S
chiralities of the donor sulfur atoms).? The optically
active 44 (or AA) rotaxane could be obtained in a pure
form from the resolved starting material A(or A)-

WW [Co(maa)(en)2]ClO4. The CD spectra of the dhda and

AR O T SR U S R W S SR adha rotaxanes are shown in Figs. 4(a) and 4(b), respec-

100 s % tively. The CD spectra of the 44- and A4-rotaxanes are
Fig. 7. 13C NMR spectra of the rotaxanes R9 (a) and not completely enantiomeric to each other in each
R7 (b). The spectral region due to the carboxyl group pair of diastereomers. The deviation is eminent by com-

was omitted in both. paring the diastereomers in the CD intensity ratio,



June, 1984]

Aermer/ Aer, where Agr and Aéepmer denote the CD
peak intensities in the first d-d absorption and LMCT
band (ca. 35000 crn™!) regions, respectively: The ratio is
3.25 for A4-dhda (R5) and 3.49 for 44-dhda (R4) rotax-
anes, and 3.02 for A4-adha (R11) and 3.70 for 44-adha
(R10) rotaxanes. It is noteworthy that all the ratios in
the rotaxanes are higher than those of the correspond-
ing bridged complexes, namely, 3.14 for dhda bridged
complex (B4) and 2.85 for adha bridged one (B10). This
1s correlated with the sterically crowded structure of
the rotaxane containing a-CDX as compared with the
corresponding bridged complexes. The ratio becomes
a measure to distinguish between the rotaxane and
the bridged complex by the CD spectra.

18C NMR Spectra. Figure 5 shows the 3C NMR
spectra of the bridged complexes with n=10. The dhdd
and dhda complexes with Cz symmetry clearly shows
four resonances in the —-C(CHg)sC- region. The adha
complex with C; symmetry exhibited the intermediate

C-1

CHyC0,”
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pattern. The 13C NMR spectra of rotaxanes are quite
different from the bridged complexes, giving the direct
evidence of the rotaxane formation with ¢-CDX (Figs.
6—10). The rotaxane R8 exhibited strong six signals
in a low magnetic field (6=60—105), which were as-
signed to a-CDX moiety? (Fig. 6). The other signals
were assigned to CH2COz~ (6=ca. 182.7) and meth-
ylene carbons (6=25—50) of NH2CHgz-, ~-SCH2-, and
-C(CHg2),—2C- from the lower megnetic field side.
The rotaxanes R8 (Fig. 6) and R9 (Fig. 7(a)) are com-
posed of a single diastereomer, which hasa C; symmetry
because of the inequality of both openings of a-CDX.
In the —~C(CHz2)10C- region, they showed four strong
(6=31.75, 30.94, 29.32, and 28.72 for R9) and two
weak (6=32.13 and 30.45 for R9) resonances. Since it
1s reasonable to consider that each of the strong signals
corresponds to two methylene carbons, the total num-
ber of the methylene resonances becomes ten in both
the rotaxanes as expected. The results are consistent

C-2
-5 |std
-3

C-4
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1 n L L L 1 L L | L ]

200 150 109 50 0
Fig. 8. 1BC NMR spectra of the rotaxane R4.
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Fig. 9.

13C NMR spectra of the rotaxane R10.
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with the formation of the rotaxane with C; symmetry.

The characteristic features of 13C NMR spectra are the
same in the rotaxanes with n=10 (R4in Fig. 8and R10 in
Fig. 9) and n=8 (R2 in Fig. 10). However, a significant
spectral change was observed in R2; two signals for
each of C4, C5, and C6 in a-CDX appeared during the
first several hours (Fig.10(a)) and the higher field
component in each pair became dominant with time
(Fig. 10(b)). None of the final resonances corresponded

. c-2
g c-5 (a)
C'3\\ std
c-4
\ c-6 NH2%H2
SCH,CO0,
CH, (CH,) 6 CH,
mj SCH2
knu 1 1 w L 1 1 ! 1 L
100 s 50
(b)
" 1 L 1 N " 1 i 4 P
100 50

)
Fig. 10. 1BC NMR spectra of the rotaxane R2: (a)
accumulated for ca. 6 h after dissolution in D2O; (b)
accumulated for ca. 20 h after dissolution in D20.
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to the chemical shifts of the free a-CDX. The absorp-
tion and CD spectra of the same sample after the 13C
NMR measurement were checked to elucidate the origin
of such a change. The absorption spectrum was the
same as the initial one except for the ca. 11% intensity
decrease in the LMCT region. The pattern of the CD
spectrum was the same but the CD intensity reduced
to one-half its initial value. The results indicate
that the decomposition reaction releasing free a-CDX
does not occur and that the species with the uncoor-
dinated thioether atoms, which will be formed by the
Co-S cleavage, is also very low in concentration, if any,
as judged by the absorption intensity in LMCT
region. The most plausible explanation may be that
the species with the uncoordinated carboxyl group in
-SCH2CO2 moiety is partly produced owing to the
steric crowding imposed by a-CDX. In fact, the 13C-
NMR change with time is most eminentonly in R2 with
rather short chain length n=8. Such a splitting is ob-
served only for C4 carbon in R4 and R10 with n=10and
the rotaxanes with n=12 had no splitting tendency.
The chemical shifts due to a-CDX in the rotaxanes
are summarized in Table 2. The assignment is after
Colson et al.1® and our results.? The chemical shifts of
free a-CDX were significantly altered by the rotaxane
formation, especially those of Cl, C3, and C5 shifting to
the down field. One of the substituent groups on each
of the carbons undergoing such a large shift is directed
toward the center part of the cavity of a-CDX and
sterically interacted with the included polymethylene
chain. This situation is responsible for the above shift.
The values of the rotaxanes R3, R4, R5, and R6 are very
similar to one another irrespective of the absolute
configurations of the cobalt(III) moieties, which is in
good agreement with the earlier results.? The change
of the bridging methylene length, however, affects the
chemical shift. The resonances of C4, C5, and C6 were
shifted regularly to the down field with the decrease of
the methylene chain length from n=ca. 17 to n=17,19
whereas the chemical shifts of Cl, C2, and C3 were
hardly affected. The latter is relevant to the rigid
hydrogen bonding network at the side of secondary
hydroxyl groups on C2 and C3,2 which makes the
chemical shifts of Cl, C2, and C3 insensitive to the

TaBLE 2. 13C NMR RESONANCES DUE TO @-CDX IN THE ROTAXANE (8 from Me,Si)
Chain Chemical shift .
Rotaxane Ref.

length Cl C4 C3 C5 C2 Cé6
Ul(44) 7 102.50 82.95 74.55 73.47 72.36 61.63 11
R2(44, dida) 8 102.61 82.89 74.71 73.41 72.55 61.44
7(44, didd) 8 102.64 83.06 74.71 73.47 72.44 61.66 1
R3(rac, dhda) 10 102.72 82.46 74.61 72.98 72.49 61.01
R4(44, dhda) 10 102.72 82.51 74.66 73.03 72.49 61.06
R5(A44, dhda) 10 102.78 82.46 74.66 72.98 72.49 61.01
R6(44, dhda) 10 102.75 82.49 74.66 73.01 72.47 61.03
R10(44’, adha) 10 102.72 82.54 74.66 73.06 72.47 61.09
2(rac, dhdd) 10 102.78 82.68 74.72 73.15 72.50 61.23 1
R7(rac, doda) 12 102.83 82.27 74.63 72.84 72.57 60.79
R8(44, doda) 12 102.83 82.30 74.66 72.87 72.55 60.79
R9(A44, doda) 12 102.78 82.24 74.61 72.82 72.49 60.74
1(rac, dodd) 12 102.78 82.24 74.60 72.81 72.54 60.79 1
U2(rac) ca.17 102.78 81.92 74.71 72.71 72.49 60.52 11
free a-CDX 102.18 82.03 74.06 72.82 72.44 61.17
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TABLE 3. PERCENTAGE YIELD OF [2]-[[(en)2Co{ XCH2S(CHz2).SCH2Y}Co(en)2]Clm]-{a-CDX]-rotaxane
n Co(III) X=COz~ X=CO;~ X=CH:NH;
components Y=COz~ Y=CH:NH: Y=CH:NH:
n= rac 2.5(A—2)b) ~0
44 2.5 3.5
n=10 rac 10(4—10)® 6(4—16)®
44 12 129 21
A4 7 6.47 <7
44 .
n=12 rac 21(4—8)” 16(4—5)”
44 24 28
A4 17 14

a) The data from Ref. 1.
tion of the rich species.
See Experimental section.

change of the bridging length. On the other hand, the
hydroxyl group at C6 can rotate freely and is sensitive
to the steric change. Such a steric change at C6 also
influences the chemical shifts of C4 and C5. Thus, the
rotaxan formation is explicitly identified by the 13C
NMR spectra.

Synthesis and Stereoselectivity. The vyields of
rotaxanes are summarized in Table 3, together with the
earlier results for comparison. The yield is the highest
in the doda rotaxanes with n=12 and decreases with
the decrease of the chain length, namely, in the order
12>10>8. The Add4-rotaxane was prepared in the
highest yield among the rotaxanes with the identical
chain length. This is attributable to the stereoselective
inclusion by a-CDX.1® The results are very similar to
those for the earlier system (X=Y=CH2NH3) except for
that the yields starting from the racemate are somewhat
higher in the present system (X=Y=CO2").

The highest selectivity was ca. 10% in the dhda
rotaxane R3. The partial selectivity was also observed in
the other rotaxanes R1 and R7. Itshould be noted that the
selectivity decreases in the order 10>12>8. This means
that there is the optimum methylene length for the
chiral discrimination. The rotaxanes of the present
system (X=Y=CO2~, and X=CO2~ and Y=CH:NH3)
are relatively unstable compared with those in the
earlier system (X=Y=CH3NH3), because it was ob-
served that the former underwent the partial racemiza-
tion in the prolonged column chromatography. In
conclusion, the yield and the selectivity of rotaxane
are mainly dependent on the length of the bridging
methylene chain and the absolute configuration
of the starting cobalt(III) complex. The difference
between the bidentate thiolate ligands aet and maa
has a small influence on the yield and the selectivity
of rotaxane.

b) Apparent optical purity? is indicated in parentheses with the configura-
c) The preparative procedures are different from those of other rotaxanes.
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