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In an interesting paper published in 1964, Larsen and 
Olsenl reported the absence of a Cotton effect2 in com- 
plexes containing optically active ligands which are 
monodentate through nitrogen (d-2-aminobutane) and 
oxygen (d-a-methyl butyrate) to copper(I1) and cobalt- 
(111). These authors proposed the possibility that an 
induced Cotton effect in a d-d transition of a transition 
metal complex containing an optically active ligand 
will be of measurable magnitude only if the ligand is a 
chelate. Ha~vk ins~  mentions this proposal in his study 
of the coordination of ethambutol (N,X’-bis(%butan- 
1-o1)ethylenediamine) and its derivatives to copper (11) 
and nickel(I1) and concludes on the basis of circular 
dichroism spectra that  a t  least one and probably both 
of the hydroxyl groups coordinate to the metal ion. 

Djerassi and Geller4 demonstrated by optical 
rotatory dispersion measurements that aliphatic car- 
bonyl compounds show Cotton effects in the carbonyl- 
absorption region even though the nearest asymmetric 
center of the molecule may be several carbon atoms 
away from the chromophore, and there is no indication 
that any type of chelate or other ring formation is 
required for this effect to occur. In  1964, Bhatnagar 
and Kirschner5 reported Cotton effects for d-tartrate 
complexes of cobalt(II1) containing ammonia ([Co- 
(KH,),(d-tart)]+ and [ C ~ ( N H ~ ) ~ ( d - t a r t )  ]+) in which 
the tartrate is bidentate in one case and monodentate 
in the other, based upon optical rotatory dispersion 
studies of these complexes. Further, these authors 
indicated that the rotatory strength of the Cotton 
effect is markedly greater when the optically active 
ligand behaves as a chelate than when it is monoden- 
tate. 

Discussion 
This latter observation raised the question of whether 

ring formation is absolutely essential for the measurable 
appearance of the Cotton effect in these cases. The 
possibility exists that for some complexes containing 
monodentate optically active ligands, the observa- 
tion of a Cotton effect may not be possible because of 
the weakness of the effect, but that in other similar 
cases the effect, though weak, may be observable. 
Since the ligands used by Larsen and Olsen contained 
one asymmetric center and those used by other workers 
sometimes contained two or more such centers, it is 
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appropriate to determine whether or not the Cotton 
effect is observable for complexes containing mono- 
dentate ligands with one and with more than one asym- 
metric center. 

In  1965 Fujita, Yasui, and ShimuraG reported the 
appearance of a Cotton effect, utilizing both optical 
rotatory dispersion and circular dichroism techniques, 
for [Co(NH~)6(Z-phalaH) ](C104)3.HzO and for [Co- 
(NHS)5(Z-a-alaH) ](C104)3.2K~0 (I-phalaH = Z-phenyl- 
alanine and I-a-alaH = I-a-alanine) in the d--d transi- 
tion region. These authors present evidence for their 
proposal that coordination is through the carboxyl 
oxygen of the free amino acid rather than through the 
nitrogen. They also prepared complexes in which 
the same ligands behave as bidentate chelating agents 
toward the same metal ion, and they studied the optical 
rotatory dispersion, circular dichroism. and absorptions 
of these compounds as well. 

In the present work, a cobalt(II1) complex has been 
prepared which contains an optically active ligand 
having three asymmetric centers which coordinates 
through a carboxylate oxygen of the anionic form of the 
ligand. The complex synthesized is [Co(NH3)5(Z- 
menac) ] (IS03’)2 (I) ~ where I-menac is the 2-menthoxy- 
acetate anion (11). It should be emphasized that the 

ligand in this case is monodentate and is inside the co- 
ordination sphere of the complex ion. In an interesting 
study, Mason and Norman7 point out that Cotton 
effect phenomena in “outer-sphere” coordination may 
be observable only if the ligand can be polydentate. 

Results 
The optical rotatory dispersion, circular dichroism, 

and absorption spectrum of the complex (I) in water 
are given in Figure I, along with the optical rotatory 
dispersion of the sodium salt of the ligand (11) in 50% 
ethanol-water, in the visible region. Although the 
optical rotatory dispersion shows only a slight shoulder 
in the region of interest, the circular dichroism curve 
clearly indicates the presence of a distinct, positive 
Cotton effect in the absorption region. Further, no 
such effect is found for the ligand itself in this region. 

Experimental Section 
I-Menthoxyacetatopentaamminecobalt(II1) Nitrate, [ C O ( N H ~ ) ~ -  

(I-menac)] (NOa)z (I).-This compound was prepared by a varia- 
tion of the method used by Basolo and Murmanns for thc syn- 
thesis of acetatopentaamminecobalt(II1) nitrate. I-Menthoxy- 
acetic acid9 (8.56 g, 0.04 mole) was dissolved in 25 ml of absolute 
ethanol mith stirring, and 3.0 ml of water and 1.00 g of carbo- 
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Figure l.--A: circular dichroic absorption. B: optical rota- 
tory dispersion of (Co( NH,),(Z-menac)]( NOa)? (I)  in water a t  
25" ( c  = 0.12 gjlO0 ml, 10-cm cell). C:  absorption spectrum 
of I in water a t  25" ( c  = 0.24 g/lOO ml, 1-cm cell). D :  optical 
rotatory dispersion of sodium I-menthoxyacetate in 50% ethanol- 
water a t  25" (c  = 0.12 g/100 ml, 10-cm cell). 

natopentaamminecobalt(II1) nitrate, [Co(NH3)jC03] NO8 (0.0036 
mole), were added to the solution. The mixture was refluxed for 
5 hr with stirring and was then cooled to room temperature. 
The product was filtered and washed with 50 ml of absolute eth- 
anol (the washings were added to the filtrate). The product 
was then washed with diethyl ether and dried a t  50'; yield 
0.67 g (37y0), sample 1. To the filtrate was added 3.0 g of 
ammonium nitrate and the mixture was refluxed with stirring 
for 1 hr, after which it was cooled and treated as above. Addi- 
tional yield 0.48 g (2776) ,  sample 2 ;  over-all yield 64%. Anal. 
Calcd for [ C O ( N H ~ ) ~ ( Z - C , ~ H ~ ~ O ~ ) ]  (NOB)~:  C, 29.94; H, 7.54; 
N ,  20.37. Found, sample 1: C, 30.12; H, 7.76; N, 20.52; 
sample 2: C, 30.08, H, 7.76; N, 20.44. These two samples 
had identical spectral properties. 

Microanalyses.-These were performed by the -4lfred Bern- 
hardt Microanalytical Laboratory, Mulheim, Germany. 

Optical and Spectral Measurements.-The visible absorption 
spectrum of the complex was determined on a Cary Model 14 
spectrophotometer (c = 0.24 g/100 ml of water) a t  25'. The 
optical rotatory dispersion of the complex was determined on a 
Cary Model 60 spectropolarimeter (1-dm sample tube; c = 
0.12 g/100 ml of water) a t  25'. The optical circular dichroism 
was determined on a Jasco ORD-CD instrument (1-dm sample 
tube; c = 0.12 g/100 ml of water) a t  25". The ordinate of the 
curve for circular dichroism is At,  the circular dichroic absorp- 
tion,lO and is equal to AD/cd ,  where A D  is the circular dichroic 
optical density (Di - D T ) ,  c is the concentration in moles/liter, 
and d is the path length in centimeters. Because the circular 
dichroic absorption (Ae)  is relatively small, i t  was also deter- 
mined on another instrument (Roussel- Jouan Dichrograph) with 
substantially identical results. The authors are not prepared 
a t  this time to interpret the various peaks in Figure lA, the im- 

(10) L. Velluz, "Optical Circular Dichroism," Accdemic Press Inc., 
New York, N. Y., 1965, p 73. 

portant aspect in this work being to demonstrate that  the 
sample is circularly dichroic in this region. The optical rotatory 
dispersion of the coniplcx was alio dctermincd on the Jasco 
instrument, and i t  gave exactly thc same shape o f  curve as t h a t  
obtained with the Cary instrument. The optical rotatory 
dispersion of the sodium salt of the ligand was determined a t  
25" on a Perkin-Elmer Model 141 photoelectric polarimeter 
(1-dm sample tube; c = 0.12 g/100 ml of 50% ethanol-water) 
using a Bausch and Lomb high-intensity monochromator in 
place of the filters which are normally used with this polarimeter. 

Conclusions 
It is now clear that it is possible for the Cotton effect 

to be induced and measured in the vicinity of the d-d 
transition absorption band of a complex containing an 
optically active ligand inside the coordination sphere, 
even if the ligand has no absorption in this region. 
Further, it is possible to measure the Cotton effect for 
some complexes of this type whether the ligand is 
monodentate or polydentate and whether the ligand 
has several asymmetric centers or only one. Con- 
sequently, the appearance of a Cotton effect under such 
circumstances may be utilized as an indication of the 
coordination of an optically active ligand as proposed 
earlier5 although the nonappearance of such an effect 
cannot be considered confirmatory of noncoordination 
of such a ligand. The work of Mason,7 mentioned 
earlier, indicates that additional work is necessary on 
the circular dichroism induced by outer-sphere co- 
ordination of optically active ligands, in order to de- 
termine the effects of concentration and other factors 
on the induction of Cotton effects in the d-d transition 
regions of optically inactive complex ions. 
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Recently, Zakharkin and Gavrilenko reported the 
preparation of Na3AlHG by the reaction of NaH and 
NaAlH4 a t  160" in heptane.2 Due to the insolubility 

(I)  (a) Sloan Fellow, 1965-1967. (b) Requests for reprints should be ad- 

(2) L. I. Zakharkin and V. V. Gavrilenko, Dokl. Akad .  N a u k  S S S R ,  145, 
dressed t o  this author. 
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