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The chemical methods used to resolve s-cis- [Co(eee)Cln] C1 and s-cis- [Co(eee)(XO,),] C1 into both of their optically pure 
isomers are presented. Optical rotatory dispersion and circular dichroism spectra for the following complex cations are 
r e ~ o r d e d : ~  (+ )-s-cis-Co(eee)Cla+, ( f  )-s-cis-Co (eee)C1HZO2-, (+ )-s-&-Co(eee) (H20)8 +, (+)-s-cis-Co(eee) (OH)$ +, (- )- 
s-cis-Co(eee)C03+, and ( -  )-s-cis-Co(eee)(NOz)a+. The relative and absolute configurations of these complex ions are 
assigned and discussed with a view toward recent advances in the interpretation of circular dichroism curves, in conjunction 
with interconversion reactions which occur with retention of configuration. Unlike the corresponding compounds of tri- 
ethylenetetraminc, these ions do not isomerize from D-.-cis to ~-uns-cis in the presence of hydroxide ion. The magnitudes 
of circular dichroism ( € 1  - e d ) ,  associated with electronic transitions in the range 740-340 mp, for cobalt(II1) complexes 
containing pairs of thioether and primary amine groups are two to seven times as intense as those observed for diacidocobalt- 
(111) complexes with nitrogen or nitrogen-oxygen donor atoms. 

Introduction 
The preparation, characterization, and several general 

reactions of the diacidocobalt(II1) complexes derived 
from 1,8-diamino-3,6-dithiaoctane have been described 
in a previous paper.' T o  date only one geometrical 
isomer has been isolated for the metal chelate com- 
pounds prepared from 1,8-diamino-3,6-dithiaoctane. 
It has the symmetrical cis arrangement in which the 
two terminal primary amine groups are coordinated 
trans to each other. Figure 1 presents the orientation 
of donor atoms for the D and L optical isomers having 
both the symmetrical cis and the unsymmetrical cis 
geometries. The two cis forms are denoted s-cis and 
uns-cis. If one eliminates the central backbone ethylene 
bridges in Figure 2, i t  becomes apparent that  the D- 

s-cis and L-uns-cis isomers of Co(eee)L2"+ are related 
structurally as are D- and L-Co(en)2L27L+ isomers. This 
is significant because in the course of any reaction such 
as is illustrated by Figure 2, a change from s-cis to 
uns-cis mould be detected immediately by examining 
the optical rotatory dispersion or circular dichroism 
spectra associated with reactant and product. Such a 
change, an isomerization which results in a change in 
the absolute configuration of the complex, would be 
reflected in a change in shape of the rotatory dispersion 
curves and a change in sign of the associated circular 
dichroism band. In this may, any stereochemical 
change involving the relocation of a terminal -NH2 
group in the eee complexes may be followed during 
substitution reactions. 

In  this communication we report the results of an 
extensive stereochemical study designed to provide 
information related to the relative and absolute con- 
figurations for complex ions of the type s-cis-Co- 
(eee)Lzn+. In  addition, this study reaffirms the assign- 
ment of the symmetrical cis geometry' and the absence 

of isomerization reactions which lead to  the production 
of tins-cis isomers, even in the presence of hydroxide 
ion. This latter aspect is in stri!ting contrast to the 
stereochemical behavior exhibited by cobalt(II1) com- 
plexes of tr ieth~lenetetramine.~-~ 

Experimental Section 
Optical Rotations.-Optical rotations were detcrniined with a 

Rudolph high-precision photoelectric polarimeter equipped with 
a mercury arc lamp and a Beckman monochromator. The instru- 
ment zero was determined before and after each measurement 
using the same 10-cm cell and solvent as employed for the sample. 
All rotations are an average of at least six sets of readings and 
are accurate to lcc unless otherwise indicated. Rotations are 
listed as specific rotations and were calculated using the relation- 
ship 

l00a 
grams of solute/100 in1 of HaO lal i  = ~ 

where I c y ] ~  is tlie specific rotation and cy is the experimentally 
observed rotation. 

Samples of 4-30 mg mere accurately weighed to  +0.001 ing 
using a Sartorius MPRS Electromicrobalance. 

Optical Rotatory Dispersion Curves.-ORD data were ob- 
tained using a Bendix Model 460-C Polarmatic recording spectro- 
polarimeter. 

Circular Dichroism Spectra.-The CD measurements were 
made using a Roussel- Jouan Dichrograph equipped with cells 
Y and 5 cm in length. A base line was recorded for each spectrum 
using the same cell and solvent as for the sample. The formula for 
relating the measured data to circular dichroism is given by 

d X sensitivity X lo-' X M W  
c x 1  

€ 1  - E d  = 

where d is the distance between tlie measured curve and the l~asc 
line in millimeters, MU: is the molecular weight of the complex, 
c is the concentration of solute in grams per liter, and I is the 
length of the cell in centimeters. Spectra were recorded a t  a 
scan speed of 4 sec/mp. 

Analyses.-Xitrogen analyses were obtained in these labora- 
tories using a Coleman nitrogen analyzer. All other micro- 
analyses were performed by Galbraith Laboratories, Knoxville, 
Tenn. 

(1) For part I see 1xoY.g. Chem., 8 ,  1563 (1969). 
( 2 )  eee = I\'HzCHzCHzSCHzCHzSCHzCH~NH%. 
(3) The optical isomers are denoted by the sign of rotation observed at the 

mercury green line, 546 mfi. or if another wavelength is used, then the 
wavelength appears as a subsctipt, e.g., (+)m. 

(4) G. H. Searle, Ph.D. Thesis, Australian National University, 1963. 
( 5 )  E. Kyuno, L. G .  Boucher, and J. C. Baiiar, Jr., J .  A m .  Chem. S O L ,  87, 

(6 )  E. Kyuno and J. C. Bailar, Jr., ibid., 88, 1120 (1986). 
(7) E. Kyuno and J. C. Bailar, Jr., ibid., 88, 1125 (1966). 

4458 (1965). 
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Figure 1.-The optical isomers of cis-Co(eee)Lp+. 

D - s - ~  
L-u-* 

Figure 2.-The isomerization reaction D-s-cis-Co(eee)L@ -t 
L-uns-cis-Co(eee)LX"+. 

Resolution of Complexes. (+ )-s-cis-Dinitro( 1,8-diamino-3,6- 
dithiaoctane)cobalt(III) Iodide Monohydrate.-Sodium ( -ks- 
bis(oxalato)(ethylenediamine)cobaltate(III) (1.3 g, 3.99 X 
mo1),8 with [O1]64B +1442', was dissolved in 25 ml of water a t  
50" and was added to a solution containing (f)-s-cis-[Co(eee)- 
(NOz)z]C1.H~O (3.0 g, 7.99 X lo-% mol)g also dissolved in 25 ml 
of water a t  50". Rust-colored needles began to form almost 
immediately. The solution was allowed t o  cool slowly for 5 min 
and was filtered warm, yielding 1.80 g of ( - ) ~ [ C o ( e n ) ( o x ) ~ ] -  
(+)646-[C~(eee)(NO~)~] .2H20 as the diastereoisomer. A second 
crop of needles (0.30 g) was obtained by cooling the solution to 
0'. The filtrate from above was 
saved for the recovery of the ( - )646 isomer. 

The diastereoisomer was washed with ethanol and ether, the 
washings being discarded, and then was air dried. An aqueous 
solution of the crude diastereoisomer (3.89 X g/100 ml) 
gave CY +0.486' which corresponds to [CY1546 $1249 f 10". 
Repeated recrystallizations (five times) from warm water (50') 
and ethanol showed that the diastereoisomer reached its maxi- 
mum specific rotation after two recrystallizations. An aqueous 
solution of the purified diastereoisomer (3.81 X loT2 g/100 ml) 
gave 01 $0.489' which corresponds to [O1]646 $1883 =IC 16'. 

Calcd for [CO(CZHSNZ)(C~O,)] [ C O ( C E H ~ ~ N Z ~ Z ) ( N ~ Z ) Z ]  . 
2H20: C, 21.75; H, 3.93; N, 12.69; S, 9.67. Found: C, 
21.81; H, 4.06; N, 12.64; S ,  9.69. 

The diastereoisomer (1.8 g) was decomposed by grinding it in a 
mortar with 20 ml of warm (40"), aqueous, saturated sodium 
iodide solution for a period of 30 min. The mixture was filtered, 
the purple filtrate being set aside for recovery of the resolving 
agent. The orange solid was again ground with 10 ml of warm 
sodium iodide solution and the above process was repeated several 
times. The product is washed with ethanol and ether and air 
dried. The yield of (+)646-[Co(eee)(NOz)~]I.H~0 was 0.65 g. 

The filtrates were combined, reduced to half the original volume 
under a stream of air, and placed in the refrigerator overnight. 
The diastereoisomer which crystallized as rust-colored needles 
(0.65 g) was recovered by filtration, washed, and dried as before. 
By repeating the above process, a total of 1.20 g (787,) of (+)546- 
[Co(eee)(NOz)z] I 'HzO was collected. An aqueous solution 
(4.87 X g/100 ml) of this crude product gave 01 $0.290' 
which corresponds to [ a ] ~ ,  +595 L-t 10". Repeated recrystalliza- 
tions (three times) from warm water and ethanol increased the 

The total yield was 2.1 g. 

Anal. 

(8) After this work was completed, elemental analysis of the resolving 
agent showed i t  to be a 3.5-water complex. Reagent quantities above were 
based on the assumption that the resolving agent was an anhydrous salt. 
The idealized 2 : l  ratio of complex to resolving agent was thus not main. 
tained. This additional aspect is consistent with the low yield of ( - ) E M  

isomer. Also by cooling the filtrate, 0.65 g of very low activity complex 
was recovered, indicating the presence of racemic material. 

(9) For preparation of racemic complexes see ref 1. 

specific rotation only 9'. An aqueous solution (3.51 X 
g/100 me) game a 4-0.212' which corresponds to [a1646 $604 
rt 6'. 

Anal. Calcd for [CO(CEH~EN~SZ)(NO~)~]I.HZO: C, 15.13; H, 
3.57; N, 11.77; S, 13.48. Found: C, 15.20; H,3.57; N,11.80; 
S, 13.47. 

The (+)548-[Co(eee)(NO.&]I.H~0 was easily converted to the 
more insoluble perchlorate salt by adding sodium perchlorate to 
a warm, aqueous solution of the iodide. Long orange needles 
formed as the warm solution slowly cooled. The product was 
collected by filtration, washed with ethanol and acetone, and air 
dried. An aqueous solution (3.16 X g/100 ml) gave CY 

$0.196" which corresponds to [Or1646 +618 i 10'. 
( - )546-s-cis-Dinitro( 1,8-diamino-3,6-dithiaoctane)cobalt (111) 

Iodide Monohydrate.-Immediately after the diastereoisomer 
was removed from the solution, the filtrate was warmed to 40' 
and solid sodium iodide (0.68 g) was added. Crystallization was 
allowed to proceed for 5 min; then the solution was filtered 
quickly.* The yellow product was washed with ethanol and 
ether and air dried; yield, 0.60 g. An aqueous solution of the 
crude product (4.39 X g/100 ml) gave CY -0.260' which 
corresponds to [ c Y ] . M ~  - 592 i. 10". Repeated recrystallization 
(three times) did not improve the specific rotation of the first 
fraction beyond -604". An aqueous solution of the recrystal- 
lized (-)~4~-s-cis-[CO(eee)(NOz)z]I.H~O (4.08 X g/100 ml) 
gave CY -0.245' which corresponds to [CY1546 -602 f 10'. 

Anal. Calcd for [CO(CeHlaNzSz)(NOn)z]I.HzO: C, 15.13; H ,  
3.57; N, 11.77; S, 13.48. Found: C, 15.25; H, 3.45; N, 11.83; 
S, 13.46. 

The ( -  )~4~,-[Co(eee)(N02)2]I.H~O was easily converted to the 
more insoluble perchlorate salt by adding sodium perchlorate to a 
warm, aqueous solution of the iodide. The product was collected 
by filtration, washed with ethanol and acetone, and air dried. 
An aqueous solution (3.36 X g/100 ml) gave CY -0.206' 
which corresponds to [CY]XB -612 =I= 10'. 

(+ )s46-s-cis-Dichloro (1,8-diamino-3,6-dithiaoctane)cobalt(III) 
Chloride.-Once recrystallized, s-cis-dichloro(l,8-diamino-3,6- 
dithiaoctane)cobalt(III) chloride (6.00 g, 0.017 mol)g was dis- 
solved in 100 ml of water a t  40". To  this solution was added 
potassium antimony d-tartrate (2.95 g, 0.0087 mol) dissolved in 
40 ml of water a t  80'. The beaker containing the resolving 
agent was rinsed with 10 ml of hot water, the washings being 
added to the solution. After the mixture was allowed to stand 
for 10 min at about 35", it  was placed in the refrigerator for 30 
min or until the temperature of the mixture was 1520'. The 
fine purple-blue needles of diastereoisomer (4.28 g) were collected 
by filtration and washed with 40 ml of ethanol. An additional 
1.14 g of diastereoisomer and complex was obtained by cooling 
the filtrate to 0' for several hours. The product was collected 
by filtration and the filtrate was set aside for the recovery of 
( - )w,- [Co(eee)CIZ] C1. 

The diastereoisomer of (+)~4~-[Co(eee)Cl~] [SbO-d-tart] (4.28 
g, [a1546 $934 f 20') was recrystallized by dissolution in 300 ml 
of 7 M acetic acid a t  70' followed by filtration and rapid cooling 
to 0' in an ice bath. The most insoluble fraction (2.54 g, [ a ] ~  
$1188 f 20') was collected by filtration, washed with ethanol, 
acetone, and ether, and air dried. Three recrystallizations from 
7 M acetic acid will not improve the rotation beyond $1225'. 
A second crop of fine blue needles (0.76 g, [or1546 $1120 =IC 20') 
was obtained by adding 100 ml of absolute ethanol to the filtrate 
and cooling the solution for several hours a t  0'. 

Anal. Calcd for [CO(C~H&ZSZ)C~Z] [ S ~ C ~ H ~ O T ]  .0.5CzHLh: 
C, 20.95; H, 3.52; N, 4.47. Found: C, 20.94; H, 3.60; N, 
4.57. 

The pure diastereoisomer (2.54 g, [CY1546 $1188 i. 20°) was 
dissolved a t  room temperature in concentrated hydrochloric acid 
(20 ml, 12 N ) ,  and 600 ml of water was added slowly followed by 
stirring for 30 min. The yellow-green precipitate of antimonyl 
oxychloride which formed was removed by filtration, washed with 
several 10-ml portions of water, and discarded. The filtrate was 
transferred to a 4-1. beaker and 2000 ml of absolute ethanol was 
added slowly with stirring, followed by 300 ml of absolute ether. 
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The beaker .of clear blue solution was covered and placed in the 
refrigerator at about 5' overnight. Deep blue needles of optically 
pure material were collected by carefully decanting most of the 
solvent and then carefully scraping the product off the. beaker 
walls. The product was collected by filtration (0.85 g, [a1646 
f2290 rt 20°) ,  washed with ethanol and acetone, and air 
dried. A second fraction (0.36 g, [ a 1 5 4 6  = 2250 =t 20') was 
collected by carefully adding more ether to the above filtrate and 
cooling for several days at 5'. The total quantity of (+)~-s -c i s -  
[Co(eee jCl,] C1 recovered was 1.21 g or 8870 based on diastereo- 
isomer. Both fractions from above were combined and recrystal- 
lized from a 1 : 1 solution of concentrated hydrochloric acid (10 
ml/g) and absolute ethanol (10 ml/g) yielding fine blue needles 
of optically pure complex. A 0.01 iV HCl solution containing 
8.05 nig/50 ml gave LY +0.372' whence [cy1346 is +2310 Z!C 20'. 
Three additional recrystallizations did not improve the rotation, 
[ L Y ] X ~ ,  beyond $2310 i 20'. 

Anal. Calcd for [ C O ( C ~ H , ~ ~ P S ~ ) C ~ ~ ] C ~ :  C, 20.87; H ,  
4.64; S;8.11; C1, 30.78. Found: C, 20.84; H,4.7; N ,  8.03; 
C1, 30.68. 

( - )jd6-s-cis-Dichloro( 1,8-diamino-3,6-dithiaoctane)cobalt(III) 
Chloride.-To the filtrate containing the ( -)w, isomer was added 
300 mi of absolute ethanol and the solution was placed in the 
refrigerator a t  about 5' for 8 hr. The potassium chloride which 
first crystallized out on the walls of the flask was separated from 
the solution containing the (-):46 isomer by carefully decanting 
the blue solution into a clean beaker. Absolute ether (300 ml) 
was carefully added with stirring to the decanted solution which 
was then cooled overnight in the refrigerator. The product, 
composed of fine, deep blue needles, was collected by first decant- 
ing the clear solution, then washing the product out onto a filter 
in a stream of acetone, and air dried. The yield was 1.20 g 
(407,), with [ a 1 5 4 6  -2075 rt 20". Three more fractions were 
obtained totaling 0.65 g with an average rotation [ a 1 5 4 6  - 1500 =t 
30'; however, they required numerous recrystallizations to 
become optically pure. For the first fraction, five recrystalliza- 
tions from concentrated hydrochloric acid (10 ml/g) and abso- 
lute ethanol (10' ml/g) did not improve the rotation, [ a ] 5 4 6 ,  

beyond -2313 f 20". A 0.01 N HC1 solution containing 8.00 
nig/50 ml gave a -0.370' whence [aI j4e  is -2313 It 20'. The 
crude first' fraction reached its maximum rotation after two 
recrystallizations giving 1 .O g of optically pure material. 

Transformation Reactions.-The following technique was used 
tu obtain both circular dichroism and optical rotatory dispersion 
spectra for the products obtained in the transformation reactions 
listed below. 

(+ )i46-s-cis-[Co(eee)C12]C1 +. (f )j4c-s-Cis-CO(eee)C1H~Ozt.- 
Optically pure ( + ) ~ ~ ~ - ~ - ~ z s - [ C o ( e e e ) C l ~ ] C 1  (20.47 mg/25 ml, 
2.37 X M )  was dissolved in 25 ml of 0.01 N HClO4 or 0.01 
N HSOB and allowed to aquate at room temperature for 96 hr. 
The ORD and CD spectra for samples which had been aquating 
for 4 days, 3 week, and 2 weeks were found to be the same. The 
visible absorption spectrum confirmed the presence of the Co- 
(eee)CIHpOz+ ion. 

( +)ja6-s-cis-Co(eee)C1H202+ +. ( -  )346-s-cis-Co(eee)C08+.- 
Solid sodium bicarbonate (0.05 g)  was added directly to the 
volumetric flask containing the chloroaquo complex, and the 
solution slowly became pink. The reaction was complete and 
quantitative in 1 hr as evidenced spectrophotometrically. The 
pH of the solution was found to be 8 using indicator paper. When 
the carbonato complex was prepared directly from sodium bi- 
carbonate (0.05 g) and (+)b46-s-cis-[Co(eee)C12]C1 (20.33 mg/25 
ml), the observed ORD and CD were identical with those ob- 
taincd above. 

( - ),i6-s-cis-Co(eee)COs* -* !+)jaa-s-cisCo (eee j (H20)23 t.- 

Two or three drops of concenfrated HClOl or HN03  was added 
to the volunietric flask containing the carbonato complex. The 
reaction, as written above, was quantitative and complete in 30 
min as evidenced spectrophotometrically. The observed CD and 
ORD spectra were the same as those obtained by treating (+)&*e- 
s-czs-[Coieee)C1,]Cl (20.4 mg/25 ml) with Hg(I1) (0.188 M )  and 

allowing aquation to become complete (6 hr). Indicator paper 
showed p H  2 for both solutions. 

(f)at6-s-Cis-CO(eee)(H?O),3* -+ ( -)j46-s-cisCo(eee)C03+.-A 
portion of the solution containing the diaquo complex from above 
was treated with solid sodium bicarbonate until the pH was 8 
using indicator paper. The ORD and CD spectra were recorded 
after 1 hr and were found to be identical with those obtained 
previously. 

(+),46-s-~is-Co(eee)(H?O)~~+ + ( -):~6-s-cis-Co(eee)(N0,)2+.- 
Solid sodium nitrite (0.05 g)  was added to the volumetric flask 
containing the diaquo complex. This reaction was slower than 
the others and required 4-12 hr for completion. The CD and 
ORD band positions and signs were the same as for the optically 
pure ( - )a46-s-cis-Co(eee)(.\'O?)*+ ion; however, the observed 
intensities were different. Treatment of (+),ls-s-cis-[Co(eee)- 
Clz]CI with NaN02 and ( -  ):,r6-s-cis-Co(eee)C03+ with H S 0 3  and 
NaNOz produced the same ORD and CD spectra as observed 
above. 

(+)i4a-s-cis- [Co(eee)Cln] C1 +. (+ )ia6-s-cis-Co(eee)(OH)2+.- 
Three equivalents of sodium hydroxide (0.21 in1 of 1.00 iV) was 
added (using a 1.0-ml hypodermic syringe) to 20.11 mg of com- 
plex dissolved in 20 ml of water. The 25-ml volumetric flask was 
then diluted to the mark. The reaction was complete within 15 
min. Using indicator piper, the pH was 8. At pH 8, the ORD 
and CD spectra were invariant for several hours. A portion of 
this solution (10 ml) was made extremely basic, pH 10, and the 
ORD and CD spectra were recorded over a period of several 
hours. The intensities slomly decreased but no inversion was 
observed. 

(+ ),aa-s-cis-Co(eee)(OH)UC --t ( - )046-s-cis-Co(eee)C03t . -  
Solid sodium bicarbonate (0.05 g) was added to the volumetric 
flask containing the dihydroxo complex, the ORD and CD 
spectra being recorded 0.5 hr later. At pH 8, the carbonato 
species so produced gave OKD and CD curves identical with those 
observed previously. At pH 10, the dihydroxo species was 
converted to the carbonato complex which had the same OKD 
and CD as observed before; 

(+ )a4s-s-cis-Co(eee)(N02)2+ +. ( - ).ile-s-cis-Co(eee)Claf.-Con- 
centrated hydrochloric acid (20 drops) mas added to 12 mg of 
solid (4- )jl~-~-ci~-[Co(eee)(SO~!21ClOl which had [cr]:,n6 +618'. 
The mixture was warmed (60')  until the solution became clear 
blue (about 20 min). Absolute ethanol (5.0 ml) was added and 
the clear solution was cooled. The fine blue needles were col- 
lected by filtration, washed with ethanol and acetone, and air 
dried. The yield was quantitative. -4 0.01 N HC1 solution C O W  

taining 4.28 mg/25 mi gave CL -0.338" whence [CL];,46 is -1960 * l 5 O .  

Results and Discussion 
The assignment of absolute configuration from circu- 

lar dichroism measurements has been reported by 
who has developed several criteria for 

assigning the electronic circular dichroism transitions 
and absolute configuration for the cis Co(en)lLzn+ ions 
of CZ symmetry. Whether the unidentate ligand L lies 
above or below the amines in the spectrochemical series, 
the major of the two circular dichroism bands always 
lies closer in energy than the minor band to the center 
of gravity of the 'E, and 'Az circular dichroism bands 
of ~ -Co(en )a~+ .  In D3 symmetry, the more intense C D  
band is assigned as the '-41 - 'E, transition, whereas 
in complexes of CZ symmetry, it is considered a compos- 
ite transition, AI -+ &(E,) + N,(E,). If the transi- 
tion with E, parentage shows a positive Cotton effect, 
then the complex possesses the D absolute configuration 
as in the trigonal ion ~-Co(en)z~*.  If the dominant E, 

however, with lower intensities. 

(10) A.  J. McCaKery, S. F. Mason ,  and B. J. Norman ,  J .  Chern. Soc., 

( I  1) S. F. Mason Quart .  Rev. (London), 17, 20 (1Y63).  
50'34 (1Y65). 
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transition associated with the long-wavelength absorp- 
tion band has a negative Cotton effect, then the metal 
complex is of the L absolute configuration. 

Using this formalism, the electronic circular dichroism 
transitions associated with the lowest energy d-d 
visible absorption band, for the s-cis-Co(eee)Lz"+ ions, 
can be assigned using the energy level diagram pre- 
sented in Figure 3. 

C 
4h 2 

D 
Oh 

Figure 3.-Energy levels for electronic circular dichroism transi- 
tions. 

Circular Dichroism Measurements.-The circular 
dichroism spectra for the (+)546-s-cis-Co(eee)Cl~+, 
(+)hae-s-cis-Co(eee) C1Hz02 +, (+)546-s-cis-Co(eee)- 
(HzO)23+, ( +)~s-cis-Co(eee)  (OH)s+, (-)646-s-cis- 
Co(eee)COl+, and (-)646-s-cis-Co(eee) (NOz)z+ ions are 
shown in Figures 4 and 5. All of these ions have Cz 
symmetry except the s-cis-Co(eee)HzOC12+ ion and it is 
assumed to approximate CZ symmetry. 

Figure 4 illustrates the circular dichroism spectra 
characteristic of the (+)546-s-czs-Co(eee)Clz+, (+)546- 

s-cis-Co(eee) C1H2O2+, and (+)546-s-cis-Co(eee) (HzO) z 3 +  

ions. Immediately, the most striking difference be- 
tween the CD spectra of these three ions and the'corre- 
sponding bis(ethy1enediamine) and triethylenetetra- 
mine complexes of cobalt(II1) is that  the intensities of 
all of the observed electronic transitions between 740 
and 340 mp are generally from two to  seven times 
greater for the s-cis-Co(eee)Lzn+ ions. The CD data for 
the Co(en)ZLzn+ and s-cis-Co(trien)Lz"+ ions are 
presented in Tables I and 11, respectively. Using 
the formalism suggested by Mason, lo the low-energy 
band exhibiting a negative Cotton effect is assigned in 
each case to the A1 + Bl(A2) transition and the higher 
energy component showing a positive Cotton effect is 
considered as the composite transition A1 + Az(E,) + 
Bz(EJ. 

The lowest energy CD component for the (+)646- 

s-cis-Co(eee) (H20)23+ ion is of greater intensity than 
the second band exhibiting a positive Cotton effect. 
This suggests that  this low-energy band may represent 
a composite transition lAl + lBl(A2) + lBz(E,). Ac- 
cordingly, the positive Cotton effect observed for this 
ion may then be due to the 'A1 + lAz(E,) transition, 
Only two electronic CD components are evident in the 
lowest energy d-d visible absorption band and both 
components simultaneously shift to higher energy in 
accordance with the normal spectrochemical series 
( + ) 646-s-cis- Co (eee) Clz+, ( + ) ~ s - c i s - C o  (eee) ClHzO f, 
and (+)546-s-cis-Co(eee) (H20)23+. The energy dif- 

A I 

1 O m p  42 46 50 54 58 62 66 70 740ink 

Figure 4.-CD spectra for the dichloro-, aquochloro-, and diaqu<,- 
(1,8-diamino-3,6-dithiaoctane)cobalt(III) ions. 

c 4 + 4  

-113 

340mp 42 46 50 54 58 62 66 70 740mp 

Figure 5.-CD spectra for the dihydroxo-, carbonato-, and 
dinitro(l,&diamino-3,6-dithiaoctane)cobalt(III) ions. 

ference between these two components decreases in the 
series 2550, 2400, and 1460 cm-l for the dichloro, 
aquochloro, and diaquo ions, respectively. In  all 
three cases, the second CD component is positive and lies 
closest to the reference 'A1 + IE, transition positioned 
a t  493 mp for D-Co(en)a3+. In addition, the sign pat- 
tern observed.for the Cotton effect for these three 
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TABLE I 
CD DATA FOR cis-Co(en)ZLp+ IONS 

( + )o-Co(en)zCOs+ 

( f  )~-Co(en)z(HzO)z~+ 

Xmsx, A. 
4930 
4280 
3510 
4920 
4300 
3560 
6150 
5380 
4200 
3000 
5300 
3900 
3630 
3440 
5600 
4850 
3780 
3400 
4600 
4000 
3360 

(e2 - ad)" 

-0.16 
3-1.89 

+0.25 
f0 .42 
-0.04 
+0. 05 
- 0.60 
+O. i0  
f0 .20 
-1.10 
+3. $0 
f0 .27  
-0.10 
+o. 15 
-0.30 
+1.05 
+o.  20 
+o. 15 
+1.40 
-0.65 
+0.15 

(Az f Bz) 
BI 

TABLE I1 
CD DATA FOR s-cis-Co(trien)Lp+ COMPLEXES 

s-cis complex Amax, ( e l  - ad)max Transition 

( + )D - Co (trien) Clz + 5950 -1.6 BI 
5250 +2.9 (A, + Bz) 

3800 -9.0 
3200 -1.6 

4200 $0.4 

(+)D-Co(trien)C1HzO2+ 5900 - 1.1 BI 
5100 +2.2 (-42 + Bz) 

3700 -0.3 
4000 $0.4 

(+ )D-Co(trien)COz + 5200 -4 .5  + B1 + Bz) 
3900 $0.8 
3600 -0 .1  
3300 +0.2 

4900 +1.9 ( A z  + Bz) 
3800 +0.7 
3500 -0.05 
3250 +0.05 

(+),4s-Co(trien)(H~O)2+ 5600 - 1 . 1  B1 

(+)srs-Co(trien)(NOz)z+ 4600 +1.2 ( A 2  + B2) 
3950 -0.2 Bi 
3400 -3 .2  

(+ )646  ions is -, 4- and is in agreement with the sign 
patterns exhibited by the corresponding cobalt(II1) 
complexes of ethylenediamine and triethylenetetramine 
which are of the D absolute configuration. The (+)E,,- 

s-cis-Co(eee)Clz+, (+)j46-s-cis-Co(eee)C1H202f, and 
( + ) 5 4 6 - ~ - ~ i ~ - C ~ ( e e e )  (HzO)23f ions are thus assigned the 
D absolute configuration. 

The circular dichroism spectra characteristic of the 
( +)646-~-~i~-C~(eee)(OH)z+,  ( -)546-s-cis-Co(eee)C03+, 
and ( -)a46-s-czs-Co(eee) (N02)z+ ions are presented in 
Figure 5 .  The (+)646-s-cis-Co(eee) (OH)z+ ion exhibits 
a spectrum consisting of three components with a sign 
sequence - , +, - . It should be noted that the lowest 
energy transition showing a negative Cotton effect, in 
both this ion and the (+)~s-cis-Co(eee) (H20)Z3+ ion, is 
more intense than the second band. This suggests that 
the two lowest energy B states are mixed, thus resulting 
in the composite transition AI 4 Bl(A2) + B2(Ea). 

The second component showing a positive Cotton effect 
is assigned the Al ---t A2(Ea) transition and is used to 
deduce the absolute configuration. Since this latter 
band is positive, the (+)546-s-cis-Co(eee) (OH),+ ion is 
assigned the D absolute configuration. Addition of acid 
to a solution containing this ion converts i t  quantita- 
tively to  the D-( +)546-s-cis-Co(eee) (HzO)23+ ion. 

The ( -)j46-s-cis-Co(eee)C03+ ion exhibits a CD 
curve characteristic of complexes containing a bidentate 
conjugated ligand. lo One and three circular dichroism 
bands are associated, respectively, with the longer and 
shorter wavelength d-d absorption spectral bands. 
That  the (-)546-s-cis-Co(eee)COs+ ion exhibits an 
intense low-energy circular dichroism band showing a 
positive Cotton effect, as do the ~-Co(en)~C03+,  D-CO- 
(trien)C03+, D-Co(en)20x+, D-Co(trien)ox+, and D- 

Co(pn2)C03+ ions,4~10~12 strongly suggests that the 
( - )646-~-~Z~-C~(eee)  COB+ ion also possesses the D 

absolute configuration. In accord with Mason's 
formalism, lo the composite transition assigned to this 
positive Cotton effect is lA1 + B1(&) + Bz(E,). This 
structural assignment is especially important since one 
might have expected a D-S-C~S to L-uns-cis isomerization. 
Such a process occurs in the case of D-s-cis-Co(trien)- 

Whereas this ion exhibited an optical rotatory disper- 
sion which could not be used to assign configuration 
confidently, the CD spectrum is explicit. In  addition, 
this ion could be converted quantitatively and reversibly 
to the ~-(+)546-s-cis-Co(eee) ( H z O ) ~ ~ +  ion. Treatment 
of D-( + )646-~-~ i~ -C~(eee )  C12+ with sodium hydroxide to 
give the D-(+)646-s-cis-Co(eee) (OH)z+ ion, followed by 
addition of lithium carbonate, resulted in the quantita- 
tive production of (-)546-s-cis-Co(eee)CO3+. The CD 
spectrum of the solution obtained by treating D - ( + ) ~ , ~ -  
s-cis- [Co(eee) C12]C1 directly with lithium carbonate 
also is the same as that obtained for the (-)546-s-cis- 
Co(eee) COS+ ion prepared by these other methods. 

The ( -)S46-~-~is-C~(eee) (NOZ)~+ ion exhibits a CD 
spectrum quite different from those of the dinitrobis- 
(ethylenediamine)cobalt(III) and dinitro(triethy1ene- 
tetramine)cobalt(III) ions. In these latter two com- 
plexes, substitution of nitrite ion into the coordination 
sphere causes the in-plane electrostatic field to become 
considerably greater than the axial field. As a result, 
the electronic levels derived from the T1, manifold are 
inverted, the lowest enegy transition being A1 4 A2(Ea) + B,(E,) and the second CD band being A1 +- Bl(A2). 
The electric field caused by the in-plane thioether 
groups is so weak that, even with the substitution of two 
nitrite groups into the in-plane positions, the axial field 
remains greater than the in-plane field. Thus the 
energy levels are not inverted. The negative low-energy 
CD component is therefore assigned the AI + BI(A2) 
transition and the positive higher energy component is 

C03+,4,13,14 

(12) A. &I. Sargeson and G. H. Searle, Inovg. Chem., 4, 45 (1965). 
(13) T. E. MacDermott and A. M. Sargeson, Austvalian J .  Chem., 16, 

334 (1963). 
(14) E. Kyuno, L. J. Boucher, and J. C .  Bailar, Jr., J .  Am. Chem. Soc., 

87, 4458 (1965); L. J. Boucher, E. Kyuno, and J. C. Bailar, Jr., ibid. ,  86, 
3656 (1964). 
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!Figure 6.-ORD curves for the dichloro-, aquochloro-, and diaquo( l,&diamino-3,6-dithiaoctane) cobalt(II1) ions. 

assigned the composite transition AI -+ A2(E,) + 
&(E,). This latter transition is diagnostic of absolute 
configuration as related to the AI + E, component for 
the trigonal ion ~ - C o ( e n ) ~ ~ + .  It is positive for the 
( -)646 isomer of s-cis-Co(eee) (NOJz+ and therefore 
this ion must also be of the D absolute configuration. 
Table I11 tabulates the wavelength of the CD maxi- 
mum, the value of e l  - e& and the corresponding elec- 
tronic assignment for the particular CD components 
observed for the cobalt(II1) complexes of eee. 

Optical Rotatory Dispersion Measurements.-The 
optical rotatory dispersion curves for the ions (+)546-s- 

cis-Co (eee) C12 +, (+ ) 546- 

s-cis-Co(eee) (HzO)23+, (+)546-s-~is-C~(eee) (OH)2+, 
(-)54~-s-cis-Co(eee)C03+, and (-),46-s-cis-Co(eee)- 
(N02)z+ are given in Figures 6 and 7. 

From the ORD curves given in Figure 6, it  is evident 
that the (+)j46+cis isomers of the dichloro-, aquo- 
chloro-, and diaquo(l,8-diamino-3,6-dithiaoctane)- 
cobalt(II1) ions all have the same relative configuration. 

( +)jae-s-cis-Co(eee) C1H2O2 +, 
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TABLE I11 
CIRCULAR DICHROISM DATA FOR Co(eee)Lz" + COMPLEXES 

v-s-cis compounds Xmaa, .% ( r l  - ed)max 

(+)w-Co(eee)CL + 6230 
5390 
3920 

( f  )6as-Co(eee)C1H202+ 6020 
5260 
3780 

($ )~~-Co(eee)(HaO)z~+ 5750 
5040 
4710 
3600 

(+)wCo(eee)(OH)2+ 5940 
5140 
3760 

( -  )wco(eee)C03+ 5320 
4710 
4210 
3800 

( -  )wCo(eee)(hTOz)2+ 5040 
4480 

-4.85 
+7.30 
-5.20 
-4.20 
$5 15 
-4.05 
-4.95 
$3.15 
$0.70 
-2.75 
-2.80 
$2.20 
-2.75 
$3.65 
-0.75 
$0 40 
-2.90 
-1  99 
+2 30 

BI + Bz 
Az 

Bi 
A2 + 1 3 2  

All exhibit a long-wavelength negative component 
followed by a very intense positive band in the visible 
region. As one progresses toward the ultraviolet 
region, the curves again become negative. The usual 
spectrochemical shift for the wavelength of maximum 
positive rotation is also observed, changing from 578 to 
560 to 534 mp for the sequence of dichloro, aquochloro, 
and diaquo ions, respectively. On the basis of their 
similarity to the curves for the corresponding D-Co(en) 2- 

LZn+ ions,13 as well as for the D-s-cis-Co(trien)L2'+ com- 
plexes, *,12 i t  can be stated that these three ions- 
( + ) 546-s-cis-co (eee) (& +, ( + ) 546-s-cis- c o  (eee) CIHzO % +, 
and (+)546-s-ciS-Co(eee) (Hz0)Z8+-are also of the D 

absolute configuration represented by structure I. 
As in these cases the ORD spectra of the remaining 
compounds generally agree with the CD spectra dis- 
cussed earlier. Table IV lists the wavelength of maxi- 
mum positive, zero, and maximum negative rotation 
for this series of s-cis-Co(eee)L2"+ ions. 

Transformation Reactions.--The configurations for 
the D- and L-s-cis-Co(eee)Lzn + ions were also indepen- 
dently correlated by a series of transformation re- 
actions which occur with retention of configuration. 
Figure 8 illustrates the reactions which were followed 
to completion using both ORD and CD techniques when 

TABLE IV 

ROTATION FOR THE s-~zs-Co(eee)Ln'~ COMPLEXES 
WAVELENGrH OF 1h"fAXIMUM POSITIVE, ZERO, AND S E G A T I V C  

D-S-czs compounds X, mp Y ,  cm-1 fa]," deg 

Co(eee)Cln + 576 17,350 + 5600 
530 18,850 0 
488 20,500 -3400 

Cofeee)C1HJ02 + 611 16,350 0 
559 17,900 $5100 
514 19,450 0 
466 21,250 - 2250 

Co(eee)(H20)z3 564 17, I50 0 
534 18,750 +X00 
470 21,250 0 

Co(eee)(OH)a + 606 16,500 0 
550 18,200 $1950 
498 20,100 0 

Co(eee)COj + 564 17,450 $ 850 
550 18,200 0 
496 20,150 - 3900 

Co(eee)(NOz)z+ 526 19,000 - 725 
500 20,050 0 
474 21,150 + 1250 
449 22,250 0 

409 24,500 - 1050 

a Specific rotation. 

the initial compound was optically pure (+)546-s-cis- 
Co(eee)C12+. 

Optically pure (+)54a-s-cis-Co(eee)ClZ+ ion with 
[ a 1 5 4 6  of $2313 * 20" was allowed to aquate for 96 hr 
in dilute solution, at which time the predominant 
species in solution was the (+)546-s-cis-Co(eee)C1H20+ 
ion which has a specific rotation [aI646 of $4650 * 50" 
as determined from its optical rotatory dispersion curve. 
Both the ORD and CD data are in accord with the 
complete retention of configuration for aquation. The 
Hg(I1)-catalyzed aquation produces the chloroaquo 
species in 2 min a t  pH 2 and 25'. The diaquo complex 
is obtained in 4 hr under the same conditions. Again, 
retention of configuration prevails. 

The (+)546-s-Cis-CO(eee)C1Hz02f ion was converted 
quantitatively, as evidenced spectrophotometrically, 
into the ( -)j46-s-cis-Co(eee)COa+ ion by treating the 
solution with either lithium carbonate or sodium bi- 
carbonate. The s-cis-Co(eee) C03+ ion has specific 
rotations [a1346 and [a]c89  of -250 k 25 and +700 * 
25",  respectively. 

The mechanism proposed for the fission of the car- 
bonato group in C O ( S H ~ ) ~ C O , +  is consistent with the 
observed retention of configuration in the Co(eee) CO3+ 
complexes. l5 

Acidification of the carbonato compound gave the 
(+),4G-s-cis-Co(eee) (H20)23+ ion also with full retention 
of configuration. It could be reversibly converted to 
the ( -)546-s-cis-Co(eee) COS + ion by adding lithium 
carbonate to the solution without any loss of optical 
activity as evidenced by both ORD and CD spectra. 
The specific rotation [aIj46 for the s-cis-Co(eee) (H20)eY+ 
ion is +4775 + 50". 

The mechanism by which nitrite ion replaces co- 
ordinated water has been investigated16 and tracer 

(15) F. A. Posey and H. Taube, J.  Am. Chem. Soc., 76, 4009 (lM3).  
(10) R .  R. Murman and H. Tauhe, ibid., 78, 4886 (195fi). 
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studies indicate retention of the original Co-0 bond for 
the first step. Nitrite ion or, more probably, Nz03 adds 
to  the coordinated water molecule to form the nitrito 
complex, which subsequently rearranges intramolecu- 
larly to the nitro compound with retention of configura- 
tion. Presumably in a diaquo complex, nitrite ion will 
replace the second water molecule in a similar manner. 

The s-cis-Co(eee) (NOJz+ ion was completely re- 
solved into its optical enantiomorphs which exhibit a 
specific rotation of f604" a t  546 mp. The addition of 
nitrite ion to a solution of the diaquo complex resulted 
in a rotation a t  546 mM which is 10-15% less than that 
observed for the optically pure s-cis-dinitro(l,8-diamino- 
3,6-dithiaoctane)cobalt(III) complex. The observed 
rotation was found to be a function of the acidity of the 
diaquo solution and the concentration of nitrite ion 
added. 

As a result of numerous experiments i t  was found that 
the ( +)546-~-~i~-C~(eee)  (H20)23+ ion could be converted 
into the optically active ( - ) 5 4 6 - ~ - ~ i ~ - C ~ ( e e e )  (NO&+ ion 
with an average specific rotation [ a 1 5 4 6  of -510 f 50". 
Formation of the yellow dinitro complex from the 
diaquo requires 4-12 hr and proceeds via a distinct red 
to red-orange intermediate, presumably the nitrito 
complex. The above rotation demonstrates that the 
entire transformation sequence occurs with 85-90% 
retention of configuration and supports previous mecha- 
nistic investigations. It is believed that the observed 
loss in optical activity is due entirely to an equilibrium 
situation in which the s-cis-Co(eee) (NOz)z+ ion is not 
produced in 100% yield and is not indicative of a 
change in the configuration of the dinitro compound 
from s-cis to uns-cis or trans. Searle observed the 
same phenomenon with the corresponding transforma- 
tion for the s-cis-Co(trien) (NOz)z+ ion.*J2 

The s-cis-Co(eee) (N02)z+ ion produced from this 
transformation scheme was isolated as the nitrate salt 
and its high-resolution infrared spectrum was identical 
with that of the corresponding s-cis- [Co(eee) (NOJ21- 
NOs produced directly from the ligand eee, sodium 
nitrite, and a cobalt salt. The transformation sequence 
independently establishes that the relative configura- 
tion is the same for all ions in the series from the di- 
chloro- to the dinitro( 1,8-diamino-3,6-dithiaoctane)- 
cobalt(II1) species. This is further supported by the 
absolute configurational assignments made using ORD 
and CD techniques. 

Several other reactions whose mechanisms do not 
require retention of configuration were investigated. 
When treated directly with sodium nitrite or lithium 
carbonate, optically pure (f)gqs-s-cis- [Co(eee)Clz]Cl is 
converted into the optically active (-)~4~-s-cis-Co(eee)- 
(NO2)zf and ( -)646-s-cis-Co(eee)CO~+ ions, respec- 
tively, both exhibiting specific rotations within 10% of 
the values stated for the reactions shown in Figure 8. 

One of the most remarkable transformations found 
is the conversion of optically pure (-)546's'cis- [Co(eee)- 
(NOz)z]C104 into the corresponding (+)sae-s-cis- [Co- 
(eee)Clz]C1O4. Solid optically pure ( -)~~IYs-cZS- [co- 
(eee) (NOz)&!104 was treated with hot (60') concen- 

trated hydrochloric acid for 20 min. The deep blue 
solution was then filtered and a small volume of abso- 
lute ethanol was added. Upon cooling, fine, deep blue 
needles were isolated. The molar rotation [M]jqg of 
$8018' for this compound compares well with the 
molar rotation of the optically pure D chloride salt 
having f'7982'. This strongly supports reten- 
tion of configuration, even under conditions usually 
conducive to reduction and racemization. 

Stereochemical Changes.-Any stereochemical change 
in the ion D-S-C.tS-CO(eee)Cl2+, or related ions, that re- 
quires the movement of two chelate rings is assumed to 
be much less likely than a change that requires the 
movement of only one chelate ring. The conversion of 
a complex with the absolute configuration D-S-cis to the 
configuration L-s-cis, D-UnS-CiS, or trans requires the 
movement of a t  least two chelate rings. This, in turn 
necessitates the simultaneous cleavage of two S-Co 
bonds or a Co-N and a Co-S bond followed by sub- 
sequent rearrangement. On this basis alone, the con- 
version of D-s-cis to L-s-cis or trans is quite unlikely. 
The conversion of D-S-cis to L-uns-cis requires the simple 
movement of only one chelate ring and as such would 
be the favored stereochemical change. 

From this and the relationships developed earlier 
concerning configurational assignments based on ORD 
and CD measurements, i t  is immediately obvious that  
an isomerization of the type s-cis to uns-cis, orviceversa, 
for any reaction with an optically pure quadridentate 
cobalt(II1) complex, can best be detected by ORD and 
CD measuremehts. Two pronounced changes in the 
ORD and CD spectra are expected for the isomerization 
of s-cis to uns-cis. The intensities of the circular di- 
chroism bands characteristic of an uns-cis complex are 
expected to be markedly less than for the corresponding 
s-cis compounds.12 This results from the lower 
molecular symmetry introduced by the chelate rings 
and is clearly evident if one compares the CD band 
intensities for the s-cis and uns-cis-Co(trien)Lz"+ 
ions.12 In addition, a complete reversal in the signs of 
the Cotton effects observed in both the ORD and CD 
spectra should also occur, demonstrating the change in 
absolute configuratian from D in the s-cis complex to 
L for the uns-cis arrangement. In  order to make a 
reliable judgment as to whether or not isomerization did 
occur, i t  is absolutely necessary that the shape of the 
ORD and/or CD spectra characteristic of both the 
D-S-cis reactant and the corresponding n-s-cis product 
be known over the range 650-400 mh. 

Kyuno, Boucher, and Ba i1a1- l~~~~  have studied the 
base hydrolysis of optically active s-cis- and uns-cis- 
[Co(trien)Clz]C1 complexes. I t  was found that the 
D-s-cis-Co(trien) Clzf ion rapidly isomerizes through the 
dihydroxo species to the L-uns-cis isomer, which then 
rapidly loses optical activity. To circumvent this 
problem, the dihydroxo complex was immediately con- 
verted to the stable Co(trien) co3+ ion which invariably 

(17) E. Kyuno and J. C. Bailar, Jr., J .  A m .  Chem. Soc., 88, 112CI (1966); 
L. J. Boucher, E. Kyuno, and J. C. Bailar, Jr , ,  86, 3656 (1964). 
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had the L-uns-cis geometry as evidenced by ORD 
spectra. It is interesting to note that the L-uns-cis- 
Co(trien)Clz+ does not hydrolyze or rearrange under 
any conditions to give the D-S-cis isomer.6 

In an attempt to effect and observe a similar phe- 
nomenon with the cobalt(II1) complexes of eee, the 
base hydrolysis of D- and L-s-cis- [Co(eee)Cl2]Cl was 
studied using both ORD and CD techniques. From 
these studies, several contrasting features were ob- 
vious. Addition of excess sodium hydroxide to a 
solution containing optically pure D- or L-s-cis- [Co- 
(eee)Clz]Cl immediately produces the dihydroxo species 
with the characteristic ORD and CD spectra as illus- 
trated in Figures 6 and 8, respectively. The dihydroxo 
complex loses optical activity only very slowly, a 5% 
decrease in optical activity being observed over a period 
of several hours a t  pH 8 as evidenced by both ORD and 
CD curves. At pH 10, a slow loss of optical activity 
is detectable and is accompanied by the development 
of a brown coloration and rank odor characteristic of 
decomposition. This reaction was followed by ORD 

and CD spectra for approximately 5 hr without any 
indication of change in the absolute configuration. In 
addition, samples of the dihydroxo complex were 
periodically converted to the corresponding carbonato 
complex and the ORD and CD spectra were compared 
with the spectrum of the optically pure D-S-cis-CO- 
(eee)COs+ ion. Again a t  pH 8,  no significant changes 
were observed in the signs, intensities, or energies of 
the ORD and CD Cotton effects, thus substantiating 
retention of configuration, and the absence of any 
isomerization of D-S-C~S to L-uns-czs. Numerous other 
attempts to produce chemically such an isomerization 
have been unsuccessful with the s-cis-Co(eee)Lz"+ 
ions. I 
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Bis(halogenoacetato)(triaminotriethylamine)cobalt(III) complexes, [Co(halac)~(tren)l C104 (halac = CFSCOZ-, CHZCICOZ-, 
CHClzC02-, CCllC02-, CH2BrC02-, CHBrzC02-, and CBrrC02-), have been prepared from carbonato(triaminotriethy1-, 
amine)cobalt(III) perchlorate, and their infrared and electronic absorption spectra have been examined. Assignments of 
the bands arising from the amino groups have been made by a comparison of the spectra with those of the deuterated com- 
plexes, [Co(tren-&)Cl~] C1.0.5Hz0 and [Co(tren-&)Br~]Br. Comparison of the visible spectra of these tren complexes with 
the spectra of the corresponding tetrasmmine, bis(ethylenediamine), and triethylenetetramine (trien) complexes suggests that 
the ligand field strength of tren ligand is between that of ethylenediamine and ammonia. 

Introduction 
Kuroda and Gentile2 have described the preparation 

and the physical and chemical properties of a large 
series of halogenoacetatopentaamminecobalt (111) com- 
plexes. Both cis- and trans-bis(ha1ogenoacetato) com- 
plexes of tetraamminecobalt(III), bis(ethy1enediamine)- 
cobalt(III), and triethylenetetraminecobalt (111) were 
also reported. From the visible spectra of these 
complexes i t  was found that, regardless of the amine 
ligand, those halogenoacetato anions with the lowest 
basicity were highest in the spectrochemical series. 
However, for any given halogenoacetato ligand in the 
cis complexes, the frequencies of the visible and ultra- 

(1) Author to whom inquiries should be addressed. 
(2) (a) K. Kuroda and P. S. Gentile, J .  I?toug. Nucl .  Chem., 87, 155 (1965); 

(b) ibid., 27, 1289 (1965); (c) Bull. Chcm. SOC. J a p a n ,  38, 1362 (1965); 
(d) ibid., 38, 1368 (1965); (e) ibid., 38, 2159 (1965); ( f )  J. Inoun. Nucl. 
Chem.. 29, 1963 (1967). 

violet absorption maxima were not identical, but always 
increased in the order 

U(?iHa)a > U(en)2 > U t r i p n  

I t  was also found that the absorption intensities in- 
creased in the same order. 

Previous n-ork has shom-n that the triaminotriethyl- 
aminecobalt (111) complexes which had been reported 
were found to be the cis  isomer^.^^^ Since the bis- 
(halogenoacetato) (triaminotriethylamine) coba l t  (111) 
complexes have not been reported in the literature, 
we have now synthesized these new complexes and have 
investigated their spectral properties in order to see how 
they compare with those of the other amine analogs. 
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