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Dissociation Constants of Some Substituted Propylpyridonium Picrates in Ethanol;
Correlation with Structural Effects’

Bv EuceNE L. CoricaMAN, WILLIAM R. VANDERZANDEN? AND SuiH KuNnc Liu

Previously unreported halogen and hydroxyl substituted propylpyridonium picrates were prepared and used in studying

the effect of structure on ion-pair dissociation in ethanol.
evaluating the corresponding dissociation constants.
variations.

It has been clearly demonstrated by Kraus® and
his many co-workers that if structural differences
in ions are to be studied, solvents of sufficiently low
dielectric constants must be employed. Under
these conditions, ion-pair dissociation constant
measurements yield information about ionic struc-
ture. The most commonly used solvent for these
studies has been ethylene chloride® (D = 10.2 at
25°). Benzene® (D = 2.2 at 25°) has been used
occasionally; however, very low salt solubilities
and low conductances enhance random errors.
Other non-aqueous solvents, such as for example,
liquid ammonia*%® (D = 22.4 at about —33 to
—40°) and nitrobenzene®? (D = 34.5 at 25°), have
been widely used. Previously, very few dissocia-
tion constant measurements have been reported in
ethanol. Goldschmidt and Dahll® determined the
dissociation constants of the halogen acids. Hart-
ley and associates® studied the conductance of
uni-univalent inorganic salts in ethyl alcohol. A
few conductance measurements on common inor-
ganic salts have been made in ethanol-water mix-
tures.!'!=18  Specific influences and anomalies are
seen in these results. Presumably, ethanol has
been avoided in previous work because solvation
might complicate the conductance studies, and also,
the higher dielectric constant (D = 24.3 at 25°)
might not allow full realization of the influence of
structural effects on the dissociation process. Re-
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The Fuoss and Kraus conductance method was employed in
Ethanol proved to be a satisfactory solvent for the study of structural
The dissociation constants were correlated with structure.

cent results by Bezman and Verhoek!* using mod-
ern techniques and theories show the importance
of knowing precisely the water content in con-
ductance work in alcohol-water mixtures. Rel-
atively small changes in water concentration can
greatly influence the dissociation process of elec-
trolytes.

As shown previously,'® isomeric salts are desir-
able when making a systematic study of the effect
of structure on ion-pair dissociation processes.
Kraus’ results!® on phenylpyridonium picrate in
ethylene chloride showed that unsymmetrically
codrdinated *‘onium’ salts show unique conduct-
ance properties in non-aqueous solutions. Thus, it
was anticipated that a series of isomeric pyrido-
nium picrates would show considerable variation
in their dissociation constants in ethanol. B- and
y-substituted propylpyridonium picrates (previ-
ously unreported) were synthesized and used in the
present conductance study.

Ezxperimental

Preparation of Salts,—The n-propyl-, i-propyl- and ~-
hydroxypropylpyridonium halides were prepared by ac-
cepted procedure!®18 using Eastman Kodak Co., White Label
chemicals, The ~-chloro-, v-bromo- and +y-iodo-substi-
tuted salts were prepared by heating equimolar quantities
of the corresponding 1,3-dihalopropanes (Eastman Kodak
Co. White Label) and C.p. pyridine (J. T. Baker Co.) in
sealed tubes at 45~-50° for one to two days. The y-bromo-
and vy-iodopyridonium halides were obtained in substan-
tially 1009, yields. About a 709, yield of the y-chloro-salt
was obtained by freeing the reaction mixture of the unre-
acted pyridine and trimethylene chloride by several washes
with C.p. ethyl acetate.

Equimolar quantities of propylene bromohydrin (East-
man Kodak Co. White Label, purified by vacuum distilla-
tion) and C.p. pyridine were heated in a sealed tube as de-
scribed above to give approximately a 1009, yield of 8-
hydroxypropylpyridonium bromide.

The B-chloropropylpyridonium bromide was prepared by
mixing 0.0057 mole of C.p. thionyl chloride (Eastman Kodak
Co. White Label) with 0.01 mole of 8-hydroxypropylpyri-
donium bromide and heating at 40° for a period of five
hours. The yield of the B-chloro-salt by this procedure
was 97.5%. Before deciding upon these conditions, several
others were tried and found to be less satisfactory. 8-
Hydroxypropylpyridonium bromide was maintained at 0.01
mole and various quantities of thionyl chloride were tried.
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The thionyl chloride was always added to the pyridonium
salt and heated on a water-bath at 40° for varying time
intervals, These results can be summarized as follows:
0.005 mole, five hours heating, 88.29, yield; 0.006 mole,
five or nine hours heating, 95.09, yield; 0.0057 mole, five
hours heating, 97.59, yield; and 0.020 mole, 15 hours heat-
ing, 70.09, vield. In the last case a 6 N solution of hydro-
chloric acid in 959, ethanol was used as the source of chlorine
rather than thionyl chloride. The results did not justify
its further use. Larger quantities of thionyl chloride, ap-
proaching a one to one molar ratio of reactants, yielded a
product, or mixture of products, containing twice as much
substituted chlorine in the molecule as the desired product.
The position either in the side chain or on the ring of the
extra halogen was not determined since the material was re-
jected for conductance use.

The B-bromopropylpyridonium bromide was prepared by
mixing equimolar amounts of g-hydroxypropylpyridonium
bromide and hydrobromic acid and refluxing the mixture at
90° for nine hours, The yield was substantially 100%.
The hydrobromic acid was added as an agueous 489, solu-
tion (J. T. Baker Co. C.p. grade), with 44 ml. of absolute
ethanol added for each 0.1 mole of hydrobromic acid. It
was found that the nine hours reflux time and alcohol addi-
tion were necessary for complete reaction.

B-lIodopropylpyridonium bromide was prepared in ap-
proximately 1009, yields by refluxing equimolar quantities
of g-hydroxypropylpyridonium bromide and 589, hydriodic
acid solution (Merck Co., Inc., Reagent Grade) for 3.5 hours
on a water-bath at 95°. The desired salt was precipitated
by cooling the solution in the refrigerator for several days.

In all cases the salts were purified by warming them
slightly in a vacuum. This technique was used since the
impurities were the excess reactants which are quite vola-
tile, The salts are oily type solids which cannot be recrys-
tallized in the usual fashion. No melting point data are
available for these salts since they decompose on heating.
The m.ps. of the two unsubstituted propyl salts were re-
ported previously as picrates.!” The remaining seven salts
were characterized by argentometric halide titrations.*®
Determinations were made for both ionizable halogen and
total halogen after sodium fusion (see Table I).

TABLE I
HarLocen CoMrosITIONS OF PYRIDONIUM SALTS
Halogen, 7,
Total Tonizahle
Salt Theor. Found Theor, Found
1n-Propyl bromide 39.6 39.5 39.6 3.5
i-Propyl bromide 39.6 39.4 39.6 39.4
B8-OH bromide 36.6 36.8 36.6 36.8
B3-Cl bromide 48.8 49.0 33.8 33.7
B-Br bromide 36.9 56.6 28.4 28.5
v-OH bromide 36.6 36.4 36.6 36.4
v-Cl chloride 36.9 36.7 18.5 18.6
v-Br bromide 36.9 57.2 28 .4 28.6
v-I iodide 67.7 67.5 33.8 34.0

Theoretical and experimentally found halogen composi-
tions are in excellent agreement thereby substantiating the
structure and purity of the halide salts.

Each of the desired picrates was obtained by inetathesiz-
ing the corresponding pyridonium halide with a slight ex-
cess of dilute alcohol-water solutions of sodium picrate.
The picrates so obtained were shown to contain no ionic
halides, showing thus that the following type side reaction,

c—!c~C—Krc5H5 +Bi = c—/c:~c~§05H5 +~ X, did

X Pi
not oceur during the desired metathesis. The precipitated
pyridonium picrates were recrystallized three times from
ethanol, The picrates after the second and third recrystal-
lization gave the same melting points, thereby substantiat-
ing the purity of these salts. It is not generally practical
to analyze the finished picrates due to explosion difficulties.
All attempts to make B-iodopropylpyridoniunt picrate from

(19) I. M. Kolthoff and E. B. Sandell, ""Textbook of Quantitative
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445,
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the corresponding halide salt were unsuccessful. Even the
use of silver picrate or picric acid followed by careful step-
wise precise neutralization with ammonia removed the §3-
iodo group rather than causing the desired metathesis.
This technique was found necessary and was successful with
the g-bromo salt.

The melting points found for the pyridonium picrates
prepared and used in the conductance study were: -
propyl-, 173°, reported” 171-172°; i-propyl-, 195°, re-
ported!” 195-196°; B-chloropropyl-, 227°; B-bromopropyl-,
164-165°; B-hydroxypropyl-, 224-225°; ~-chloropropyl-,
174-175°; ~-bromopropyl-, 170-171°; ~-iodopropyl-, 175—
176°; and y-hydroxypropyl-, 267-269° dec.

Conductance Bridge, Equipment and Procedure.—Con-
ductance measuremernts were made at a frequency of 2500
cycles/sec. with a shielded conductance bridge built in this
Laboratory according to specifications provided by Edelson
and Fuoss and later published® by them. The bridge, am-
plifier and oscillator units were all mounted on one chassis.
It was found necessary, however, to submount the ampli-
fier section on rubber gromimets to eliminate microphonics.
The temperature of the oil thermostat was maintained cou-
staut at 25° within 0.01°. The other equipment and pro-
cedure were described previously.!s

Solvent.—FEthanol ‘‘constant-boiling’’ (95.5% by wt.)
from Commercial Solvents Corp. was distilled through a
three-foot Vigreux column. Distilled solvent batches
checked at random had same density, and also agreed with
the original ‘‘constant-boiling’’ ethanol?! as follows: 0.8008
=+ (.0001, sp. gr. 25°/25°; thereby substantiating the con-
stancy of the alcohol-water content of the solvent used in
the conductance study.

Results

The dissociation constants (K) and the limiting equivalent
conductances {A,) were obtained from conductance measure-
ments by the method of Fuoss and Kraus.?? Results given
were obtained from at least two independent runs with dif-
ferent batches of solvent. In each case, agreement was
found within at least 3%, in K values. These values for
the various pyridonium picrates are given in Table II.

TABLE II

Di1ssocIATION CONSTANTS AND LIMITING EQUIVALENT CON-
DUCTANCES IN ETHANOL (95.59, BY WT.) AT 25° OF SUB-
STITUTED PYRIDONIUM PICRATES

Salt K X 103 Ao
n-Propyl® 2.0 53
i-Propyl 3.6 52
B-Hydroxypropyl 3.7 58
B-Bromopropyl 5.7 68
B-Chloropropyl 58 60
y-Hydroxypropyl 0.96 63
vy-Iodopropyl .36 76
y-Bromopropyl .24 74
v-Chloropropyl 41 64

@ . L. Pickeringand C. A. Kraus, THIS JOURNAL, 71, 3288
(1949), found the X for this salt in ethylene chloride at 25°
to be 0.49 X 104,

In deriving these values, the dielectric constant of
95.5%, (by weight) ethanol at 253° has been taken as
26.44,%* and the viscosity at 25° as 0.0127 poise.?*
The F/A against CAf?#/F graphs for the various
pyridonium salts are given in Figs. 1-3.

Discussion
It is interesting that the B-substituted halogen

(20) D. Edelson and R. M. Fuoss, J. Chem. Educ., 27, 610 (1950).

(21) N. A. Lange, ""Handbook of Chemistry,"" 4th ed., Handbook
Publishers Inc., Sandusky, Ohio, 1941, p. 1191, reports 0.8008 for
sp. gr. 25°/25°,

(22) R. M. Fuoss and C. A. Kraus, Tais Jour~Navr, 65, 476 (1933);
R. M. Fuoss, ¢bid., 8T, 488 (1933).

(28) G. Akerlof, ibid., 64, 4125 (1932).

(24) E. W. Washburn, '‘International Critical Tables."”” Vol. §,
McGraw-Hill Book Ce., Inc., New York. N. Y., 1029, p. 22
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Fig. 1.—Plot for evaluation of dissociation constants and
equivalent conductances of substituted propylpyridenium
picrates in ethyl alcohol at 25°: @, y-chloro; O, n-propyl.
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Fig. 2.—Plot for evaluation of dissociation constants
and equivalent conductances of substituted propylpyridon-
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ium picrates in ethyl alcohol at 25°:
B8-hydroxy; C, y-hydroxy; D, isopropyl.

A, B-chloro; B,

salts could be prepared in substantially theoretical
yields by the substitution reaction

H
|
CH;*—(!I—-—CHZ—f\IcsH. + HX =

OH
H

!
CHa—(!:_CHQ—N*'CﬁHl + Hﬂo
X
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Fig, 3.—Plot for evaluation of dissociation constants and
equivalent conductances of substituted propylpyridonium
picrates in ethyl alcohol at 25°: O, y-iodo; @, B-bromo;
@, y-bromo,

Apparently, the hydroxyl group is much more ac-
tive when present in B-hydroxypropylpyridonium
ion as compared to its activity in isopropyl alcohol.
In the usual substitution reactions like these, the
desired halide reaction product is obtained in partial
yield only after distillation. It is indeed fortunate
that the substitution reaction could be carried to
completion here when performed under the proper
conditions. Any appreciable quantity of unreacted
B-hydroxypropylpyridonium salt would have inval-
idated the method of preparation since the two py-
ridonium salts could not be separated by frac-

tional recrystallization or distillation. It would
seem that the doubly positive ion, C-—'C—C—ltIC‘,Hs,
OH,

accelerates and thereby causes the Sx2 substitution
to be complete.

All the substituent groups in the 8-position cause
an increase in dissociation as compared to the un-
substituted n-propyl salt. If purely static induc-
tive effects,?® —Ts, were the predominate forces op-
erating in displacing the electrons within the pyri-
donium ion, the highly electronegative halogen
groups should cause the localization of the unit
positive charge on the nitrogen to be greater;
thereby decreasing the dissociation constants con-
trary to the increases noted (see Table IT). Appar-
ently, static induction is not the primary force func-
tioning in the present system. Furthermore, the
substituent groups in the 8- and vy-positions are in-
sulated from the nitrogen in the heterocyclic ring,
that is, not connected by conjugate double bonds.
These groups, therefore, cannot contribute directly
to resonance in the ring system. Thus, it is seen

(25) A. E. Remick, “Electronic Interpretations of Organic Chemis-
try."’ John Wiley and Sons, Inc., New York, N. Y., 1849, chap. 5.
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that neither static inductive effects nor direct reso-
nance will explain the results.

There is some evidence that the inductive effect
of an electronegative group can be transmitted di-
rectly through space, field effect,? instead of being
transmitted through a chain of electronic linkages.
This inductive field effect is a polarization phenom-
enon. By working with molecular models, it is
clearly seen that the substituent group in the 8-
or y-position can approach the nitrogen atom in the
ring. It thus seems reasonable that a large field
effect might well influence the present dissociation
constant results, The direction of the group mo-
ment?® of the substituent group in the 8- or y-posi-
tion as a result of the particular spatial relationship
might well determine the influence of the substitu-
ent on the dissociation process. Without knowing
the exact geometric configuration of the various
atoms in the salts, it is not possible to predict ab-
solutely why the 3-substituted salts are all stronger
than the unsubstituted #n-propyl while the y-sub-
stituted salts are all weaker. It is seen that the -
substituted salts could cyclize into a five-membered
ring

(26) G. E. K. Branch and M. Calvin, ""Theory of Organic Chemis-
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which would be stabilized by the fractional reso-
nance charges defined usually as —4 and 4.
The somewhat restricted rotation of the substituted
propyl side chain should then allow the picrate ion
to move in closer; thusaccounting for the lower K’s
in the case of the y-substituted salts. Cyclic struc-
tures like these would block approach of the solvent
on one side, in agreement with the higher Aq’s ob-
served for the y-isomers.
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Some Aqueous Systems Involving Sulfamates
By JonN E. RicCl AND BERNARD SELIKSON

The solubility isotherms at 25° of a few ternary aqueous systems containing a sulfamate and the corresponding halide
were found to be simple, with the pure salts as sole solid phases. The systems ammonium sulfamate—ammonium sulfate-
water and potassium sulfamate-potassium sulfate-water were also found to be simple at 25°, with no solid solution between
the corresponding sulfamate and sulfate. The aqueous system of the sulfamates of ammonium and potassium, however,
studied at 9, 25 and 45°, forms extensive solid solution with a miscibility gap. The distribution relations are those of Type V
of Roozeboom’s classification. The 25° isotherm of the reciprocal quaternary system of water and the salt pair ammonijum
sulfamate-potassium sulfate was also determined, involving continuous solid solution of the sulfates and the two series of
solid solutions of the sulfamates as its three solid phases. The isothermally invariant quaternary solution saturated with all
three solids is of the transition type, being incongruently saturated with respect to the sulfamate solid solution rich in potas-
sium sulfamate. The determination of ammonium in presence of the amine sulfonate, and of the total nitrogen of the solu-
tion, was made by an adaptation of the procedure of Marcali and Rieman for organic nitrogen, which uses Kolthoff’s titra-

tion of the ammonium salt of a strong acid in presence of formaldehyde.

Since the review of the chemistry of sulfamic acid
and related compounds by Audrieth, Sveda, Sisler
and Butler in 1940,! the literature on the sulfa-
mates has been expanding, with the need for further
information accompanying the growing applica-
tions? of these substances. In the further studies
of properties of suifamic acid and the sulfamates,
investigations of solubility equilibria have been
rather limited?® and the only phase studies reported
are those on the binary systems NaSOsNH,~H,0,%3
NI‘L;SOa,NI‘Iz—NI‘L;NOs,6 NHsSOsNHg—NaSO;;NHg
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and NaSO;NH,~NaNOQ;,” and on the ternary sys-
tem sulfamic acid—ammonium sulfamate-water.*
This is a report of further observations on some
of the sulfamates, in respect to solubility equilibria
in aqueous solutions. The isotherms at 25° of the
four ternary aqueous systems of a sulfamate and a
halide with common cation were found to be sim-
ple, with the pure salts as solid phases. The quat-
ernary aqueous system of the reciprocal salt pair
NH,SO;NH;-K,S0, was also studied at 25°, to-
gether with its constituent ternary systems NHg-
SO;NH,—-(NH,),50,~H,0, KSO;NH,-K,S0,H,0,
and NH,SO;NH,-KSO3;NH;-H,0, the fourth, or
(NH,):S0~K:50,~H,0, being available from the
literature. The analysis of the quaternary solutions
involved indirect calculations based on the determi-
nation of ammonium in presence of sulfamate and
of the total nitrogen of the solution, together with
determination of total solid. The only three solid

(7) 8. H. laning and P. A, van Jer Menlen, 7hid., 70, 1799 (1948).



