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Optically active tetradentate ligands, N,N’-bis(y-amino- 
propyl)-R-1,2-diaminopropane ( = R-appn), N,N’-bis- 
(y-aminopropyl)-R-1,2-diaminocyclohexane ( = R-ap- 
chn), and N,N’-bis(y-aminopropyl)-(R)-2,Idiaminobu- 
tane (= (R)-apbn; optical purity, 10%) were prepared. 
The trans-dichlorocobalt(iI1) complexes and oxalato- 
cobalt(lll) complexes with these ligands were prepar- 
ed and characterized. The (-)D-trans-Co(3,2,3-tet)Cll+ 
ion was determined to have the SS absolute configu- 
ration with respect to the coordinated secondary nitro- 
gen centers, based on the similarity in the circular di- 
chroism (CD) curves of this ion, and the R-appn and 
R-apchn complexes. The SS absolute configuration 
of the latter complexes was estimafed on the basis of 
the stereospecificity expected for the used asymmetric 
ligands. The topology of the oxalato complexes with 
3,2,3-tet and its derivatives was determined to be the 
cis-p structure from the proton magnetic resonance 
spectrum of Co(( R)-apbn)ox+ ion. 

Introduction 

The ligand stereospecificity attending to optically 
active multidentate ligands has often served to eluci- 
date the stereochemisry of the metal complexes co- 
ordinated with parent unsubstitued ligands. The use- 
fulness of the stereospecificity has been typically de- 
monstrated in determining the absolute configuration 
of the resolved enantiomer of the parent complex. 
For example, the absolute configuration of the op- 
tically-active antipode of cthylenediaminetetraacetato- 
cobaltate(II1) ion has been clarified by examining the 
active propylediaminetctraacetato complex.“,” The 
absolute configuration of the resolved enantiomorphs 
of N-methylethylenediamine complexes has also been 
ascertained by the use of optically-active N-methyl- 
propylenediamine as the corresponding active ligand.5.6 
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We attempted to determine the absolute configuration 
of the active enantiomer of cobaIt(II1) complexes with 
4,7-diaza-l,lO-diaminodecane (3,2,3-tet) by utilizing 
optically active derivatives of 3,2,3-tet, in a similar 
manner as above, 

There are three topological isomers for diacidoco- 
baIt(II1) complexes of 3,2,3-tet, as is shown in Figure 
1. Furthermore, three isomers are possible for the 
trans geometry because of the asymmetric character 
of the coordinated secondary nitrogen atoms, as shown 
in Figure 2. R and S7 refer to the absolute configu- 
ration of asymmetric secondary N centers. Hence, 
the three isomers are represented as RR, SS, and RS 
(Figure 2) by the combination of the absolute confi- 
guration of two secondary N centers. The RR and 
SS forms are enantiomeric to each other, while the 
RS form is intrinsically inactive (meso). For the RS 
form, the central diamine chelate ring has the eclipsed 
envelope conformation; for the RR and SSconfigura- 
tion, the central chelate ring adopts the guuche con- 
formation. Both of the six-membered chelate rings 
probably adopt the chair conformation as is shown in 
Figure 2. The tram-Co(3,2,3-tet)CI+ complex so far 

fd lb1 CC) 

Figure 1. Topological isomers of 3,2,3-tet complex: (a) 
h-a, (b) cis-p. and (c) trans. 

Figure 2. Possible isomers of rruns-Co(3,2,3-tet)C12+ ion; 
RR, SS, and RS forms. 
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prepared has been determined to be the racemic 
form.8 

Recently, Brubaker and Schaefer obtained the opti- 
cally active form of trans-[ Co(3,2,3-tet)Cl?]Cl04P*‘O 
and reported its circular dichroism (CD) spectrum.” 
These authors9*” assigned the absolute structure of 
the (-)D-trans-Co(3,2,3-tet)CIz+ ion to the RR configu- 
ration, comparing its CD curve with that of the active 
trans-dichloro complex of triethylenetetramine(trien). 
The absolute configuration of the trien complex had 
been established.‘* 

We noticed that the conformation of the central 
ethylenediamine moiety is correlated to th:: configura- 
tion of the secondary N atoms; the RR configuration 
adopts the 6 conformation, and the SS configuration 
takes the X conformation, as is indicated in Figure 2. 
If the conformation of the central diamine linkage of 
3,2,3-tet system is fixed in the h conformation, the 
Vans complex gives rise to the SS configuration ste- 
reospecifically. On this basis, we prepared 4,7-diaza- 
5(R)-methyl-l,lO-diaminodecane (or N,N’-bis(y-amino- 
propyl)-R-1,2-diaminopropane; R-appn), which is a 
derivative of 3,2,3-tet, with a methyl group on the 
central ethylenediamine moiety. The structure and 
the abbreviations of tetramine ligands synthesized in 
thsi study are summarized in Table I. The ligand 

Table I. 

Ligands 

CH, 

NH,(CH,,,NH-$-CH,NH(CHz),NHz 

Abbreviations 

R-appn 

iI 
.NH(CH~)INHI R-apchn 

CH, H 
I I 

NH,(CH&NH.-C -C-NH(CH&NHz 

k &H , 

(F )-apbn 

R-appn, has the R configuration with respect to the 
asymmetric carbon atom. The central diamine chela- 
te ring of this ligand should have the X conformation, 
so far as the substituted methyl group takes preferen- 
tially the equatorial orientation. The predominance 
of the equatorial orientation has been established for 
the methyl group(s) in a number of trien derivati- 
ves.1*‘3.14 Thus, the trans-dichlorocobalt(II1) complex 
of R-appn should, stereospecifically, have the SS con- 

(7) R. S. Cahn, C. K. Ingold, and V. Prelog. A,rgew. Chcm., Infern. 
Ed. Engl.. 5. 385 (1966). 

(8) M. D. Alexander and H. G. Hamilton, fwrg. Chum., 8, 2131 
(1969). 

(9) G. R. Brubaker and D. P. Schaefer, ibid.. 9, 2373 (1970). 
(10) G. R. Brubaker and D. P. Schaefer, ibid.. IO. 968, (1971). 
(11) G. R. Erubaker and D. P. Schaefer, IwJrg. Nttcl. Chem. Let- 

ters;- & 237 (1970). 
(12) D. A. Buckingham. P. A. Marzilli, A. M. Sargeson. S. F. 

Mason, and P. G. Beddoe. Chew. Cornmum., 433 (1967). 
(13) M. Goto, M. Ssburi. and S. Yoshikawn, Iwrg. C/rem.. 8. 

358 (1969). 
(14) M. Saburi and S. Yoshikawa, Buff. Cham. Sot.’ Irrpait, qj, 

1443 (1972). 

figuration. The CD curve of this complex was expec- 
ted to be antimeric to that of the (-)&rctns-Co(3,2,3- 
tet)CL- ion, if the assignment by Brubaker and Schae- 
fer is correct. It was found, however, that the CD 
curve of the trctns-Co(R-appn)Clz’ ion is very similar 
to that of the (-)o-trcrr2s-Co(3,2,3-tel)CI~‘~ ion, suggest- 
ing that some revisions are required with regard to 
the structural assignments of 3,2,3-tet complexes given 
by Brubaker et al. 

Experimental Section 

Phthalyl-&alanine. This was prepared by fusing a 
mixture of (3-alanine (1 mole) and phthalic anhydride 
(1 mole) in an oil bath at 160’ for 2 hr, according 
to a usual procedure for preparing phthalic amino 
acids.” The product was recrystallized from metha- 
nol and dried in vacua, m.p. 156.0-157.0” 

Phthalyl-fi-alanyl chloride. In a 500 ml Erlenmeyer 
flask equiped with a reflux condenser protected with 
a calucium chloride drying tube, 120 g of phthalyl- 
@alanine and 240 ml of thionyl chloride were added. 
The mixture was heated at 60’ for 30 min with occa- 
sional stirring. After the reaction mixture had been 
cooled, the excess thionyl chloride was removed under 
reduced pressure, and the solidified product was re- 
crystallized from hot toluene. The pure product was 
filtered off, and washed with toluene and petroleum 
ether, and dried under vacuum. Yield, 110 g. m.p. 
108- 109’. 

R(-)D-Propylenediamine. Commercially available 
dl-propylenediamine was resolved by the method of 
Dwyer et a1.,16 and the desired enantiomer was reco- 
vered by distillation. 

N,N’-bis(phthalyl-~-alanyl~-R-1,2-diaminopropane. 
R(-)o-propylenediamine ( 10.0 g) and sodium carbon- 
ate (15.0 g) were dissolved in 150 ml of water, and 
the solution was cooled in an ice bath to 10”. TO 

this solution, a solution of phthalyl-P-alanyl chloride 
(62.0 g) in dioxane (150 ml) was added dropwise with 
vigorous stirring by means of a blender. The tempe- 
rature of the reaction mixture was maintained below 
10’ during the addition by external cooling with an 
ice bath. After the addition had been completed, the 
white precipitates, thus formed, was filtered off, and 
washed with water and methanol. The crude pro- 
duct was recrystallized from boiling acetic acid. 
Yield, 27 g. Anal., Calcd for ‘CZHZ~N~O~: C, 63.01; 
H, 5.08; N, 11.76%. Found: C, 62.96; H, 5.16; N, 
11.77%. 

N.N’-bis(@-alany&R- 1,2_diaminopropane hydrochlor- 
ide. N,N’-bis(phthalyl-@-alanyl)-R-1,2-diaminopropa- 
ne (23.8 g, 0.05 mole) and hydrazine hydrate (5.0 g, 
0.10 mole) were added to 500 ml of ethanol, and the 
mixture was heated under reflux for 3 hr; the mixture 
was then cooled to room temperature, and allowed 
to stand overnight. The mixture was evaporated un- 

(15) M. Fling, 1:. N. Minard, and S. W. Fox. /. Amer. C/ret. Sot., 
69. 2466 (1947). 
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der reduced pressure almost to dryness. To the 
remaining solid mass, 100 ml of 1 N hydrochloric 
acid and 50 ml of water were added, and the resul- 
tant mixture was warmed on a water bath for 30 
min and, then, cooled to room temperature overnight. 
The insoluble white precipitates were filtered off, 
and, washed with water. The filtrate and washings 
were combined and. then, concentrated under reduced 
pressure to a volume oi 50 ml. The solution was 
stood in a refrigerator ,overnight. ,A small amount 
of white precipitates which appeared were filtered 
off, and washed with a smail volume of water. The 
filtrate and washings were combined, and concentra- 
ted under reduced pressure. The yellow viscous re- 
sidue, which remained, was used in the following re- 
action without further purification. 

and air-dried. Yield, 0.53 g. Anal., Calcd for [Co- 
(GH~~N~)(CZO~)]C~O~. HzO: C, 29.17; H, 5.79; N, 
12.38%. Found: C, 29.20; H, 5.82; N, 12.48%. 

R(-)D-1,2-Diaminocyclohexane. Commercially avail- 
able 1,2-diaminocyclohexane was resolved by the 
method of Asperger and Liu.” The R(-) antipode 
was obtained as its hydrochloride. 

N,N’-bis(phthalyl-B-ala&)-R-l ,Zdiaminocyclohexa- 
ne. 14.3 g bf R-i,2:diam&&yclohexane hydrochlori- 
de was dissolved in 150 ml of water, and, then, 6.4 g 
of solid sodium hydroxide and 10.6 g of anhydrous 
sodium carbonate were added and dissolved. The so- 
lution was cooled in an ice bath to IO”. A solution 
containing 38.0 g of phthaly-P-alanyl chloride in 130 
ml of dioxane was added dropwise to the solution 
with vigorous stirring bv means of a blender. The 
temperature of the reaciion mixture was maintained 
at 5-10” during the addition. After the addition had 
been completed, the white precipitates were filtered 
of?, and washed with water. The crude product was 
recrystallized from boiling acetic acid. The white 
crystals which separated were collected, washed with 
ethanol and ether, and dried under vacuum. Yield, 
28.3 g. Anal., Calcd for CZ~HI~N~O~: C, 65.09; H, 
5.48; N, 10.85%. Found, C, 64.22; H, 5.79; N, 
10.58%. 

N,N’-bis(y-aminopropyl)-R-1,2-diaminopropane ( 4, 
7-diaza-S(R)methvl-l,lO-diamiuodecane). To N,N’-bis- 
(P-alanyl)-R-1,2-cfiaminopropane obtained as above 
(0.05 mole scale), 250 ml of anhydrous tetrahydrofu- 
ran was added. Then, lithium aluminium hydride 
(11.4 g) was added to the mixture with stirring. Af- 
ter the exothermic effervescence had been completed, 
the mixture was heated under reflux with stirring for 
24 hr, and, then, cooled to room temperature. 21 ml 
of water diluted with 30 ml of tetrahyclrofuran was 
carefully added dropwise with vigorous stirring. The 
resultant slurry was filtered off, and washed with 
tetrahydrofuran (100 ml). The residue was exlrac- 
ted with tetrahydrofuran (150 ml) under reflux for 
2 hr, and Gltered off, and washed as above. All the 
liltrates and washings were combined, and tetrahydro- 
iuran was removed by distillation. The remaining 
oily liquid was distilled under reduced pressure, b.p. 
120-122’ (2 mm). Yield 1.60 g. 

Trails-dichloro( N,N’-bis(y-aminopropyl)-R-1,2-di- 
crminoproparte)cobalt(lll) pet-chlorate, (trans-[Co(R- 
appn)Clz]ClOJ). To a solution of 2.04 g of CoC!h . 
6&O in 30 ml of water, 1.60 g of R-appn was added. 
After a few drops of concentrated HCI had been 
added, the solution was aerated for 8 hr. 10 ml of 
concentrated HCl was added to the solution, and the 
resultant solution was concentrated on a water bath, 
until a small amount of green crystals began to sepa- 
rate. 5 ml of 60% HC104 was added to this solution, 
and the mixture was cooled in an ice bath. The 
green crystals, which separated, were filtered off, and 
washed with cold water, methanol and acetone, and 
air-dried. Yield 3.25 g. The crude product was re- 
crystallized from dilute HCl. Anal., Colcd for 
[CO(GHS,NX~JC~O~: C, 25,89; H, 5.80; N, 13.41 
percent. Found: C, 26.30; H, 5.88; N, 13.12%. 

A-~-oxaluto(N,N’-bis(y-uminopropyl)-R-l,2-diamino~ 
propane)cobalt(lll) perchlorate (A-fL[Co(R-appn)ox]- 
ClO, . HzOr. 0.84 g of tram+[ Co( R-appn)Clz]C1Od 
and 0.27 g of sodium oxalate were added to 10 ml 
water, and the resultant suspension was heated on a 
steam bath. When the mixture turned to a deep red- 
colored solution, this was cooled in an ice bath. The 
red crystals, which separated, were collected by filter- 
ation, washed with cold water, ethanol and acetone, 

(17) R. G. Aspcrger and C. F. Liu, Irrwg. Chcrn., 4, 1492 (1965). 

N,N’-Bis(p-alanyl)-R-1,2-diaminocyclohcxane hy- 
drocl2loride. N ,N’-Bis( ph thalyl-fi-alanyl)-R-1,2-diami; 
nocycloexane (25,s g. 0.05 mole) and hydrazine hy- 
drate (5.0 g, 0.10 mole) were added to 500 ml of 
ethanol, and the mixture was heated under reflux for 
4 hr. The subsequent treatments were the same as 
those mentioned in the case of the R-propylenediami- 
ne analogue. The product solidified by treating the 
residue with 20 ml of ethanol. This was filtered off, 
washed wiih ethanol and ether, and dried under va- 
cuum. Yield, G.1 g. This was used in a following 
reactioc without further purification. 

N,N’-bis(y-crrtlirto~~ro~~yl)-R-l,2-tlicrmirzocyclo~~ex~~i~e. 
6.1 g of N,N’-bis(&alanyl)-R-1,2-diaminocyclohexane 
hydrochloride was added to a suspension of lithium 
aluminium hydride (8.7 g) in tetrahydrofuran (200 
ml). The mixture was heated under reflux for 24 
hr with stirring. The subsequent treatments were the 
same as those described for the corresponding R-jjro- 
pylenediamine derivative. The yellow oily liquid, ob- 
tained after the removal of tetrahydrofuran, was 
used in the following reaction without further purifi- 
cation. The yield of the crude product is 3.80 g. 

Trans-dicl~loro(N,N’-bis(y-anzirtopropyl)-R-1,2-di- 
aminocyclohexane)cobalt( 111) perchlorate (trans-[ Co- 
(R-apchn)Cf~]ClO~). To the crude R-apchn (3.80 g) 
obtained as above, a solution of COG. 6H20 (3.58 
g) in 30 ml of water was added in small portions. 
A small volume of concentrated HCl (about 0.5 ml) 
was added in order to dissolve the precipitates, which 
had appered in the course of the above procedure. 
After the remaining precipitate had been filtered off, 
the filtrate was aerated for 5 hr. To the resultant 
solution, 5 ml of concentrated HCI was added, and, 
then, the solution was evaporated on a steam bath. 
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When a small amount of green crystals began to se- 
parate, 5 ml of 60% HC104 was added to the solu- 
tion. The mixture was, then, cooled to room tem- 
perature, and the green crystals which separated were 
collected by filtration, washed with cold water, metha- 
nol and acetone, and air-dried. Yield, 2.00 g. It 
was recrystallized from dilute HCl. Anal., Calcd for 
[Co(C,rHssN$Zlz]ClO~: C, 31.49; H, 6.17; N, 12.24% 
Found: C, 31.65; H, 6.44; N, 11.98%. 

A-~-oxalato(N,N”-bis(y-aminopropyl)-R-l,2-diamino- 
cyclohexane)cobalt( III) perchlorate (h-P-[ Co( R-apchn)- 
ox]C104). A suspention of trans-[Co(R-apchn)Clzl- 
Cl04 (0.92 g) and sodium oxalate (0.27 g) in 30 ml 
of water was heated on a steam bath. When the mix- 
ture turned to a red-colored solution, this was cooled 
in a refrigerator overnight. The red crystals, which 
separated, were filtered off, washed with cold water, 
methanol and acetone, and air-dried. Yield, 0.32 g. 
A further crop of the product could be recovered from 
the filtrate. Anal., Calcd for [CO(C~~H~~NI)(C~O~)I- 
Clod: C, 35.41; H, 5.95; N, 11.80%. Found: C, 
35.10; H, 5.89; N, 11.89%. 

dL2,34Xaminobutane. It was prepared bv the 
method of Ralthis and Bailar.18 

Resolution of dl-2,3-diaminobutane. This diamine 
was resolved by the method of Lucas et al.19 After 
the removal of pure diastereomer salt of the S anti- 
pode, the impure diastereomer salt of the R antipode 
was collected, from which optically impure R-2,3- 
diaminobutane was recovered. The optical purity 
of this diamine was about 10%. It was used in the 
following reaction without further purification. 

N,N’-bis(phthalyl-~-alanyl)-(R)-2,3-diaminobutane. 
Partially resolved R-2,3-diaminobutane (7.30 g) and 
anhydrous potassium carbonate (11.5 g) were dissol- 
ved in 100 ml of water, and the solution was cooled 
in an ice bath. To the solution, a solution of phthaly- 
@alany chloride (39.4 g) in 100 ml of dioxane was 
added dropwise with vigorous stirring by means of 
a blender, in a similar way as for the R-propylenedi- 
amine derivative. The product was filtered off, wash- 
ed with water, and recrystallized from boiling acetic 
acid. Yield, 25.0 g. Anal. Calcd for CX,HZN.+O~: 
C, 61.39; H, 5.59; N, 11.02%. Found: C, 61.53; 
H, 5.56; N, 10.34%. 

N,N’-bis(P-alanyl)-(R)-2,3_diaminobutane hydrochlo- 
ride. N,N’-bis(phthalyl-&alanyl)-(R)-2,3-diaminobuta- 
ne (20.@ g) was treated with hydrazine hydrate (4.0 g) 
in the same way as that for the corresponding R- 
propylenediamine derivative. The subsequent proce- 
dures were also the same as those mentioned in the 
R-propylenediamine analogue. The yellow semi-solid 
mass, thus obtained, was .used in the following reac- 
tion without further purification. 

N,N’-bis(y-aminopropyl)-(R)-2,3_diaminobutane. N, 
N’-bis@alanyl)-(R)-2,3-diaminobutane, obtained as 
above, was treated with lithium aluminium hydride 

(18) 1. H. Halthis and 1. C. Bailar, /. Amer. Chent. Sm., 74, 944 
(1952). 

(19) F. H. Dickey, W. Fickett, and H. I. Lucas, i6id.. 81. 4185 
(1959). 

(14.0 g) in anhydrous tetrahydrofuran (280 ml) in 
a similar manner as that for the R-propylenediamine 
derevative. The subsequent treatments were also the 
same. The product was isolated by distillation, b.p. 
151.5’ (13 mm). Yield 3.0 g. 

Trans.-dichlorc( N,N’-bis( y-aminopropyl)-( R)-25di- 
aminobutane)cobalt(ZZI) perchlorate (trans-[Co((R)- 
apbn)C12]C104). (R)-apbn (1.62 g), 1 N HCl (8 ml), 
and CoClz . 6Hz0 (1.90 g) were added to 50 ml of 
water, successively, and the resultant solution was 
aerated for 8 hr. To the resultant solution, 3 ml of 
concentrated HCl was added, and the solution was 
evaporated on a water bath to a volume of 10 ml. 
5 ml of 60% HClOi was added to the resultant solu- 
tion, and the green crystals which separated were fil- 
tered off, washed with ethanol and acetone, and air- 
dried. Anal. Calcd for [ Co(CIOH2~N4)C12)C12]C104: 
C, 27.82; H, 6.08; N, 12.98%. Found: C, 28.33; 
H, 6.29; N, 13.02%. 

P-Oxalato(N,N’-bis(y-aminopropyl)-(R)-2,3-diamino- 
butane)cobalt(ZlZ) perchlorate (P-[Co((R)-apbn)ox] - 
Clod). A suspension of trans-[Co((R)-apbn)Clz]C104 
(0.43 g) and sodium oxalate (0.135 g) in 10 ml of 
water was heated on a steam bath. After a red- 
colored solution had been obtained, this was concen- 
trated to a volume of 5 ml; the solution was, then, 
cooled to room temperature. The red crystals, which 
separated, were filtered off, washed with cold water, 
ethanol and ether, and air-dried. Anal. Calcd for 
[CO(C~,,H~NI)(CZO~)]C~O~: C, 31.11; H, 5.85; N, 
12.49%. Found: C, 31.90; H, 5.90; H, 12.72%. 

Measurements. The visible absorption spectra were 
obtained with a Shimadzu MPS-SOL spectrophotome- 
ter. The circular dichroism spectra were measured 
with a JASCO J-20 automatic spectropolarimeter. 
The proton magnetic resonance spectra were obtained 
with a Hitachi R-20A spectrometer, and sodium 2,2- 
dimethyl-2-sila-pentanesulfonate was used as the in- 
ternal reference. 

Results and Discussion 

Trans-dichloro Complex. The dichlorocobalt(I11) 
complex of R-appn was obtained in a similar manner 
as for the 3,2,3-tet complex.8 Green crystals were 
isolated as the perchlorate salt. The trans configura- 
tion with respect to the chlorides coordinated was 
established on the basis of the visible absorption spec- 
trum. The absorption spectrum of the R-appn com- 
plex is obviously similar to that of the trarwCo(3,2,3- 
tet)Cl:’ ion. The visible absorption and CD spectra 
of the trans-[Co(R-appn)C12]C10g and those of the 
(-)&runs-[Co(3,2,3-tet)Clz]C104 are shown in Figu- 
res 3 and 4, respectively. The CD curves of these 
complexes showed a dominant positive and a small 
negative bands in the region of 14,000-18.000 cm-‘. 
These curves markedly resemble to each other. 

The similarity in the CD curves between these com- 
plexes is considered to indicate the coincidence of 
the absolute configuration between the complexes. 
The most probable structure for the R-appn complex 
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is that shown in Figure 5, where the methyl group 
substituted at the central five membered chelate ring 
takes the X conformation. The R-appn complex ion, 

T 

r 
5 

+0.1 

+0.* 

+0.: 

, 

-0.: 

d 
I 

30 

Figme 3. Visible absorption and CD spectra of rmns-Co(R- 
appn)CL+ ion (- ), and CD spectrum of Iruns-Co(R- 
apchn)Cl?+ ion (---_). 

I 8 I 
IS 20 25 M 

v (X10 cm-‘) 

Figure 4. Visible absorption and CD spectra of (-_)D-fraru- 
Co(3,2,3-tet)Cll+ ion (- ) (X 5) and ( +)M-Co-(3,2,3-tct)ox’ 
ion (---), and CD spectrum of trans-Co((3S,8S)-dime- 
trien)Cl,+ ion --.--.-_). 

Figure 5. Probable structures of trans-Co(R-appn)Ch+ ion 
(a), and Iruns-Co(R-apchn)Cb+ ion (b). 
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shown here, takes the trans-SS configuration. 
It has been observed that the tmns-dichlorocobalt- 

(III) complexes with a series of triethylenetetramine 
(trien) derivatives, which have methyl subsrituents, 
show the ORD and CD curves similar to one an- 
otlier.‘3J0 Further, these curves are fundamentally 
identical with that of the active antipode of the cor- 
responding trien complex.‘~ This suggests that the 
vicinal contribution from the methyl group is negli- 
gibly small for the above complexes. A similar ten- 
dency has also been noticed for the dichlorocobalt 
(III)*‘~*’ and rhodium(111)23 complexes with 1,2-diami- 
nes. The vicinal effect of the methyl group was, 
therefore, expected to be small in the case of the R- 
appn complex. Hence, the (-)D enantiomer of trans- 
Co(3,2,3-tet)Ch+ ion should have the Sam-, configura- 
tion as that of the R-appn complex, since the former 
isomer showed a CD spectrum closely similar to that 
of the latter complex, as has been mentioned pre- 
viously. 

In the above assumption, the possibility that the 
methyl group adopts preferentially the axial orienta- 
tion was not taken into consideraiion for the R-appn 
complex. If the methyl group of R-appn takes the 
axial orientation, the assignment given above must be 
altered. The possibility of the axially-situated methyl 
group was, in fact, suggested in some planar com- 
plexes with tetradentate Schiff base of R-propylene- 
dialnine.*’ In order to establish the orientation of the 
methyl group and the structure of the R-appn com- 
plex, we prepared N,N’-bis(y-aminopropylj-R-1,2- 
diaminocyclohexanc (= R-apchn), a derivative of R- 
1,2-diaminocyclohexane, and its dichlorocobalt(II1) 
complex. 

For the trrtns-1,2-diaminocyclohexane chelate ring, 
the conformational inversion can be ruled out becau- 
SC of its cyclic structure. The R antipode takes solely 
the X conformation upon coordination. Therefore, the 
cenetral &elate ring of the coordinated R-apchn must 
be fixed in the X conformation. The structure of the 
frurzs-Co(R-apchn)Clz+ ion, deduced from the above 
consideration, is shown in Figure 5. The SS configura- 
tion is indicated with regard to the secondary N cen- 
ters. 

The CD spectrum of the tram-[ Co(R-apchn)CLl- 
CIOq are shown in Figure 3. The present CD curve 
obviously resembles that of the trans-Co(R-appn)Clz+ 
ion, though the peak height of each corresponding 
band is slightly varied to each other between these 
complexes, probably due to the difference in the vici- 
nal effects between the cyclohexane ring and the 
methyl group. This means that the trans-Co(R-appn)- 
Clz+ ion, as well as the frans-Co(R-apchn)Clz+ ion, 
surely has the SS configuration,.as has been expected. 
Therefore, the (-)rj-truns-Co(3,2,3-tet)C12+ ion, which 
shows a CD curve similar to that of the R-appn com- 
plex, should have the SS configuration. This means 
that the conclusion of Brubaker and Schaefer, which 

(20) M. Goto, A. Okubo, T. Sawai. and S. Yoshiknwu, [nor& 
Chem., 9, 1488 (1970). 

(21) R. A. Wentworth and T. S. Piper, ibid., 4, 202 tt965). 
(22) C. 1. Hawkins, E. Larsen, and I. Olsen, Acta Ckf?l. SCand., 

19, 1915 (1965). 
(23) S. K. Hall and D. E. Douglas, Inor& Chem., 7, 533 (1968). 
(24) R. S. Downing and P. L. Urbach, (a) I. Amer. Chem. Sac.. 

9/, 5977 (1969); (b) ibid., 92, 5861 (1970). 
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had assigned the RR configuration to the above 3,2,3- 
tet complex, must be altered with regared to the ab- 
solute configuration. 

Brubaker and Schaefer had supposed the absolute 
configuration of the (~-)o-frans-Co(3,2,3-tet)Clz+ ion 
on the basis of the pattern of the ORD curve of this 
complex, which was regarded to be similar to that of 
the (+)D-trcms-Co(trien)CI?+ ion.‘” The latter complex 
had been determined to have the SS configuration.” 
The CD curve of the Iruns-Co((3S$S)-dimetrien)Clz+ 
ion ((3S,8S)-dimetrien=(3S,8S)-dimethyltrietllylenete- 
tramine), which adopts preferentially the frans-SS COD 
figuration is given in Figure 4. It appeared from the- 
se CD curves in this Figure, that the complexes, (-)D- 
truns-Co(3,2,3-tet)Clzi and trurzs-Co((3S,8S)-dieme- 
trien)Clz+ (or ( +)o-truns-Co(trien)CIz’ ion), possess the 
opposed configuration to each other. Only the CD 
bands in the vicinity of 21,000 cm-’ have the same 
signs for these ions. In pratice, however, the above 
complex ions have commonly the trun-SS configura- 
tion. The conformation of the central ethylenediami- 
ne moiety is the same X gauche form for these ions. 
The only structural difference between them is pre- 
sent in the outer chelate rings; the six-membered rings 
for the 3,2,3-tet complex, and five-membered rings 
for the trien complex. It must be noted, therefore, that 
a slight difference in ligands occasionally brings about 
marked differences in the behavior of CD of their 
metal complexes. 

Oxulufo Complex. The optically active form of the 
truns-Co(3,2,3-tet)Clz+ complex had been derived 
from the optically active Co(3,2,3-tet)ox+ ion (ox = 
oxalate ion), by treating the oxalato complex with 
dry hydrogen chloride gas in methanol.“’ The trans- 
formation from cis to truns geometry under this con- 
dition was considered to take place with retention of 
configuration with respect to the asymmetric seconda- 
ry nitrogen centers. Because the (-)D isomer of truns- 
Co(3,2,3-tet)Ch+ ion has now been established to 
have the SS configuration. the precursor, ( +)5qb-Co- 
(3,2,3-tet)ox+ ion, should have the same SS configu- 
ration with regard to the coordinated secondary nitro- 
gen centers. In conflict with this assignment, the 
(+ )51;, oxalato complex was considered to have the 
cis-a(RR) configuration by Brubaker et LX’.~,” There- 
fore, the oxalato complex of 3,2,3-tet seems to require 
some rexamination in its structure. 

I a) (b) 

Figure 6. Probable structures of Co(3,2,3-tet)ox+ ion; (a) 
Aa and (b) A-p(SS). 

When the coordinated secondary nitrogen centers 
are reetricted in the SS configuration, the probable 

structures of the cis geometry of 3,2,3-tet complex 
are those shown in Figure 6. The chair conforma- 
tion is adopted for the six-membered chelate rings. 
The possibility of the other ~$3 form, which has 
the RS combination of the secondary nitrogen atoms, 
was not taken into consideration in the present case. 
This geometry seems to be less stable, from the exa- 
minatlon of a Dreiding stereo model, than the for- 
mer two geometries. Further, it is unlikely that the 
cis-@(KS) isomer gives rise to the fruns-SS or -RR iso- 
mers under the acidic condition. 

On this basis, either the A-a(SS) or the A-p(SS) 
geometry is probable for the ( + )yb-Co(3,2,3-tet)ox’ 
ion. If the absolute configuration can be estimated 
for this complex, the topology is readily determined. 
The a topology should be appropriate for the h ab- 
solute configuration, and the fi for the A configura- 
tion. 

The CD curve of the (+)~&o(3,2,3-tet)ox+ ion 
shows a minor negative and a dominat positive bands 
in the first absorption band region (Figure 4). Bru- 
baker and Schaefer have studied the CD of this ion, 
along with that of a series of other oxalato com- 
plexes.13 They assigned these CD bands to the ap- 
propriate electronic transitions, and, moreover, esti- 
mated the absolute configuration of (+)s46-Co(3.2,3- 
tet)ox+ ion based on the sign of the dominant CD 
band at about 20,500 cm-‘. This enantiomer was 
assigned the A absolute configuration. If the assign- 
ment was exactly made, the (+ )516-Co(3,2,3-tet)ox+ 
ion must have the A-p(SS) configuration. 

In order to confirm the topology of the Co(3,2,3- 
tet)ox’ complex, we prepared N,N’-bis(y-aminopro- 
pyl)-df-2,3-diaminobutane (= apbn) and its oxalato 
complex, together with the oxalato complexes of R- 
appn and R-apchn. The ligand, apbn, employed in 
this study, contains a slight excess of R-antipode (the 
optical purily is about 10%). This is due to the 
purity of the dl-2,3diaminobutanc used as a starting 
material, which was occasionally available as the re- 
mainder from the isolation of the pure S antipode. 
Therefore, this tetradentate ligand will be represented 
as (R)-apbn, hereafter, and distinguished from the 
pure antipode, R-apbn. 

(4 (b) 

Figure 7. Probable structures of Co(R-apbn)ox+ ion; (a) 
A-a(%) and (b) A-p(SS). 

The probable structures of the Co(R-apbn)ox+ ion 
(R-apbn refers to the pure enantiomer), l-a(SS) and 
A-@(SS) form, are represented in Figure 7. As far 
as the two methyl groups locate in the equatorial 
orientation, and the central chelate ring adopts the 
1, conformation, only these structures are possible for 
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the cis geometry. In the A-a(SS) form, two methyl 
groups can be regarded as identical; in the A-P(SS) 
form, however, they are situated in the intrinsically 
different circumstances. The measurement of the 
proton magnetic resonance (pmr) spectrum of Co((R)- 
apbn)ox+ ion must serve to determine whether A-a- 
(SS) or A-fi(SS) is the actual configuration of this 
ion. If he complex takes the A-a(SS) configuration, 
the pmr signals for the methyl groups should he ob- 
served as only one doublet. On the other hand, the 
methyl signals would be, in principle, observed as 
two doublet of the equal intensity for the A-@(SS) 
configuration. 

However, there is a significant subject to be solved 
before the inspection of the pmr spectrum of Co((R)- 
apbn)ox+ ion. That is whether the 3,2,3,-tet analo- 
gues with the equatorial substiluent(s) at the central 
diamine chelate ring coordinate in the topological way 
identical with the non-substituted 3,2,3-tet or not. 
For the purpose of investigating this problem, the 
CD curves of the oxalato complex with 3,2,3-tet deri- 
vatives were examined. 

It is most probable that, for R-appn and R-apchn, 
the conformation of the central chelate ring is restric- 
ted in the X gmchc form even in the cis geometry. 
Further, the cis complexes with these ligands should 
adopt the SS configuration with respect to the secon- 
dary nitrogen centers. This is consistent with the 
fact that the conformation of the central five-membe- 
red chelate rings for the probable structures of Co(3,2, 
34et)ox+ ion (the SS configuration, cf Figure 6) 
have the X gauche forms. Therefore, the probable 
structure for the oxalato complexes of R-appn and 
R-apchn should be either A-a(SS) or A-?(SS). 

1.5 

Figure 8. CD curves of Co(R-appn)ox+ ion ( -_). Co(R- 
apchn)ox’ ion (----_), and Co(R)-apbnjox’ ion (x 10) 
(-.-.-_), and Visible absorption curve of Co(R-appn)ox+ 
ion ( -). 

The CD curves of the Co(R-appn)ox+ and Co(R- 
apchn)ox+ ions are shown in Figure 8. These cur- 

ves are similare to each other and, moreover, to that 
of the ( +)Ms-Co(3,2,3,-tet)ox+ ion. This suggests 
not only that the R-appn and R-apchn complexes 
have the same absolute configuration as the ( +)w 
3,2,3,-tet complex, but also that the former adopt the 
topology identical with the latter. It was indicated, 
therefore, that the equatorial substituents at the cen- 
tral chelate ring exhibit no influence in determining 
the topology of cis geometry in the case of 3,2.3-W 
derivatives. Hence, it was expected that the oxalato 
complex of (R)-apbn should have the same topology 
as those of R-appn, R-apchn and 3,2,34et. 

Therefore, the Co(R-apbn)ox+ complex, if obtai- 
ned, must show a CD curve similar to those of the 
R-appn and R-apchn complexes. The Co((R)-apbn)- 
ox.+ complex is available as the substitute for the pure 
R-appn complex, because the optical activity obser- 
ved for the (R)-apbn complex must be attributed to 
the excess enantiomer of the used ligand, that is, the 
R antipode. The CD curve of this complex is given 
in Figure 8. (The CD curve shown here is that en- 
larged at 10 times the original one). Although the 
intensity of each CD band is lower than the other 
complexes, reflecting the low optical purity of the 
ligand, the behavior of this CD curve is, on the 
whole, markedly similar to the others. The simila- 
rity in CD between the (R)-apbn complex and the 
R-appn complex and others indicates the identity of 
the topology between the complexes, as ‘expected 
previously. 

Figure 9. Pmr spectra of (a) frans-Co((R)-apbn)ClI: ion, and 
(b) Co((R-apbn)ox+ ion. 

The pmr spectrum of the Co((R)-apbn)ox+ ion is 
shown in Figure 9, along with that of the precursor, 
trans-Co((R)-apbn)CL+ ion. The methyl signals are 
observed as only one doublet for the latter complex, as 
expected, since, in tram geometry, two methyl groups 
of the ligand should be situated in the identical envi- 
ronments. On the contrary, the methyl signals are 
observed as two doublets of the equal intensity for 
the oxalato complex. This means that the present 
complex certainly adopts the l3 topology. 

Concequently, the Co(R-appn)ox+, Co(R-apchn)ox+, 
and ( + )MO-Co( 3,2,3-tet)ox+ complex ions, which must 
have the same topology as the (R)-apbn complex, are 
determined to adopt the A-P(SS) configuration. This 
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is consistent with the assumption, which has been 3,2,3-tet and its derivatives have the cis$ configura- 
mentioned previously for the (+ sj6-Co(3,2,3-tet)ox+ tion. The previous description that the oxalato com- 
ion, based on the sign of the dominant CD band. plex of 3,2,3-tet has the cis-a configuration is consi- 
Thus, it is established that the oxalato complexes of dered to be mistaken. 
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