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has been determined from polarographic data at
ionic strengths from 3.0 to 0.15. The equation

PK _ (E‘/z)c - (E’/!)s

. — Ccomplex -
—002057 log (Com™ + ~EHTE)(OHT)? +

(‘id)n
(id)c

log (14)

may be used to determine the pX for reaction 13.%2
Five determinations of the pK were made in each
case. The average pK value and the standard de-
viation is: u = 3.0, pK = 16.39 = 0.05; x = 2.0,
pK = 16.26 = 0.03; ¢ = 1.0, pK = 16.17 = 0.05;
w = 0.55, pK = 16.09 £ 0.05; px = 0.30, pK =
15.92 % 0.06; p = 0.15, pK = 15.71 £ 0.09.
Probable Structure.—The evidence presented
above suggests the following types of structures
for the 3:2 complex present at pH 11.5. The state
of hydration cannot be determined from our data.
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The most probable structure of the 3:1 solid which
precipitates at pH 11.5 is
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Synthesis and Properties of Some Fluoro-bis-(ethylenediamine)-cobalt(III)
Complexes'™®
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A somewhat different approach to the synthesis of fluoroamminecobalt(II1) salts is presented.

Preparation of five new

complexes is described and the isolation of optically active compounds containing a metal-fluoride bond is reported for the

first time.

Isolation of such optically active forms provides a proof of structure for three different pairs of geometric isomers.

Reactions of dextro-[CoensFs] * give no evidence for a Walden inversion type reaction as is known for levo- [Coen,Cly] *.

Extensive investigations* have been carried out
on the synthesis and properties of chloroammine-
cobalt(III) complexes, whereas relatively few®
studies are reported on the corresponding fluoro
compounds. However, the role of fluoride ion in
these complexes is of interest with regard to metal-
ligand bonding in coérdination compounds.® Mag-
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netic data suggest that the cobalt(IIT)—fluoride
bond is “ionic” in [CoFs]~% but ‘“covalent” in
partially substituted cobalt(III) ammines. Ex-
cept for the fact that the latter complexes are dia-
magnetic, little is known about the nature of the
Co-F bond in these compounds. It is, therefore,
the purpose of this paper to describe some of the
properties of fluoro-bis-(ethylenediamine)—cobalt
(III) complexes with specific reference to methods
of synthesis, reactions and resolution of racemic
compounds.

Experimental

Preparation of Compounds.—The fluoro-bis-(ethylenedi-
amine )—cobalt(IIT) salts were generally prepared from the
correspottding chloro or carbonato complexes. These start-
ing materials were synthesized by standard procedures
described in the literature.4

trans-Difluoro-bis-( ethylenediamine )-cobalt(III) Salts.—
The method of Seibt5 was used to prepare the bifluoride salt
of this complex. However, large quantities of this cour-
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pound were obtained by the procedure described here. A
suspension of 125 g. of cobalt(II) carbonate in 1 1. of water
in a polythene container was treated with 100 ml. of 489,
hydrofluoric acid. This mixture was heated on a steam-
bath until evolution of carbon dioxide subsided and then 6 1.
of water was added and the heating continued. After the
cobalt(I1) fluoride had largely dissolved, the solution was
cocled to room temperature and 400 ml. of 209, ethylenedi-
amine was added. Air was bubbled through the solution
for 12 hr. after which 150 ml. of 489, hydrofluoric acid was
added and the solution then concentrated to dryness on a
steam-bath. The solid residue was further dried in an oven
at 85° and then extracted with small (100 ml.) portions of
water. Addition of alcohol, acetone and ether to the
aqueous extracts fractionally precipitated a small quantity
of cobalt(II) fluoride followed by the desired frams salt.
When collected on a filter, washed with alcohol and air-
dried, the product weighed 105 g. (399, yield).

Anal. Caled. for [CoengF;]HF,: ionic F, 14.84; total
F, 29.67. Found: ionic F, 15.3; total 30.1.

The bifluoride was readily converted to the nitrate by the
addition of an excess of ammonium nitrate to a concentrated
solution of the bifluoride. The nitrate was collected on a
filter and recrystallized by dissolving it in a minjmum
amount of water and slowly adding methanol to the cold
solution.

Anal. Caled. for [CoenoFy]NO;: Co, 21.14; C, 17.20;
H, 5.79; N, 25.09; F, 13.62. Found: Co, 21.0; C,
17.68; H, 5.81; N, 25.77; F, 13.45.

The trans-nitrate salt was also prepared by the reaction
of 14 g. of trans-[Coen,Clo] NO; suspended in 150 ml. of 1:2
methanol-hydrofluoric acid with 15 g. of silver carbonate.
The cold (—70°) reaction mixture was allowed to reach
room temperature and during this period of 30 min. the
color changed from green to violet. Silver chloride was re-
moved on a hardened filter paper using a polythene funnel.
The filtrate was collected in 1 1. of ether cooled by the addi-
tion of Dry Ice. The precipitate that formed, essentially a
mixture of ¢is- and frans-difiuoro salts, was collected on a
filter. These solids were then dissolved in a minimum
amount of water and excess solid ammonium nitrate was
added. Fractional crystallization was carried out by the
gradual addition of methanol, acetone and ether. A yield
of 6 g. of trans-[Coen,F2] NO; was obtained in the less soluble
fraction and 5 g. of ¢és isomer in the more soluble fraction.

cis-Difluoro-bis-( ethylenediamine )—cobalt(III) Salts.—
The rearrangement of {rans-[Coen,F»]F into the c¢is isomer
described by Seibt® has been adapted to the synthesis of
salts of this complex. An aqueous solution containing 40
g. of trans-[CoensF2:]HF, was evaporated almost to dryness
on a steam-bath. Sufficient water was added to dissolve
the residue and the solution was again concentrated almost
to dryuness. It was necessary to repeat this process a num-
ber of times in order to get an appreciable conversion of the
trans isomer to the cis salt, as many as six such evaporations
being required. The tacky mass of solid was then ex-
tracted with 10 ml. of cold water and the undissolved frans
isomer was removed on a filter. Addition of alcohol and
acetone to this filtrate yielded first, residual frans isomer and
then the desired cis salt. Following the appearance of the
reddish-pink c¢is salt, the remaining mother liquor was
treated with an excess of a methanol solution of ammonium
nitrate, thereby yielding a precipitate of ¢is and frans ni-
trates. Tliese were separated by fractional crystallization
from a concentrated aqueous solution upon addition of al-
cohol and acetone. The proportions of solid products iso-
lated in such a transformation are f{rans-[CoensF:]HF,, 20
g.; mixture of ¢is and #frans-[CoensF2]HF,, 3 g.; cis-[Coen,-
FL)F, 6 g.; cis-[CoenyF2]NO;, 4 g. It should be pointed
out that at this stage the ‘‘cis’’ salts were not rigorously
free of trams isomer, which would have required further
fractionation to remove completely.

Anal. Caled. for cis-[Coen,F,]F: F, 24.14.
F, 24.1.

Preparation of the pure ¢is isomer was accomplished most
readily in the form of the nitrate or iodide salt. Thus, a
concentrated aqueous solution of the ‘‘cés’’ fluoride described
above was treated with either ammonium nitrate or ammo-
nium iodide. On fractionally precipitating the solution
with acetoune or with alcohol and ether, the frams isomer
separated first. Subsequent fractions of the ¢is complex
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were redissolved and the precipitation repeated until the
trans impurity was effectively eliminated.

Anal. Caled. for cis-[Coen,F] NO;: F, 13.62; N, 25.09.
Found: F, 13.6; N, 25.14.

Anal. Caled. for cis-[CoensFp]1: F, 11.04; I, 37.18;
Co, 17.16; N, 16.29. Found: F, 11.1; I, 37.3; Co,

17.2; N, 16.24.
dextro-cis-Difluoro-bis-(ethylenediamine )-cobalt(III) ni-
trate was prepared by the reaction of 2.2 g. of levo-cis-[Co-
enyCLCl in 25 ml. of 1:1 ethanol-hydrofluoric acid with 4
g. of Ag.CQO;. The reaction mixture was removed from the
Dry Ice-acetone bath and allowed to come to room tempera-
ture over a period of approximately 30 min. The silver
chloride was removed on a filter and the product was frac-
tionally precipitated from the filtrate by addition of acetone
and ether. Two optically inactive fractions were followed
by a more soluble active fraction (0.53 g.) with [a]%D
+220° and fluoride analysis corresponding to [Coen,Fs] NO;.
The color of the two optically inactive fractions suggests
these were a mixture of racemic cis- and trans-[Coeny Fo] NO;.
cis-Fluoroammine-bis-( ethylenediamine )-cobalt(III) Bro-
mide.—The method of Seibt® was repeated but in our hands
it was not too satisfactory and the yield of desired complex
was small. Attempts to prepare this compound by the
reaction of trans-[Coen.F2]HF; with ammonia were also not
entirely successful. The desired complex was conveniently
prepared by the reaction of 12 g. of cis-[Coen,NH;Cl1]Cl; in
200 ml. of 1:2 ethanol-hydrofluoric acid with 19 g. of silver
oxide. The procedure described above was followed and
the bromide salt isolated after treatment of the reaction mix-
ture with an excess of ammonium bromide. The salmon-
pink micro-crystalline product weighed 14.5 g. (989, yield).

Anal. Caled. for [CoensNHF]Br,: F, 5.07; Br, 42.62;
C, 12.81; H, 5.11. Found: F, 4.98; Br, 42.4; C, 12.72;
H, 5.24.

By this sanie procedure, 1 g. of dextro-cis-[CoenyNH;-
Cl1]Cl; yielded 1.05 g. (94% vyield) of dextro-cis-[CoensNH;-
F](NO;),, with [a]®p 4140°. Fractional crystallization
of this material effected only a superficial change in optical
activity: [a]%®p +170°.

trans-Fluoronitro-bis-(ethylenediamine )-cobalt (III) Ni-
trate.—Three grams of frans-[CoensNO,Cl]NO; was added
to 60 ml. of 1:2 ethanol-hydrofluoric acid to which had pre-
viously been added 1.4 g. of silver oxide. After a few min-
utes the reaction mixture was removed from the Dry Ice-
acetone bath and allowed to come to room temperature.
The usual procedure was followed to isolate the nitrate salt,
which was then recrystallized by dissolution in 20 ml. of
water followed by the addition of 90 ml. of ethanol and 60
ml. of acetone at —10°. The yellow-brown needles that
seplar)ated were air-dried and found to weigh 1.45 g. (519,
yield).

Anal. Caled. for [Coeny,NO,FINO;: F, 6.21; N, 27.45.
Found: F, 6.24; N, 27.24.

cts-Fluoronitro-bis-(ethylenediamine )-cobalt(III) Nitrate.
—The method of synthesis of this salt was essentially the
same as that just described for the preparation of frans-
[CoensNO,F]NO; except that the starting material is ¢¢s-
[CoensNO,C1]Cl. Three grams of this salt gave 1.3 g.
(429, yield) of the desired product.

Anal. Caled. for [Coen,NOFINO;: F, 6.21; N, 27.45.
Found: F, 6.20; N, 27.12.

The above procedure was carried out using 1 g. of dexiro-
cis-[CoensNO,CI]T ([«]2p +106°) and two crops (0.4 and
0.15 g. for an over-all yield of 66%,) of dextro-cis-[Coen,-
NO,F]NO; were isolated. The [«]®D of a 0.3%, solution of
these salts were +150° and +120°, respectively, and the
fluoride and nitrogen amnalyses corresponded to [Coens-
NO;F]NOs.

Fluoroaquo-bis-(ethylenediamine )-cobalt(III) Sulfate.—
The preparation of this compound followed Werner’s
method? for the synthesis of cis-[CoensH,OCl]SO4. Ten
grams of f{rans-[Coen,Fo]HF, was covered with 10 ml. of
water and the mixture was heated to boiling over an open
flame. To the dark red solution was added 7 g. of finely
ground solid ammonium sulfate and after thorough agitation
the mixture was allowed to stand at room temperature for
three days. The crystalline product was collected and
waslied with three 5-ml. portions of cold water followed by

(7) A, Werner, Lieb, Ann., 386, 122 (1812),
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methanol and acetone. For analysis, this product was re-
crystallized from 50 ml. of water by slow addition of 80 ml.
of methanol. The air-dried, pink crystalline product
weighed 5 g. (399, yield). Heating this compound at 105°
resulted in the loss of two molecules of water and the forma-
tion of [Coen:FSQ,].

Anal. Caled. for [Coen,H,OF]SO,-H,O: F, 5.75; N,
16.97; H,0,10.91. Found: F, 5.69; N, 17.0; H,0, 10.9.

1t is believed that this is the cis isomer but there is at
present no proof as to whether or not this is correct. The
¢is configuration is preferred to the frans because of the
method of synthesis, known in the chloro complex to yield the
cis isomer, and also because the solid fluoroaquo salts lose
water to form cis-[Coen,F X]X as described below.

cis-Fluorobromo-bis-(ethylenediamine)-cobalt(III) Bro-

mide.—One gram of [Coen,H.OF}SO, H,0 and 3 g. of bar-
ium bromide dihydrate were mixed in 25 ml, of water. The
bariuin sulfate was removed and addition of acetone to the
filtrate gave a pink precipitate of the fluoroaquo bromide,
which, however, turned to violet in color upon stauding over-
night in the cold niother liquor. The violet solid was col-
lected aud recrystallized from water by the addition of al-
cohol and acetone. The air-dried salt weiglied 0.6 g. (55%,
vield) and contaiued 1o ionic fluoride.

Anal. Caled. for [Coen;FBr|Br: F,
F, 5.40.

cis-Fluorochloro-bis-(ethylenediamine )-cobalt(III) Chlo-
ride.—Two grams of [CoensH,OF]SO,-H,0 in 10 ml. of water
was treated with 4 g. of barium sulfate, and the precipitated
solids were removed on a filter. Methanol and acetone
were added to the filtrate and the pink precipitate was
allowed to stand in the mother liquor for one week. Dur-
ing this time the pink solid turned violet and the violet
product was recrystallized by addition of acetone to its
coutcentrated aqueous solution. A yield of 0.4 g. (49%)
was obtained aud tlie salt contained no ionic fluoride.

Anal. Caled. for [Coen,FCI]Cl: F, 7.06. Found: F,
6.4.

Attempted Synthesis of Fluorothiocyanato-bis-(ethylene-
diamine )-cobalt(III) Salts.—Two different approaclies were
used in an attempt to prepare salts of this complex. Equi-
molar quantities of potassium thiocyanate and ¢rans-[Coeng-
F,JHF, in water were allowed to react on a steam-bath.
The red solutionn, upon addition of alcohol and acetone,
vielded a red-violet powder which did not give the correct
analysis for the desired product and appeared to be a mix-
ture. A second attempt was to carry out the reaction be-
tween trans-[{Coens NCSCIINCS and silver fluoride in 1:2
ethanol-hydrofluoric acid. This resulted in the precipita-
tion of the silver addition complex [Coeny NCSAg)Cl]
(HF;); and there was no detectable replacement of chloride
by fluoride ion.

Miscellaneous Reactions in Liquid Hydrofluoric Acid.—
The addition of [Coen,CO;3]X, where X = Cl~ or Br—, to
liquid hydrofluoric acid resulted in the formation of pri-
marily the chloro or bromo complexes. It was also ob-
served that when cis-[CoenyCly]Cl was added to liquid hy-
drofluoric acid, it isomerized rapidly to the trans-isomer and
separated as the sparingly soluble acid salt. In still another
instance a hydrofluoric acid solution of trans-[Coen,F;]Br
was allowed to stand several minutes after which time the
original compound was recovered. These observations
suggest that either chloride or bromide jons react miore
readily than does fluoride, but the Co-F bond is the least
labile.

Resolution of racemic-cis-Difluoro-bis-(ethylenediamine)-
cobalt(III) Ion.—Several unsuccessful attempts were made
1o resolve racemic-cis-[Coen,Fo] * using as resolving agents
ammonium  a-bromo-dextro-camphor-r-sulfonate, potas-
i antitmonyl dextro-tartrate, dextro-tartaric acid, levo-
wandelic acid, dextro-caniphor-10-sulfonic acid, potassiuut
levo-tris-(oxalato)-cobaltate(IIT) and optically active quartz.
The method that finally was successful is described. Seven
grams of dibenzoyltartaric acid, 4 g. of silver carbonate
and 100 ml. of water were ground in a mortar surrounded
by an ice-bath. To the mixture was added gradually, with
stirring and grinding, a solution of 10 g. of cis-{Coen,Fs}I
in 100 ml. of cold water. After grinding for 15 min. the
silver iodide was removed on a filter and the filtrate waus
kept in an ice-bath. Addition of 2 1. of acetone in small
portions to the cold filtrate gave a precipitate that was col-
lected on a filter and air-dried. This 11 g. of material was

5.31. Found:
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dissolved in 25 ml. of water and the solution was cooled in
an ice—salt-bath. The crystals that separated were col-
lected and washed with methanol and acetone and weighed
4g. The [a]®Dof a 0.1 solution was raised from 70 to 120°
by this recrystallization but additional recrystallization has
no further effect on the optical rotation.

Two grams of the diastereomer d-cis-[CoenyFslal-(Cig-
H;505) was converted into the nitrate salt by treatment with
100 ml. of acetone containing 5 ml. of concentrated nitric
acid. The diastereomer was triturated with successive 25-
ml. portions of the acidified acetone and finally washed with
several portions of acetone. The vield of d-cis-[Coen,F;]-
NOs)remaining was 1.25 g., with [a]%Dp 4220° (0.1% solu-
tion),

Resolution of racemic-cis-Fluoronitro-bis-(ethylenedi-
amine)-cobalt(III) Ion.—The resolution of this salt was
readily accomplished by the use of ammonium a-bromo-d-
camphor-r-sulfonate. A solution containing 300 mg. of
cis-[CoenyNO;F]NO; in 3 ml. of water was treated with 170
mg. of the resolving agent. The mixture was cooled in an
ice-bath and the orange crystals were collected and washed
with small amounts of methanol and acetone. A yield of
165 mg. of diastereomer was obtained wlich gave [a]2p
+100° for a 0.39, solution. One hundred milligrams of the
diastereomer contained in 130 ml. of water was converted
into the sparingly soluble reineckate upon the addition of
100 mg. of NH[Cr(NH;)(SCN),]. The reineckate salt
is too insoluble to permit polarimetric measurements and
was, therefore, converted to the nitrate. A mixture of 15
mg. of d-cis-[CoensFy] [Cr{NH;)(SCN)], 65 mg. of silver
nitrate and 3 ml. of water was agitated for several minutes
and then centrifuged. A portion of the clear yellow super-
natant solution was used to determine the optical rotatiou
of d-cis-[CoensNO,F,] NO; found to be [«]%p +92° (0.2729,
solutiont), This optical rotation is perhaps low because of
the entrainment of some active complex in the pink precipi-
tate of the centrifuged mixture.

Reactions of dextro-cis-Difluoro-bis-(ethylenediamine)-
cobalt(IIT) Nitrate.—The reaction of dextro-cis-{Coen,Fsl-
NO; with a number of reagents was iuvestigated to deter-
mine wlietlier optically active products are obtained and if
there is any evidence for inversion of configuration. Par-
ticular attention was paid to the reaction witll carbonate
ion to see if the inversion reported by Bailar and Auten?®
might be duplicated with the analogous fluoro complex.
The results of these reactions are shown in Table I. Since
the procedures were similar, only the general method is de-
scribed. The solid reactants were dry blended, then a
small amount of water was added and the resulting inixture
was thoroughly ground. The pasty solids were either
lieated on a steam-bath or allowed to stand at room teni-
perature with intermittent stirring. Sufficient water was
then added to give a 0.19% solution on the basis of the origi-
nal complex and the insoluble materials removed on a
filter. The rotation of tle filtrate was determined. Since
there was insufficient material to isolate the products aud
the extent of reaction was not known, only qualitative sig-
nificance can be attached to these results.

The dextro-[Coen,CO;3} NO; was isolated from a reaction
mixture composed of 0.250 g. of dextro-cis-[Coen;F.} NO;
and 0.125 g. of potassium carbonate in 0.5 ml. of water.
This mixture was heated on a steam-bath for 5 min. during
which time the solution solidified to a crystalline mass. A
vield of 0.215 g. of crude product with [a]®p +560° (0.1
solution) was obtained from the cooled mixture. Extrac-
tion of the solid with 0.5 ml. of cold water followed by addi-
tion of excess alcohol to the extract gave dextro-[Coen.CO,}-
NOxs, [@]®p +890° (0.1% solution).

Investigations in liquid ammonia® revealed that there was
little or no reaction of either the cis- or trans-{Coen,F.} *
withh the solveut. The addition of carbou to the mixture
did not proniote reaction. The apparent inertness of tliese
complexes is perhaps largely due to their 1ot being soluble iu
liquid ammonia. It was, therefore, decided to attempt the
reaction in ethylene glycol saturated with ammonia. Ten
grams of trans-{Coen,F2]HF, was dissolved in 130 ml. of
1:2 ammonia-ethylene glycol. The green colored solution
was allowed to stand at room temperature in a stoppered

(8) J. C. Bailar, Jr.,, and W. Auten, THIS JOURNAL, 86, 774 (1934).

(9) J. C. Bailar, Jr., J. H. Haslam and E. M. Jones, ibid., 88, 2226
(1936).

(10) J. C. Bailar, Jr., and J. B. Work, b5, 67, 176 (1615).
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TaBLE I
REACTION OF d-cis-DIFLUORO-BIS~(ETHYLENEDIAMINE)—CO-~
BALT(III) NITRATE WITH REAGENTS YIELDING THE CARBO-
NaTO COMPLEX

Com- Reaction
plex Reagent time Temp.,

Reagent (g) (g) (min.)e  °C,  [a]®Db
CaCoO; 0.1 0.1 30 28 +220°
MgCO; .015 .09 20 (hrs) 28 +300°
MgCO; .1 .1 3-4 28 +410°
Cey(C0Oy);5-5H,0 .015 .1 30 28 4310°
Thorium

carbonate® 015 ... 15 28 4480°
K,CO; .250 .125 3-5 80 +560°
K,CO; .110 15 2 28 +4230°
K,S0; .018 4.0 2-3 100 4170°
K.COy .016 10 2-3 28 +4300°

2 Reaction time = period during which mixture was a
concentrated paste and the indicated conditions of tem-
perature were maintained. Excepted are the last three
cases, when reaction was in a more dilute aqueous medium,
i.e., 0.19, aqueous solutions were prepared directly from
the intimately ground solids. ® Specific rotation of 0.19;
solution after indicated reaction time; concentration based
on amount of difluoro nitrate taken, for which [«]p +220°
(0.19, solution). ¢Thorium carbonate prepared in situ
from Th{NO;)-12H:0 (0.042 g.) and excess K,CO; (0.023
g.).

flask for one week. During the first day the color changed
to red. Successive additions of alcohol, acetone and ether
to the reaction mixture yielded first a fraction of colorless
crystals followed by a yellow oil. Both of these were dis-
carded and the more soluble pink product was isolated
upon addition of more ether to the mother liquor. Nitrate
and iodide salts were prepared by combining an alcohol
solution of the pink compound with an alcoholic solution of
the appropriate ammonium salt. The final products are
unstable in acid and contain no fluorine.

Anal. Caled. for [CoensOCH,CH,O]NO;: X,
Found: N, 23.2.

Anal. Caled. for [Coen,OCH,CH,0]I: I,34.67. Found:
I, 34.3.

Polarimetric Measurements.—Measurements of optical
rotation were made with a Bellingham and Stanley polar-
imeter using a 1-dm. light path. A sodium vapor lamp was
generally the light source but in a few cases a mercury lamp
was used in conjunction with a prismatic eye-piece on the
polarimeter. Rotational readings reported are an average
of 5-10 trials and all measurements were made at approxi-
mately 28°.

Measurements of optical rotation at various wave lengths
were kindly made by Dr. B. Das Sarma at the University of
Illinois through the cooéperation of Professor John C.
Bailar, Jr. The rotatory dispersion curves plotted from
these data are coinpared to the analogous chloro complexes
in Fig. 1 and 2.

23.25.

Discussion

The methods described for the synthesis of
fluoroamminecobalt(III) complexes employ aque-
ous reaction mixtures. These methods are often
satisfactory but better yields and more desirable
results are obtained if one uses either liquid hydro-
gen fluoride or the liquid diluted with a 1-2 fold
volume of methanol. In general good yields of
the desired fluorocomplex are obtained by the re-
action of the corresponding chloro complex with
an excess of silver ion in a mixture of hydrogen
fluoride and methanol. The reaction times are
short and the conditions relatively mild. Under
these conditions it is expected that there is little or
no opportunity for secondary rearrangements and
therefore the configuration of the product is deter-
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mined primarily by the reaction path for the re-
placement of chloride by fluoride.

42000 —
+1000
=] o)
—1000 |~
[ I l | |
700 600 500

Wave length, mu.
Fig. 1.—Rotatory dispersion curves: d-cis-[CoensF;]NO;
O-0-; l-cis-[CoenyCly] Cl (Mathieul!!) —,

+3500

0
=)
—500
—1000
| | | [ |
700 600 500

Wave length, g,

Fig. 2—Rotatory dispersion curves: d-cis-[CoensNO,F |-
NO; -0O-0O-; d-cis-[CoenysNH;F](NOy), -Z-DO-; d-cis-
[Coen,NO,C1]Cl (Mathieu!!) ——— ; d-cis-{Coeny NH;Cl]-
Cl; (Mathjeu!) — — —,
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No attempt was made to determine the extent
of rearrangement during these reactions but the
qualitative results show that there is in large part
a retention of configuration. For example frans-
[CoensNO,Cl1}* gives almost a quantitative yield
of trans-[Coen:NO.F]*. Furthermore, optically
active chloro complexes yield the corresponding
optically active fluoro complex accompanied by a
minimum amount of racemization. Although dex-
tro-[Coen,F, ]+ salts are readily prepared in good
vield from levo-[Coen,Cle]* the reaction of dextro-
[Coen,CO;]* with liquid hydrogen fluoride under
similar conditions yields racemic-[{CoenyF,]*. That
rearrangements can occur during these reactions is
also demonstrated by the reaction of trans-[Co-
eneCle]* to produce almost equal quantities of the
cis- and trans-difluoro isomers.

The asymmetric synthesis of fluoro complexes
from the analogous optically active chloro com-
plexes raises the question of whether a retention or
inversion of configuration accompanies the trans-
formation. There is no proof of which is involved
but two pieces of experimental evidence do support
a retention of configuration. In the first place
the rotatory dispersion curves of the starting mater-
ials are very similar to those of the reaction products
as shown in Fig. 1 and 2. Such an observation for
analogous compounds like these is said to be an
indication of their having the same generic con-
figuration.!' Another method used by Werner!?
is based on the assumption that for analogous com-
plex 1ons the antipodes which form the least soluble
salts with the same resolving agent have the same
generic configuration. In the present study, the
dextro-[Coen,NO:Cl]* reactant and dextro-[Co-
en;NOyF ]* product both yield the least soluble
dextro-a-bromocamphor-w-sulfonate salts. Similar
evidence for the difluoro and fluoroammine com-
plexes is lacking, since these could not be correlated
with the respective chloro analogs through a com-
mon resolving agent.

The isolation of optically active fluoroammine-
cobalt(IIT) complexes is the first time that an op-
tically active compound containing a metal-
fluoride bond has been reported. These were ob-
tained by asymmetric synthesis as already de-
scribed and also by the resolution of the racemic
fluoro compounds. It is of interest to note that
the optical stability of these compounds is greater
than that of the analogous chloro complexes.!?

(11) J. P. Mathieu, Compi, rend., 199, 278 (1934); 201, 1183
(1935).
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Except for [CoFe]—® almost all of the cobalt(III)
complexes studied are found to be diamagnetic.
This would suggest that the type of chemical bond
in all of these is much the same and if such is the
case the optical stability of these fluoro complexes is
not unexpected.

The optical activity of the difluoro and fluoro-
ammine complexes definitely establishes that these
particular isomers have the cis configuration.
Seibt had previously assigned these structures cor-
rectly on the basis of color and method of synthesis
but such evidence cannot be taken as proof of
structure. Similarly, the structures of the fluoro-
nitro complexes reported here were determined
by the successful resolution of the cis isomer.

Bailar and Auten® report a Walden inversion re-
action starting with lewo-[CoensCly]*. This com-
plex reacts with silver carbonate in the absence of
water to yield /levo-[Coen,CO;]* whereas with
aqueous potassium carbonate the dextro-carbonato
complex 1s obtained. There is some evidence in
support of the latter reaction taking place with re-
tention of configuration. The conversion of dex-
tro-[CoensF;]* into optically active [Coen,CO3]*
was carried out at various reaction conditions as
summarized in Table I. In every case a dexiro
rotatory product was obtained. It is not known
whether this is a result of inversion or retention of
configuration. However, there is some indication
that the latter is correct. As has already been
mentioned Jevo-[Coen:Cly]* and its reaction prod-
uct dextro-[CoenyF;]* are believed to have the
same configuration. It also appears that dextro-
[CoensCO;]* obtained by the reaction of aqueous
potassium carbonate with levo-[CoenyCl;]* has
this same generic configuration. Since in all of the
reactions of the dextro-difluoro complex a dextro-
carbonato product results these are believed to have
the same configuration through their relations with
levo-[CoenyCly]*.  What can be said with certainty
is that unlike the dichloro complex the difluoro
complex in these reactions gives no evidence of re-
acting by different paths.

Acknowledgment.—The authors wish to thank
Dr. F. P. Dwyer for his assistance and valuable
suggestions relative to the resolution of the racemic
fluoroamminecobalt(III) cations. We wish to
thank Dr. B. Das Sarma for making the rotatory
dispersion measurements (Figs. 1 and 2) in the
laboratory of Professor J. C. Bailar, Jr., at the
University of Illinois. Finally we also are in-
debted to Dr. R. G. Pearson for stimulating dis-
cussions in connection with this investigation.

EVANSTON, ILLINOIS


dextro-ca.rbona.to

