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Data are listed and discussed for the spectral properties and the apparent acidic dissociation constauts «f

several phenolic amines.

Many of the compounds are of interest because thev oceur naturally. Several are

closely related, so the effect of structural alterations on the physical properties could be observed. The most
significant observation, from the physioclogical viewpoint, is that the pK,’ for the first phenolic hydroxyl group
of catechol compounds is about 0.8 unit lower than that of the corresponding monophenolic compounds. "The
iereased amount of anion present at physiological pH might be partially respousible for the enhanced biological

activity of the catechol amines.
LiAIH, reduction of representative precursors.
from the resulting reaction mixture is described.

Representative examples are given for the preparation of phenolic amines by
The use of ion-exchange resins for separation of phenolic amines
The preparation and physical properties of two new phenolic

amines, 2,4-dihydroxyphenethylamine and 8-(2-hydroxyphenyl)ethanolamine (o-octopamine), are described.

Knowledge of the dissociation coustants of phenolic
amines is of interest for several reasons. Many com-
pounds of this nature are now known to occur in tissues
of animals where they exert hmportant physiological
effects.  Information about thelr physical properties
is useful for the planning of their isolation and separa-
tion with chromatographic, electrophoretic, or solvent
distribution procedures. I'urther, some correlation
between physical properties and physiological activity
might exist and could provide an indication as to the
mode of their physiological action. LefHer, et al.,? ve-
ported values for the dissociation constants of 27 ad-
renergic amines, 9 of which contained phenolie hydroxyl
groups. However, only 3 of their compounds, phen-
ethylamine, epinephrine, and p-sympatol, possibly oe-
cir in mammalian metabolism; the remainder were
synthetic products. Lewis® published data on the dis-
soclation constants for 24 amines. Values were listed
for the phenolic group which was present in 17 of the
compounds; 7 of his compounds possibly oceur in mam-
mals and the remainder were drugs. Shapiro* has
examined the data of Lewis for correlations between
biological activity and ionization. Finally, Tucker-
man, ¢t al.,” have reported dissociation constants for
some substituted phenethylamines and have made some
suggestions, based upon their data, for the internal
structure of the amines.

The pK,’ values for the phenolic hydroxyl and the
amine groups of phenolic amines are quite sninilar so it
is not possible with titration methods to determine
which group ionizes first, nor can accurate pK valncs
for either be determined. An example of this uucer-
tainty is provided by the report of Ogston® who as-
signed values incorrectly for the pK’ of the phenolic
and amine groups of p-tyramine. Lewis? discussed this
difficulty, which will be considered in more detail later
in this paper. Unfortunately, LefHer, et al.,2 and Tuck-
erman, et al.,’ failed to take into account the dissocia-
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(4) H. Shapiro, J. Theoret. Biol., 1, 289 (1961).

() M. M. Tuckerman, J. R. Mayer, and V. . Nachod, J. Am. Chenu.

Soc., 81, H2 (1959).
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tion of the phenolic hydroxyl of the phenolic amines
they studied so their values for the pK,’ of the amine
dissociation of compounds which also contained a phe-
nolic hydroxyl are erroneous. The speculations of
Tuckerman, et al., on the internal structure of the
amines, therefore, have no experimental support and
will not be discussed further.

A number of phenolic amines were obtained for stud-
ies in our laboratory. These included several which
might be expected to ocenr in mammals and for which
tonization data had not been reported. Further, they
mcluded sufficient closely related compounds that
several sertes of amines could be arranged so that the
effect of different substituents on the ionization of the
phenolic and amine groups might be examined.

Results and Discussion

Spectral Properties of Phenolic Amines,—The pK,’
values for the phenolic and amine groups of most of
the compounds examined here were so close that the
phenol dissociation had to be determined with the
specetrophotommetric method. The spectral data ob-
tained for the purpose of mieasuring the phenolic
dissociation constants are listed, and, as representative
examples, alterations in the ultraviolet absorption
spectra  of B-(2-hydroxyphenyl)ethanolamine, 3-{4-
hydroxyphenyl)ethanolamine, and g-(2.4-dihydroxy-
phenylethylamine as a function of pH are illustrated
in Figures 1--3.  The maxima and isobestic points of the
phenolic amines which were studied are listed in Table
[. Data are not given for the three nonphenolic phen-
ethylamines because alterations in pH had essentially
no effect on their absorption spectra; this fact validates
the use of the spectrophotometric method for measure-
ment of the degree of dissociation of the phenolic group
in the other compounds.

For a monophenol all the absorption spectra at dif-
ferent pH values pass through three isobestic points,
provided certain precautions concerning the solutions
are met: Z.e., that accurate dilutions of the amines arc
made front one stock solution and that buffer solutions
with the same ionte strength are used. Curves made
for catechol and resorcinol derivatives pass through one
set of isobestic points up to a pH of 10.3-10.5.  In solu-
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Figure 1.—Ultraviolet absorption spectra of g-(2-hydroxy-
phenyl)ethanolamine, 1 X 107*M: , 0.1 Y NaOH;
— - 01NHCL - - - ,pH9.05; - -~ — -, pH 9.33;
pH 9.89.
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Figure 2.—Ultraviolet absorption spectra of g-(4-hydroxy-
phenyl)ethanolamine, 1 X 107*M: 0.1 N NaOH;
—=—, 0.1 NHCl; - = - ,pH9.05; - --~- pH933; ...... 5
pH 9.89.

tions at higher pH the maxima begin to shift and new
isobestic points appear. In the case of 2,4-dihydroxy-
phenethylamine’ (Figure 3) the maximum at 292 mg
(monoanion) shifts to 299 mu and the maximum at 237
shifts to 224 my, and a new isobestic point develops at

(7) This is the only diphenolic compound the behavior of which was
studied at higher pH values. The catechol derivatives were not examined
because of their instability, as commented on in the text. The pK, for
the second phenolic hydroxyl of catechol itself has been reported to be
greater than 12.0:  G. Abichandani and 8. K. K. Jatkar, J. Indian Inst. Sci..
21A, 417 (1938). For 2,4-dihydroxyphenethylamine, the dissociation of the
first hydroxyl group (pKa’ = 8.91) was assumed to be essentially complete
before ionization of the second hydroxyl group commenced. As commented
in the text, the value for the second hydroxyl group is probably not exact.
1t was necessary to use the values for the phenolic groups to estimate the
pK.’ for the amino group, which is, thus, even more uncertain.

0.8 r
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Figure 3.—Ultraviolet absorption spectra of 2,4-dihydroxy-

phenethylamine, 1 X 107*M: —-—, 0.lN HCl; ----- ,
pH 8.95; , pH 10.50; ...... , pH 11.87;, ---~- 1N
NaOH (pH 14.0).
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Figure 4.—Spectrophotometric estimation of dissociation of
phenolic hydroxyl groups of 2,4-dihydroxylphenethylamine.

291 mg. In Figure 4 is shown a plot of the extinction
coefficients at 292 and 299 mu vs. pH. It can be seen
that the absorption for the monoanion can be determined
definitively and the first phenolic pK,’ can be calculated
accurately. Examination of the plot representing the
absorption at 209 mu, however, reveals that the deter-
mination of the second phenolic pK,' is somewhat
arbitrary because of the small difference in the absorption
of the two species (z.¢., the monoanion and the dianion),
The fact that the absorption curve of the monoanion
corresponds much more to that of 2-hydroxyphenethyl-
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TasLE II
AppPARENT Di1ssoCIATION CONSTANTS OF PHENETHYLAMINES AND 8-PHENYLETHANOLAMINES AT 25°¢
K,
No. Compd. Phenol ’ Amine
1 Phenethylamine 9.88
2 2-Methoxyphenethylamine 10.20
3 3-Methoxyphenethylamine 9.89
4 2-Hydroxyphenethylamine 9.52 10.75
5 3-Hydroxyphenethylamine 9.58 10.50
6 4-Hvdroxyphenethylamine 9.74(9.77) 10.52(10.73)
7 N-Methyl-4-hydroxyphenethylamine 9.76 10.71
8 N, N-Dimethyl-4-hydroxyphenethylamine 9.78 10.02
9 2,4-Dihydroxyphenethylamine 8.91, 11.7¢ 10. 8%
10 8-(2-Hydroxyphenyl)ethanolamine 9.42 9.90
11 8-(3-Hydroxvphenyl)ethanclamine 9.56 9.63
12 B-(4-Hydroxyphenyljethanclamine 9.57(9.53) 9.66(9.70)
13 N-Methyl-8-(4-hydroxyphenyl)ethanotamine 9.55(9.59) 9.79(9.71)
14 N,N-Dimethyl-3-(4-hydroxyphenyl)ethanolamine 9.58(9.56) 9.50(9.76)
15 B-(4-Hydroxy-3-methoxyphenyl )ethanolamine 9.54 9.56
16 N-Methyl-8-(4-hydroxy-3-methoxyphenyl)ethanolamine 9.52 9.74
17 N, N-Dimethyl--(4-hydroxy-3-methoxyphenyl)ethanolamine 9.54 9.52
18 8-(3,4-Dihvdroxyphenyl)ethanolamine 8.72(8.90) 9.72(9.78)
19 N-Methyl-8-(3,4-dihydroxyphenyl ethanolamine 8.75(8.88) 9.89(9.90)
@ Values in parentheses are those reported by Lewis?; his phenolic group values were obtained spectrophotometrically. ¢ The pK.,'

for the second phenolic hydroxyl was estimated from the data shown in Figure 4 in the manner described in the text.

The pK,' value

for the amino group was estimated from the titration curve with the use of the values for the phemnolic groups.

an attraction of the phenoxide ion for the dissociating
proton of the adjacent ammonium ion so that the pro-
ton remains associated with the phenolic amine mole-
cule rather than combining with water, while the pres-
ence of the adjacent charged amino group would pro-
mote the dissociation of the proton of the phenolic
hydroxyl group.

(2) The presence of a second phenolic hydroxyl group
causes a marked increase in the acidity of the first
phenolic group to dissociate. The first pK,’ of the res-
orcinol compound is lowered about 0.6 unit and of the
catechol derivatives 0.8 unit as compared with a mono-
phenol.

(3) The presence of an alcoholic hydroxyl group in the
side chain always decreases the pK,’ of the amino
group. Because of this effect the pK,  of the phenolic
and amine groups of the monophenolic 3-phenylethanol-
amines are nearly the same numerical value. In two
cases (compounds 7 and 14) the pK,’ (amino) actually
appears to be lower than the pK,’ (phenol).

(4) The substitution of an amino group with one
methyl group leads in all cases to about the same in-
crease in basicity, 7.e., 0.13, 0,17, 0.18, and 0.19 units,
respectively. The introduction of a second methyl
group results in a decreased basicity of the dimethyl-
amines as compared with the related monomethy! com-
pounds,

In the past, efforts to determine possible correlations
between ionization and physiological activity of phe-
nolic amines have been focussed mainly on the dissocia-
tion of the amine group. The pK,’ of the amine
group of all the compounds studied here is 9.5 or
greater, so at physiological pH the compounds are al-
most completely in the cation form. It seems unlikely
that even marked differences in the basicity of the
amine group would have a significant effect on the
physiological activity of these compounds. However, a
possible significance of the markedly decreased pK,’ for
the first phenolic group of catechol derivatives as com-
pared with monophenolic compounds has not been

commented upon previously in connection with the en-
hanced biological activity of the catechol amines. The
first pK.' (phenol) values for hydroxytyramine (dop-
amine, 3,4-dihydroxyphenethylamine, 8.92%), nor-
epinephrine, and epinephrine are 0.82, 0.85, and 0.80
unit, respectively, more acidic than the corresponding
para-hydroxy compounds, p-tyramine, octopamine, and
p-sympatol. At the pH of blood (7.4) considerably
less than 19 of the monophenols would have a phenolic
group in the ionized state, but about 5%, or more of the
catechol compounds would have a negatively charged
phenoxide ion. This might be of importance in facili-
tating attachment of the catechols to a receptor site
where they could exert a physiological effect, or to en-
zymes which might inactive them.

Experimental®

Compounds —Redistilled p-cresol (Matheson Coleman and
Bell) was recrystallized from petroleum ether (b.p. 30-60°).
Phenethylamine (Matheson Coleman and Bell) was converted
to the hydrochloride, which was recrystallized from an ethanol-
ethyl acetate mixture. p-Tyramine hydrochloride (Distillation
Products) was recrystallized from an ethanol-ethyl acetate
mixture. Hordenine sulfate hydrate and bpL-metanephrine
hydrochloride were obtained from Calbiochem. p-Synipatol
tartrate (K and K Laboratories) was converted to the free base,
which was recrystallized from aqueous ethanol; bprL-arterenol
hydrochloride, pL-normetanephrine hydrochloride, and l-epineph-
rine bitartrate were obtained from Winthrop Laboratories.
2-Methoxyphenethylamine hydrochloride, !t 2-hydroxyphenethyl-
amine hydrochloride!'? (o-tyramine), 3-hydroxyphenethylamine
hydrochloride!® (m-tyramine), N-methyl-4-hydroxyphenethyl-
amine,'* pL-3-hydroxyphenylethanolamine hydrochloride!® (m-
octopamine), and N,N-dimethyl-pr-4-hydroxy-3-methoxyphenyl-

(10) Al melting points were measured in open capillary tubes and are
corrected.,

(11) K. H. Slotta and H. Heller, Ber., 63B, 3029 (1930).

(12) R. Pschorr and H. Einbeck, tbid., 88, 2072 (1905).

(13) Bayer and Co., German Patent 233,551 (July 28, 1909);
Zentr., 1,1334 (1911).

(14) G. 8. Walpole, J. Chem. Soc., 97, 944 (1910).

(15) A. Chatterjee, S. K, Srimany, and B. Chaudhury, ibid., 4576 (1961).

Chem.
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ethanolamine?!® were prepared by LiAlH, reduction of appropri-
nto precursors in the mamner described below; the physieal prap-
erties of the compounds were in agreeinent with those cited in the
literature and their nitrogen content correspouded clasely with
the calculated amounts.

2-Hydroxyphenylethanolamine (o-Octopamine).-—A solution
of 40 g. (0.266 mole) of salicylaldehvde cyanhydrin® in 200 ml
of absolute ether was added dropwise over u period of 6 lir. 1o
the returning ether condensate of a well-stirred refluxing solution
of 40 g. (1.05 mples) of LiAlH, in 2 1 of ahsolute ether; the re-
action system was kept under argon at all times.  After the addi-
tion of cyvanhydrin was conipleted, the refluxing and stirring was
contimmed overnight. The reaction mixture wis cooled and
hydrolvzed by the cantious addition of 2.5 L of water, and con-
centrated HCl was then added slowly until all the inorganie nia-
terinl had dissolved. The ether layer wus separated and dis-
enrded and the acidic aqueous layer was pussed througha 7.5 X
60 v, columu of Amberlite CG-120 (H =1 (108200 niesh).  The
resin wns washed with 1 1 of water, and the amine waxs eluted
with 4 & NHJOH: 3 L of alkaline eluate was collected.  This
salution was evaporated to dryvness in vacwo, the residue was dis-
solved 111 600 ml. of hot absolute ethauol, and « snwll amonnt «f
insoluble material was collected on n filter and disearded.  “ihe
cthanol solution was evaporated to dryness in saeno, the residuc
was digested with 300 l. of water ut 61°, the resulting soluticm
was filtered to remove another 4.5 g. of insolnble material, and
the aqueons solution was evaporated to dryness in vacuo.  The
residual oil erystallized when it was digested with a small volume
of absolute ether. This material was contaminated with resin
from tlie colummn.  Pure o-octopamine was extracted from it with
absolute ether after 8 hir. with a contimous extraction apparatus,
The o-octopamine crystallized in the flask during the extracticn
and was collected after the ether solution had heen concentrared
to a siall volume. The vield was 6.55 g. (16.370), ni.p. 97--90°,
One recrvstallization from  isopropyl ether viclded materinl
melting at 98.5-100°.

Anal.  Caled. for CsH NO.: N, 0.14. Found: N, 0.10.

4-Hydroxyphenylethanolamine (octopamine) wus preparcd
from 4-hydroxyniandelonitrile™ in the same manner. The fivsi
ON0 ml. of alkaline eluate fron the resin colum was concentrated
to dryness 1 racuo, the residue wus dissolved in 450 ml. of hov
absolute ethanol, the solution was filtered to remove w sumll
amount of insoluble residue, and a solution of 13.5 g. of J-tartarie
aeid in 150 ml. of hot absolute ethanol was added. v1-Octop-
amine d-tartrate’® was collected after the solution had remained
in the refrigerator overnight; yield, 42 g¢. (707}, mw.p. 190 107°
dec.

2,4-Dimethoxyphenethylamine.--Tlic Soxhlet extractor techi-
migue was used for the addition of 14 g. (0.067 mole) of 2,4-di-
methoxy-g-nitrostyrene!® to a solution of 11 g. (0.29 mole) «f
LiAlH, in 350 ml. of absolute ether. The addition required 5 hr.
The reaction mixture was then cooled and was hydrolyzed by the
eauntious addition aof 50 ml. of water. The ether layer was sepa-
rated and the aqueous laver was extracted four times with 50-nil.
portions of ether. The combined ether extracts were dried
(N2a.80y4), and the amine hydrachloride was previpituted by
passing dry HCIL into the ethereal sohution; vield, 12 g. (837, 4
mLp. 156-158°. A saniple for anulysiz was recerystallized from
nbsolute ethanol; m.p. 1539°.

Anal. Caled. for CoHuyCINO.: N, 6.42. Found: N, 6.3

The free base form of 2,4-dimethoxyvphenethylamine had been
prepared previously by Hofmann degradation of 2,4-dimethoxy-
hydrocinnamic acid amide.?

2,4-Dihydroxyphenethylamine A solution of ¥ g. (0.037

nmole) of 2,4-dimethoxyphenethylamine hydrochloride in 60 ml.
of 489, HBr was refluxed in a nitrogen atmosphere for 2 hr.
The mixture was then concentrated to dryness in vacuo and tlie
residue was dissolved in 100 ml. of water. This solution was
passed through a 4 X 8§ em. columu of Amberlite CG-120 (H*)
(100-200 mesh), the column was washed with 100 ml. of water,
and the product was then eluted with 4 V NH:OH. The first

(16) A, LaManna and V, Ghislandi, Farmaco (Pavia) Ed. sci.,, 14, 313
11859).

(17) K. Ladenburg, K. Folkers, and R. T. Major, J. Am. Chem. Suc.,
58, 1293 (1936).

(18) T. Kappe and M. D. Armstrong, J. Med. Chem., T, 50t (19G4).

(19) M. G. S Rao, C. Srikantia, and M. 8. Ivengar, Ifelr, Chiso, 1o,
12, 582 (1929).

(20) J. S. Buck, J. Am. Chem. Soc., 54, 3661 (1032).
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15 mil of ehte was collected and evaperated to dvvness jn o
uiiragen atmosphiere nuder reduced pressure,  The residue was
recrystallized ance from water (nitrogen atmospbere) und theu
fream ethiyl acetate o vield 3.7 g 1665 of a product which
had a slight pink color; nup. 143-144°.

Anol. Caled. for CHGNOs: N, 00150 Fonud: N, 9.17.

A portion of the free amine was reerystallized from conventrated
HClL neid and then from a mixture of absolute ethanol and ethyl
acetate to yvield 2,4-dihydroxyphenethylamine hydrochloride,
nLp. 192-193°

Al Caled. for CGHpCINO.: N, 7080 Found: N, 7.32.

The free winine became more darkly colored after storage for
3 years, while the hydrochloride was stable.  Buek? was unable
to prepare the dihydroxy compound from the dimethoxy deriva-
tive by hydrolysis with hydriodic acid ar with enneentrated
HC1 at 180° beeause of side reactions.

N,N-Dimethyl-4-hydroxy-pL-mandelamide,-—Itlivl 4-hydrexy-
pr-mandelute™ and an excess of nithydrous dintethvlunine were
senled i n gliss tube und heated at 100° for 14 v, The excess
dimethylamine was removed in raceo, nnd the ervstalline residne
wias washed with ether. The vield was Y697, nup. 18)-1x2°,
of ruaterial which was sufficiently pure for the next step of the
synrhesis.  Far analysis a sample was reerystallized from 957,
ctlanol in the fornn of colorless prisins, mup. 182-184°,

Apal. Caled. for C,H NOs: N, 7.17. Found: N, 6.08.

N N-Dimethyl-n1.-4-hydroxyphenylethanolamine (N,N-Di-
methyloctopamine). - A solution of 3.5 g. (0.018 male) of N,N-
dimethvl-4-hydroxyiandelumide in 60 ml of absolute dioxune
wis added dropwise tooa wellsrirred aud refluxing solution of
5o 01 oled of TIAIHY in 350 ml. of nbsolute ether.  After
the addition wus completed, the stirring and heating were coa-
tinued 6 lir.  The reacvion mixiure was then cooled and processed
in 1he manner desevibed earlier for o-octopamine.  After one
reerystallization of the praduet from ether, 2.3 g (716771 of free
amitte was abtained: nup. 122-124°,

Anal. Caledl for CioHeNOQy: N, 7.72. Found: N, 7.56.

3-Methoxyphenethylamine Hydrochloride.—The Soxhlet ex-
tractor teclmique was used for the addition of 10 g. (0.06 nole)
of 3-merhoxyphenylacetanide? to o well-stirred refluxing solhu-
tion of 1 g (0214 male) of LIAIH, in 400 ml. of absolute ether
over a period of 15 . The reaction mixture wns cooled and
processed in the manner deseribed for the preparation of 2.4-
dihydrexyphenethylunine hydrochloride: vield, 8.5 g. (757;):
np. 5215470 After one reerystatlization from a mixture 0
abrolute ethanol aud ethyl acetate the produet wis obtaived as
birge plittering plites, mup. 133-135.2¢

Anel. Caled. Yoo CHWCINO: N, 746, Foaund: N, 7.44.

Spectrophotometric Studies.- The ultraviolet absorption spec-
i were recorded wich a Bausch and Lewmb Spectronie 53
speetrophoroweter equipped with o ccustunt-temperature cell
Ledder to vwmintaiu a temperature of 25°.  The same matched
pair of I-ent guartz cells was used incthe sanie order throughout.
All spectra were weasured against o blank consisting of the
aqueous buffer, alkuli, «r neid used as solvent for the phenolic
eraupeanul. Al the curves for one compound were recorded o
the sue sheer of paper. Ocensionally, spectrs which did nat
prss thirough the Ischestic paints were obtained; it was considered
that dilution evrors had probably occurred so w new mensurement,
was oade with n freshly prepured solution.

All speetra weve reenrded with an aipe voncentration of 1 X
10 ¢ 0/, Tu additiea, the spectrn of sm-tyramine, p-tymunine,
and octopamive were measured at a concentration of 2 X 101
Mo AT 1 VA caneentrad i proved to be more appropriate
I most eases, stiee the abxorbunee vahies which were obtained
allowed w caloulation of the pA,’ valnes from the region of thie
maxin at about 290 me and also from that at 240 mu from o
single =ct of curves. At least two curves were recorded in buffer
solutions with a pH near the pK,' value; preferably one a little
above the pA.” and oue n little below. The pA, valies were
caleulated according 1o the following equation
&

pAL = pH — log €.
€\

- €

where ey and e, are the extinetion ccethicienrs of un-ionized and

220 1AL King ansd 1011 MeMillan, shyd., 68, 2355 (19463,

(22 3-Methnxyvplicuetbylarine hydroehlnride was reported previously to
e hygrosenpic aed boooelt al LE3-146 11 leller, Hele, Chidt, Acla, T,
Y48 (10211
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completely ionized species in regard to the phenolic group, and
¢ is the observed extinction coefficient of the sample in solutions
at the specified pH.? Since the equation was derived with the
assumption of a single total stoichiometric concentration for the
sum of base and conjugate acid for each solution measured,
accuracy was assured by making the complete series of solutions
for each compound by diluting identical aliquots of the same
stock solutions with equal volumes of glycine buffers so that the
final concentrations of amines were 1 or 2 X 107 3 and the
ionic strength was 0.1. The spectra of the un-ionized form of the
phenolic groups were measured in 0.1 & HCL Spectra of the
anions of the monophenols were recorded in 0.1 N NaOH;
essentially the same curve was obtained in this solution as in a
buffer of pH 11.35 at wave lengths longer than about 235 mu.
At shorter wave lengths, the curves measured in 0.1 & NaOH
showed an increase in optical density because of end absorption
and did not pass through the isobestic points if these were at
wave lengths shorter than 234 mu (see Figures 1 aud 2).

The pK,’ value for the second phenolic hydroxyl group of the
one diphenolic compound for which it was measured was esti-
mated by plotting the extinction coefficients at a specified wave
length most characteristic for the dianion against the pH (see
Figure 4).

Because diphenols, especially the catechol derivatives, are
readily oxidized in alkaline medium, all tlie solutions were boiled
while argon was passed through them and were then cooled und
stored under argon until they were used. This precantion was
found to be unnecessary for the monopheunols, although it was
taken. For the catechol compounds this measure alone proved
to be insufficient to eliminate oxidative changes in alkaline
solutions. To overcome this difficulty the curves obtained with
the catechol derivatives in alkaline media were measured at tinied
intervals, and e-values at critical points were extrapolated to zero
time. The curves were recorded in the region of the maxinium
(at 295 my, from which pK,’ values were calculated) exactly 2,
5, and 20 min. after mixing of the acid stock solution with the
buffer or alkali. The other portions of the spectra were recorded
several times between the timed recordings of the naxinium.

Immediately after spectra were recorded the pH of buffer solu-
tions were measured directly in the quartz cuvettes with a GK
2021 C concentric glass and calomel electrode assembly cou-
nected with a titrator Model TTT 1 b (Radiometer, Copen-
hagen). The pH measuring system was standardized before
and after each measurement with Beckman No. 3501-05 standard
buffers.

The most accurate pK,’ values are obtained from measire-
ments in buffer solutions which are at a pH near the pK.'.
The values obtained in buffers other than those with the most
favorable pH do, however, serve as a geuneral check on the
accuracy of the method. For instance, the pK,’ values caleu-
lated for B-(4-hydroxypenyl)ethanolamine (Figure 2) are as
follows (with the pH of the buffer in parentheses): determined
at 292 my, 9.538 (9.05), 9.55 (9.33), 9.57 (9.57), 9.39 (9.89); and
242 myp, 9.56 (9.05), 9.56 (9.33), 9.58 (9.57), 9.63 (9.89).

Potentiometric Determination of Apparent Dissociation Con-
stants.—Titration curves were recorded at 35° with a Radiom-
eter Titrigraph, Type 8BR 2 C. The same electrode (GK
2021 C) which was used for the determination of pH in the spec-
trophotometric studies was employed and was standardized
with the same standard buffers. A rotating titration vessel as
described by Dixon and Wade?® was used. Solutions which
contained 1 X 10~* mole of amine hydrochloride (hordenine, 8,
as sulfate monohydrate) in 5 ml. of 5 X 10-% N HCl were ti-
trated under argon with approximately 1 ¥ NaOH froni a 0.5-ml.
microburet. Thus, the Nat concentration wasx 4.5 X 10-2
M at the end of the titration and about 3.5 X 102 M in the
region of the second pK,’. Corrections for Na* errors at the
higher pH ranges were made by means of a nomogram provided
by the manufacturer of the instrument. However, the required
corrections were small, 7.e., 0.02 unit for a pK,’ of 10.75, which
was the highest encountered.

The stability of the pH meter was checked between each titra-
tion. Samples of phenethylamine hydrochloride were run as
standards before and after a series of compounds was titrated,
and the results were used to calculate the exact strength of the
titrant. With the use of 1 ¥ NaOH us titraut a useful pH rauge
up to pH 11.5 was attained.

123) G. 1. Dixon and R. D. Wade, Science, 127, 338 (1958).
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Figure 5.—Titration curve of p-tyramine, ; conventional
titration of p-tyramine, — — - —; blank titration, — - —.

The pK,’ values were estimated graphically.2* In the top
portion of Figure 5 the dotted curve is the conventional titration
curve of p-tyramine with volume of titrant plotted »s. pH, and
the broken curve is the blank titration of 5 ml. of 5 X 1073 N
HCL.  The solid curve in the lower portion of Figure 5 was ob-
tained by subtracting the blank curve from the titration curve
for the amine. The total titrant added corresponds to exactly
2 equiv. of alkali, as compared with the addition of 1 equiv.
for the titration of the standard phenethylamine solution or for
the titration of 2- and 3-methoxvphenethylamines,

The titration curve of p-tyramine, as seen in the figure, does
not have an inflection separating the neutralization of the phe-
nolic group and the amino group. Auerbach and Smolczyk?®
have shown how the character of titration curves is determined
by the ratio of two neighboring dissociation constants. Thus
when pK, is greater than 16pK; there will be an inflection in
the middle of the over-all titration curve, whereas when pK:
is less than 16pK, the curve will be a smooth function similar to
that obtained with a monofunctional compound. All but one
of the titration curves obtained in the present study proved to be
continuous. The single exception was that obtained with o-
tyraniine, which had a slight inflection in the middle of the
curve; the calculated pK,' values were 9.48 and 10.75 (i.e., pK:
= 18.6pK:). It was clear that the pK.’ values for the phenol
and the amine groups for all the other compounds were too close
to each other to permit their determination simply by measuring
the pH at the 30 and 1509 neutralization points. Therefore,
for each compound the dissociation constants for the phenolic
groups obtained froin the spectrophotometric measurements
were introduced as standard values for the estimation of the dis-
=ociation constants of the amino groups. The procedure seemed
satisfactory for the following reasons: comparable results
were obtained spectrophotometrically and potentiometrically
for a phenolic test substance (p-cresol) and with o-tyramine,

(24) T. V. Parke and W. W. Davis, Anal. Chem., 26, 642 (1945).
(25) ¥. Auerbach and E. Smolezyk, Z. physik. Chem., 110, 64 (1924).
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where the difference between the two pK,’ values is sufficient thut
tliey do not interfere with each other in the potentiometric de-
rermination. Thus the pA,’ for p-eresol was found hy the spee-
trophotometric method to be 10.14 and by potentionterric titration
to be 10.08. These values correspond well withh another recent
determination of 10.160 (apparent) and 10,18 (thermodymiamic).*
The spectrophotometric and porentiomerrie  phenolie pK,’
values for o-tyramine were in good ngreement, 7.¢., 90.52 and 9.46,
respectively.  The pK,' for phenethylamine, 9.88 (average of 4
deterniinatinng), ugrees well with the values reported earlier.
Le., 9.86,20.84,2and 9.83.%  The dissociatian canstants cbtained
from the =pectrophotometric data bave n velative aceuraey of
40,05 unit and the dutan from the ritrations ==0.1 wmii,

The dissociation constants for the minino groups in the phenolic
anines were determined ns follows: ws un example 1he procedure

(20) G. Bardinet and M. Metayer, Compl. 7end. sor.
(1948).

brol., 226, 400
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nsed for p-tyramine is described. The dissociation constam
(9.74) for the phenolic group was obtained from the spectra-
pliotomnetric studies. At this pH it can be scen from tlie titratiom
cuvve (Figure 53 that 679, neutralization had been effectod.
Front this it is apparent that at half-neutralization of the phenalie
graup the amino group had been 1777 neurralized us well.  Be-
canse the titration carves for the individual groups <hould be
syimetrieal, 1t follows that half-ueutralizaiicar of the omine
group wonld be completed when 150 — 177, of the jatal 2000,
of alkali are added.  The assumuption that half-nemralization of
the amine funerion oceurs after nddivion of 1431, of the alkali
lends to pA," = 1152, By using tu this mamuer the speetro-
photometvically determiuned pK," for the phenolic group it wns
possible 1o estimate the per ceni of the wmino group ionized
the pA* of the phendie group for the different compounds.
This ranged jrom zero or very stmall in the case of o-tyramine to
3200 for 17 IN,N-dimetliyl-3-<(4-hydroxy-3-methoxyphenyli-
ethanolamine! and 259 for 14 IN,N-dimethyl-3-(4-hydroxy-
phenyljethanoluine],

Antifungal Activity of a Series of
Substituted [(a-Nitroalkyl)benzylthio]alkylamines!

Rosert C. TwEIr, R. D. MUuIr, Seru Miztnsa,

Chemucal and Biological Research Divisions, G. D. Searle & Co., Chicayo, Illinois

60680

AxD WEBSTER R. CrowrLry, Ju.

The Morton drboretum, Lisle, Illinois

Recetved November 9, 1964

8-Nitrostyrenes, as well as compounds obtained froni them by addition of thiols, are knowu to be antifungal

agenrs and interest arose in preparing some water-soluble ageuts of this type.
amninoethanethiol hydrochloride to g-nitrostyreiie (eq. 1).
preveuted the addition, but a ring nitro group overcame this hindrance.
Addition is also more difficult when the amino group is repliced by dialkylamino.

little effect.

This was doue by adding 2-
Strong electron-donating groups on the aryl ring
Other substituents seem to have
As antifungal

agents the compounds inhibited the growth of Trichophyton mentagrophytes, Candida albicans, and Ceratocystis

wlmi ™ witro.

In in vivo testing i1 mice, however, there wns cousiderable toxicity nt fuugicidal levels. The

componuds also showed activity in vitro against the bacterin Bacillus subtilis, Fecherichia coli, Diplococeis
pnewnoniae, and Erwinia carotovora; the alga Chlorella vulgaris: and the protozoan Tetrahymena geleif. The
most promising activity shown by these compounds has been against Ceratocyetis nlmi, the organism respousible

for Dutch elni disease.
field testing is currently in progress.

In recent years, a number of reports have been pub-
lished on the antibacterial and antifungal activity of 8-
nitrostyrenes? and  2-nitro-1-phenyl-1-phenylthio(or
alkylthio)alkanes® obtained by the addition of thiols to
B-nitrostyrenes.*  While many of these compounds
have shown good autibiotic activity in witre, Evans,
et al.; have shown that at least some of the nitrosty-

{11 l'resenied befare the IDivision of Medicinal Chemistry, 148tle National
Vleeting of the American Chemical Society, Chicage, I, Sept. 1064, AL-
stracts, v, 23P.

¢y far M. I'tanka. .JJ. Sci. Pood Adgr., 14, 43 (1003, and ref, 4-17 cired
therein: ()0 M. Fagaet, Adnp. inst. Pasteur, 88, 713 (1935); Chem. Absir..
49, 12290g (1044); (¢} F. 2chonhofer and M. Sclioog, deznedmitiel-Forsh., 8,
374 (1958); (1) M. Knremura, Takamine Kenkyusho Nempo, 18, 205, 211
i1961); (e)M. Koremura, 1I. Oka, H. Nakao, T. 8hono, and Y, Morisawa,
Mid., 18, 216 (1961); (f) M. Koremura and Z. Hattori, 7bid., 13, 222 (1961);
(x) M. Koremara and K. Tomita, Nippon Nogeikagakw Kaishi, 36, 479
(1962); (h) M. Koremura, thid., 86, 552, 557 (1962); (i) M. Koremura and
&, Nagawa, 1hid., 836, 629 (1962); ref. 2d-f appear in Chem. Abstr., 87,
16450e (1962).

(3) (a) E. B. Hodge, U. . Patent 3,095,456 (June 25, 1963); {b) N. (i.
Clark, A. F. l{ams, and B. E. Leggetter, Nature, 200, 171 (1963),

(4) (a) R. I.. Heath and A. Lambert, J. Chem. Soc., 1477 (1947); (b}
(!, I.. Areas and P. A, Hallgarten, ibid., 3407 (1957); (¢} L. T, Cason and
¢'. ', Wanser. J. dAm. Chem. Svc., T8, 142 (1951); (1) A, Mustafa, A. 1. [0,
1laylas), and M. Kamel, (hid., T7, 3860 (1955).

(7 13, 1, Evans, R. F. Hatnes, A. C. Curtis, F. C. Broendeo WD, Bloek.
wid B R 1larrell, J. Tnvest. Dermatol.. 38, 43 (19571

Several of the compounds caused inhibititar of the growth of the fungus i treex, and

renes are inactive in the mouse, possibly due to irreversi-
ble binding lo sulfhydryl or amnino groups present in
blood.

We felt that the water-soluble compounds obtaimed
by addition of 2-aminoethanethiol hydrochloride to 3-
nitrostyrenes might have advantages over the water-
insoluble nitrostyrenes.® Accordingly, a series of thesc
componnds was prepared and tested qualitatively for
autiblotic activity against the following nucroorgan-
Isms:  bacteria, Bacillus  subtilis, Escherichia oli,
Diplococeus prnevmoniae, and Lirwinia carotovora; fungi,
Candida albicans, Trichophylon wmentagrophytes, and
Ceralocystis ulini; alga, Chlorella vulgaris; and proto-
zoan, Tetrahyiena geleti.

All of the compounds displayed some degrec of anti-
biotic action against most of the test organisms. Can-
dida albicans was the most resistant organism, being
affected by only 13 of the 34 compounds while 7'
mentagrophytes and T. geleii were universally suscepti-
ble.

(0) Recently. I. Montanini, \. Martini, and 8. Bersi [Boll. Chiw, Facm.,
103, 187 (10641: Chew. Abstr., 61, 4247h (1964) | have reported tlat voc-

poenads vhiained Ly tho addition of ecarboxymethanethiol and 2-carlioxy-
erhanetliiel to 8-nitrostyrenes are ineffective as hacteriostats.



