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The Sterochemistry of Complex Inorganic Compounds. IX. The Diastereoisomers 
of cfe;dro-Tartrato-£i's-ethylenediamine Cobaltic Ion 

BY HANS B. JONASSEN, JOHN C. BAILAR, JR. , AND E. H. HUFFMAN1 

The stereochemistry of the octahedral complex 
ions offers many problems for which there is no 
counterpart in the better known stereochemistry 
of carbon. For example, the union of a metallic 
ion with three molecules of an optically active bi
dentate coordinating agent would be expected to 
lead to a large number of stereoisomeric complex 
ions.2 The case of tris-propylenediamine cobaltic 
ion, [Co p n 3 ] + + + 3 offers an interesting example. 
Considering optical activity only, the complex ion 
would be expected to exist in eight isomeric forms. 
Taking D and L to represent the signs of rotation of 
the complex as a whole (at the sodium D line) and 
d and / the signs of rotation of propylenediamine, 
these are DIII, Villi, vldd, vddd, UU, UId, Udd, 
iddd. (In addition, there might be several race
moids or partial racemoids.) Experiment has 
shown, however, that these combinations are 
not all of equal stability; in fact, only two of the 
isomeric ions are stable enough to be isolated. 
They are UU and vddd.* 

A similar effect is observed if the complex con
tains only two optically active coordinating 
groups. I t has been shown that such ions as cis 
[Co pn2 Cl2]

4" and cis [Co cptdin2 Cl2]+ exist6 in 
only two of the six possible forms—BlICh and 
LddCh.4b If dichloro-bis-Zew-propylenediamine 
cobaltic ion, [Cl /-pn2 Cl2]+, be treated with 
r/ex/ra-propylenediamine, the ion [Co /-pn2 d-
pn]+ + + apparently forms, but immediately re
arranges to a mixture of the more stable i,[Co l-
pn 3 ] + + + and D[Co (2-Pn3]+++.4^ 

These selective effects, while pronounced, are 
not absolute but only relative. Lifschitz6 found 
evidence that cobalt and chromium tris-dextro-
alanine exist in T>ddd and uldd forms. Bailar and 
McReynolds7 have shown that the ion [Co /-pn2 
CO3]+ exists in both DII CO3 and Ul CO3 forms, but 
that the latter is unstable, rearranging to the 
former when warmed gently. 

(1) Most of the work reported in this article was taken from the 
doctorate theses of Hans B. Jonassen (1946) and E. H. Huffman 
(1936) at the University of Illinois. The remainder was done by-
Mr. Jonassen at Tulane University. For the previous paper in this 
series, see T H I S JOURNAL, 70, 749 (1948). 

(2) Jaeger gives a full discussion of the various possibilities in his 
book "Optical Activity and High Temperature Measurements," 
McGraw-Hill Book Co., New York, N. Y., 1928. 

(3) The following abbreviations are used: pn = propylenedi
amine, en = ethylenediamine, cptdin = Iraws-cyclopentanedi-
amine, tart = tartrate ion. 

(4) For other examples, see (a) Smirnoff, HeIv. CMm. Acta, 3, 177 
(1920), and (b) Jaeger and Blumendal, Z. anorg. all gem. Chem., 175, 
161 (1928). 

(5) Bailar, Stiegman, Balthis and Huffman, T H I S JOURNAL, Sl, 
2402 (1939); ref. 2, p. 155. 

(0) Lifschitz. 7.. fihysik. Chem., 114, 493 (1925). 
(7) Bailar and McReynolds. THIS JOURNAL. 61, 3109 (1939). 

When only one molecule of the optically active 
base is present in the coordination sphere, there is 
some tendency toward the formation of preferred 
orientations, but not enough to completely fix the 
configurations. Thus, when Jaeger and Blumen
dal415 allowed racemic /rans-cyclo-pentanediamine 
to react with [Co en2 Cl2]+, they obtained a true 
racemic mixture of D [Co en2 /-cptdin ]+++ and 
L [Co en2 i -cp td in] + + + without detecting any of 
the other two possible forms. When, however, 
they used /erocyclopentanediamine, they ob
served that the base entered both the D and L 
forms of the complex, yielding D and L[Co en2 l-
cptdin]+++.8 

This paper is concerned with another case in 
which the complex ion contains one optically ac
tive bidentate coordinating group—the tartrate 
ion. It has been found that dextro tartaric acid 
reacts readily with carbonato-Ws-ethylenediamine 
cobaltic ion, [Co en2 CO3J+ to give the two diaste
reoisomers D [Co en2 d-tart ] + and L [Co en2 d-
tart]+, which differ strikingly in stability, re
activity and solubility. 

The dex/ro-tartrato-bis-ethylenediamine cobaltic ion 
was prepared by the interaction of equivalent quantities of 
[ Co en2 CO3] Cl or [Co en2 CO3] Br and dextro-ta.Tta.ric acid. 
It makes no difference whether the carbonate salt is race
mic or optically active; the final product is the same. 
Solutions of these substances react rapidly at room tem
perature with the evolution of carbon dioxide, but the 
primary product of the reaction is [Co en2 (H 2 O) 2 ] + + + . 
In order to insure complete replacement of the water mole
cules by tartrate, the solution must be evaporated to dry
ness and the residue heated on the steam-bath for several 
hours. The tar trato halides [Co en2 d-tart] X are ex
tremely soluble, and form deep red glasses which cannot 
be crystallized.9 Anal, of [Co en2 <J-tart]Br-2H20, 
calcd.: N, 13.23; Br, 18.04. Found: N, 13.28; Br, 
17.56. The rotation of a 0 . 1 % solution at the sodium D 
line is about - 0 . 1 9 ° . 

On account of its high solubility, the mixture could not 
be completely fractionated into the D and L components. 
Partial fractionation was achieved, however, by dissolving 
the substance in water and reprecipitating about half of it 
by the addition of alcohol. The portion remaining in the 
filtrate was precipitated by addition of a large excess of 
ether. These fractions were again dissolved and repre-
cipitated. Repetitions of the process gave specific rota
tions as high as + 2 ° and as low as —46°. 

Reaction of DL[CO en2 d-tait] + with Ethylenediamine.— 
A mixture of 2Og. of [Co en d-tart] Br, 60 ml. of 56% ethyl
enediamine and 15 ml. of water was shaken at room tem
perature for definite time intervals. After each time in
terval, the solution was poured into 75 ml. of ice-cold ethyl 
alcohol, and the precipitate was removed by filtration. 
The filtrate was evaporated to 55 ml. in a current of air 
(to remove the alcohol), 10 ml. of ethylenediamine was 
added (to compensate for that lost by evaporation and re
action) and the mixture was returned to the shaker for 
another time interval. The precipitate was thrice dis-

(8) See also Werner, HeIv. Chim. Acta, 1, S (1918). 
(9) Duff, / . Chem. Soc, 119, 388 (1921). 
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solved in 15 ml. of water and reprecipitated by adding 15 
ml. of methyl alcohol. This kept the unchanged tar t ra to 
salt in solution but precipitated the bright yellow tr is-
ethylenediamine salt. The filtrates were saved, and the 
complex in them was finally recovered by evaporation at 
room temperature to 50 ml. and addition of 150 ml. of a 
2 :1 :1 mixture of methyl and ethyl alcohols and ether. 
The results are shown in Table I . 

TABLE I 
Color 

Time of Color of of a(obs.) Yield, 
shaking ppt. filtrate 1-dm. tube g. 

lOmin. Pink Red + 0 . 1 3 ( 0 . 1 % soln.) 0.15 
40 min. Yellow Red + 0 . 0 5 ( 0 . 5 % soln.) 3.2 

100 min. Yellow Red + 0 . 0 8 ( 0 . 5 % soln.) 3 .5 
12 hours Red 0.0 

From the filtrate, after twelve hours of shaking, it was 
possible to recover 9 g. of [Co en2 <2-tart]Br; 2 g. was also 
recovered from the filtrates obtained upon recrystalliza-
tion of the precipitates. I t is evident that the reaction pro
ceeds rapidly for something over an hour, then stops com
pletely. 

A similar experiment was carried out at a higher tem
perature, the procedure differing only in that after each 
removal of tris-ethylenediamine salt the unchanged tar
trato salt was completely precipitated by adding 100 ml. 
of a 2 :1 :1 mixture of methyl and ethyl alcohols and ether. 
This precipitate was then dissolved in twice its weight of 
water, and twice this volume of ethylenediamine was 
added. A small portion of the resulting solution was used 
each time for a determination of the rotation. The re
sults are shown in Table I I . 

Time 
shakii 

hr. 

0 
0. 
0. 
2 

12 
28 
48 
68 
82° 

106" 

of 
3g, 

25 
75 

Temp., 
1 C. 
20 
20 
20 
20 
20 
50 
50 
50 
50 
50 

Yield 
of 

[Co 
ens]

 + + * 
salt, g. 

2.2 
2.3 
4.7 
0.6 
2.3 
2.0 
0.5 
1.1 
0.2 

a 
observed 

ppt. 
(0.5%) 

1-dm. tube 

+ 0.43 
+ .38 
+ .35 
+ .40 
+ .45 
+ .30 
+ .25 
+ .01 
+ .02 

% 
purity 

of 
C[Co 

en3]
 + + t 

90 
85 
80 
85 
90 
75 
70 

Filtr. 
(0.1%) 

1-dm. tube 
- 0 . 0 7 
- .08 
- .13 
- .17 
- .20 
- .26 
- .33 
- .40 
- .45 
- .06 

• Two grams of activated charcoal was added in each of 
the last two time intervals. This greatly catalyzes the 
reaction, but the product is racemic. The filtrate from 
each of the last two filtrations was orange or brown (the 
color of [Co en3] + + + ) , while the filtrates from the earlier 
shakings were a brilliant cherry red (as is [Co en2 tart] + ) . 

The fact that the [Co en3] + + + fractions all show posi
tive rotations, while the material which has not reacted 
shows an increasing negative rotation, indicates that the 
original material is a mixture of two isomers rather than a 
single individual, D or L [Co en2</-tart] + . 

The filtrate from the precipitate obtained after one-
hundred six hours of shaking could not be precipitated by 
addition of 100 ml. of 2 :1 :1 mixture of methyl and ethyl 
alcohols and ether. The excess of ethylenediamine was 
therefore removed by bubbling gaseous hydrogen chloride 
through the ice cold solution until most of the ethylene-
diamine was precipitated as the hydrochloride and before 
the solution began to change to a purple color (indicative 
of the formation of [Co en2 Cl2]

 + ) . The ethylenediamine 
hydrochloride was filtered off, and the filtrate was evapo
rated in a stream of air. The residue was dried for four 
hours at 65°; yield about 3.5 g. The rotation was —0.0G 
for a 0 .5% solution. 

Similar results were obtained in several other runs al
though no exact duplications of the rotations were ob
tained. The tris-ethylenediamine salt obtained in the 
sixty-eight hours represents a little more than 12 g. of 
optically pure tris-ethylenediamine cobaltic bromide. 
Since 1.3 g. of almost inactive [Co en3]Br3 was recovered, 
as well as 3.5 g. of unchanged starting material, it is evi
dent that an asymmetric synthesis has taken place. 

In the best run, a 70% yield of dextro-[Co en3]
 + + + was 

obtained (out of a possible 100% for dextro- and levo-
combined). Either the two isomers of [Co en2 <Z-tart] + 

are not present in equal amount or the less reactive is con
verted to the more reactive as the latter is used up by the 
reaction with ethylenediamine. The fact that the DL-
[Co en2 d-tart] + mixture has a high negative rotation 
would suggest that the L isomer is somewhat more abun
dant and therefore more stable than the D. This leads to 
the conclusion that the D form is the more reactive and so 
is the one which reacts with ethylenediamine the more 
readily. Whether the difference in rate of reaction takes 
place in the formation of the tar trato complex or in its con
version to the iris -ethylenediamine salt, we have here a 
partially asymmetric synthesis of [Co e n 3 ] + + + . 

Reaction of DL-[CO en2 <2-tart]+ with Hydrochloric Acid. 
—A solution of ten grams of the tar t ra to salt in ten milli
liters of water was treated with 10 ml. of concentrated hy
drochloric acid. At given time intervals the mixture was 
poured into 50 ml. of ice cold methanol, which caused 
precipitation of the unchanged tar t ra to salt, but kept 
the violet colored «s-dichloro salt in solution. After fil
tration, the red precipitate was again treated with hydro
chloric acid. The violet filtrate was treated with 75 ml. 
of concentrated nitric acid to precipitate the dichloro salt. 
This precipitate was filtered as quickly as possible, washed 
with ether and dried in a vacuum desiccator over potas
sium hydroxide for two weeks. This long drying is es
sential to remove the last traces of acid. Without it, 
the crystals turn green (Jrcms-dichloro salt) when exposed 
to moist air. Table I I I shows the results of two runs. 
It will be observed that samples of the cis-dichloro salt 
obtained in the second run showed no optical activity. 
This is probably due to the fact that the acid was not en
tirely removed, and caused very rapid racemization. This 
eis-dichloro salt racemizes rapidly even under the best 
conditions, and the measurements of optical rotation must 
be made immediately. While the rotations of the cis-
[Co en2 Cl2]Cl could never be duplicated, the increasing 
negative rotation of the unchanged tar trato salt was dem
onstrated repeatedly. Here again, the results show 
that [Co en2 d-tart] + is not a single individual, but is a 
mixture of two forms which differ greatly in reactivity. 

Optical rotations were taken on 0 . 1 % solutions at the 
sodium D line in a 1-dm. tube. Anal. Calcd. for [Co 
en2 Cl2]Cl: Cl, 37.3. Found for sample B : first run, 
Cl, 37.21; second run, Cl, 37.45. 

Reaction of DL-[Co en2 i - tart]Br with Calcium Nitrite.— 
Four grams of the DL tar trato salt, in about 10 ml. of water, 
was mixed with 2.4 g. (100% excess) of calcium nitrite. 
Reaction was very slow, but over a period of several weeks 
calcium tartrate and a brown powder of [Co en2 (N02)2] Br 
gradually precipitated. This was recrystallized from 
water containing a little ammonium bromide. It was 
dextrorotatory; analysis showed 23.06% bromine; calcd., 
22.77%. The reaction can be greatly accelerated by heat
ing the mixture near the boiling point for five minutes and 
cooling immediately, or by heating to 50-00° for three 
hours. For the best sample prepared by the first of these 
techniques {a]o was found to be + 5 0 ° . Werner10 re
ports [a] D for [Coen2 (NO>)2]Br to be + 4 4 ° . For a typi
cal sample prepared by the second technique, [a] D was 
found to be + 4 2 ° , and the percentage of bromine, 22.S4. 

In every case the filtrate still had the brilliant red color 
of the tar t ra to salt, and it was evident that much of this 
remained. When the reaction mixture was. heated long 
enough to bring about complete reaction, the product was 
always racemic, probably because of the easy racemization 

(10) Werner, Ber., (U, 2450 (1911). 
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Sample 

Driginal 
A 
B 
C 
D 
E 

Total 
time of 

reaction, 
hours 

1 
5 

12 
24 
48 

cis-
Dichloro, g. 

1.92 
3.64 
0.96 
0.88 
0.24 

First r u n -
[a] of cis-
dichloro 

+0.06 
+ .05 
+ .05 
+ .02 
+ .04 

TABLE III 

[a] of 
filtrate 

(-0.09) 
- .13 
- .18 
- .26 
- .34 
- .40 

cis-
Dichloro, g. 

1.13 
4.30 
0.75 
0.80 
0.34 

bee on d. run 
[a] of cis-
dichloro 

+0.01 
.00 
.00 
.01 
.00 

[«] of 
filt. 

(-0.09) 
- 0 . 1 2 
- .19 
- .24 
- .33 
- .40 

of [Co en2 (NOaJj] + . The best yield of optically active 
dinitro product that was ever obtained was 40%. I t is 
apparently possible to convert one form of the [Co en2 
J- tar t ]Br to the dinitro salt without affecting the other 
form. When the reaction is allowed to proceed at room 
temperature, the precipitation of calcium tartrate goes on 
slowly but steadily until about half is precipitated; the 
reaction then stops unless the temperature is raised. 

Summary 

The presence of two or three optically active 
chelate groups in an octahedral complex tends to 
fix a definite configuration upon the complex ion 
as a whole, and in some cases the number of 
stereoisomers which can be isolated is limited to a 
small fraction of those theoretically possible. No 
such effect has been observed in complex ions con
taining only one asymmetric chelate group. It is 
now shown that while both the D and L forms of 
^e#^o-tartrato-Ws-ethylenediamine cobaltic ion, 
[Co en2 d-tart]+, form when dextro-ta.rta.rtic acid 
reacts with [Co en2 CO3J+, they differ greatly in 
reactivity. When the mixture of the two is 

shaken with ethylenediamine at room tempera
ture, part of the material reacts within two hours, 
giving dextro-[Co e n 3 ] + + + . The remainder does 
not react even in twelve hours and can be recov
ered. At 50°, a 70% yield of dextro-[Co ens]+++ 
is obtained, and very little of the original material 
can be recovered. Evidently the less reactive 
form changes to the more reactive as the latter is 
used up. The reaction with hydrochloric acid 
seems to follow a similar course, and gives a large 
yield of dextro-rotatory cis- [Co en2 Cl2 ] Cl. 

Reaction with calcium nitrite gives similar re
sults; at room temperatures or slightly above, 
about half of the tartrate salt reacts, yielding 
dextro-[Co en2 (N02)2]+ . The remainder will not 
react at room temperatures. At higher tempera
tures the product is racemized. 

These are evidently the first examples of asym
metric synthesis in the field of inorganic complex 
ions. 
URBANA, ILLINOIS 
N E W ORLEANS, L A . RECEIVED J U N E 21, 1947 

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AT T H E OHIO STATE UNIVERSITY] 

Hydrofluorination in the Presence of Boron Fluoride 

RY ALBERT L. HENNE AND ROBERT C. ARNOLD 

The addition of hydrogen fluoride to an olefinic 
hydrocarbon occurs with great ease1; addition 
also takes place easily with asymmetrically halo-
genated olefins such as CH2=CHX, RCH=CX 2 
or RCX=CH2 ,2 while the presence of the vinylic 
halogens on both sides of the double bond im
pedes or prevents it.2 We have now observed 
that when the addition is carried out in the pres
ence of small quantities of boron fluoride the re
action is greatly hastened, and even occurs where 
it had failed in the absence of boron fluoride. 

Besides plain hydrofluorination, an alternation 
of HF additions and HX removals is observed, so 
that RCH=CX 2 gives not only RCH2CX2F, but 
also RCH=CFX, RCH2CXF2, RCH=CF 2 and 
RCH2CF8 in sequence. The presence of the boron 
fluoride increases the number of these steps and 
the extent to which they occur; the net effect is to 
increase the fluorine content of the final product. 

(1) Orosse and Lind, J. Org. Chem., 3, 26 (1938). 
(2) Henne and Plueddeman, T H I S JOURNAL, 65, 1271 (1943), also 

Renoll,«6id.,64, 1115 (1U42). 

The use of boron fluoride is particularly advan
tageous with heavily halogenated olefins, or with 
olefins bearing a CF3 group which slows down the 
reactivity of their double bond. For more reac
tive olefins, boron fluoride may not be so desirable 
because it hastens resinification as well as addi
tion; the economy of each case should be individ
ually considered. The literature statement1 that 
BF8 is of no help should be restricted to non-halo-
genated olefins, where addition is so easy that it 
does not need any help. 

Eleven different olefins were treated with hy
drogen fluoride iu the molar ratio of 1/2; when 
BF3 was added, it was in the concentration shown 
in grams per mole of olefin in the table of experi
mental results. 

The observed improvements can be explained 
by the formation of a coordinated complex HF-* 
BF3, which enhances the percentage of ionic char
acter of the H-F bond; this facilitates the separa
tion of hydrogen as a proton, and makes it more 
available for addition to the more negative of the 

dextro-ta.rta.rtic

