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region was taken in a 0.1-cm sample holder: At3u —23.6; Ae288 
+ 11.4. 

Case 3. (2S,3S)-3-Phenylpropane-2-amine-l,3-diol, 0.63 mg 
(entry 19; K & K), was dissolved in a 5.0 X 1O-5A/ solution of 
Ni(acac)2 in 0.2 M 7-BuOH-CCl4. A CD taken in a 1-cm sample 
holder resulted in A«3is +7.1. 
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Results and Discussion 

A split CD curve centered at ca. 300 nm is observed im
mediately upon addition of an optically active glycol or 
amino alcohol to a solution of Pr(dpm)3 (dpm = dipivalo-
methanato; sometimes called thd = 2,2,6,6-tetramethyl-
3,5-heptadionato). A typical curve, a 1:1 mixture of cholest-
5-ene-3/3,4/?-diol and Pr(dpm)3 in CCU is depicted in Fig
ure 1. The observed Cotton effect consists of two extrema of 
opposite signs and near equal intensities. The amplitudes of 
these extrema are concentration dependent as shown in Fig
ure 2 for a cyclic case and Figure 3 for an acyclic case. 

Tables I and II give the results obtained for a series of cy
clic and acyclic glycols and amino alcohols. The chirality of 
a cyclic glycol moiety is defined as being negative or posi-
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Abstract: A spectroscopic method requiring no substrate derivatization has been developed for absolute configurational stud
ies of glycols and amino alcohols. The substrates which are suited for studies by the Pr(dpm)3 method are complementary to 
those suited for study by the Ni(acac)2 method, and are cyclic (1-11) and hindered acyclic secondary/tertiary (15-19) vici
nal glycols. The method consists of measuring the CD of substrate and Pr(dpm)3 dissolved in a dry nonpolar solvent. The so
lution shows an induced split Cotton effect consisting of two peaks of opposite sign and near equal intensity centered at ca. 
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WITHIN ONE HALF HOUR AFTER 

MIXING 

Figure 1. CD of a mixture of 1.85 X l Q - 4 M Pr(dpm)3 and 1.80 X IQ-4 M cholest-5-ene-30,4/?-diol in CCl4. 

HO x 

. - . / V - s l.8xlO"4M Pr(dpm), 
f \LJ at 312 nm 

Molar Ratio (Substrate/Pr(dpm)3) 

Figure 2. The change in At at 312 nm for a mixture of 1.8 X 1O-4 M 
Pr(dpm)3 and various concentrations of cholest-5-ene-3/3,4/3-diol in 
CCl4. 

tive, respectively, when the Newman projection represents a 
counterclockwise or clockwise rotation from one hydroxyl 
or amino group to the other. In the case of acyclic com
pounds, there exist three rotamers; for reasons given in the 
previous paper,1 conformer I where the bulkier groups are 
pseudo-equatorial (in the complex) is the one assumed to be 
involved in complex conformation. 

,HO-HO—H 
H ^ O H (© 

^HO' 

1 , L = bulkier groups 

Only the signs of Cotton effects corresponding to the 
longer wavelength extrema are given in the tables. This is 
due to the fact that the high absorbance in the region of the 
shorter wavelength CD extremum resulted in a low signal to 
noise ratio, and this reduced the reliability of their measure
ments. 

/ ^ ^ C Y " ^ 6 1.8 x 10"4M Pr(dpm), 

Ae 

5 IO 

MOLAR RATIO (SUBSTRATE/Prldpm),) 

Figure 3. The change in A« at 313 nm for a mixture of 1.8 X 1O-4 M 
Pr(dpm)3 and various concentrations of (2i?,3i?)-butane-2,3-diol in 
CCl4. 

The observed Cotton effects show that, for hindered cy
clic and sec/tert acyclic compounds, the signs coincide with 
the glycol chirality whereas for acyclic prim/sec and sec/ 
sec compounds, the signs are opposite to the glycol chirality 
of the conformer having the large groups to the rear (e.g., 
conformer I). 

Origin of the CD. Osmometric studies indicate that 
Ln(dpm)3 (In = Pr, Eu) are monomeric in CCl4.6 When 
lanthanides are exposed to nucleophiles, they can expand 
their coordination to eight and accommodate two additional 
monodentate ligands,7 establishing an equilibrium between 
free Ln(dpm)3, and a seven- and eight-coordinate complex,8 
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Table I. Cyclic and Secondary/Tertiary Acyclic Glycols. 

Entry Compd 
Chira
lity* 

Molar 
ratio 
(sub/ 
Pr) 

Table II. Acyclic Primary/Secondary and 
Secondary/Secondary Compounds 

Ae, nm 6 Solvent 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

Cholest-5-ene-3/3,4(3-diol ( - ) 1:1 
Cholest-5-ene-3<3,40- ( - ) 1:1 

diol 3-acetate 7:1 
Cholest-5-ene-3(3,4/3- ( - ) 1:1 

diol 3,4-diacetate 
5a-Cholestane-2(3,3|3- (+) 1:1 

diol 
5a-Cholestane-2a,3a- (+) 1:1 

diol 
Ponasterone A 20,22- ( - ) 1:1 

acetonide'' 
Ponasterone A 20,22- ( - ) 1:1 

acetonide 3-acetate 
Cholestane-3(3,5a,6a- ( - ) 1:1 

triol 
Cholestane-3(3,5a,6a- ( - ) 1:1 

diol 3-acetatec 

5a-Androstane-3j3,16a,- (+) 1.5:1 
17a-triol 

l,3,5(10)-Estratriene-3,- (+) 1.5:1 
16a,17a-triolc 

( l S ^ - l ^ - D i h y d r o x y - (+) 1:1 
1,2,3,4-tetrahydro-
naphthalene** 

Methyl arjunolatee 6:1 
(2S)-3-Methylbutane- (+) 9:1 

2,3-diol/ 
(35')-2,5-Dimethyl- (+) 9:1 

hexane-2,3-diol£ 
(3/?)-2,5-Dimethyl- ( - ) 17:1 

hexane-2,3-diol£ 
(4S>2-Methyl-S-ethyl- (+) 6:1 

,heptane-4,5-diol£ 
(4^)-2-Methyl-5- ( - ) 5:1 

ethylheptane-4,5-
dioli? 

See entry 18, ref 1 ( - ) h 

-12 .6(312) 
-1 .8 (305) 
-6 .5(315) 
-0 .47 (314) 

+9.7(311) 

+6.0 (305) 

-5 .3(312) 

-1 .0(307) 

-5 .6(315) 

-6 .0(314) 

+5.8(313) 

+7.6(315) 

-4 .5(313) 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CHCl3 

CCl4 

CCL 

+1.5(313) CCl4 

-1 .0(315) CCl4 

+4.5 (314) n-hex-
ane 

-3 .2(314) n-hex-
ane 

+ 1.0 (308) K-hex-
ane 

-1 .6 (308) n-hex-
ane 

-8 .2 (303) n-hex-
ane 

a The conformer with the bulkier groups to the rear is used to 
define the chirality of acyclic glycols. *> The Ae is based on the con
centration of Pr(dpm)3. c Gift of Dr. J. Fried, Syntex Corporation. 
d Gift of Professor M. Nakazaki, Osaka University. e See entry 28, 
ref 1. /Gift of Professor A. Kjaer, Copenhagen, and Dr. R. Paul, 
Lederle Laboratories.-^See ref 4. h A saturated solution of the glyeol 
was used. 

the equilibrium constants being dependent on the basicity of 
the nucleophile.9 

In this work, various experiments were carried out to de
termine the origin of the CD and to define the limits of this 
technique. These include variation in the nature of the sub
strate and concentration and time dependence studies. 

Substrate Variation. The addition of monofunctional al
cohols to Pr(dpm)3 resulted in a small CD, e.g., a 1:1 mix
ture of Pr(dpm)3 and cholesterol gives Ae3oo <0.01.10 This 
is also true for diaxial glycols, e.g., cholestane-2/3,3a-diol 
and cholestane-3!8,5a,6/3-triol, and rigid nonadjacent gly
cols, cholestane-3|3,6/3-diol and the 6-oxo-3/3,5a-diol derived 
from diosgenin. Conversely, all of the a-glycols and a-
amino alcohols presented in Tables I and II give relatively 
large CD's. 

A likely explanation, then, for the CD's observed imme
diately upon addition of a glycol to Pr(dpm)3 is the fol
lowing: the bidentate glycol binds to Pr(dpm)3 forming an 
eight coordinate complex, which has a greater rotational 
strength than that formed by one or two monodentate lig-
ands. It can also be seen that the formation of this bidentate 
adduct depends on the O-O distance of the substrate, a 
condition generally found in inorganic complexes. 

Entry 

20 

21 

22 

23 

24 

25 

26 

27 

28 
29 

30 

31 
32 

Compd 

(2S)-3-Chloropropane-2-
hydroxy-l-aminec 

(2/?)-Butane-l-hydroxy-
2-amine 

(2S)-4-Methylpentane-l ,-
2-diold 

(2#)-4-Methylpentane-
l-hydroxy-2-amine<* 

(2S)-4-Methy lpen tane-1 -
hydroxys-amine** 

(25>3-Phenytpropane-
l-hydroxy-2-amined 

(2S)-3-Methy lpentane-1 -
hydroxy- 2-amine<* 

(25)-2-Phenylethane-l,2-
diol<* 

(2^,2^)-Butane-2,3-diol 
(2/v,35)-3-Phenylpro-

pane-3-hydroxy-2-
amine 

(2S,35)-3-Phenylpro-
pane-2-amine-l,3-
diol 

(2S)-Butane-l,2,4-triol&.e 

(25')-Butane-4-methoxy-
1,2-diol 

Chira-
litya 

(+) 

(-) 

(+) 

(-) 

(+) 

(+) 

(+) 

(+) 

(-) 
(+) 

(-) 

(+) 
(+) 

Molar 
ratio 
(sub/ 
Pr) 

5:1 

8:1 

3:1 

3:1 

5:1 

2:1 

6:1 

2:1 

3:1 
6:1 

2:1 

3:1 
4:1 

Ae, nm6 

-1 .2(312) 

+3.4(315) 

-2 .2(315) 

+ 1.6(313) 

-2 .2(313) 

-3 .5(313) 

-1 .8(315) 

-0 .9(315) 

+7.0(313) 
-4 .8(313) 

-3 .1 (312) 

+ 1.3(314) 
-1 .4(315) 

Solvent 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

CCl4 

a The conformer with the bulkier groups to the rear is used to de
fine the chirality of acyclic glycols. b The Ae is based on the concen
tration of Pr(dpm)3. c Gift of Dr. R. Paul, Lederle Laboratories. 
d Prepared by the reduction of the corresponding acids. e See ref 18. 

Alternative explanations for the appearance of this in
duced CD are that it results from exchange, where the gly
col displaces dpm preferentially from one of the Pr(dpm)3 
enantiomers, or that it is due to a hydrogen-bonded interac
tion. Exchange does occur to some degree, but it is difficult 
to assess the role it plays in the formation of the optical ac
tive species. On the other hand, hydrogen bonding cannot 
account for the inversion of the sign of the Cotton effect 
when the structure of the glycol is changed from a cyclic or 
secondary/tertiary to a secondary/secondary or primary/ 
secondary (Tables I and II). Indeed, whether the observed 
sign of the Cotton effect agrees or disagrees with the pre
dicted chirality depends on even more subtle structural 
changes in the glycol. The cyclic glycol entry 12 and the 
acyclic secondary/tertiary glycol entry 14, the two cases 
which do not conform to generalities, differ from the other 
glycols in their class in that the overall bulk of one of the 
a-carbons is small. 

In conclusion then, the CD's seen here are most probably 
due to expansion of the Pr(dpm)3 coordination sphere to 
eight and the fact that the structure of this absorbing 
species is intimately related to the structure of the incoming 
glycol or amino alcohol. 

Concentration Dependence. Figure 2 reproduces the 
change in Ae with increasing concentrations of a cyclic gly
col, while Figure 3 is a graph for an acyclic case. As can be 
seen for the cyclic case, the At increases to a maximum at a 
substrate-Pr(dpm)3 ratio of 1.6/1 and then decreases with 
increased substrate concentration. This reflects a competi
tion between bidentate and monodentate complexation. At 
higher substrate concentrations, the formation of bismono-
dentate complexes is favored, because hydroxyl groups from 
different compounds can compete for sights in the same 
Pr(dpm)3 molecule; since complexes formed from mono-
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PR(DPn>3 + CYCLIC GLYCOL 
MEASURED AT 312 NN AT AMBIENT TEMPERATURE 

Figure 4. The change in Ae at 312 nm with time for a mixture of 1.7 X 
lO - 4 M Pr(dpm)3 and 1.7 X IO - 4 M cholest-5-ene-3/3,43-diol, in CCl4, 
ambient temperature. 

Figure 5. The change in Ae at 312 nm with time for a mixture of 1.1 X 
10"4 M Pr(dpm)3 and 2.8 X 10~4 M cholest-5-ene-3/3,4/3-diol, in CCl4, 
50°. 

dentate adducts have a low rotational strength, the size of 
the Ae decreases. 

It can be seen from Table I that acetylation (compare 
entries 1 and 2) reduces the Ae. This agrees qualitatively 
with NMR shift reagent data,9 where ketones and esters 
are shifted less than hydroxyl compounds at the same rela
tive concentrations. As expected, at higher substrate-
Pr(dpm)3 concentrations, the observed Ae approaches that 
for the nonacetylated glycol; e.g., for entry 2, a 7:1 sub
strate to Pr(dpm)3 ratio produced a Ae of —6.5. 

Time Dependence. The Ae presented in Tables I and II 
are those recorded a few minutes after mixing the solutions 
of Pr(dpm)3 and the substrate. However, the Cotton effect 
magnitudes are not constant with time, as shown in Figures 
4 and 5 for a 1:1 solution of cholest-5-ene-3/3,4/3-diol and 
Pr(dpm)3 at ambient temperature and a 2:1 solution at 50°; 
the change is much faster at the higher temperature. Both 
the initial gain and subsequent loss of ellipticity also occur 
more rapidly for unhindered acyclic glycols than for the cy
clic glycol shown here. For example, a 1:1 mixture of 
(2/?,3J?)-butane-2,3-diol and Pr(dpm)3 is decreased by 60% 
in approximately 1 hr at ambient temperature. The uv also 
changes with time as exemplified in Figure 6 for a 10:1 
mixture of cholestenediol and Pr(dpm)3 at ambient temper
ature. These observations indicate that the substrate-
Pr(dpm)3 equilibrium is quite dynamic. Namely, it consists 
of (i) an instantaneous CD, which we have hypothesized as 
resulting from an expansion of Pr(dpm)3 to eight coordina
tion, followed by (ii) further asymmetric synthesis and (iii) 
an eventual loss of ellipticity. 

, (3 I dpmH x's 5 

JZ) Pr(dpm)j» glycol 
offer 5hrs. 

Figure 6. Curve 1: uv of a mixture of 1.73 X 10~5 M Pr(dpm)3 and 
1.73 X 1O-4 M cholest-5-ene-3/3,4/3-diol in CCl4, ambient temperature. 
Curve 2: the same mixture 5 hr later. Curve 3: uv of dpmH X 3. 

Asymmetric synthesis has been observed in other sys
tems. One such example is the transformation of trans-
[Co(en)2C10H] Cl-H2O to optically active cis-[CO-
(Cn)2ClOH]+ when the former was dissolved in warm 
(2i?,3/J)-butane-2,3-diol.u Since Co is a transitional metal, 
coordinations of greater than six are not expected. Thus a 
five-coordinate transition state was hypothesized to explain 
the transformation. In the present work, an attractive ra
tionalization for the observed asymmetric synthesis is to 
suggest that it occurs through an eight-coordinate complex. 

As can be seen in Figure 6, after a period of time, the uv 
of a Pr(dpm)3-cholestenediol mixture appears to take on 
the shape of dpmH itself. This suggests that there is some 
exchange between the glycol and dpm, releasing dpmH into 
solution. There is also a decrease in the size of Ae with time 
(Figure 4), and this occurs faster at higher temperatures 
(Figure 5) and at higher concentrations; thus, a 10/1 chol-
estenediol-Pr(dpm)3 mixture at 50° loses 60% of its ellipti
city after only 2 hr. 

Although the origin of the induced CD is far from clear, 
a possible rationalization of the mentioned observations 
would be as follows: (i) upon dissolving a glycol (G) an 
equilibrium mixture is formed in which G interacts with 
both enantiomers of Pr(dpm)3, one to a greater extent than 
the other (for the sake of argument, we will call the pre
dominant species G-A); (ii) the expansion of A in G-A 
causes it to transform to A over a period of time; and (iii) 
while this is going on, the G can exchange with dpmH with 
a concomitant loss in ellipticity. This mechanism, of course, 
assumes that the sign of the Cotton effects of G-A and A are 
the same. 

Actual Measurements and Interpretation. The relative 
concentrations used are taken from the studies shown in 
Figures 2 and 3. The optimum conditions are a 1:1 mixture 
for cyclic compounds, and a 1:4-7 mixture for acyclic com
pounds. The concentration of Pr(dpm)3 (1 X 1O-4 M) was 
selected since a greater concentration resulted in instrument 
noise with concomitant operational and interpretive dif
ficulties. 

The Ae value is adversely affected by competing nucleo-
philes such as ethanol and water. Therefore in actual mea
surements it is essential that the solvent used is dry (see Ex
perimental Section). This also holds for the substrate gly
col. It is suggested that the compound be kept in a vacuum 
overnight over P2Os. 
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Table III. Table IV. A Comparison of the Ni(acac)2 and Pr(dpm)3 Method 

33 5 : 1 ^ 1 , - l . ] b ) (312 run), n - h e x . 
134 ( e n a n t i o m e r of 33) 

4 : l a ' i * 0 . 8 b ' (313 nm) , n - h e x . 

HQH 

HO 

36 l : l a l j - 0 . 8 b ) (317 nm) , CCl 4 

Conditions Ni(acac)2 Pr(dpm)3 

(1) Solvents 

(2) Concentrations, 
M 

(3) Intensities, Ae 
(4) Compd class 

Dry H-hexane, CCl4, 
CHCl3, f-BuOH, 
CH3CN 

Solvent: 5 X 10 ~5 

Substrate: 5 X 10""4. 
5-50 
(a) Acyclic a-glycols: 

prim/sec, sec/sec, 
unhindered sec/terta; 
(b) acyclic vicinal 
prim/sec hydroxy-
amines; (c) some 
1,3-glycols 

Dry rc-hexane, CCl4, 
CHCl3 

1 x 10^ 
l x i o - 4 

1-10 
(a) Cyclic a-glycols; 

(b) hindered 
acyclic sec/tert 
a-glycols 

a Sterically crowded acyclic secondary/tertiary a-glycols give no 
induced CD with Ni(acac)2; acyclic primary/tertiary glycols are not 
included because of lack of authentic cases. 

35 l i i a > ; + o . 9 b ) (314 nm) , CCl4 

H 3 C O N 

CH2CN 

H j C O x 

HO - 7 - ^ 7^,0 

NCH2C 

OH OCH3 

0 © 

J " J-OCH3 F** J-MH5 

a Molar ratio of substrate/Pr(dpm)3.
 b Ae values. 

Dry K-hexane and carbon tetrachloride appear to be the 
most suitable solvents for this method. Chloroform may 
also be used, but it is essential to free it from ethanol (stabi
lizer) immediately prior to use. Substrates not soluble in 
aprotic solvents can be handled by the Ni(acac)2 method. 

The correlation of the induced CD with structure has sev
eral pitfalls which should be noted. Isolated amines and bi-
functional groups other than glycols and amino alcohols 
(e.g., a-hydroxy ketones and a-hydroxy esters) exhibit in
duced CD's with Pr(dpm)3. Therefore, compounds contain
ing both an a-glycol and the mentioned functionalities 
should be interpreted with care. However, the Ae values of 
these other alcohol functions (entries 2 and 3) are smaller 
than those due to a-glycol or a-amino alcohol functions. 
There may also be a problem with bidentate amino alcohols 
where the amine is sterically much less hindered than the 
hydroxyl group, e.g., entries 20 and 29. Here amines them
selves can induce a CD, and it is not known whether the ob
served CD is due to a mono- or bidentate interaction, the 
result of which is unpredictable at this time. 

Trifunctionality, in which three groups are in close prox
imity, also causes a problem. In entry 13, the observed chir-
ality is that for the 1,3-glycol rather than the 1,2-glycol. 
This may be due to the closer approach of the O-O distance 
in the 1,3 case, which would be expected to complex better 
than the rigid 1,2-glycol. On the other hand, this result may 
just be fortuitous. Entries 30 and 31 present a more inter
esting problem. Here the observed Cotton effects are oppo
site to those expected for general prim/sec a-glycols or 
amino alcohols. There are several possible explanations for 
this: (i) the sec/sec complex (entry 30) and/or the 1,3 com
plex (entries 30 and 31) are more stable than the corre

sponding 1,2 prim/sec complex; (ii) a bidentate complex is 
being formed in which the additional hydroxyl is hydrogen 
bonded; (iii) an intriguing possibility is that the CD's are 
the result of nonacoordination of the Pr(dpm)3. It is as yet 
not clear which of these explanations is correct (it is con
ceivable that there may be other possible rationalizations 
for these results) but, as entry 32 shows, O-methylation of 
31 at position 4 effectively blocks the interfering interac
tion. 

To summarize, this method is applicable to hindered cy
clic and sec/tert acyclic cases. Table I demonstrates its util
ity. Entry 8 is a cyclic sec/tert glycol, and thus it would 
have been difficult to carry out configurational studies due 
to lack of carbinyl proton and difficulty in derivatization. 
Entry 6 shows the application of this method to a compound 
already possessing strong CD Cotton effects, i.e., at 327 (Ae 
+ 1.8) and 248 nm (Ae -3 .9) (in ethanol). This measure
ment was carried out by taking a spectrum of entry 6 with 
and without Pr(dpm)3; the Ae listed in Table II is the resul
tant differential CD. 

Table III lists a few compounds in which the Pr(dpm)3 
method was used to determine their absolute configura
tions. Glycol 33 was obtained by epoxide cleavage of the 
natural insect juvenile hormone and glycol 34 from its en
antiomer. The application of this method established the 
absolute configuration of the epoxide as 10.R/11S;4 the 
same conclusion was arrived at by independent studies.12 

The use of this method for entry 35 gave Ae +0.9 in 
CCU, which established the absolute configuration of C-24 
as being S*.13 Compound 36 is the sesquiterpene cuauhtem-
one, where flexibility of the enone group prevented applica
tion of the various rules proposed for determining the enone 
chirality. N M R studies showed that the 3-hydroxyl func
tion adopts an equatorial conformation. A differential CD 
curve before and after the addition of Pr(dpm)3 to a CCl4 

solution of compound 36 showed a negative peak at 317 nm 
(Ae —0.8), and this led to the absolute configuration depict
ed.14 

The configuration of sugar 37 was deduced to be a on the 
basis of ir data and the failure to form an acetonide15 

(hence a r/-a«.f-3,4-glycol). This was corroborated by a neg
ative peak at 313 nm (Ae -0 .9 ) , thus top-left expression. 

Finally, Table IV presents a comparison of experimental 
conditions and utilities of the Pr(dpm)3 and Ni(acac)2 
methods. In general, Ni(acac)2 is more stable, gives higher 
Ae's, and can be used in a broader range of solvents than 
Pr(dpm)3. On the other hand, Pr(dpm)3 is more useful for 
hindered compounds, and smaller molar ratios can be 
used.19 
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Experimental Section 

The CD measurements were made on a Cary-6001 attachment 
on a Cary-60 spectropolarimeter and uv measurements on a Cary 
16 spectrophotometer. The solvents used were spectrograde and 
were dried over molecular sieves type 4A overnight. 

Chloroform was made ethanol free by shaking four times in a 
separatory funnel with water, drying over sodium sulfate, and 
passing through a column of aluminum oxide (Wohrlm, neutral). 
All measurements were performed by taking volumetric samples 
from a premixed stock solution and mixing them immediately prior 
to measurements of spectra. It was found that atmospheric mois
ture has deleterious effects on the intensity of the spectra and 
hence, if more than one sample is to be mixed and measured, it is 
advantageous to d(o so in a nitrogen atmosphere. 

The concentration studies were also mixed under a stream of dry 
nitrogen. 

Pr(dpm>3. Pr(dpm)3 was prepared according to the literature:16 

yield 82%; mp 219-222° (uncorr); sublim 183° (0.1 mm). 
The following are two examples of typical measurements. Case 

1; 5a-Cholestane-2/3,3/3-diol (0.2 mg, entry 4) was dissolved in 5 
ml of a 1.0 X 1O-4 M solution of Pr(dpm)3 in dry CCl4, Ae3H 
+9.7. Case 2: Ponasterone A 20,22-acetonide (0.5 mg) was dis
solved in 5 ml of dry CCU; 2.5 ml of this was diluted to 5 ml with 
CCU, and the spectrum was taken. The remaining sample was di
luted to 5 ml by the addition of 2.5 ml of a 2.0 x 1O-4A/ solution 
of Pr(dpm)3 in dry CCl4, and the spectrum was taken. The differ
ence of the two curves gave the induced CD, Ae3i2 —5.3. 

The best established examples of homogenous chemical 
oscillators belong to a reaction type first reported by BeI-
ousov.3 Zhabotinskii4 has subsequently shown that oscilla
tions take place in many solutions containing sulfuric acid, 
bromate ion, a one-equivalent redox couple with a reduction 
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potential of about 1.0 to 1.5 V, and an organic compound 
that can be brominated by an enolization mechanism. 
Many of the subsequent studies have used the Ce(III)-
Ce(IV) couple and malonic acid. 

The principal features of the mechanism have been eluci-
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Abstract: Cerium(IV) in 0.8 M H2SO4 will oxidize malonic (MA), tartronic (TTA), and glyoxylic (GOA) acids to produce 
one molecule of formic acid (FA) per molecule of acid. Mesoxalic (MOA) and oxalic (OA) acids are oxidized entirely to 
carbon dioxide. The sequence of oxidation of malonic acid is apparently MA -»• TTA -» GOA -* FA; mesoxalic, oxalic, and 
glycolic (GCA) acids are not formed as intermediates in significant amounts. Mesoxalic, glyoxylic, and oxalic acids have 
carbonyl groups adjacent to carboxyl groups and can form five-member chelate rings; they are oxidized within a couple of 
minutes or less at 25°. Malonic, bromomalonic (BrMA), and tartronic acids have two carboxyl groups separated by an in
completely oxidized carbon atom and can form six-member chelate rings; they are oxidized at 25° at rates approximately 
consistent with second-order kinetics and rate constants of the order of 1 A/ -1 sec-1. Glycolic and formic acids and formal
dehyde are inert to oxidation by cerium(IV) in sulfuric acid even though such oxidation is thermodynamically favored. Bro
mide ion catalyzes the oxidation of formic acid by cerium(IV); the mechanism involves oxidation of the formic acid by Br2 or 
by HOBr. When bromomalo'nic acid is oxidized by cerium(IV), the rate of consumption of oxidant during a specific run will 
increase virtually discontinuously by a factor that is often of the order of 2 to 3 and may be as great as 7; production of bro
mide ion follows a smooth curve through this break point in Ce(IV) consumption. Radicals formed by Ce(IV) attack on sev
eral of these molecules are more likely to disproportionate with other radicals than to react with additional Ce(IV) ions. 
Radicals from the initial oxidation of bromomalonic acid are hydrolyzed to produce bromide ion before they react further. 
Malonic acid is not significantly attacked by radicals from other organic species, but malonyl radicals can abstract hydrogen 
from bromomalonic, tartronic, and perhaps glyoxylic acids. Radicals from oxidation of other species can also attack bromo
malonic acid thereby initiating liberation of bromide ion. In the presence of bromide ion and cerium(IV), malonyl radicals 
are converted to bromomalonic acid. In the Ce(IV) + MA + BrMA and Ce(IV) + MA + Br" systems, concentrations of 
bromide ion can go through peculiar maxima, minima, and stationary conditions that are not entirely explained. The combi
nation of all of these observations permits an unexpectedly complete description of the complicated sequence of events during 
the cerium(IV) oxidation of malonic and bromomalonic acids. 
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