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Racemic propylenediaminetetraacetic acid and the optically active forims have been prepared in good yicld by the con-

densation of the dl and active hases with sodium chloroacetate at 20°,
The pure optical forms were also obtained from tlie Co(I1I1) complex wlich liad been resolved through the active

liydrate,
cis-dinitrobis-(ethivlenediamine)-cobalt(I1I) salt.

Introduction

The only references in the literature to 1,2-
propylenediaminetetraacetic acid, (H,PDTA), are
to patents®~? in which the preparation of the acid
and some of the esters and sodium salts are quoted
in relation to a number of general preparative re-
actions for aminopolycarboxylic acids and esters.
No metal complexes have been isolated.

The preparation of the racemic acid, and its
resolution, have been undertaken in order to carry
out ligand exchange studies with metal complexes,
in which the ligand is labeled by its optical activity,
and to investigate the principle of stereospecific
limitation in complexes containing a single optically
active organic molecule. This work will be de-
scribed later.

The detailed method of preparation'® of ethyl-
enediaminetetraacetic acid when applied to H,-
PDTA gave only a viscous sirup which could not
be induced to crystallize.!!

The difficulty of crystallization, and the low
yields of aminopolycarboxylic acids after acidi-
fication of the reaction mixture, have been ascribed
to enhanced solubility due to dissolved inorganic
and organic compounds and reaction by-products.?

It has been found that dl-propylenediamine
condenses readily at room temperature with sodium
chloroacetate in strongly alkaline solution, but low
yields result when the reaction mixture is heated.!!
Slow crystallization of the amino acid ensues on
acidification, but ultimately a good yield results.
Unlike the racemic compound, the optical forms are
quite soluble in water and do not crystallize when
the reaction mixture is acidified. Great difficulty
was found in separating the active acid from the
extraneous sodium salts. After addition of hydro-
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The optical isomers gave [«]p £=47° for the mono-

chloric acid to pH 3.5, the solution was evaporated
to one-third volume and sodium chloride and a
sodium salt of the acid precipitated by a large
volume of ethanol. The latter salt was dissolved
in glacial acetic acid, in which sodium chloride is
insoluble and precipitated with benzene. Finally
it was converted to the optically active acid itself
by the use of the hydrogen form of a strong cation
exchange resin. Some retention on the resin
lowered the yield.!> The exchange column was
heated to prevent crystallization. Strong cation
exchange resins of the sulfonic acid type adsorb
Fe*? very strongly, and as supplied usually contain
this ion. In order to avoid contamination of the
acid, the iron was removed from the column by
prolonged washing with hot hydrochloric acid!?
rather than with the more efficient disodium salt
of ethylenediaminetetraacetic acid.'* After pas-
sage through the column the active acids crystal-
lized as the monohydrates, ([a]p £47°), from a
small volume of water.

The specific rotation decreases with increasing
deprotonation. The respective values of {«]D in
0.59%, solution in the presence of 1,2,3 and 4 equiva-
lents of potassium hydroxide were +39, £37, £30
and £22°. The rotation rose to £42° in the pres-
ence of 15 equivalents of alkali.

The infrared spectra of the d/ and active acids in
Nujol show differences in the 1500 to 1800 cm.™!
region, the former having bands at 1700 cm.™!
(strong) and 1620 cm.~! (weak). The 1700 cm.™!
band is due to carboxyl groups. Evidently hy-
drogen bonding has decreased the frequency as
double bond character is lost for the COOH group.
The optically active acids (monohydrates) show
bands at 1727 cm.~! (strong), 1630 cm.~! (weak)
and 1570 cm.”(strong). The carboxyl groups
show the normal frequency, revealing less effective
hydrogen bonding. The band at 1570 cm.™!
can be assigned to OH bending from the water of
crystallization. The OH stretching frequency is
also shown by a strong 3470 cm.”! band. The
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differences in hydrogen bouding are possibly due to
different crystal lattices in the d/ and active acids.

The Co(III) complex of the d/-acid was best pre-
pared by oxidation of the Co(Il) complexes in
alkaline solution in the presence of charcoal and
hydrogen peroxide in a stream of air. Reduced
yields due to decomposition resulted when the
method described?® for the Co(III) comnplex of
ethylenediaminetetraacetic acid was used. Reso-
lution was effected as the salt of the active cis-
dinitrobis-(ethylenediamine)-cobalt(I11) cation.
Recovery of the optically active acid was carried
out by conversion of the [Co PDTA]~ anion to the
[Co (CN)s]*~ anion and removal of the latter as
the copper(II) salt. Excess copper ion was bound
in the anion [Cu PDTA}]*~. Extraneous cations
were exchanged for hydrogen ions with a cation-
exchange resin, and the acid Hy[Cu PDTA] iso-
lated by evaporation of the solution. After re-
moval of the copper as the sulfide, the pure acids
were crystallized by evaporation and gave [a]p
+£47°,

The resolution of frans-1,2-cyclohexanediamine-
tetraacetic acid through the Co(IIl) complex will
be described in a later paper.

Experimental

All rotations were measured in a 2 dmn. polarimeter tube
at 20° unless otherwise stated. Tlic melting poiuts recorded
are uncorrected.

dl-Propylenediaminetetraacetic Acid.—Monocliloroacetic
acid (280 g., 3 moles) in water (150 ml.) was cooled to 10°
and a cold solution of sodiun hydroxide (240 g., 6 moles) in
water (500 ml.) added slowly from: a dropping funnel with
good stirring, so that the teniperature did not exceed 20°.
dl-Propylenediamine (37 g., 0.5 mole) was then added and
the mixture allowed to stand for six days at 20°. After
filtration, the cooled, well stirred mixture was treated with
concentrated sulfuric acid (65 ml.) added dropwise. The
sides of the vessel were scratched with a rod and the mixture
allowed to crystallize for 16 lir. at 8 to 10°. The finc
crystalline powder, sonietinmes coutaminated with sodium
sulfate, was washed by stirring with cold water (500 ml.),
and after filtration washed with water, ethanol and ether and
dried at 100°; wield 100 g. The mother liquor, treated
with concentrated hydrocliloric acid (30 ml.) and allowed to
crystallize overnight in the refrigerator gave a further 30 g.
The crude material in water (450 ml.) was treated, with
stirring, with solid sodium hydroxide (34.7 g.), and the clear
solution of the sodium salt acidified with sulfuric acid (8 N,
92 ml.). The acid crystallized slowly ¢n cooling, and after
washing withh water, aqueous ethianol and acetone, was
dried at 100°; n.p. 236°, vield 126 g., 829.

Anal. Caled. for CpHN.Os: C, 43.13; H,
N, 9.15. Found: C,43.16; H,6.06; N, 9.16.

I-Propylenediaminetetraacetic Acid 1-Hydrate.—The in-
itial part of tlie procedure was as above. The l-propylene-
diamine, ([¢]p iu beuzene, —34.1°) was prepared as de-
scribed previously.’®® The reaction wmixture, after 6 days,
was brought to pH 3.5 by the addition of concentrated hy-
drochloric acid (160 nil.) and the solution evaporated on the
steain-bath in a curreut of air to a volume of 600 ml. After
removal of the solid sodium cliloride, the filtrate was poured
into vigorously stirred ethanol (2 1.). The gum which de-
posited initially, crystallized overnight and was filtered off
and washed with ethanol (200 ml.), ether (100 ml.) and
air-dried. It was suspended in glacial acetic acid (600 ml.)
at 40° and shaken to dissolve out tlie sodium salt of the ac-
tive acid. The undissolved sodium chloride was removed
and washed with a further (30 ml.) portion of glacial acetic
acid. Tle filtrate and washings added to benzene (2 1.)
deposited a viscous gum which became crystalline by pour-
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ing off the benzene and adding acetone (2 1.).  The acetone
was poured off, the solid ground up to a fine powder and a
fresh portion of acetone (2 1.) added and allowed to staud
overnight to dissolve out traces of acetic acid. The solid
was filtered off, sucked dry, dissolved in water (1500 mtb.)
and cvaporated to one liter.  In this way the last traces of
acctone and much of the acctic acid were removed.  The
pale yellow solution (pI1 4.6) was passed throngh the hy-
drogen form of a strong cation exchange resin of the sulfouic
acid type (Zeo Karb 225 or Amberlite IR 120, 1.6 1., bed
volume ).  The resin (Na form) was first washed with hydro-
chlorie acid (3 &, 8 1.) at 70° in the colunn to remove Fe 3
ion, at an elution rate of 4 I./hr., and the excess acid then
removed with water (6 1.) in 1.5 hr. The solution of the
sodinm salt of the active propylenediaminetetraacetic acid
was followed by cold water at the rate of 50 wil. /min.  The
first 2 lters of effluent were pale yvellow and contained traces
of acetic acid but only negligible amounts of optically active
material.  This fraction was rejected.  The columm was
then heated to T0° with heating tapes or infrared lamps and
the eluting water was added at 95° at the rate of 80 ml. /min.
About 15 liters of water were required to remtove the acid
from the column. This was determiined by periodic meas-
uremtent of the rotation of the effiuent. The volume of
water was reduced to 900 ml. by evaporation under reduced
pressure.  The sides of the flask were seratched aund the
solution was cooled in ice and allowed to crystallize at 8°
overnight. The first fraction (70 g.) was washed with ice-
water (150 1l.) and then ethanol and acetone and air-dried.
The aqueons washiugs and the filtrate were evaporated to
120 ml. and yiclded a further 10 g. of material. A third
crop (5 g.) was obtained on evaporation to 20 ml. (total
yield 85 g., 520%).  Somne of the acid appeared to be retained
by the resin.  All fractions gave [o]p —47° 111 0.59 aqueous
solution.  The auhvdrous acid, ([a]p —50°). was obtained
by lheating at 130° for 5 hr. The m.p. (194°) was raised to
198° after recrystullization from water by evaporation to a
small volume,

Anal. Caled. for CyllN.Qy: C, 40.74;
8.64; H.0, 5.56. Found: C, 40.94; H, 6.22;
11,0, 5.53.

d-Propylenediaminetetraacetic Acid 1-Hydrate.—This
was prepared in the smne way as the levo-acid; the d-pro-
pylenediamine'® used had [ajp 433° i1 benzeue. A small
amount of inactive material, whiclh separated when the
final solution was evaporated to 900 ml. and cooled to room
temperature, was removed before cooling in ice overnight.
The monohiydrate gave [«]p +47° for a 0.59, aqueous solu-
tion, and the anhydrous acid had [a]p 4+50°.

Anal. TFound: C, 40.56; H, 6.11; N, 8.38; I1.0, 5.57.

dl-Potassium (Propylenediaminetetraacetato)-cobaltate-
(I1I) 1-Hydrate.—dl-Propylenedianiinetetraacetic acid (31
g.) was dissolved by shakiug in water (600 ml.) containing
potassiuim acetate (50 g.) and cobalt(II) acetate 4-liydrate
(25 g.) in water (200 ml.) added. After addition of acti-
vated clarcoal (10 g.) and hydrogen peroxide (309, 25
ml.) a stream of air was drawn through the mixture for 42
hr. After removal of the charcoal, which was washed with
water (250 ml.), the filtrate and washiugs were evaporated
on a steam-bath in a current of air to a volune of 95 ml.
The purple erystalline solid that deposited on cooling in the
refrigerator was collected and washed with 90% ethanol
(300 ml.) and then acctone (vield 31.2 g.). A further 7.3
g. was obtained by the addition of absolute ethanol to the
filtrate and aqueonts ethanolic washings; total yield 38.5 g.,
929,. The substauce was recrystallized from water by the
addition of ethanol and air-dried.

Anal. Caled. for K[Co(CulliaN20y)] - H,0: C, 31.58;
H, 3.85; N.6.70. T'ound: C,31.45; H, 3.77; N, 6.68.
di-Silver (Propylenediaminetetraacetato)-cobaltate (III)
1-Hydrate.—Cobalt(II) hydroxide from cobalt(II) sulfate
7-hydrate (5.6 g.) was boiled with the di-acid (6 g.) in water
(30 ml.) for a few minutes and then hydrogen peroxide
(39, 20 ml.) added and the heating continued on a steam-
batli until all the solid dissolved. Freshly precipitated
moist silver oxide (12 g.) was added and the mixture shakeu
at 60 to 70° for 0.25 hr. After removal of the excess silver
oxide, the purple silver salt was made to crystallize by the
addition of ten volumes of ethanol and cooling in ice.  The
deliquescent salt was recrystallized from water by the addi-
tion of ethunol,

H, 6.22; N,
N, 8.40;
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Anal. Caled. for Ag[Co(CyHpN;0s)]-H0: C, 27.12;
H, 3.31; N, §.76. Found: C, 27.02; H, 3.88; N, 5.99.
dl-Barium (Propylenediaminetetraacetato)-cobaltate-
(III) 8-Hydrate.—Barium hydroxide 8hydrate (94.8 g., 0.3
mole) was stirred into a suspension of the dl-acid (61.2 g.,
0.2 mole) in water (1 1.) and tlie mixture then heated until
the base had dissolved and a white crystalline material
forined. A solution of cobalt(II) sulfate 7-hydrate (56.2
g., 0.2 mole) in water (200 ml.) was added and the whole
digested on the steam-bath for 1 hr. The mixture, after
cooling to room temperature, was treated with activated
charcoal (30 g.) and hydrogen peroxide (309, 50 ml.) and
a vigorous stream of air drawn through for 20 lir. A slight
odor of formaldehyde was observed during the oxidation.
The mixed barium sulfate—charcoal precipitate was removed
and washed with cold water (1 1.). The filtrate and wash-
ings were evaporated to 200 ml. on the steam-bath with an
air-stream. On cooling to room temperature crystals began
to separate slowly. After 3 hr. ethanol (300 ml.) was
added over a period of 2 hr. The substance was allowed to
crystallize in the refrigerator overnight; yield 82.5 g., 829,.

Anal. Caled. for Ba[Co(CyjH14N2O5)]2-8H:0: C, 26.32;
H, 4.42; N, 5.58. Found: C, 26.29; H, 4.02; N, 5.75.

Resolution of the (Propylenediaminetetraacetato)-cobal-
tate (III) Anion.—This can be done using either the silver
salt or the barium salt, but the latter is the easier to prepare.
d-cis-Dinitrobis-(ethylenedianine }-cobalt (I111) sulfate from
the dextro-bromide!” (21.1 g.) and silver sulfate (9.4 g.) in
water (800 ml.)® at 60° was treated with the barium salt
(30.1 g.) in water (200 ml.) and shaken vigorously for ten
min. The volume was then reduced to 500 m!l. by evapora-
tion on the steam-bath with a stream of air so that the tem-
perature did not exceed 55°. After removal of the barium
sulfate—silver bromide precipitate the deep maroon filtrate
was further evaporated to 200 ml. The diastereoisomer,
[d-Co(en)(NO:) d-Co(PDTA)] -2H:0 (15 g.) crystallized
on standing at 5°, for three hours, and was washed with 709},
acetone (60 ml.) and acetone and air-dried. The aqueous
acetone washings were added to the filtrate containing the
levo form. A 0.019 aqueous solution of the diastereoisomer
gave [a|ua +700°, and thie rotation was unchanged after
recrystallization.

Amnal. Caled. for [CO(CzHgNz)z(NOz)-rCO(CuH“NzOg))-
2H,0: C,26.97; H, 5.13; N, 16.77. Found: C, 26.80;
H, 5.19; N, 16.92.

d-Barium and Potassium (Propylenediaminetetraacetato)-
cobaltate(III}),—The diastereoisomer {15.6 g.) was ground
in a mortar with barium iodide 2-hydrate (15 g.) in water
(40 ml.) and the mixture cooled to 4° for 0.75 hr. to allow
crystallization of the resolving agent as the iodide.

The latter, after filtration was waslied with ice-cold 109,
barium iodide (20 ml.). The filtrate and washings at 45°
were treated with ethanol (110 ml.) whereupon a purple oil
separated that crystallized on scratching the sides of tlie
vessel with a glass rod. After crystallization had proceeded
at 20° for 0.75 hr., the solution was heated to 50° and a
further 320 ml. of ethanol added slowly over an hour while
stirring rapidly. The solution was kept around 45° during
this addition of ethanol. The solution was then allowed to
crystallize for 3 hr. The granular crystalline material was
washed with ethanol and acetone and air-dried; yield 10.7
g. A 0.019 solution gave [a]ss +800° in a one dm. tube.
The rotation was unchanged after recrystallization from
water by the addition of ethanol. Anal. Caled. for Ba-
[Co(CnH1N:0g)12-8H,0: C, 26.32; H, 4.42; N, 5.58.
Found: C, 26.29; H, 4.44; N, 5.49.

The potassium salt cannot be easily freed from potassium
iodide when prepared as the barium salt above. It is best
made from the barium salt (1.0 g.) by double decomposition
with potassium sulfate (0.175 g.) and then precipitated
from the concentrated aqueous solution (5 nil.) by the addi-

(17) F. P. Dwyer and F. L. Garvan, “Inorganic Syntheses,’ Vol.
VI, E. G. Rochow (Ed.), in publication.

(18) Thelarge volume of water is necessary to ensure that the Ag,SOy
is completely dissolved in order to obtain a pure diastereoisomer,
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tion of methanol (20 ml.). The very soluble salt had
[a)sssr 4-1000° for a 0.019, aqueous solution in a one dm.
tube.

Anal. Caled. for K[Co(CyH14N:0g)]-3H0: C, 29.07;
H, 4.44; N, 6.17. Found: C, 29.5; H, 4.54; N, 6.21.

J-Barium and Potassium (Propylenediaminetetraacetato)-
cobaltate (III).—The filtrate and washings from the resolu-
tion above, after evaporation to 60 ml. volume, were shaken
up with barium iodide 2-hydrate (20 g.) and cooled to 4°
for 0.75 hr. The d-[Co (e11)s(NOs)s]I was removed, washed
witli cold 109, barium jodide solution (15 ml.), and ethanol
(120 ml.) added to the filtrate and washings. The oil that
separated became solid on the addition of ethano! (400 ml.).
The crude barium salt (17.7 g.) after recrystallization from
water (80 ml., 50°) by the addition of ethano! (250 ml.) and
allowing to crystallize overnight, gave [a]us —600°;
vield 15 g. It was transformed to the levo-diastereoisomer,
as above, using proportionate amounts of solvent, Ag,SO;
(4.7 g.) and -[Co (en): (NO2)=]Br (10.5g.). The diastereo-
isomer (13.1 g.), {/-Co (en); (NO;); I-Co(PDTA)] -2H:0 had
[a)sser —700°.

Anal. Found: C, 26.5; H, 5.15; N, 16.82.

The pure diastereoisomer was transformed to the bariun
salt ([a]sse1 —800°, yield 9.1 g.) as before.

Anal. Found: C, 26.86; H, 4.37; N, 5.53.

The potassium salt prepared from the barium salt in the
usual way gave [a]ssr —1000°.

Anal. Found: C, 29.31; H, 4.45; N, 6.17.

Recovery of d- and /-Propylenediaminetetraacetic Acid
from the Active Barium Salts. d-Propylenediaminetetra-
acetic Acid. 1-Hydrate.—The levo barium salt (7.33 g.) in
water (150 ml.) was treated with potassium sulfate (1.27 g.)
and the barium sulfate precipitate removed after digestion
on the steam-bath. Potassium cyanide (7.0 g.) was added
to the cooled filtrate and the mixture gently boiled for five
minutes, during which time the color changed to pale yellow.
Complete oxidation of any Co(I1)-cyano complex to Co-
(II1) was effected by cooling to 65° and adding hydrogen
peroxide (3%, 5 ml.). Glacial acetic acid (5 ml.) was
added, the hydrogen cyaunide boiled off in the hood and the
volume reduced to 100 1inl. Cooper(II) acetate 1-hydrate
(9.0 g.) in water (200 ml.) was added at 65° whereupon the
insoluble pale green copper(II) hexacyanocobaltate(I1I)
precipitated. After cooling in ice and centrifuging off the
precipitate, the deep blue centrifugate and water washings
(100 ml.) of the copper(Il) complex were evaporated to 200
ml. and shaken with two separate ainounts (100 ml.) of the
hydrogen form of the cation-exchange resin Zeo Karb 225
(20 NC). This resin was used as it has a smaller tendency
to adsorb amino acids than the normal Zeo Karb 225. The
hot water washings (400 ml.) of the resin and the exchanged
solution were evaporated to a small volume and the crystalli-
zation of the acid H[Cu(CyHy4N:Qs)] completed by the
addition of ethauno! (60 ml.). The copper complex (3.6 g.)
was decomposed by the passage of hydrogen sulfide in hot
aqueous solution in the usual way. The filtrate, after re-
moval of the copper(II) sulfide, was concentrated to 10 ml.
and allowed to crystallize at 4° overnight. The white
crystals were washed with ice-water (10 ml.), ethano!l (30
ml.) and acetone (20 ml.) and air-dried; yield 1.9 g. A
second fraction (0.7 g.) was obtained by coucentration of the
filtrate and aqueous washings to 5 ml. and adding absolute
ethanol (5 ml.). After recrystallization from water by
evaporation to 10 ml. the substance gave {«lp +47°, for
a 0.59, aqueous solution.

Anal. Caled. for CnHpN.0y: C, 40.74; H, 6.22; N,
8.64. Found: C, 40.76; H, 6.16; N, 8.58.

I-Propylenediaminetetraacetic Acid 1-Hydrate.—Tle op-
tically pure levo isomer (3.0 g.) was isolated in the same
manner from the d-barium salt of the cobalt(IIT) complex
(7.33 g.). A 0.59 aqueous solution gave [a|D +47°.

Anal. Found: C, 40.58; H, 6.21; N, 8.44.
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