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I, INTRODUCTION

Proof of the concept that histamine (I) or a histamine-like substance is
responsible for the various symptoms associated with allergic reactions has

T—'HC Hz O H2 l\er
NH
I
Histamine

prompted a vigorous search for substances which would antagonize this power-
ful agent. Several compounds have been developed which are extremely useful
in the symptomatic amelioration of these many allergic phenomena (195).

The chemical structures of these antihistaminic drugs vary, yet the prominent
compounds exert similar pharmacological and therapeutic action. There is con-
siderable difference in potency, in both animal experiments and clinical tests.

The therapeutic effects of the antihistamine compounds are most evident in
the nasal allergies, such as seasonal hay fever and vasomotor rhinitis. Urticaria,
angioneurotic edema, motion sickness, the nausea of pregnancy, and serum
sickness are other indications which have been relieved (258). Considerable
publicity has been given reports of the abortion of the “common cold’” (119).

Undesirable side effects, such as sedation, lassitude, and muscular weakness,
are produced, the incidence of which varies with the individual drug and the
individual patient.

Loew (257) defines antihistaminics as “drugs which are capable of diminish-
ing or preventing several of the pharmacological effects of histamine and do so
by & mechanism other than the production of pharmacological responses dia-
metrically opposed to histamine.”” Consequently, antihistaminic drugs are a
special category of spasmolytic drugs, and justification for the name is found
in the extraordinarily high specificity of these compounds in antagonizing his-
tamine-induced physiological effects. This specificity is relative and not abso-
lute, for pharmacological experience has proved that absolute specificity is rare
and practically unattainable., To a varying extent antihistaminics exert anti-
acetylcholine, local anesthetic, sympathomimetic, sympatholytic, antispasmodic,
analgesic, and quinidine-like actions (274).
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Excellent reviews have appeared (39, 41, 49, 76, 93, 97, 108, 133, 135, 136,
147, 161, 179, 182, 197, 210, 219, 223, 227, 236, 268, 272, 276, 292, 314, 315,
322, 388, 402, 414, 421, 422, 435, 445, 447), outstanding among which are those
of Loew (257, 258), Haley (169}, Huttrer (200, 201), Dunlop (117a), Viaud (443),
the book of Bovet and Bovet-Nitti (32), and the Annals of the New York Acad-
emy of Sciences (10).

II. HisToRICAL

Dale (105) in 1929 noted that the effects of histamine in animals resembled
those of anaphylactic shock and advanced the theory that histamine is liberated
from the tissues of animals by cell stimulation due to the interaction of an anti-
gen and antibody. Dragstedt (116) compared the physiological effects of his-
tamine with the symptoms observed in asthma, anaphylaxis, and other allergic
and pathological conditions and reached the conclusion that, although histamine
may not always be the main causative agent, any prevention of its effects would
be of great benefit. Rosenthal (233, 234, 372, 374, 375, 376) has published a
series of studies designed to prove that histamine or a histamine-like substance
is the chemical mediator for cutaneous pain. Thus a large body of evidence has
accumulated to indicate that histamine is released in anaphylactic shock and
similar reactions in amounts adequate to account for many features of these
phenomena (116, 191, 194, 330, 387, 437).

Therapeutic efforts to combat the action of histamine resulted in the use of
gradual doses of histamine to desensitize patients and the conjugation of his-
tamine with proteins through azo linkages (138, 389, 450). Feinberg (134), in a
report to the Council of Pharmacy and Medicine of the American Medical Asso-
ciation, concluded that the treatments were ineffective. Diamine oxidase (his-
taminase, Torantil), a kidney enzyme, proved effective in the prevention of the
toxie effects of histamine (23, 24, 121, 122), but recent highly purified extracts
of this enzyme (318, 417) proved too toxic for clinical use (24, 130, 134, 167,
318, 348, 368). The destruction of histamine appears to be an oxidation phe-
nomenon, but disagreement exists as to whether the enzyme leaves the imidazole
ring of histamine intact (417, 418, 451). Several amino acids, including arginine,
histidine, and cysteine, inhibit the characteristic action of histamine in labora-
tory experiments (120). Since 5-10 mg. of arginine monohydrochloride was
needed to counteract the effect of 0.02-0.05 microgram of histamine (177, 369,
380), no clinical tests were performed. Amino acids, such as arginine and sperm-
ine, are 100,000 to 1,000,000 times less effective than the present synthetic anti-
histamine substances.

Over 200 compounds other than those included in this review have been tested
for activity. Hill and Martin (189) published an extensive review in 1932 which
served to emphasize the fact that, although numerous substances had been
tested, there were none which could be considered ideal agents for alleviating
anaphylactic shock in experimental animals. Some of the more recent substances
tested include the following: cardiazole (416), pyridinesulfonamide (410), ascor-
bic acid, and ascorbates (153, 379), bile acids (128), procaine and quinidine
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(118), 2-diethylaminoethanol (89), imidazole (293), nicotinamide (57, 151),
pyridylbenzamide (275), cocaine, novocaine, percaine (118, 152, 324, 345),
xanthines (129), coramine (164), folic acid (428), vitamin A (13), formaldehyde
(217, 218), and various hypotensive agents (14). The claim that ferrous ion is
an aid in the prevention of the side effects and potentiates the activity of anti-
histamines (409) has been disputed (386). Sympathomimetic and sympatholytic
substances have been tested and found relatively active, but their primary
action is not against histamine (19, 26, 58, 420).

In 1937 Bovet (38, 408, 433) issued preliminary reports concerning the first
effective synthetic antihistaminic drugs. Previous studies of sympathomimetic
and sympatholytic poisons, carried out in the Pasteur Institute, had shown that a
relationship exists in the pharmacodynamic response between the different series
of alkyl aromatic amines: 2-(phenylthio)ethylamine, phenethylamine, 2-phen-
oxyethylamine, and N-phenylethylenediamine. Neither phenylethylamines nor
thioethylamines counteracted histamine, but the benzodioxans F 883 (II) (33,
140, 141, 145) and F 933 (III) exhibited mild antagonism, prompting further

/O\CH2 /O\CH2
‘ |
o CHCH, N(CHy), .o /CHCH,CEL,N >
i I
F 883 F 033

studies of related phenolic ethers. In a series of twenty-one ethers, F 929
(2-isopropyl-5-methylphenoxydiethylamine or 2-thymyloxytriethylamine) (IV)
proved to be the most active in alleviating the symptoms of histamine shock in
guinea pigs. N-Phenylethylenediamines behaved in a similar fashion. Within a
series of seventeen amines, F 1571 (N, N-diethyl-N’-phenyl-N’-ethylethylenedi-
amine) (V) proved to be the most active (407), but diverse toxic effects, such
as cyanosis, prostration, and convulsions, prohibited the clinical use of these
substances. More potent antihistamines resulted from a study of twenty-four

CH(CHs)z ICZ H5
OCH, CH: N(C;Hy). NCH, CH, N(C;Hs)s
CH,
IV v
F 929 F 1571

derivatives of F 1571 which had been synthesized by Mosnier (176, 434). The
dimethyl homolog of F 1571, N-phenyl-N-ethyl-N' , N'-dimethylethylenediamine
(VI) (RP 2325), had greater antiasthmatic activity than F 1571 and reduced
toxicity. The replacement of the ethyl group by benzyl, giving N-phenyl-¥-
benzyl-N',N’-dimethylethylenediamine (RP 2339 or Antergan) (VII), resulted
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in sufficient improvement to justify the first human therapy. The clinical intro-
duction of this drug was marked with great success and represented, after epi-
nephrine, the first significant step in the chemotherapy of allergic diseases. In

(ﬁz Hs ?Hz CeHs
CeH;NCH,CH,N(CH;), CsH;NCH, CH, N(CHj;),
VI VII
RP 2325 Antergan

spite of its increased activity and tolerance, Antergan produced a number of
unpleasant side effects and was, moreover, ineffective in many patients.

From 1942 on, research in France shifted to the investigation of heterocyeclic
compounds. Definite progress was made by Horclois (40), who substituted pyridyl
for the phenyl group in Antergan. Around 1943 research on heterocycles started
in the United States. To American investigators, working mainly with amino-
pyridines, the appearance of Bovet’s publication (35) dealing with these com-
pounds was a complete surprise. Neoantergan (RP 2786) was shown to possess
a remarkable degree of antihistamine potency (34, 35, 40).

Several American publications appeared shortly thereafter. In 1945 Loew
(263) reported tests on a series of benzhydryl alkamine ethers which had been
synthesized by Rieveschl and Huber (367). 2-Dimethylaminoethyl benzhydryl
ether (Benadryl) and several related tertiary amines were found to exert definite
antihistaminic and antianaphylactic action.

Also in 1945 Mayer (277, 278) reported the considerable activity of N-(a
pyridyl)-N-benzyl-N’, N’-dimethylethylenediamine (Pyribenzamine). Benadryl
and Pyribenzamine were immediately and widely used by the medical profes-
sion, and many pharmacological and clinical reports on their use have been
published.

A multitude of compounds have been prepared and tested for antihistaminic
potency. In many cases, patents and publications are extremely vague as to the
latter. The structures and activity of all synthetic antihistamines will be noted in
the subsequent portions of this paper.

About twenty compounds have been offered for clinical use (195). Table 1
lists these and recently published active compounds in alphabetical order. Their
syntheses and properties will appear in the main body of the review.

Aryl-substituted 8-haloalkylamines have been demonstrated to be potent anti-
histaminics; in contrast to other agents which enhance the pressor action of
epinephrine, these compounds block and reverse this pressor action (257).
N-2-Chloroethyl-N-ethyl-1-naphthalenemethylamine (VIII) and 2-(2-biphenylyl-
oxy)-2’-chlorotriethylamine (IX) exert this dual action. Chemically, these com-
pounds are related (177) to Dibenamine [N-(2-chloroethyl)-dibenzylamine], a
compound which exerts adrenergic blocking action but which is almost devoid
of antihistamine action (302, 303, 305). Nickerson (301) has covered the phar-
macology of “adrenergic blockade’” in an excellent review. The principal clinical
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(|32 Hs
CH;NCH,CH;Cl
74 (|32H5
N OCH,CH,NCH,;CH,Cl
VIII IX

application of these drugs appears to be in the group of peripheral vascular
diseases.

The adrenocorticotropic hormone (ACTH) has been used with remarkable
success in treatment of the allergic reactions of asthma, hay fever, and drug
sensitivity (149a). This work was based on the experimental studies of Rich
and Gregory (346, 347), which suggested a relationship between the hypersensi-
tive state and rheumatic diseases.

Based upon the hypothesis that greater therapeutic value would result from
the prevention of the formation of histamine than from prevention of its action,
as occurs with standard antihistamines, studies were made of the inhibition of
histidine decarboxylase, an enzyme in animal tissutes which is capable of forming
histamine from histidine. Flavonoids proved to be the most effective inhibitors.
Catechin (X) protected guinea pigs against anaphylactic shock, but not from

OH

HO O—CH@OH

X
Catechin

histamine shock (296). The results were interpreted asreflecting ¢n vivo inhibition
of histidine decarboxylase.

I1I. TEsTING
A. PHARMACOLOGICAL

Antihistaminic drugs are assayed by observing whether or not they will in-
hibit or block one or more of the easily demonstrable pharmacological effects
of histamine. In one test, the lethal dose of histamine injected intravenously is
determined for a group of guinea pigs. The compound to be tested is injected
subcutaneously and increasing doses of histamine are thereafter given to deter-
mine the maximum dose which the animal survives and thus the protective
effect of the drug. A second test is designed to measure the protective action of
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the drug against the lethal effect of histamine inhaled by a guinea pig. If the
animal is subjected to a fine mist of histamine solution, respiratory distress
occurs within a short time. On removal from the spray the animal will recover,
but if it is allowed to remain exposed to histamine, death will occur from asphyxi-
ation due to a muscular spasm of the bronchioles, which prevents sufficient
ventilation of the lungs. Guinea pigs that have received a sufficiently large oral
or parenteral dose of an antihistaminic are able to resist the asphyxial action of
histamine for much longer times. The dose of the drug that is necessary for this
protective effect is a measure of its antihistaminic potency. Since protected ani-
mals can be exposed repeatedly to the histamine spray at regular time intervals,
the return of the asphyxial signs may be observed as the drug is eliminated by
the animal; thus a measure of the duration of activity may be obtained. The
third general test determines the power of the antihistamine to prevent contrac-
tion of the isolated ileum of the guinea pig. By appropriate adjustment of the
concentrations of histamine and the antagonist, an assay method is devised
whereby one antihistaminic may be compared with another, The estimate of
activity is derived from the ratio of the concentrations of the antihistaminics
that cause equal inhibition of the histamine spasm. A fourth test determines
the effect of a drug in preventing the depressor action of histamine on the blood
pressure of a dog or cat. The final major test measures the capacity of the anti-
histaminic to abolish or diminish the size of a wheal caused by an intradermal
injection of histamine (344).

Other more precise methods have been developed, including the use of the
tracheal chain (66, 67, 68), canine spinal fluid pressure (390), and area changes
in the bronchi of dogs and cats (132). An equation relating the affinity of his-
tamine and the antihistamine for the cell receptor has been proposed (449).
Precise results were obtained (289, 381, 382), utilizing an older idea (91) of
measuring drug antagonism through the concentration which would neutralize
the effects of a tenfold increase of the drug. The dynamics of recovery for the
isolated intestinal strip was considered a reliable quantitative assay (21, 370).
Antihistaminic activity can be measured in vivo by means of fluorescein (50).
In normal subjects fluorescein disappears rapidly under the influence of his-
tamine, and antihistaminic substances always neutralize this effect. In allergic
subjects fluorescein alone is visible only for a short time, but when antihista-
minics are added fluorescence is visible for a prolonged period of time. Avoidance
of large standard errors of group assays is proposed through the equations of
S. Loewe (266, 267), while time—per cent curves give rapid nomographic solu-
tions (255). The inhibition of the spasmogenic effect of histamine or acetylcholine
following a short exposure is used as a differentiation of the two innervators
(174, 271). Histamine iontophoresis has been used to determine comparative
activity in man. The initial threshold is determined by the highest dilution of
histamine base producing diffuse punctate whealing. The threshold of the drug
is redetermined by administering it orally and the difference between the two
determinations is a measure of activity (412). '
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B. CHEMICAL
1. Histamine

The normal histamine content of human blood as determined by bioassay
ranges from 1 to 8 gammas (y) per 100 ml., with an average value of about
4 v (186, 371). These low levels have limited the development of chemical analy-
sis until suitable micro methods could be developed.

Two chemical methods which have become available for the analysis of his-
tamine in biological fluids involve the coupling of imidazoles with 4-nitroaniline
(378, 419) and with 2,4-dinitrofluorobenzene (280, 281). The two methods were
combined and modified (269) to permit the colorimetric analysis of 0.1-1.0 v of
histamine in a 5-10 ml. specimen of whole blood. Chromatography has been
successfully applied to the problem (437). Sodium 1,2-naphthoquinone-4-sul-
fonate (270) and p-bromoaniline (20, 436, 437, 438) have been recommended as
colorimetric reagents.

2. Antihistamines

Specifications and identifying tests for Benadryl (298), Pyribenzamine (337),
Thenylene (334), Neohetramine (336), Decapryn (333), Trimeton (335), Dram-
amine (297), and Antistine (332) have been reported in New and Non-Official
Remedies. The tests described are nonspecific.

Haley and Keenan (168, 171, 172, 173, 174, 221) studied the reactivity of
several antihistaminic drugs with simple alkaloidal precipitants and color reac-
tions to see if such tests could serve as means of identification. Benadryl and
Pyribenzamine gave the same type of precipitate with most of the precipitation
reagents, The only reagent usefu!l in their identification was chloroplatinic acid
(168, 221), with which different crystalline precipitates were obtained. The re-
sults of precipitation and colorimetric tests on several different antihistaminic
drugs brought forth many distinctive differentiations and identifications (table 2).

Crystallographic properties, also determined by Haley and Keenan, pointed
out even better means of identification. Excellent photomicrographs were ob-
tained, using the immersion method with the polarizing microscope (171, 172,
173).

The effect of radical substitution on the optical properties of derivatives of
N-2-thiazolylethylenediamine (White 194B; table 1, No. 27)

R@CHzl\lfCHzCHzN(CHs)z

C
AN\
L

HC==CH

where R represented hydrogen, chlorine, or methoxy, yielded interesting obser-
vations (222). The crystal habits of the three substances appeared essentially
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identical in ordinary light. However, there was a very marked difference in the
axial angles. The angle was quite large where hydrogen substitution occurred
and was much smaller when chlorine was in position. Cavallini recorded the
effect of various alkaloidal reagents on benzhydryl 2-imidazolin-2-ylmethyl
ether (71).

The analytical method of Brodie (43, 44, 45, 46, 47) for the analysis of organic
bases was utilized for the determination of the changes in concentration of
Benadryl and Pyribenzamine in blood, urine, and spinal fluid (160). The method
depends on the reaction of the organic base with methyl orange to form a colored
complex salt which is soluble in ethylene dichloride. Dill (111) noted that the
above procedure gave high blanks in the analysis of urine and tissues and there-
fore utilized a double-extraction technique to eliminate interferences. The iden-
tity of Benadryl in the urine was established by counter-current extraction with
the Craig technique (96) and by the ultraviolet absorption spectrum (162a).

The red color with coneentrated sulfuric acid gave a sensitivity of 20 mg./l. of
Neoantergan (117). The turbidity of an ether extract of a protein-free blood
filtrate after treatment with iodine allowed measurement of 5 vy of Pyribenzamine
and 3 v of Antistine per milliliter of human blood (321).

A colorimetric method for the determination of N-(2-pyridyl)-substituted
antihistamine drugs consists in the opening of the pyridine ring by cyanogen
bromide and the coupling of the intermediate compound with aniline, resulting
in the formation of a yellow complex which follows Beer’s law (213, 316). Am-
monium reineckate, in aqueous solution, quantitatively precipitated most of
the antihistamine compounds. The precipitates are isolated, dissolved in ace-
tone, and determined colorimetrically (17). Various sympathomimetic amines,
such as ephedrine, amphetamine, and desoxyephedrine, did not interfere.

The ultraviolet absorption spectra of a large series of antihistaminic com-
pounds were determined (148, 149) to ascertain whether adequate sun screening
could be obtained. Characteristic spectra with well-defined maxima were found
for N-(2-pyridyl)ethylenediamines and form the basis for excellent determina-
tions (9, 88, 273). Four micrograms of Thenylene or Neoantergan was deter-
mined with an accuracy of 40.5 per cent.

Compounds containing nitrogen, sulfur, and halogens may be analyzed, after
combustion, by standard methods. The bases can be titrated with standard acid
and the acid salts with standard alkali, but these methods are nonspecific.

IV. HISTAMINE ANTAGONISTS

Bovet and Bovet-Nitti (32), in their book on drugs affecting the autonomic
nervous system, classify antihistaminic agents according to their mode and site
of action. The compounds are separated into two groups, dependent on whether
their pharmacological action resembles that of sympathomimetic and sympa-
tholytic agents or whether their antagonism is mainly directed toward the para-
sympathetic nervous system. In the first group are placed the phenolic ethers
and derivatives of aniline, a-aminopyridine, aminopyrimidine, phenylamino-
methylimidazoline, aminochloroethane, and phenyltetrahydropyridindene. In
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the latter spasmolytic grouping are placed the benzhydryl ethers, derivatives of
phenothiazine, and esters of phenyl-a-thenylglycolic acid.

This review will not utilize a pharmacological division, but will employ a
broader structural classification, dividing the histamine antagonists into deriva-
tives of ethanolamine, derivatives of ethylenediamine, derivatives of amino-
propane, derivatives of phenyltetrahydropyridindene, and amino esters.

A. DERIVATIVES OF ETHANOLAMINE
1, Phenolic ethers

2-Thymyloxytriethylamine (IV) was the first synthetic substance which was
found to exhibit potent antihistaminic properties (38). The weak sympatholytic
properties of the compound had been noted previously (7, 8). Staub described
(407) the antihistaminic properties of the phenoxyethylamines prepared by
Maderni (36) (table 3).

Various relationships between chemical constitution and antihistaminic activ-
ity were observed. The nitrogen atom in the alkyl side chain must be tertiary,
for replacement of one of the ethyl groups in the amine radical, to yield the
secondary amine (F 1482), suppressed all activity. Replacement of the diethyl-
amino group by piperidine (F 1462) caused a large decrease in activity. Iso-
meric compounds had practically identical actions (F 929 and F 1379; F 1482
and F 1483; F 1464 and F 1465). Of the various derivatives of (2-phenoxyethyl)-
diethylamine or F 928 (F 940, F 1274, F 1262, F 1306, F 1323, F 1655), only
2-(2-biphenylyloxy)triethylamine (F 1262) possessed activity, but its cardiac
activity precluded any further study. Tastromine, the dimethyl analog of F 929,
is probably slightly superior to the latter, but its histaminolytic properties have
not been fully investigated.

Monobasic and polybasic aryl ethers, prepared and studied by Protiva (327),
exhibited very mild activity (table 4, Nos. 1-13). The ortho-disubstituted phenol
possessed 10-30 times the activity of the meta- and para-substituted (Nos. 2
and 3) and the trisubstituted ethers (Nos. 4 and 5). The aminoalkyl benzyl and
benzhydryl ethers (Nos. 6—9) were appreciably more active, while the benzhydryl
thioethers (Nos. 12 and 13) were of the same order of activity, with diminished
toxicity (No. 13). The diphenyl derivatives (Nos. 11 and 12) are relatively
inactive, compared to the benzhydryl ether derivatives (table 5) and the recent
potent derivatives of benzylphenol (table 19).

Dialkylaminoalkyl thioethers were prepared to study the effect of replace-
ment of oxygen and nitrogen in compounds of the type of Benadryl and Pyri-
benzamine (table 4, Nos. 14-21) (31). The pharmacological properties were not
reported.

The amino ethers were prepared either by the condensation of the aryl bromide
with a dialkylamino aleohol, or by that of the sodium salt of the cyclic alcohol
with a dialkylaminoalkyl halide. A variation of the latter method consists in
reacting the cyclic alcohol with ethylene bromide and treating the resultant
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bromo ether with a dialkylamine. F 929 was initially synthesized by the vacuum
distillation of B-diethylaminoethylthymyl carbonate (124, 125). Fourneau and
Lestrange (cf. 407) heated sodium thymolate in a sealed tube with 2-chlorotri-
ethylamine. The same result has been obtained in open reflux (106). Thymoxy-
ethyl bromide (from thymol and ethylene dibromide) and diethylamine give
the desired product (373). F 883 (II) was obtained from the condensation of
catechol and epichlorhydrin in the presence of alkali and reaction of the prod-
uct with dimethylamine (145). The ring closure of the substituted allylphenol
yielded the corresponding coumaran. The benzodioxan was relatively inactive,
protecting only 30 per cent of test animals from a single toxic dose of hista-
mine (433).

1 RBr + HOCH,CH.NR'R” 1
2) RONa + CICH.CH;NR'R" —— —— ROCH;CH;NR'R”

R'RNH
(3) ROH + BrCH,CH,Br — ROCH.;CH, RRNE]

CHZ CH=CH2 Br, CH:,) CHBI‘CH2 Br Na0 C,H,
—_— —— e T s
OCOCH, OCOCH;
/CHz /CH\2
\CHCHZ Br _(C:HoNH | CHCH,N(C;Hs),
N4 N
0 0

The dialkylaminoalkyl aryl ethers and thioethers (table 4) resulted from the
condensation of sodium phenates and thiophenates with chloroalkylamines (31,
327).

2. Benzhydryl ethers

The ethers of benzhydrol represent the first potent histamine-antagonizing
drugs which originated in the United States. The most active of an initial series
of seventeen benzhydryl ethers tested by Loew, Kaiser, and Moore (263) (table 5)
was the dimethylaminoethyl derivative, Benadryl {table 1, No. 3), synthesized
by Rieveschl and Huber (354, 367), which protected guinea pigs against seventy-

(CeH;):CHCOOCH,CH,N(C.Hj),
XII
Trasentin
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five toxic doses of histamine. The benzhydryl ethers are closely related to the
spasmolytic agents and the acetylcholine antagonists of the Trasentin (XII)
type, which are benzhydryl esters. Loew (264) compared the antispasmodic and
antihistaminic activity of atropine, papaverine, Trasentin, Pavatrine, Benadryl,
and F 1571. Benadryl was a much more potent antispasmodic than Pavatrine
and Trasentin, the most effective antispasmodies. It exerted weak antagonism
against barium, and moderate antagonism against acetylcholine, the latter be-
ing one-half to one-tenth that exhibited by Trasentin and Pavatrine. F 1571 (V)
was comparatively impotent in antagonizing barium and acetylcholine.

The three most potent compounds in table 5, listed therein in descending
order of activity, were the 2-dimethylaminoethyl, 2-piperidinoethyl, and 2-
morpholinoethyl benzhydryl ethers. The first two are at least twice as potent
as benzhydryl 2-morpholinoethyl ether, which has an activity comparable to
that of F 1571, the most active Fourneau antagonist.

Several conclusions can be drawn concerning the relationship between molecu-
lar structure and antihistamine activity (263). A chain length of two carbon
atoms is found in the five most active compounds (table 5, Nos. 1-5). Com-
pounds with longer or branched carbon chains are less active. This is apparent
in comparing No. 3 with Nos. 8, 12, and 14; however, the relative potency of
Nos. 6 and 7 opposes this view. An increase in chain length obtained by an
oxygen-interrupted chain (No. 15) also decreased the activity. The character of
the substitution on the nitrogen atom is seen by comparing Nos. 1, 4, and 9, in
which the activity is in the order of the tertiary > secondary > primary amine.
In general, the data indicate that an increase in the size of the group on the
nitrogen atom leads to less active compounds in both the secondary and the
tertiary amines (compare Nos. 4, 5, and 13; also Nos. 1, 6, 16, and 17). No. 11
represents one example of substitution on the benzene rings of the benzhydryl
group. On comparison with the analogous unsubstituted compound (No. 3) the
4 4’-dichlorobenzhydryl 2-morpholinoethyl ether is seen to be much less active,
but also less toxic. Substitution in the benzhydryl part of Benadryl resulted in
major loss of activity. Simple substitution of halogen, or rearrangement of
phenyl rings to give fluorene or naphthalene derivatives, resulted in agents with
little activity. Lesser toxicity was claimed for the p-methoxy derivatives (159).

Rieveschl, in a series of patents (349, 350, 351, 352, 353, 354, 355, 356, 358,
366, 367), has described an extensive series of benzhydryl ethers prepared by
the condensation of a benzhydryl halide with the appropriate dialkylamino
alcohol, usually in the presence of an acid-binding agent, such as an alkali
carbonate.

(CeH5).CHBr + HOCH.CH.NRR' — (C:H;s):CHOCH.CH:NRR’

Alternate methods of preparation included the reaction of an alkali metal salt
of benzhydrol with a 2-dialkylaminoethyl halide or the reverse condensation of
the alkali metal salt of a 2-dialkylaminoethanol with a benzhydryl halide.
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(CeHs)zCHON& -+ XCHz CHzNRR’
h
(CsH;), CHOCH, CH,NRR/
/7
(CeHs)z CHBI‘ -I— NaOCH2 CH2NRRI

Substituted benzhydrols have been made vig the Grignard addition compound

(326).
oM+ am —  onond_ >
CH

CH;

Benzhydryl bromide was obtained when diphenylmethane and bromine were
heated together, with illumination (354). The benzhydrols are readily obtained
by the reduction of the benzophenone with either aluminum isopropoxide or
zine dust and alcoholic caustic (165). The ethers of the 1-alkyl-4-piperidinols
were obtained from either the benzhydryl halide and the piperidinol or the
1-alkyl-4-halopiperidine with the alkali salts of benzhydrol (226).

Table 6 lists reported benzhydryl ethers according to structural similarities.
Methods of synthesis are not reported, since practically all preparations are
performed as previously described.

A number of benzhydryl sulfones, synthesized by Klenk and Suter (225),
have been tested as analgesics.

The studies of Alles and Redemann (6) on the comparative spasmolytic activ-
ities of the salts of Nos. 6, 7, 8, 12, 13, 14, 15, and 73 (of table 6) are shown in
table 6A. Examination of the results of table 6A shows that single or double
branching of the chain with a methyl group, in either the 1- or the 2-position
of the ethyl group in benzhydryl dimethylaminoethyl ether, diminishes the anti-
histamine activity. This diminution can also be viewed in the light of changing
the oxygen function of the a-carbon of the alkyl part of the ether from that of a
primary carbinol to that of a secondary and tertiary carbinol, and of changing
the nitrogen function of the 8-carbon of the alkyl part of the ether from that of
a primary carbindimethylamine to that of a secondary and tertiary carbindi-
methylamine.

The lengthening of the alkyl group of the ether from that of a 2-dimethyl-
aminoethyl ether to a 3-dimethylaminopropyl ether also diminishes the antihis-
tamine activity. The introduction of a triphenylmethyl radical rather than the
diphenylmethyl radical, with the increase in the electronegative character of the
carbon adjacent to the ether link, diminished activity, though this may also
(and more probably) be related to the very considerable concomitant increase
in the size of the molecule.

A comparison of the m-chloro derivative of Benadryl (table 6, No. 63) with
Benadryl revealed it to be three times as active and less toxic (290).

Wright, Koloff, and Hunter (463) prepared two alkamine ethers (table 6,
Nos. 20 and 29) by the reaction of the disubstituted methyl bromide with the
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requisite amino alcohol in the presence of anhydrous potassium carbonate. The
hydrochloride of benzhydryl 2-pyrrolidylethyl ether (No. 20) possessed 1.5-2
times the activity of Benadryl, while that of benzhydryl 2-(4-methylpiperazyl)
ethyl ether had only 0.1 the activity.

To aid in metabolic studies (163), Fleming and Rieveschl (139) prepared
Benadryl containing isotopic C*, The C40, was generated from barium car-
bonate containing 6.88 me. of C, The overall yield based on barium carbonate
was 55 per cent.

CsHsMgBr + C40, —— CeH;C*00H —2% , ¢,H,,C*0CI
CsHj A0 C;H1-1); CH;COBr
ic - (Ol G0 —ramom = (Cole), CHHOH —— 57—

HOCH,; CH;N(CHy):

(CeHa)g C“HBI‘ (CeHa)z CMOCH2 CHgN(CHa)z

To offset the drowsiness caused by certain antihistamines, attempts were
made to combine the bases with the methylxanthines, selected because of their
stimulation of the central nervous system. Because of the low ionization con-
stants of the methylxanthines, however, no stable salts were obtained. The
problem was solved by the use of 8-chlorotheophylline, which has a high enough
ionization constant to form a stable salt (100). Dramamine (table 1, No. 10),
the 8-chlorotheophylline salt of Benadryl, has received wide publicity in the
treatment of motion sickness. Its antihistaminic potency and spasmolytic activ-
ity are respectively 1.5 and <1 times that of the ether on a molar basis (158).
Cusie (101) prepared various xanthine salts of 2-dimethylaminoethyl ether by
the action of a haloxanthine on a diarylalkyl ether of an amino alcohol (table 7).

3. Quaternary ammonium salts of benzhydryl alkamine ethers

Conversion of the tertiary amines derived from benzhydryl ethers to quater-
nary ammonium salts does not alter the antihistaminic action to a great degree,
but greater antispasmodic qualities become evident. The methiodide of Benadryl
[(2-benzhydryloxyethyl)trimethylammonium iodide] was approximately one-half
as effective as Benadryl against histamine and barium, but four times more
potent with respect to the antagonism of acetylcholine action, on intestinal
muscle (264). Thus, atropine-like qualities were increased at the expense of
antihistamine properties. Winder, Kaiser, Anderson, and Glassco (459) present
an excellent discussion of the resultant of the influences of molecular structure
at both ends of two carbon alkylamine bridges, which are of primary importance
in the physiology and pharmacology of the autonomic nervous system (32). In
the adrenergic system an optimal circumstance of the aminoethyl chain appears
to be extension or attachment to the aryl structure; in the histaminic system,
attachment to a heterocyelic structure for activation or through an ether or
nitrogen linkage to an aryl or aralkyl group for interference; in the cholinergic



ANTIHISTAMINE DRUGS 321

system, either ester or ether linkage, with quality and quantity of action influ-
enced by the state of both molecular extremities. In the structure of Benadryl,
as compared with that of histamine (I), the 2-imidazolyl structure of the latter
is replaced by a benzhydryl ether group, and as the function of the nitrogen is
changed from primary to tertiary the histamine interference increases (263).
Thus, in the presence of the benzhydryl ether group, as histamine interference
increases, the function of the nitrogen progressively deviates from that in his-
tamine. From this view it is not surprising to find essential maintenance of inter-
fering potency in passing on to the quaternary amines. These are now in the
class of choline derivatives, in the cholinergic system (459). Ing (205) found that
atropine-like action was sharply increased by substituting ethyl for one of the
three N-methyl groups of the benzilic acid esters of quaternary ethanolamines.
The presence of the quaternary function is associated with curariform, para-
sympathomimetic, nicotinie, and adrenergic activities (204).

Table 8 lists some quaternary salts of benzhydryl ethers which were syn-
thesized by treating the substituted aminoalkyl or chloroalkyl benzhydryl ether
with the appropriate alkyl halide or alkylamine (351). The methiodide (No. 3),
methochloride (No. 1), methyl p-toluenesulfonate (No. 5), and methosulfate
(No. 4) were the most active of a series of quaternary salts initially tested (262).
The failure of the present compounds to show any remarkable difference in his-
tamine-interfering potency suggests that the ionic state is not of the order of
importance that it is in the cholinergic system. The quaternary compounds do
not appear promising as visceral spasmolytics because of a lack of good myotropic
action to accompany the atropine-like action (458). There is a suggestion of in-
creased toxicity in the ethyldimethylammonium derivatives (Nos. 6, 7, 8, and
9). This may be due to the approach to the curariform action of the triethyl-
ammonium ethers. A series of quaternary benzhydryl ethers have been patented
for this activity (359), while long-chain molecules have been advanced as germi-
cides (363).

4. Aryloxyimidazolines and amidines

The desirable features of 2-(N-benzyl-N-phenylaminomethyl)-2-imidazoline
(Antistine, table 1, No. 2) prompted substitution searches in the ether series.
In addition to their antihistaminic action, the imidazoline agents appear to have
some direct effect upon almost every organ of the body.These effects are highly
varied. This lack of specificity is not surprising, since only slight changes in the
structure of Antistine produce the sympathomimetic drugs Privine [2-(1-naph-
thylmethyl)-2-imidazoline] and Otrivine [2-(anilinomethyl)-2-imidazoline] (301).
Djerassi and Scholz (113, 115, 365) noted the similarity in the side chain of
Antistine to that of Antergan (VII), 2-methylimidazolyl replacing the dimethyl-
aminomethyl moiety. Since this change enhanced the desirable activity, the
observation was extended to variations of the side chain of ring-alkylated aryl-
oxyethyldialkylamines, of which F 929 (IV) is the best-known example. Since
imidazolines can be considered to be cyclized amidines, aryloxyacetamidines were
added to the investigation of the 2-(aryloxymethyl)imidazolines (113).
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The amidines (table 9) were prepared by condensing ring-acylated phenols
with chloroacetonitrile by a modification of the conventional Claisen O-alkyla-
tion of phenols. Treatment with ethanolic hydrochloric acid gave the ethyl
aryloxyacetimidate hydrochlorides, from which the desired amidines were ob-
tained with ammonia or substituted amines.

The aryloxymethylimidazolines (table 10) were synthesized by three different
methods. The method of choice was the condensation of the imidic ester hydro-

NH-HCI
V4
ArOCH,C
OC,Hs (CH,NHa)s
NH.HCI
Y4
ArOCH, C\ ,
N—CH,
NH, 7/
ArOCH, C
N—CH, AN
/ 1 NH—CH,
ArOH + CICH;C
NH—CH,

chloride (XI) with ethylenediamine (401).

Inspection of the pharmacological results (201) reveals that all the phenoxy
compounds (table 9) were relatively inactive; this confirms Staub’s rule to the
effect that in the ether series the ring should be substituted. The 2-(thymyl-
oxymethyl)-2-imidazoline was found to be at least as effective as F 929 (407),
indicating that in this series the 2-imidazolylmethyl group was equal or superior
to the diethylaminoethyl side chain. Most of the imidazolines were strong vaso-
pressors with the exception of the 2-(p-cresoxymethyl)-2-imidazoline (table 10,
No. 27), which showed adrenolytic action.

The analogy approach was applied to 2-dimethylaminoethyl benzhydryl ether
(114). 2-(Benzhydryloxymethyl)-2-imidazoline (XIV) was synthesized and found
to be a strong histamine antagonist (170). The same compound was prepared
almost simultaneously in other laboratories (70, 71, 104, 328). The compound
could be made either by the direct condensation of sodium benzhydrolate and
2-(chloromethyl)-2-imidazoline hydrochloride in toluene suspension (224) or by
the conversion of benzhydryloxyacetamide (XV) to the thioamide, which re-
acted with ethylenediamine to afford the desired imidazoline (XIV).

All the various imidazoline derivatives subsequently prepared were made by
either of these procedures. Reduction of 2-benzoylthiophene with aluminum
isopropoxide gave 2-thienylphenylearbinol, which was condensed with 2-(chloro-
methyl)-2-imidazoline, in the presence of sodium amide, to give 2-(thienylphenyl-
oxymethyl)-2-imidazoline (¢f. p-methoxyphenyl derivative: table 11, No. 15).
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N—CH, N—CH.

7 7

(CeHs) CHONa + CICH.C —— (CsHs): CHOCHzC\
NH—-CH. NH-CH,

Xiv 1
(CH:NHy):

(C¢H;); CHOCH,COOH —— (CsH;). CHOCH, CONH, —
XV J
(CeH;): CHOCH, CSNH,

The pyridylmethylearbinol (table 11, No. 16) resulted from a similar procedure
(103). The compounds possessed only weak antihistamine action.

2-(Benzhydryloxymethyl)-2-imidazoline was about one-half as toxic as Pyri-
benzamine (table 1, No. 19) in rats and demonstrated antihistaminic and antiana-
phylactic properties comparable to those of Benadryl and Pyribenzamine. In
contrast to most antihistaminic drugs, this substance relaxes the bronchiolar
muscles of the guinea pig (114). Table 11 gives a list of aryloxyalkylimidazolines
other than those initially prepared by Djerassi and Scholz (114).

5. Diozolanes

Certain 1,3-dioxolanes have exhibited a high degree of spasmolytic activity.
Brown and Werner (48) studied the parasympathetic depressant and antihis-
tamine action of certain substituted 1,3-dioxolanes prepared by Blicke and
Anderson (27) and by Blicke and Schumann (¢f. 48) (table 12). The antihistamine
activity was generally weak for all compounds; however, No. 10 had activity
similar to that of certain antihistamines used clinically, while No. 5 was a potent
parasympathetic depressant. The change to quaternary ammonium salts from
halogen acid salts generally resulted in increased antiacetylcholine activity.

6. Heterocyclic substituted alkamine ethers

The extremely favorable change in therapeutic index which resulted from the
replacement of the phenyl group in the Fourneau ethers (table 3) by the benz-
hydryl group (tables 5 and 6) prompted various investigators to substitute
heterocyclic groups for phenyl in the benzhydryl portion.

The effect of heterocyclic replacement of one or both of the aryl functions
(tables 13, 14, 15, 16, and 17) resulted in extreme limits of variation in toxicity
and potency. The 1-pyrrolidyl and 4-methylpiperazyl benzhydryl ethers were
appreciably more active (table 6, Nos. 20 and 30) than Benadryl. They were syn-
thesized by treatment of the sodium (lithium) salt of the appropriate disubsti-
tuted carbinol with the aminoalkyl chloride.

RR/’CHONa(Li) + R; NCH,CH,Cl — RR'CHOCH,CH:;NR;
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The use of one equivalent of 2-dimethylaminoethyl chloride resulted in low
yields. This may be attributed to the ease with which the halide forms a cyeclic
piperazinium salt. The use of a large excess of the chloride did not materially
improve the yield. Satisfactory results were obtained by treatment of the disub-
stituted carbinol with one equivalent of sodium or lithium amide to liberate the
dimethylaminoethyl chloride from its salt.

A number of substituted dialkylaminoalkyl pyridylalkyl ethers were syn-
thesized by Schwenk and coworkers (table 14) (405). The most active com-
pounds were the 2-pyridyl derivatives in which R’ is phenyl or an alkoxy, alkyl,
halogen, or dimethylamino substituted phenyl group, R” is hydrogen or a methyl
group, and R’’’ is methyl. These compounds (Nos. 1, 3, 4, 5, 6, 7, 10, 19, and 20),
referred to as group 1, exhibited antihistaminic activity comparable to that of
Benadryl. The oral L.D.50 in mice was approximately 300-400 mg./kg.

Lower antihistaminic activity is exhibited by the 3-pyridyl compounds (Nos.
2, 8, and 21) and the 2-pyridyl compounds wherein R’ is 3,4-methylenedioxy-
phenyl (No. 8), benzyl (No. 11), phenethyl (No. 12), 2-thienyl (No. 13), n-
propyl (No. 14); or wherein R’’’ is C:Hs (Nos. 15 and 16). Variations in the
length of the carbon chain of the ether also result in decreased potency (No. 17).
In general, these compounds possess 1/5 to 1/100 the activity of the compounds
in group 1.

The pyridyl-substituted alkamine ethers were synthesized by the condensa-
tion of the appropriately substituted carbinols with dialkylaminoalkyl halides
and sodium amide in toluene. The yields varied from 45 to 88 per cent. The
secondary substituted 2-pyridylearbinols were made by the decarboxylation of
picolinic acid in the presence of an aromatic aldehyde at a temperature above
140°C. The products of the reaction are the desired carbinol, pyridine, and car-

bon dioxide.
( AN N
| ICOOH *ROHO E\VICHOHR

\N7

A large group of similar basically substituted pyridine derivatives was syn-
thesized by Tilford, Shelton, and Van Campen (423, 424, 425) (table 15). The
antihistaminic activities showed that Nos. 1 and 7 were the most active of these
tested. Substitution on the phenyl group of either of these compounds with
alkyl, alkoxy, or halogen groups does not increase the activity, although Nos.
7,9, 16, 17, 19, 20, and 21 have about equal potency. When a naphthyl (Nos.
14 and 15), pyridyl (No. 33), thienyl (No. 34), or cyclohexyl (No. 28) group
replaced the phenyl group of No. 7, the activity was diminished considerably.
The greater the degree of hydrogenation of the R group of No. 7, the lower the
activity (No. 28 < No. 27 < No. 7). Replacement of the pyridine ring with a
piperidine group has no apparent beneficial antihistaminic effect, as shown by
the low order of activity of Nos. 53 and 54.

As the length of the carbon chain of group R’ increased beyond one carbon
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atom, the potency decreased: thus No. 23 < No. 22 < No. 7. Substitution on
the chain with basic groups (Nos. 24 and 32) also lowered the activity. The
antihistaminie effect of eyclic compounds (group B in table 15) seems to increase
with branching on the carbon atoms near the ether linkage.

HG CHj
B N R e C
- ' ¢y CH;

Compounds of group C (table 15), in which the point of attachment to the
pyridine ring is at the 3- or 4-position, are not within the range of potency of
Nos. 1and 7. An additional methylene group separating the phenyl or the pyridyl
ring from the ether linkage is detrimental to the antihistaminic activity, as shown
by Nos. 8 and 42. Any variation of the dimethylaminoethyl side chain of No. 7
decreases the potency.

The most active compounds (Nos. 1, 7, and 9), when administered intrave-
nously to guinea pigs at levels of 4-32 mg./kg., gave complete protection against
50-300 fatal doses of histamine injected intravenously.

The most convenient method for the preparation of the a-substituted pyridine-
methanols was through the condensation of a ketone with pyridine in the pres-
ence of aluminum or magnesium, mercuric chloride, and iodine.

N Al or M A R
||+ Rroorr AterMe, |
b
Magnesium was a superior agent for condensing benzaldehyde with pyridine,
whereas with substituted benzaldehydes the yields with aluminum were about
the same as those with magnesium.

Preparation of these types of carbinols have been reported, using either
pyridylmagnesium bromide (308, 325) or picolinic acid (11) and the carbonyl
compound, as well as phenylmagnesium bromide and a pyridylearbonyl deriva-
tive (430). A 3-pyridinemethanol (232) resulted from the reaction of 3-pyridyl-
magnesium bromide and benzaldehyde.

Several of the pyridinemethanol hydrochlorides were reduced catalytically to
the piperidinemethanols. A compound where R is methyl (table 15, No. 54) was
treated with formalin and formic acid and the N-methyl derivative was obtained.

N\ CH, CH, N CH,
” I (H) i H| | HCHO | o
(o —C—CeHs ~ Pt0: CI—CGHE HCOOH | /——CIJ—CGHE
0

| NH |
OH H m, OH
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The synthesis of 2-pyridinemethanol has recently been simplified (123).
2-Picoline was converted to the lithium salt by the hydrogen—metal interchange
reaction between 2-picoline and phenyllithium. The picolyllithium was oxidized
with a slow current of air to form the 2-pyridinemethanol. The effectiveness of
Decapryn (table 1, No. 8; table 15, No. 7) as an antihistaminic agent prompted
the preparation of the 2-pyrimidine- and 2-imidazoline-methanols (425) and their
dimethylaminoethyl ethers (table 16, Nos. 1 and 2) (425), which were about
0.0025 as active as Decapryn.

The furyl isostere of Benadryl (table 16, No. 3) was prepared from furfural
and the phenyl Grignard reagent (25).

|Lo Jomo t+ CeHsMgBr —— Ho HCHOHCGH;,

(Na) R
CICH,CH,N(CHy): O CHCH;
OCH, CH,N(CH;),

This phenyl-2-furylmethyl 2-dimethylaminoethyl ether proved to be less than
twice as active as Benadryl.

2-Diethylaminopropyl sulfides were prepared in an attempt to synthesize sul-
fur compounds analogous to Benadryl and Pyribenzamine with sulfur replacing
the oxygen and the nitrogen linkage, respectively. The general structure of the
molecule differs from these antihistamine drugs in that only one aryl group is
present instead of the diaryl groups (table 17).

The 3-diethylaminopropy! derivatives were prepared by condensing the potas-
sium arylthiolate with 3-diethylaminopropyl chloride. The derivatives of 1-di-
ethylamino-2-propanol were prepared from the sodium salt of the aryl mercap-
tan with 1-diethylamino-2,3-epoxypropane. No pharmacological data were pre-
sented (31).

A large variety of N-2-pyridylalkanolamines were prepared by Weiner and
Kaye (448) by heating 2-bromopyridine with the appropriate amino alcohol.
Moffett (291) synthesized a series of pyrrolidylalkanols by a variety of methods.
Lithium aluminum hydride was found to be very satisfactory for the reduction
of pyrrolidyl-substituted esters or ketones to pyrrolidyl alcohols, and for the
reduction of substituted pyrrolidones and succinimides to pyrrolidines.

Heterocyclic ethers were prepared as part of a larger study by Sutherland and
coworkers (415) (table 18), by modifications of the Williamson ether synthesis.
Each of the dimethylaminoethoxy compounds was made by dissolving sodium
metal in an excess of dimethylaminoethanol and then treating with the appro-
priate aromatic halide. None of the compounds was more active than Benadryl.

7. Benzylphenols

The effectiveness of F 929 (IV) and Benadryl (table 1, No. 3) led Binkley
and coworkers (81, 453, 454, 456) to investigate the effect of the substitution of
the benzyl group in the phenolic ethers (table 19). The hydrochloride of 2-benzyl-
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phenyl 2-dimethylaminoethyl ether (C-5581-H, No. 4 in table 1) proved rela-
tively nontoxic and elicited the highest order of antihistaminic and local anes-
thetic activity in animals. In contrast, the isomeric 4-benzyl (338-20) compound
exhibited a low order of antihistaminic action. In general, branching or length-
ening the alkylene chain, —C,H,,—, or replacing the dimethylamino group
with other secondary amines did not lead to increased potency.

With the exception of the two hydrogenated derivatives (489-1 and 489-2),
all of the compounds in table 19 were prepared by condensing sodium benzyl-
phenoxide with the appropriate aminoalkyl chloride (A). Where low yields re-
sulted, an w-bromoalkyl ether of a benzylphenol was reacted with the appro-
priate amine (B). This proved to be the procedure of choice for the synthesis of
an ether bearing a secondary amino group. Owing to the tendency for free alkyl-
aminoalkyl chiorides to polymerize when heated in the presence of polar solvents,
toluene was employed as a reaction medium and sodium or sodium hydride

CH, CoHs
— /
(A) ( >ONa + CIC,H:,N

S \\ CH, CeH N
. 4 _’_ \>OC,,H2,.N<

Rl

R

CHzCeHs
i B

(B) { | \\)OCnHanr + HN
Rl

was selected instead of sodium alkoxides for preparing the sodium salts of the
phenols.

Pure 2-benzylphenol and 4-benzylphenol were readily separated from a com-
mercial mixture (Santophen 7) by utilizing the marked difference in the water
solubility of their barium salts. The method of Claisen (87) for the C-alkylation
of phenols was used for the preparation of the intermediate substituted 2-benzyl-
phenols, with extension to heterocyclic systems (table 19, Nos. 42-55). Conver-
sion of the various substituted phenols to the 2-dimethylaminoethyl ethers
proceeded smoothly via the Williamson ether synthesis.

A series of 2—-(2-benzylphenoxy)ethyl-2'-chloroethylamines (Nos. 56-79) were
prepared for testing as spasmolytics (456).

CH, CeHs I‘{
OCH,CH,NCH, CH, Cl

Many of the members possess antihistaminic properties in various degrees, but
their primary action is to reverse the pressor effect of epinephrine (cf. page 311).
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Attachment of the ethanolamine residue directly to a diphenylethane system
resulted in quite inactive agents (table 4, Nos, 10 and 11).
The 2-(4-chlorobenzyl)phenyl 2- d1methy1amm0ethyl ether (Lilly 01780) is
an extremely active antagonist (137, 155).
CH,C¢H,Cl4
OCH2 CHzN(CHs)z

Lilly 01780

Branching of the side chain at the a-carbon atom more than doubled the
activity (460 per cent Benadryl) and prolonged the action (Lilly 03875). Side-
chain substitution at the 8-carbon atom destroyed antihistaminic activity (344).

CHzceHs
OCHz?HN(CHa)z

CH,
Lilly 03875
All of the benzylphenols have a sedative effect, which is due to the dialkyl-
aminoethoxy side chain.

The imidazoline analogs of 2-benzylphenyl 2-dimethylaminoethy! ether were
recently announced (455). None of the compounds prepared was more active

N—CH,
V4
OCH,C
CH,Cels “yp_c,
than the dimethyl derivative. They were prepared by converting the appro-
priate 2-benzylphenols to the sodium derivatives by means of sodium hydride,

condensing with chloroethyl acetate, and treating the product with ethylene-
diamine.

RQOM
CH2 Ci1CH; COOCsz_'
R’@
N—CH,
Y4
R@OCHzCOOCzHa RQOCHz c\
CH, H:NCH, CHgNHz—; CH, NH—CH,
R’@ R'@
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The effect of quaternization on the benzylphenols revealed powerful anti-
histaminic activity, but less than that of the tertiary bases (455).

8. Alkoxy-s-triazines

In the search for improved ether antagonists, a large series of triazinyl ethers
were synthesized and tested (table 19) (94, 261, 312, 313). The pharmacological
properties exhibited by the triazine arsenicals (18) were the impetus for the
preparation of the series of alkyl 2,4-diamino-6-s-triazinyl ethers.

R" N
\NC/ \COR””
a

[
R N XN
N

/
R’ R
The reaction of 2-chloro-4,6-diamino-s-triazine with various alcohols in the

presence of potassium carbonate was unsatisfactory. The conditions of the
classical Williamson reaction were found suitable.

CNH, CNH,
N/ \N N/ \N
t | + Rom XG0, | I
NG cal ILNC  COR
\N/ \N/

Of the various types of alecohols employed it was found that the isoalkyl and
sec-alkyl alcohols took part in the reaction as readily as the primary alcohols.
No ether type of product was obtained from the action of the halotriazine on
sodium tert-butoxide. This was also the case with the sodium derivatives of
benzhydrol, fluorenol, xanthhydrol, and menthol. Whether or not this phenome-
non was due to steric hindrance was not determined. Since the tautomeric pos-
sibilities of the triazine nucleus are limited by the number and arrangement of
alkyl substituents on nitrogen, a series of ethers was prepared in which one to
four of the hydrogens on the two amino groups were replaced by alkyl groups
(table 20, Nos. 24-81).

Examination of the data shows all the triazinyl ethers to be much weaker
histamine antagonists than the benzhydryl ethers. The potency of the compounds
at first increases with molecular weight and then decreases. The peak lies in the
vicinity of the propyl and butyl derivatives (Nos. 3-7) and then decreases (261).
Higher homologs, pentoxy to decoxy (Nos. 8-13), were less active. Incorpora-
tion of a tertiary amine in the aliphatic chain resulted in inactive compounds,
i.e., 2-dimethylaminoethoxy and 2-morpholinoethoxy (Nos. 19 and 21). Of the
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two aryloxy derivatives (Nos. 16 and 18), only the phenoxy exhibited some ac-
tivity. Perhaps the activity of the cyclohexyl ether may be explained on the
basis of a similarity in length of the molecule to that of the propyl and butyl
ethers. The antihistamine effect of 2-isopropylthio-4,6-diamino-s-triazine (No.
22) is about the same as that of the oxygen analog. Substitution of the amino
groups in the 4- and 6-positions of the ring (Nos. 23-25) did not appreciably
alter the activity of the unsubstituted compounds.

It is of interest to note that melamine itself, and its derivatives devoid of an
ether linkage, were found to be ineffective antihistamine agents. Thus, it is
apparent that an ether linkage was necessary within this series. The acute
toxicity of the propoxy and butoxy compounds (Nos. 3, 4, 6, and 7) was nearly
one-half that of aminophylline, which was used as a reference. Lower homologs
possessed low toxicity and activity, whereas higher homologs are more toxic and
exhibit low activity, if any.

No orderly variation in activity was noted in the methyl and butyl ethers or
with multiple substitution on the amine groups (Nos. 26-83) (312). Nos. 84-99
were prepared to fill in the gaps to determine if any products of appreciable
activity had been overlooked. No potent compounds were noted therein (313).

9. 2-(8-Brphenylyloxy)ethyl-2-haloalkylamines

Divergent in structure from the previously described antihistaminics are the
substituted 2-haloalkylamines. Although their primary action is to block and
reverse the pressor action of epinephrine (¢f. page 311), their powerful sympatho-
lytic and antihistaminic effect warrants the listing of the series of 2-(2-biphenylyl-
oxy)ethyl-2-haloalkylamines (table 21) (364).

Antihistamine action was greatest with the methyl homolog (No. 2), which
was effective in a dose of 1.5 mg./kg. Activity decreased progressively as methyl
groups were added to the alkyl chain (Nos. 1, 8, 5, 7-12) and was decreased by
substitution of the 2-chloroethyl group (compare Nos. 20 and 3). None of these
compounds exerted an antihistamine action comparable in degree to that of
Benadryl.

B. DERIVATIVES OF ETHYLENEDIAMINE

Isocyclic and heterocyclic derivatives of ethylenediamine comprise the bulk
of and represent the most potent compounds of the antihistaminic drugs. The
basis for the present differentiation into isocyclic and heterocyclic derivatives
in the typical formula

CH,
RNCH, CH;N'

| N

R’ CH;

rests in the N-substituents. The structure of the N’-substituents does not affect
the present classification.
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The isocyelic derivatives are subdivided into the N-phenylethylenediamines
(Fourneau amines), the Rhéne-Poulenc isocyelic amines, other isocyclic ethylene-
diamines, benzhydrylamines, isocyclic-substituted heterocyclics, amides of ethyl-
enediamine, and isocyclic aminomethylimidazolines. The heterocyclic compounds
are grouped into monocyclic amines, polyheterocyclic ring structures, and hetero-
cyclic methylimidazoles and methylimidazolines.

1. N-Isocyclic derivatives of ethylenediamine

a. Fourneau amines

After investigating the phenoxyethylamines (table 3), Bovet and Staub (38)
turned their improved techniques of antihistamine assays to the study of the
N-phenylethylenediamines.

Synthetic research in Fourneau’s laboratory (142, 143, 144) had disclosed that
sympathomimetic, sympatholytic, and antihistaminic actions are found side
by side in these aniline compounds. Staub (407) studied the different ethylene-
diamines and reached almost the same conclusions as with the phenoxyethyl-
amines (table 22) (cf. page 16). Secondary amines were very inferior to the terti-
ary bases. N-(2-Aminoethyl)aniline or N-phenylethylenediamine (F 1540) is
inactive against histamine, although it is a hypertensor and a bronchodilator.
The effects of modifications of F 1571 (V), the most active Fourneau amine,
were noted. When the ethyl group was replaced by hydrogen (F 1167), the prod-
uct was totally inactive. If methyl replaced ethyl (F 1335), the result was
rather weak activity. When isopropyl replaced ethyl (F 1709), the compound
was distinetly less active. Studies were made of nuclear changes in F 1167 and
F 1571. In F 1167, the results were almost exactly as in the phenoxyethylamines.
The introduction of a methyl group (F 1332) into the ring did not augment the
activity. Further introduction of an isopropyl function (F 1691) to give the
N-analog of F 1379 (table 3) gave increased potency. The isomer of F 1691 cor-
responding to ¥ 929 was not investigated, owing to the difficulties of its prepara-
tion, but it was supposed that it would correspond, as did F 1167 and F 1379.
The parallels noted between the ethers and amines led to the hope that deriva-
tives of F 1699 would be very active, but no activity was found. The modifica-
tions of the nucleus of F 1571 did not increase activity, but ring substitution
instead decreased the potency in the following order: methylphenyl, dimethyl-
phenyl, isopropyiphenyl (F 1599, F 1670, F 1699). At the same time, the anti-
spasmodic activity (as measured by the relaxation of acetylcholine-induced
spasm) was increased. Exactly the opposite effect was found by Staub (407) to
hold true for the phenoxyethylamines. In the latter series, the introduction of
methyl, dimethyl, or isopropyl in the phenyl ring increased the antihistamine
activity (F 928, F 1655, F 929), while spasmolytic activity was decreased in the
same order.

The minimum active dose of F 1571 is 10-15 v/ml. Five milligrams protected
guinea pigs against four to six lethal doses of histamine (38, 51, 109, 170, 175,
311, 329, 407).
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N-Phenyl-N’,N’,N’-triethylethylenediamine (F 1571) was first prepared by
v. Braun (42) and reported by Schulemann (383).

A series of di- and tri-substituted aryldiamines, among which was F 1571,
were prepared for study by J. P. Fourneau and Lestrange (144) (table 23). The
disubstituted bases were prepared via the N-substituted phthalimides, which
were cleaved by hydrochloric acid, except for the methoxyaryls which required
hydrazine for cleavage. The trisubstituted diamines were synthesized by heating
the arylamine in a sealed tube with the appropriate dialkylaminoalkyl halide.

Alternate methods of synthesis involve the condensation of a dialkylamino-
alkyl-substituted amine with an alkyl, aryl, or aralkyl halide or the reaction of
the aryl halide with an asymmetrically trisubstituted alkylenediamine. The

C(zH{,BI‘ + RNHCHzCHzN(Csz)z — CsHslTCHzCHzN(CzH;,)z
R

reactions are best carried out at higher temperatures in solvents like benzene and
toluene and in the presence of a neutralizing agent such as potassium carbonate
or sodium amide.

b. Rhéne-Poulenc isocyeclic amines

Research in the laboratories of the Société des usines chimiques Rhoéne-
Poulenc (Paris) soon revealed that the changing of the diethyl group in F 1571
to dimethyl (RP 2325, VI) improved the antihistaminic activity (histamine
aerosol test) fourfold and decreased the toxicity considerably. Furthermore, it
was found that further improvement could be obtained by replacing the ethyl
of the dimethyl homolog by benzyl (RP 2339, Antergan, VII). This change pro-
duced an increase in the antiasthma activity of twenty times over that of F 1571
(175). From there research led to the synthesis of a number of compounds (tables
24 and 24A), the majority of which are homologs of RP 2325 (VI) and RP
2339 (VID).

Viaud (443), in a review of the RP compounds, drew the following conclusions
regarding structure and activity: variations at the end of the aliphatic side chain
of RP 2325 and RP 2339 (substituting for dimethylamino, amino, diethylamino,
etc.) resulted in almost complete loss of activity (RP 2315, 2358, 2650, 2323,
2762, 2835) ; replacement of the benzyl group in RP 2339 by hydrogen, methyl,
ethyl, allylphenyl, p-ethylbenzyl, and phenethyl resulted in decisive loss of
activity (RP 2236, 2337, 2325, 2342, 2347, 2338, 2757, 2612, 2614, 2349, 2744,
2355, 2637, 2354, 2768, 2565, 2352, 2621).

Substitution of the benzyl group in RP 2339 by certain oxygen-interrupted
aliphatic chains, such as —CH.CH,OCH; (RP 2887) or —CH.CH,0C,H; (RP
2796) gave compounds of still considerable activity, while substitution by
—CH,COOC,H; (RP 2846) or —CH,CH,N(CH;); (RP 2368) gave inactive
compounds. A compound with a sulfur-interrupted side chain, —CH,;COCH,-
SCH=NH (RP 2776), had considerable activity.

The length of the aliphatic side chain was found not to be the sole determinant
of activity, but potency is dependent on other parts of the molecule.
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Substitution in the phenyl ring of RP 2339 by p-methyl (RP 2639) maintained
the original activity, while amino substitution in the para position (RP 2378) or
substitution of the phenyl by cyclohexyl (RP 2497) or benzyl (RP 2503) resulted
in complete loss of activity.

Several other far-reaching changes, such as substitution of the phenyl group
in RP 2325 by the p-N-ethyl-N-(2-dimethylaminoethyl)amino group (RP 2902)
and others (RP 2889, RP 3110) gave only inactive compounds.

RP 2339 (VII) was prepared by condensing N-benzylaniline with 2-(dimethyl-
amino)ethyl chloride in the presence of potassium carbonate (64). The others were
synthesized by the proper modification of the previously mentioned methods.

¢. Other isocyclic ethylenediamines

Early European and American investigators, unaware of the various Rhoéne-
Poulenc isocyclic compounds, synthesized many of the RP compounds (table
24), among other structures.

Table 25 lists the constants of the other isocyclic ethylenediamines. The
pharmacological data are slight. N-Phenyl-N-benzyl-N’-(1-piperidyl)ethylenedi-
amine (No. 23) possessed 0.2 of the activity of Antergan, while the N-methyl
analog (No. 51) had only 0.05 of the activity of Antergan. With the exception
of the N-(2-haloalkyl)-1-naphthalenemethylamine derivatives (Nos. 34—47), none
of the compounds are more active than Antergan. The 3,4-dioxymethylene
aryls (Nos. 53 and 54) are much less effective than Benadryl (307).

The series of N-(2-haloalkyl)naphthalenemethylamine derivatives (Nos. 34—
50) tested by Loew and Micetich (265) and synthesized by Rieveschl and co-
workers (361) belong in the class of adrenergic blocking drugs (¢f. pages 311-312).
They are also quite potent antihistamine drugs. Activity was greatest with the
lower alkyl homologs (Nos. 34-36) which contained a 2-chloroethyl or 2-bromo-
ethyl group, the ethyl homologs being the most active. Diminution of histamine-
induced bronchospasm was progressively lessened as additional carbon atoms
were added to the alkyl groups (Nos. 37-44), Activity was lost if the 2-chloro-
ethyl was replaced by 2-hydroxyethyl (No.47). The bis-(2-chloroethyl) compound
(No. 46) was quite weak. Substitution of chlorine in the 4-position of the naph-
thalene ring (No. 50) decreased activity. The two N-ethyl compounds (Nos. 35
and 36) proved to be about as effective as Pyranisamine, an extremely potent
agent (table 1, No. 15).

The antihistaminic activity of seventy-five congeners of Dibenamine [N-(2-
chloroethyl)dibenzylamine] revealed (304) that the antihistaminic properties

(CeHCH,),NCH-CH.CI
Dibenamine

were independent of significant cholinergic blocking activity. Antihistaminie
activity was not parallel to adrenergic blocking activity. The 2-haloalkyl group is
essential for high activity. Substitution of a 2-dimethylaminoethyl radical,
which provides maximal activity in most series of antihistaminics, leads to
inactivation. Phenoxyethyl- (particularly 2-substituted) and 1-naphthalene-
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methylamines are the most active. Unsymmetrical N-phenoxyethyl-N-benzyl-
amines are almost always more active than the N-diphenoxyethylamine or
N-phenoxyethyl-N-ethylamine analogs.

The use of sodium iodide, copper powder, and cupric chloride catalysts proved
advantageous for the preparation of some of the tertiary amines (396).

d. Benzhydrylamines

The replacement of the ether linkage by —NH in benzhydryl compounds (cf.
pages 317-321) (tables 5 and 6) has usually led to weaker and inactive com-
pounds.

(CeH;):CHNHR

Table 26 lists the amine analogs of the ethers, studied by Loew, Kaiser, and
Moore (263) (table 5, Nos. 3, 6, 7, and 9), which proved practically inactive.
In a series of ring-substituted benzhydrylamines tested the p-phenoxy compounds
(table 27, Nos. 16 and 17) were the most active. No physical constants were
given (4).

N-Substituted benzhydrylamines were synthesized by the reaction of benz-
hydryl bromide with ethanolamines in benzene solution, and then conversion of
the N-benzhydrylethanolamines to the 2-chloroethylamines by reaction with
thionyl chloride in chloroform solution. The 2-chloroethylamines were condensed
with secondary amines to give the substituted ethylenediamines (98) (table 28).

R
l
R R
| R'NHR' s ,
(C 6H5)2 CHNCH,CH:;Cl] ————— (C 5H5)2 CHNCH,CH,NR
R’

It is necessary to run the initial condensation in a nonpolar medium, for in a
reactive solvent such as ethanol it is possible for the benzhydryl ether to form
instead of the desired benzhydrylamine (98).

Pharmacological data for the various N-substituted benzhydrylamines (table
28) were not reported.

Alles and Redemann (6) (¢f. page 319) studied three benzhydrylamines: (8-
diphenylmethylaminoethyl)dimethylamine and the N-methyl and N-ethyl an-
alogs (R=H, CH;, C;H;). Their results showed that the compounds of the di-

(CsHy):CHNCH,CH,N (CHy)
|
R

amine system were not quite as active as the ethers (table 6A). The activity of
the methosulfate of the ethyl compound was close to that of the tertiary methyl
derivative.
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An alternate method of synthesis involves the condensation of benzhydryl-
amine and an appropriately substituted halide. Benzhydrylamine has recently
been prepared from benzophenone oxime, both by reduction with sodium in
ethanol and by hydrogenation over Raney nickel (185).

The lower alkyl members of the series of benzhydryl-2-haloalkylamines

(CeHi):CHNCH,CH,X
l
R

(table 28, No. 4, and table 29) have both very slight antihistaminic activity and
moderate epinephrine-blocking activity (2539). Those with higher alkyl groups
had only the latter activity. Table 29 lists a series of haloamines synthesized by
Rieveschl and Fleming (363) and investigated by Loew and coworkers (259).
The haloamines were prepared by heating substituted benzhydrylethanolamines
with thionyl chloride or phosphorus oxychloride (362).
% The 2-haloalkylnaphthalene derivatives (table 25, Nos. 34-47) were much more
potent antihistaminics than the benzhydryl analogs, while the N-alkyl-2-(2-
biphenylyloxy)-2/-diethylamines (table 21) exerted a moderate degree of anti-
histamine action and stronger adrenergic blocking action than the benzhydryl
derivatives (263).

Nickerson and Gump (303) have brilliantly covered the chemical basis for
adrenergic blocking activity in compounds related to Dibenamine.

The benzhydrylpiperazine derivatives are the most potent of the benzhydryl-
amine derivatives, and will be discussed in the succeeding section.

e. N-Isocyclic substituted heterocycles

Among the different heterocyclic nitrogen groups, piperazine and piperidine
are the only ones in which a significant amount of work has been done with
isocyclic substituents, with & view toward antihistaminie action.

Cerkovnikov and coworkers (73, 74, 75) prepared a number of mono- and 1,4-
disubstituted derivatives (table 30) whose activities varied from nil to moderate.
The most activeinitial compound was 1-phenyl-4-(2-dimethylaminoethyl)pipera-
zine (No. 6). Fifty milligrams protected guinea pigs against eight lethal doses of
histamine. This effect is very weak as compared to that of the more potent anti-
histamines (table 1). The benzyl analog (No. 19) was a weaker antagonist.

The 1-phenylpiperazine derivatives were synthesized from 4-phenylmorpho-
line, prepared from aniline and bis(2-chloroethyl) ether. The morpholine com-
pound yielded N, N-bis(2-bromoethyl)aniline on hydrolysis in a sealed tube with
hydrobromie acid. Treatment with substituted amines yielded the phenylpipera-
zine derivatives.

NaNH, TN H
CoH:NH, + (CICH,CH;),0 —2NH2, ¢ H,N 0 Br
ST N\
CsHN(CH, CH;Br), — U, CH,N NR
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The 1-benzylpiperazine (No. 19) was prepared in a like manner from 4-benzyl-
morpholine.

1-Phenyl-4-(2-dimethylaminoethyl)piperazine (No. 6) having been found to
possess considerable activity, a number of other N-heterocyclic compounds
containing an w-dimethylaminoalkyl group attached to the nitrogen atom were
synthesized and their pharmacological properties compared (table 30, Nos. 22—
28) (75).

All the substances were prepared by boiling the desired amine with the cor-
responding heterocyclic compound in the form of a halo derivative. The tertiary
bases were isolated as the p-toluenesulfonyl chlorides.

Comparison of the data in table 30 shows certain definite regularities. Ac-
tivity is present where the aliphatic substituent contains an ethyl or propyl
chain. However, an increase in length by one methylene group lowered the
potency (¢f. Nos. 6 and 22). When the ethyl chain carries a dimethylamino group
in the 2-position, the antihistaminic activity is present to a higher degree than
when the —CH;CH.— group is joined to an oxygen atom (ether), as seen from a
comparison of Nos. 6 and 29. On the other hand, the effect of a heterocyclic
nucleus is also very great. When the 2-dimethylaminoethyl group is attached to
a morpholine nucleus (No. 28), the activity is abolished. When it is attached to a
piperidine nucleus, slight activity results (No. 27). Introduction of a piperazine
nucleus raises the potency considerably (sixteen times), as can be noted by com-
paring Nos. 27 and 6. The dimethylamino group is important with regard to
both its presence and its relative position. Thus, when this group is attached
directly to the heterocyclic nucleus, activity is present, while if a methylene
group is interposed, the potency is zero (¢f. Nos. 24 and 26). Introduction of two
dimethylamino groups increases the antihistaminic activity nearly twice, as
seen from comparing No. 22 and No. 23. The nature of the second substituent
on the heterocyclic nucleus is also of significance. Nos. 24 and 25 have the same
aliphatic substituent in the same position, but one carries a phenyl group and
is active, while the methyl-containing compound has zero potency.

The toxicity is also greatly influenced by constitution. The phenyl group on
the heterocyclic nucleus definitely increases toxicity (¢f. Nos. 24, 25, and 27),
The position of the dimethylamino group, as well as the number of groups, also
influences the toxicity. When the group is attached directly to the heterocyclic
nucleus, the compound (No. 24) is toxic to mice. When a methylene group is
interposed, the toxicity increases (No. 26), and when an ethyl group replaces
a methyl group the tolerance is much higher (Nos. 6 and 27). When a propyl
group is used instead, the lethal dose for mice is slightly higher than when the
ethyl group is used (Nos. 6 and 22). Introduction of a second dimethylamino
group into the same (ethyl) chain increases the toxicity more than fivefold (Nos.
6 and 23).

4-Dimethylamino-1-phenylpiperidine (Irenal) (No. 24) had previously been
shown to be a relatively potent spasmolytic (411). It was prepared from 1,5-
dibromo-3-dimethylaminopentane hydrobromide and aniline by heating in a
sealed tube (72).
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The antihistaminic activity of a series of dibenzylpiperazines (table 31) (243,
284) did not reveal potent antihistamines. Antergan (RP 2339) is three times
more active than the most active derivative (No. 1). The activities of Nos. 1
and 4 are comparable and four times that of No. 3.

Two independent investigations of substituted piperazines, simultaneously
proceeding in the laboratories of Burroughs Wellcome and Company, Tuckahoe,
New York, and the Abbott Company, Chicago, Illinois, reached the identical
conclusion that N-methyl-N’-benzhydrylpiperazine (table 33, No. 1) was an
active histamine antagonist, equal to Benadryl in potency.

Benzylmethyl- and benzylethyl-piperazines, when tested by the tracheal chain
method (cf. page 313) at the laboratories of Burroughs Wellcome and Company,
were found to have 1 per cent and 0.4 per cent, respectively, of the antihist-
aminic activity of Benadryl (15). This suggested that N-methylpiperazines hav-
ing N’-substituents containing two or three rings would be active antagonists
and prompted the preparation of a variety of derivatives of methylpiperazine
(table 32) (5).

The a-phenylphenacyl derivative (No. 10) was much less potent than 1-benz-
hydryl-4-methylpiperazine (table 33, No. 1) and the I1-phenyl-2-hydroxyphen-
ethyl and 1-phenyl-1-(4-hydroxyphenacyl) compounds (Nos. 11 and 12) had only
vestigial activity. Nos. 1-5 had activities intermediate between those of 1-
benzyl-4-methylpiperazine (No. 13) and 1-benzhydryl-4-methylpiperazine. Nos.
6-9 showed little or no activity.

The benzhydryl group appeared, from the above, to be close to the optimal
size desired for antihistaminic activity.

With the exception of Nos. 3 and 11, all the substances listed in table 32 were
prepared by the direct action of methylpiperazine with the appropriate halide.
No. 3 was prepared by catalytic hydrogenation of the nitro compound (No. 2),
while No. 11 resulted from reduction of the phenacyl precursor with aluminum
isoproproxide. Hydrogenation of the phenacyl derivative with Adams’ catalyst
resulted in debenzylation.

N-Benzhydryl-N’-methylpiperazine (table 33, No. 1) was found to possess
the same activity as Benadryl (66, 67, 68). Its toxicity was also very similar
to that of Benadryl.

Table 33 lists the series of N-benzhydryl-N'-methylpiperazines prepared by
Baltzly and coworkers (16). Synthesis of the benzhydrylmethylpiperazines pro-
ceeded from the benzhydrol through the halide and final reaction with methyl-

R.CHOH — R.CHC] — R,CIN NCH:
N~—

piperazine. Some of the required carbinols were prepared directly from the
appropriate aldehydes and Grignard reagents. The others resulted from the
reduction of the corresponding ketones.

Quaternization of the methyl-bearing nitrogen atom (No. 2) largely abolished
activity. Nos. 3 and 18, in which one cyclohexyl replaces phenyl, also showed
diminished potency.
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Nos. 6, 15, and 17, wherein the benzhydryl substitution was p-chloro, o-
methoxy, and p-methoxy, respectively, were less toxic than the parent substance
(No. 1), No. 6 being about one-half and No. 17 about one-third as toxic. Nos.
15 and 18 appeared respectively to be slightly less and slightly more potent than
No. 1. No. 6 (Perazil, table 1, No. 17) was very potent and persistent in action.
No, 17 was virtually impotent when tested ¢n vivo. This is probably due to in-
stability, since it is rapidly cleaved in warm aqueous and aleoholic solutions to
methylpiperazine and neutral fragments. The o-methoxy compound (No. 15)
is considerably more stable. Table 34 lists the antihistamine activities of some
of the aforementioned substituted piperazines (68).

Independent investigation in the Abbott Laboratories verified the activity of
1-(p-chlorobenzhydryl)-4-methylpiperazine. Table 35 lists the group of 1-sub-
stituted and 1,4-disubstituted piperazines prepared there by Hamlin and co-
workers (183, 184).

The unsymmetrical 1,4-disubstituted piperazines were prepared through the
use of 1-carbethoxypiperazine. The low-molecular-weight group was added and
then the ester group removed with concentrated hydrochloric acid. The final
alkylation was accomplished with the appropriate halide, with the aid of an

0 0
| |
GHOCN. NH — GH:0CN.  NR ——s
AN Ne——
R\
aN. NR! — CcEN’ N
N / N——

R/l

acid-binding agent. With the more stable benzhydryl chlorides and 1-methyl-
piperazine the yields were good. As R’ (table 35) increased in molecular weight,
the yields progressively decreased, as was the case for the less stable benzhydryl
halides.

With the exception of the 1-(9-fluorenyl)piperazines (Nos. 34-37), all the 1-
substituted and 1,4-disubstituted piperazines (Nos. 23-33, 38, 39) were prepared
in a manner essentially parallel to that of Baltzly and coworkers (15), where the
appropriate halide was reacted with anhydrous piperazine. 1-(9-Fluorenyl)pi-
perazine was made via the carbethoxypiperazine method.

A series of 1,4-diheterocyclic substituted piperazines recently proved to be
potent analgesics (110), while sym-dialkylpiperazines, containing long-chain
alkyl radicals, were made for testing as germicides (391).

Certain 4-aminopiperidines were prepared as potential antihistaminic agents,
on the basis of their structural analogy to N,N-dialkyl-N’-benzyl-N'-aryl(or
heterocyeclic)ethylenediamines (342). The 4-aminopiperidines could be classified
with both the isoeyclic and the heteroeyeclic derivatives, for the piperidine group
has been subtituted for the phenyl group in A and for the ethylenediamine group
in B (table 36).
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<N\ CH,CeH; CH, CeHs

RN |

'\ N(CH,): N(CHj), < ONR
A B

All the alkyl and isocyeclic derivatives showed rather weak activity. The neces-
sary piperidones were made by condensation of methylamine or ethylamine with
methyl acrylate and subsequent cyeclization. Reductive alkylation of primary
amines with the piperidones yielded the substituted 4-aminopiperidines. The
secondary amines were alkylated with benzyl bromide to yield No. 5 (in table 36).

f. Amides of ethylenediamine

(

The effect of substituting RCO for the R radical in the general formula

RC—NCH,CH,N(R"”),

bk

1o produce a series of amides of ethylenediamine was studied by Villani and
coworkers (table 37) (444). The amides were prepared by the reaction of aryl
or heterocyclic acid chlorides with the appropriately substituted ethylenedi-
amines. The condensations were carried out in the presence of a tertiary amine
such as pyridine, triethylamine, or dimethylaniline. In the case of the picolinoyl
amides, pyridine could not be employed as the solvent because of the ease with
which picolinoyl chloride forms colored complexes with pyridine. A mixture of

triethylamine and anhydrous benzene was suitable.

Nos. 2427 had an activity approximately 0.1 that of Trimeton (table 1,
No. 26). Nos. 2, 3, 9, 12, and 23 had 0.2 the activity orally and subcutaneously.
No. 22 possessed 0.4-0.5 the potency by either route of administration. The re-
mainder of the substances showed approximately 0.01 the activity orally and
0.01-0.02 subcutaneously. The amides might have been classified with the
heterocyclics.

g. N-Isocyclic aminomethylimidazolines

2-(N-Benzylanilinomethyl)-2-imidazoline, Antistine (table 1, No. 2), is the
most prominent of the chemical family where the dialkylaminoethyl side chain
is replaced by the more complex imidazoline (dihydroglyoxaline) function.
Antistine is similar to the sympathomimetic drugs Otrivine [(2-anilinomethyl)-2-
imidazoline] and Privine [2-(1-naphthylmethyl)-2-imidazoline].

N—CH, N-—~CH;

7 7
NHCH,C CH,C

7 AN
NH—CH, NH—CH,
N

Otrivine Privine
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Antistine appears to exercise an antihistaminic action slightly less than that
of Antergan (table 25, No. 1). Although the substitution of an imidazoline group
slightly reduces the pharmacological activity, there is such clinical tolerance
that it can be used for local administration to sensitive organs such as the eye,
ear, and nose.

Antistine is synthesized from anilinomethylimidazoline, which is prepared
from anilinoacetimidoester and ethylenediamine (110). The 2-(V-benzylanilino-
methyl)-2-imidazoline is then formed by the reaction with benzyl chloride

Method A
/NH
7
CeH,NHCH,CN —HCL+ GH:OH -~ v NHICH, C (CH:NEL),
0C,H;
N—CH, N—CH,
7/ 7
C 5H5NHCH2 C\ CeH; CH, CI__> C er,NCHz C\
NH—CH, CoH,CH,  NH—CH,
Antistine

(method A) (86). The 2-imidazolines can be prepared directly from the nitrile
and an aliphatic diamine, if the two amino groups of the latter are attached to
vicinal carbon atoms. Hydrogen sulfide, carbon disulfide, phosphorus penta-
sulfide, aluminum trisulfide, ferrous sulfide, and sodium sulfide are catalysts for
the reaction (206). A recent patent claims the production of imidazolines when
N-aryl-N-aralkylaminoalkylearboxylic acids or their derivatives are treated with
an aliphatic 1,2-diamine (207).

An alternative synthetic method for the N-substituted imidazolines involves
the condensation of 2-(chloromethyl)-2-imidazoline and the appropriate isocyclic

Method B
N——CH, N—CH;
4 4
Cer,NHCHzCsHs + CICHzC —_— CeHaNCHz C\
NH—CH, NH—CH,

CH.CeHs

secondary amine (method B) (285). 2-(Chloromethyl)-2-imidazoline is prepared
from the 2-chloroethylimidoester and ethylenediamine at 0°C. (397a).

Table 38 lists the series of N-isocyclic substituted imidazolines prepared for
testing. The ether analogs (table 11) appear to be more potent, but this is over-
shadowed by their toxicity. Practically all the compounds were synthesized by
Miescher and coworkers in Switzerland. The pharmacological data on all except
Antistine (No. 8) are nil, but no improvements in activity seem to have been
achieved by ring substitutions or variations in the side chain. 2-N-p’-Tolyl-
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N-(m-hydroxyphenyl)aminomethyl-2-imidazoline (No. 6) possesses weak anti-
histaminic activity but is a potent adrenergic drug (188) (¢f. pages 311-312).

The series of diphenylaminomethylimidazolines (Nos. 3~7) was prepared by
heating substituted diphenylamines with 2-(chloromethyl)-2-imidazoline in an
atmosphere of nitrogen (287).

The tetrahydropyrimidine analog of Antistine (No. 26) has insignificant ac-
tivity (230). The compound was prepared from the condensation of ethyl N-
phenylaminoacetate and benzyl chloride to yield ethyl N-benzyl-N-phenyl-
aminoacetate, which was then refluxed with trimethylenediamine.

In the course of an extensive investigation of amidines, Oxley and Short (310)
found that 2-substituted imidazolines and their ring homologs were obtained in
good yield by heating N-substituted amidinium salts with an alkylenediamine.
An extensive series of imidazoline intermediates, valuable in the synthesis of
the types found in table 37, were prepared. 2-Arylmethyl-1-alkylimidazolines
were likewise prepared by the interaction of the appropriate cyanide with a salt
of N-methyl- or N-ethyl-ethylenediamine.

h. Anilino-s-triazines

The weak antihistaminic properties exhibited by the alkoxy-s-triazines (cf.
page 329, table 19) suggested the investigation of anilino-s-triazines (446). Table
39 lists the prepared triazines, in which extremely small potency appeared.

2. N-Helerocyclic derivatives of ethylenediamine

The majority of potent histamine antagonists are found in this group, wherein
the aryl functions are replaced by various mono- and poly-cyclic heterocyclic
groups. An analogous situation resulted when heterocyclic nitrogen moieties
were introduced into the sulfanilamide derivatives (306).

Since the initial and most productive work was performed at the Rhone-
Poulenc laboratories, a special section is devoted to this research. Various hetero-
cyelic functions are included in the “RP” investigations and will be grouped
together in tables 40 and 50. The remainder of the monocyclic hetero functions
will be classified according to individual structures.

a. N-Monoheterocyclic derivatives of ethylenediamine
(1) Rhoéne-Poulenc monoheterocyclic diamines

In 1944 Bovet and coworkers (34, 35, 40) described the properties of derivatives
of 2-aminopyridine culminating in Neoantergan (table 1, No. 15), which still
remains among the most potent of the antihistaminic drugs.

Table 40 lists the various N-heterocyclic derivatives of ethylenediamine,
prepared at the laboratories of the Société des usines chimiques Rhone-Poulenc
(¢f. isocyclic amines, pages 332-333, table 24).

Viaud (443) drew the following relationships between structure and activity
(¢f. 200): replacement of the benzyl group in Antergan (RP 2339) by various
heterocyclic groups resulted in either loss of activity, or similar potency. The
2-thenyl derivative (RP 2740) was inactive. The 2-furfuryl analog (RP 2747)
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possessed little activity. The 2-tetrahydrofurfuryl (RP 2749) and the 2-methyl-
thiazole (RP 2764) compounds had the same activity as Antergan. The pyridine
analog (RP 2972) and others (RP 2758, 2764, 2765, 2788, 2880, 2895) were com-
pounds of little pharmacological interest.

The replacement of the phenyl group in Antergan by heterocycles resulted in
major improvements. The 2-pyridyl compound (RP 2750) was twice as active
as Antergan. Further substitution in the benzyl group by p-methoxy gave Neo-
antergan (RP 2786) with fivefold the activity of the 2-pyridyl derivative (RP
2750) and ten times that of Antergan. If the methoxy group was in the ortho
position (RP 2855) or meta position (RP 3325), the activity disappeared com-
pletely. Substitution by p-methyl (RP 2932) lowered the activity to that of Anter-
gan, while p-ethyl (RP 2910) caused almost complete disappearance of activity.
Branching of the aliphatic side chain in Neoantergan (RP 3420, RP 3427) or
increase of the length of the chain (RP 2800) lowered the activity considerably.
Substitution in the pyridine ring of Neoantergan by one (RP 2890) or two methy!
groups (RP 2933) suppressed the activity. The 3- (RP 2938) and 4-pyridyl (RP
2958) compounds were almost completely inactive. The 2-pyrimidyl (RP 2971)
and 2-thiazolyl (RP 2909) derivatives were inactive. The replacement of the p-
methoxybenzyl group in Neoantergan by furfuryl (RP 2803) lowered the ac-
tivity to that of RP 2750. Many of the observations have been disputed by
American investigators. Compounds which have been declared almost impotent
by the Rhéne-Poulenc pharmacologists have appeared among the prominent
commercial drugs (RP 2740, 2071, 2764; table 1, Nos. 9, 12, 27).

Neoantergan was prepared by the reaction of 2-(2-dimethylaminoethylamino)-
pyridine with p-methoxybenzyl chloride in the presence of sodium amide or by
the reaction of 2-(N-p-methoxybenzyl)aminopyridine with 2-dimethylamino-
ethyl chloride (443).

(2) Monoheterocyclic compounds other than Rhéne-Poulenc compounds
(a) Pyridine derivatives

The extensive work of the Rhéne-Poulenc investigators (pages 341-342) not
being known, research on the replacement of the aryl groups of the Fourneau
diamines (pages 331-332) by heterocyclic radicals progressed independently at
the laboratory of the Ciba Pharmaceutical Company in New Jersey (112, 203,
278) and culminated in the preparation and testing of Pyribenzamine (table 1,
No. 19).

Various basically substituted tertiary pyridine compounds (table 41, Nos. 1,2,
4,14, 35-37, 39, 40, 4549, 59, 60, 62, 69, 100-109) were prepared by condensing
the dialkylaminoethyl substituted-amino heterocyclic compound with an alkyl
or aralkyl halide (A), by condensing the halogenated heterocyclic substance with
an asymmetrically trisubstituted alkylenediamine (B), or by condensing the
alkyl- or aralkyl-amino heterocyclic derivative with a dialkylaminoethyl halide
(C).

The necessary secondary amines were prepared by condensing primary amines
with a dialkylaminoethyl halide in toluene solution in the presence of sodium or
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/
(A)  R/NHCH, CHgN\ |

!
/
(8)  RX + HNCH,CH,N' ——  R/NCH,CHN
| AN |
R’// R’/’
/
() RNH + XCH2CH2N\ I

RIII

lithium amide (203, 457). This method was preferred to that of condensing the
asymmetrically substituted diamine with a halogen-substituted heterocyclic
compound. All the secondary amines were found to be inactive, in contrast to the
tertiary bases, which exhibited considerable range of activity (table 41).

The research of Huttrer and coworkers confirmed many of the findings of
Viaud (443) with the RP compounds. The 2-pyridyl-substituted compounds
were the most active (table 41, Nos. 1, 4, 14, 35-37, 39, 40, 45-49, 59, 60, 62,
69), with the benzyl derivatives being the most potent (Nos. 1, 4, 59, 60, 101,
103, 104, 106, 108). The dimethylaminoethyl side chain was by far the most
reactive, for replacement by diethyl (Nos. 37, 40, 43, 48, 108), piperidyl (Nos.
59, 60), or morpholinyl (No. 62) caused severe decreases in activity. Alkyl sub-
stituents (Nos. 35-38, 59), acyl (No. 46), aryl (Nos. 39, 40, 69, 100, 109), or the
dipyridyl-substituted derivatives (Nos. 47, 48, 49, 105, 107) were all ineffective as
compared with Pyribenzamine (No. 1) or Neoantergan (No. 4). The phenethyl
compound (No. 2) was practically inactive. The introduction of chlorine in the
pyridine ring almost doubled the activity of the Pyribenzamine type (No. 71),
while the toxicity was only slightly elevated. A simultaneous introduction of
chlorine and methoxy in the pyridine and phenyl ring, respectively (No. 73),
resulted in decreased activity, but also in an appreciable lowering of acute toxie-
ity. A p-isopropoxy substituent in the benzy! moiety of Pyribenzamine (No. 6)
markedly enhanced the antihistaminic activity and lowered the acute toxicity
of the parent compound (25). This follows the effect of the p-methoxy group in
Neoantergan. However, an ethoxy group in the same position (RP 2843) did
not seem to bring about any change in activity (443).

The replacement of the benzyl group by 2,2-dibutylhexyl (table 41, Nos. 66
and 67) was investigated (403) to determine whether this highly branched group
would show greater activity than the lower alkyl groups (table 41, Nos. 35, 36,
59). The dimethyl derivative (No. 66) had approximately 1/250 the antihis-
taminic activity of Pyribenzamine, while the diethyl homolog (No. 67) was
1/5-1/10 as active as No. 66. The synthesis was carried out by the condensation
of 2-bromopyridine and (2,2-dibutylhexyl)amine in xylene or cymene solution
in the presence of anhydrous sodium carbonate. The N-(2,2-dibutylhexyl)-2-
aminopyridine was alkylated with the dialkylaminoethyl chloride. Attempts to
condense N,N-diethyl-N’-(2,2-dibutylhexyl)ethylenediamine and 2-bromopyri-
dine with sodium amide were unsuccessful.
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Quaternization of Pyribenzamine, Neoantergan, or Antergan did not affect
their activity, but their toxicity seems to have been slightly decreased (211).

The principle of isosterism was applied in the preparation of the thiophene
analogs (table 41, Nos. 21-32, 51-53, 57, 58, 61, 65, 68, 74-77; table 42). These
compounds proved practically as potent as their benzyl or pyridyl analogs.

The preparation of the 2-thienyl analog of Pyribenzamine (table 41, No. 21;
Table 1, No. 24; Thenylene, Histadyl) was prepared practically simultaneously
by a number of laboratories (90, 228, 242, 452). The tertiary amine was obtained
by the alkylation of the appropriate secondary amine in benzene or toluene
solution in the presence of sodium amide (90, 242, 452) (procedures 5 and 6).
The intermediate secondary amines were prepared by condensing aniline with a
dialkylaminoalkyl chloride or 2-thenyl chloride (procedures 1 and 3) and 2-
aminopyridine with a dialkylaminoalkyl chloride or 2-thiophenealdehyde, fol-
lowed by reduction (procedures 2 and 4).

(1) CeH:NH; + CIR'B \_
N
\ RNHR'B
@) ' /
N/NH; + CIRB
@) CoH:NH, +
o JCH,Cl

AN
RNHCH,! g
/
\ ),/
; oo 7
) NH, Jemo

N \8
) RNHR'B + CICH. g \\
N
. 4 /HCHzl\lTR’B
/ R
(6) RNHCH,! .. | + CIR'B
\s

The effects of substitution in the thiophene and pyridine rings were studied by
a research group at the American Cyanamid Company (88, 90, 442). The 5-
halogenated thiophenes (Chlorothen and Bromothen; Table 41, Nos. 24 and
25; Table 1, Nos. 22 and 5) were more active than Pyribenzamine, being twice
as active and possessing one-half the acute toxicity on a weight basis. When
equal doses of the drugs were administered, Chlorothen and Bromothen pro-
tected against histamine shock twice as long as Pyribenzamine (256). In a series
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of N,N-dimethyl-N’-2-pyridyl-N-thenylethylenediamines, prepared by Clark
and coworkers (90) (table 41, Nos. 23, 24, 27, 28, 32, 51, 52, 74-77), none was
as active as Bromothen or Chlorothen.

The compounds were synthesized by the reaction of the 5-halo-2-thenyl halides
with the sodium salt of N,N-dimethyl-N'-2-pyridylethylenediamine (A), by
the condensation of 2-chloropyridine with N, N-dimethyl-(N’-5-chloro-2-thenyl)-
ethylenediamine (B), and by the reaction of N, N-dimethylaminoethyl chloride
and 2-(5-bromo-2-thenyl)aminopyridine (C).

N
T o
@  x{gJomear  NaNly,
CH, CH,N(CH,),
AN
N N
N * o)™ o Jomal
CHzCHzN(CHs)z CH2CH2N(CH3)2
N\ A
H + CICH,CH,N(CHy), 7~
© XKS/CHAT*\N/
Na

The thenyl halides were usually prepared by chloromethylation in the 1-
position. If both 1-positions were substituted, chloromethylation occurred in the
2-position. Alternate methods involved the bromination of various 2-methyl-
thiophenes with N-bromosuccinimide and treatment of alkyl 2-thieny! carbinols
with hydrogen bromide in benzene.

In view of the increased activity brought about by introduction of the halogen
into the thiophene group, it was decided to investigate the effect of halogenation
on the antihistamine activity of N,N-dimethyl-N’-benzyl-N’-(2-pyridyl)ethyl-
enediamine (442). The compounds (table 41, Nos. 7-12) where pyridine is
unsubstituted were prepared by the condensation of N,N-dimethyl-N’-(2-pyri-
dylethylenediamine with the appropriate halogenated benzyl halide in the
presence of alkali amide or hydride. The highest activity is found in those deriva-
tives halogenated in the 4-position of the benzyl group, and this activity in-
creases as the electronegativity of the substituent increases and its atomic weight
decreases from iodo to fluoro. The 4-bromobenzyl derivative has approximately
the same activity as Pyribenzamine but the 4-fluorobenzyl derivative is three
to four times as active. Halogen substituents in the 2- or 3-position of the benzyl
group or in the 5-position of the pyridyl group (table 41, Nos. 70, 71) led to es-
sentially inactive compounds. In the dihalogenated compound (No. 72), the
same disadvantageous result occurred.
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The replacement of the dimethylaminoethyl group by a dialkylaminoacetyl
group (table 41, Nos. 78 and 79) resulted in inactive compounds, as did the 1-
naphthalenemethyl derivative (table 41, No. 34) and the n-hexyl compound
(table 41, No. 17).

Campaigne and coworkers (59, 60, 61) studied the synthesis and reactions of
3-substituted thiophenes and prepared four N-substituted dimethylaminoethyl-
pyridines containing the 3-thenyl and halogen-substituted 3-thenyl nucleus
(table 41, Nos. 28-31). The compounds were synthesized by the reaction of the
sodium derivative of 2-(dimethylaminoethylamino)pyridine with the appropriate
3-thenyl bromide, obtained when the proper 3-methylthiophene reacted with
N-bromosuccinimide (60).

The 3-thenyl compounds all possessed activities about equal to those of
Thenylene (the 2-thenyl analog) and Pyribenzamine. The unsubstituted deriva-
tive (Thenfadil, table 1, No. 23; table 41, No. 29) is more potent than the chloro-
and bromo-substituted analogs. The three compounds (No. 29-31) appear to be
of the same order of toxicity as Pyribenzamine when administered intravenously
in mice, while Benadryl is approximately one-half as toxic. The two halogenated
derivatives appear to be less toxic than the parent compound, the chloro (No. 31)
being less toxic than the bromo (No. 30) by subcutaneous injection (192, 235).

The difference between the increased activity on halogenation in the 2-thenyl
series and the lack of this in the 3-thenyl analogs is attributed to the difference
in the position of the halogen atoms, being 5- in the former and 2- in the 3-thenyl
series (235).

The derivatives of 4-aminopiperidine (cf. table 36 and page 338) demonstrated
that these compounds (table 41, Nos. 85 and 86) were three-fourths as active
as Benadryl (342). The same compounds were prepared by the alkylation of a
1-alkyl-3(or 4)-benzylaminopyridine with a 2-halopyridine (341).

Tertiary pyrrolidylethylamine derivatives (table 41, Nos. 54-58) were syn-
thesized via the secondary amino compounds by one of the following procedures
(244);

R/CHO + H,NCH, CH,NCH; —2
R/CH,NHCH, CH,NC:Hs

RNH, + CICH,CH,NC.H; —
RNHCH,CH;NC.Hs

RX

?
ROECL pio,

—
RCl + H,NCH.,CH.NCHs ———T RNCH,CH;N

H, CICH, CH:NC,H; T

— RNHCH:R’

RNH, + R’CH; Cl—‘_—'—'T

In general, the order of activity of these pyrrolidylethylamine compounds is
low. The most active members, the p-methoxybenzyl derivative (table 41, No.

RNH, + R'CHO
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54) and the 5-chloro-2-thenyl compound (No. 58), had an effectiveness equal to
approximately one-fourth that of Pyribenzamine (244).

The pyridylarylmethanes (table 41, Nos. 96-98) were obtained from 2-benzoyl-
pyridine and the substituted amine, using formic acid as the reducing medium
(423). None of the compounds was an active histamine antagonist.

(b) Pyrimidine derivatives

The derivatives of pyrimidine are all characterized by reduced activity (RP
3015), but decreased toxicity results in most cases. The most prominent
members of this group are Hetramine (table 1, No. 12; table 42, No. 3) and Neo-
hetramine, the p-methoxy analog (table 1, No. 16; table 42, No. 4).

The thienyl isostere of Hetramine (table 42, No. 1), produced a compound of
very low activity. Introduction of methoxy in the pyrimidine ring of Hetramine
(table 42, No. 9) afforded a compound comparable to Pyribenzamine in activity
and acute toxicity.

The preparations of the pyrimidines are almost identical with those of the
pyridines. Aromatic aldehydes are condensed with 2-aminopyrimidine in the
presence of formic acid to form the secondary amines (25, 150). An alternate
method involves the treatment of 2-aminopyrimidines with sodium amide and
reaction of the sodium salt with the proper halide (150). Another preparation
involves condensing 2-aminopyrimidines with the corresponding chloromethyl
compound in toluene, using lithium amide as the condensing agent (25).

(¢) Thiophene derivatives

The pyridylthienyl compounds (table 41, Nos. 21-32, 51-53, 57, 58, 61, 65,
68, 74-77) have already been discussed. Table 44 lists other thienyl derivatives.

Diatrin (table 1, No. 9; table 43, No. 1), the phenyl analog of Thenylene, had
been reported as being completely inactive by Viaud (443) (RP 2740), while
Kyrides (228) reported an activity approximately two-thirds that of Antergan
and Ercoli (131) claimed about equal potency and considerably lower toxicity.
It was synthesized by condensing N,N-dimethyl-N’-phenylethylenediamine
(prepared from aniline and dimethylaminoethyl chloride) and 2-thenyl chloride
(242).

In a series of arylthiophene derivatives synthesized by Kyrides and coworkers
(228, 230) (table 43, Nos. 1, 2-10, 15, 18), N ,N-dimethyl-N’-(5-chloro-2-thenyl)-
N'-phenylethylenediamine (table 43, No. 6) proved to be the most potent, ap-
proximately 125 per cent as active as Antergan in animal tests. The introduction
of chlorine into the thiophene ring had a potentiating effect on antihistaminic
activity, similar to that observed in the pyridine series (90). When chlorine was
introduced into the phenyl ring, the activity dropped markedly (table 43, Nos.
2-4, 8, 9). The o-chlorophenyl! derivatives (Nos. 2 and 7) had negligible activity,
the m-chlorophenyl! compounds (Nos. 3 and 8) were slightly active, and the p-
chlorophenyl members (Nos. 4 and 9) were the most active, but the best com-
pound in this series (No. 4) was only one-half as active as Antergan.

Introduction of a third methyl group in place of the aryl group (table 43, No.
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15), or replacement of the 2-thenyl group by methoxybenzyl, practically elimi-
nated activity. Substitution of chlorine or the 4-morpholinyl group for the
dimethylamino group produced inactive eompounds (230).

(d) Thiazole derivatives

Viaud (443) found the thiazolyl derivative of Neoantergan to be practically
inactive (RP 2909), but Feinberg found it to be quite active (22, 137) (table 1,
No. 27; table 44, No. 2).

The parent arylthiazole compound (table 44, No. 1) was synthesized by re-
acting benzylamine with dimethylaminoethyl chloride in the presence of po-
tassium acetate and treating the N-benzyl-N-(2-dimethylaminoethyl)amine with
2-bromothiazole (400). It was found to possess 0.1 the activity of Neoantergan
by Viaud (443) (RP 2764).

(e) Furan derivatives

The furyl isosteres of Pyribenzamine proved effective histamine antagonists.
The pyridyl-substituted furans are listed in table 41 (Nos. 18-20, 50, 56), while
the arylfurfuryldiamines are tabulated in table 45.

The unsubstituted furfuryl derivative, Foralamin (table 1, No. 11; table 41,
No. 18), proved as effective an antagonist as Pyribenzamine when tested in
guinea pigs against histamine aerosol or intravenous injection of histamine
(187, 441). The bromofurfuryl derivative (No. 20) was only slightly less effective.
These results are in agreement with those reported by Viaud (443) (RP 2803),
but Biel (25) claimed the furyl isostere of Pyribenzamine to be twice as active.
The toxicity of the furfuryl compound was the same as that of Pyribenzamine,
whereas the bromofurfuryl derivative was approximately 50 per cent less toxic
(441).

In a general study of the pharmaceutical applications of furan derivatives,
Hayes and coworkers (187) prepared the two aforementioned derivatives plus
the chloro- and methyl-furfuryl compounds (table 41, Nos. 19 and 50). The latter
was practically inactive, while the 5-chloro member had approximately one-half
the activity of the bromo compound. In contrast to the report of Vaughan and
Anderson (441), the acute toxicity of the furfuryl derivative (as the fumarate
salt) was observed to be approximately two-thirds the toxicity of Pyribenzamine.

Methoxy or isopropyl substitution in the para position of the phenyl ring of
the furyl isostere of Antergan (table 45, Nos. 2 and 3) resulted in appreciable
lowering of activity, coupled with an increase of acute toxicity in the case of the
isopropyl derivative (25).

Foralamin (table 41, No. 18) was synthesized by an initial reaction of 5-bromo-
furfuryl alecchol with thionyl chloride in toluene solution at low temperature.
The unstable intermediate furfuryl chlorides were treated directly with the
sodium salt of N, N-dimethyl-N’-(2-pyridyl)ethylenediamine (441). The lithium
salt of the latter has been employed (229), as has been lithium amide for the
condensation (25). Hayes and coworkers (187) condensed furfural or 5-halo-2-
furaldehydes with 2-aminopyridine to yield the azomethines. The latter were
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catalytically hydrogenated to yield the N-furylmethyl-2-aminopyridines. The
Schiff bases were either reductively alkylated with a Grignard reagent or lithiated
with lithium amide in benzene and treated with 2-dimethylaminoethyl chloride
to yield the desired base.

(f) Piperidine and pyrrolidine derivatives

These groups are usually met as part of the side chain in the replacement of
the usual —N(CHj;),; however, molecular species have been prepared in which
these nitrogen heterocycles are in the “front’’ of the structure.

The 4-aminopiperidines containing isocyclic (table 36) and pyridyl moieties
(table 41, Nos. 85 and 86) have been discussed. N-Benzyl-N-4-piperidylethyl-
N'-pyrrolidylethylamine (table 46, No. 6) was prepared from pyrrolidylethyl-
amine (obtained by catalytic reduction of pyrrolidylacetonitrile), which was
condensed with benzyl-1-alkyl-4-piperidine in toluene solution with potassium
carbonate and copper powder catalysts (342).

N-Substituted piperidines without any nuclear substitution (table 46, Nos.
1-3) and the piperidone (No. 4) were all inactive.

The replacement of the ethylenediamine unit by a 3-aminopiperidine group
was shown to yield weakly active compounds (341, 343) (table 41, Nos. 80-84).
They were synthesized through reductive alkylation of amines with 1-alkyl-3-
piperidones. 1-Methyl- and 1-ethyl-3-piperidone were prepared from the alkyl-
aminodicarboxylic esters (343).

/CHzcooczHﬁ 7
AN — /=0~ _JcoNH, HR'
R NR

(CH,)sCOOC, H; NR N

2-Aminomethylpyrrolidines resulted from a novel rearrangement of the pi-
peridine ring. Treatment of 1-ethyl-3-chloropiperidine with benzylamine did not
give the expected 3-benzylaminopiperidine; instead, 2-aminomethylpyrrolidines
were obtained. Since 1,2-chloroamines react as though an intermediate cyclic
imonium salt i1s formed, the formation of a similar intermediate from 3-chloro-
piperidine would explain the formation of 2-aminomethylpyrrolidines.

N
0 -
_— u —_
N Jcm NHR/

h |
NR B+ Ol NR

The direction of the imonium ring opening is dependent upon the nature of the
attacking nucleophilic agent, and a strongly basic group evidently favors the
formation of the pyrrolidine structure (339).

(g) Pyrrolidone, pyrazine, and pyridazine derivatives

Pyrrolidones (table 47, Nos. 1 and 2), prepared recently in Japan, were inactive
(307). Succinic anhydride and diethylethylenediamine yielded the succinamide,
which on electrolytic reduction produced 1,2-(diethylaminoethyl)-2-pyrrolidone.
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The pyrazine (table 47, No. 3) and the pyridazine were very weak antagonists.

(h) Imidazole and imidazoline derivatives

In a study of imidazole compounds resembling histamine in structure, 4-
methylimidazole, 4-ethylimidazole, and related compounds were synthesized
(196, 432) (table 48). Some of the 4-(substituted aminomethyl)imidazoles showed
a weak antihistaminic action, while others imitated histamine.

4-(Benzylphenylaminomethyl)imidazole (No. 9) is of interest because it is a
position isomer of 2-(benzylphenylaminomethyl)imidazoline (Antistine, table
1, No. 2). The imidazole possesses about one-half the antihistaminic action of
Antistine.

In the ethyl series, antihistamine activity was shown by No. 25, which pos-
sessed 0.5 of the activity of Pyribenzamine. The rest of the compounds in table
48 displayed various degrees of histamine-like activity.

The thiophene analog of Antistine (table 49, No. 1) had approximately 5 per
cent of the activity of Antergan (228), while the tetrahydropyrimidine analog
(No. 2) possessed insignificant activity (230).

A Dbrief study was made by Turner of substances containing the imidazole
nucleus (Nos. 3-6). None had any antihistaminic activity (431).

Jones (214, 215, 216) synthesized a series of 2-substituted imidazoles and 3-
and 4-substituted pyrazoles in a broad study of the possible relationships of
chemical structure to biological activity. None of the compounds are histamine
antagonists, but rather resemble histamine in action. An excellent concise table
correlating the structure of 2-aminoethyl heterocyclic nitrogen compounds and
histamine activity was drawn up by Lee and Jones (468).

b. N-Polyeyeclic derivatives of ethylenediamine

Modifications of the linkages between the aryl groups in the Antergan mole-
cule were of little avail (cf. tables 24 and 25). The diphenylamine derivative, RP
2565 (table 25, No. 3), had only about 1/50th the activity of Antergan. Polycyclic
derivatives, such as carbazoles and phenoxazines (tables 50 and 53), possessed
slight activity. A search for antimalarials among the phenothiazines and their
testing as antihistamines led to the discovery of extreme potency in a bridged
strueture (178, 181).

By far the most active antihistaminic compounds known belong to the series
of phenothiazines or thiodiphenylamines, which have been thoroughly investi-
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gated by the Rhéne-Poulenc research group. Only in this series and in the acri-
dines have especially potent antagonists been found.

The potency of the active phenothiazines (RP 3015, RP 3277) is about fifteen
times that of Pyribenzamine and the duration of action is three times that of
Antergan or Pyribenzamine.

(1) Rhoéne-Poulenc N-polycyclic diamines

Table 50 lists the various polycyclic derivatives prepared for testing as his-
tamine antagonists by Charpentier and described by Viaud (443) of the Rhone-
Poulenc laboratories. The latter noted that the 3-aminoquinolyl derivative
(RP 2970) was inactive. In the phenothiazine series, the dimethylaminoethyl
side chain (RP 3015) gave antiasthma activity similar to that of Antergan, but
considerably higher protection against intravenous histamine. While 20 mg./kg.
of Antergan protected against 120 lethal doses, a similar dosage of RP 3015 pro-
tected against 700 lethal doses. Branching of the side chain by adding one methyl
group (RP 3277, RP 3389) yielded further improvement. However, two other
branched-chain compounds having two methyl groups (RP 3300, RP 3349) were
completely inactive. Both the diethyl analog of RP 3015 (RP 2987) and the tri-
methylene analog (RP 3276) were almost inactive. When methoxyl groups were
introduced into the phenothiazine nucleus (RP 3298, RP 3299), no particular
advantage accrued.

Replacement of the phenothiazine molecule by related nuclei led only to com-
pounds of inferior activity (RP 3283, 3289, 3040, 3041, 3192, 3390, 3398). Varia-
tions within this group of compounds, such as the formation of the sulfoxide
(RP 3283) and the sulfone (RP 3289), led to the interesting observation that the
sulfoxide was inactive, while the sulfone was as active as Antergan. The most
active antagonist in the series was RP 3277 or Phenergan (table 1, compound 18),
which is able to protect guinea pigs against 1500 lethal doses of histamine (181).
These high doses led shortly afterwards to death, due to perforating stomach
ulcers (180).

(2) Individual polycyclic groupings
(a) Phenothiazines

Charpentier (77, 394) prepared RP 3015 (table 51, No. 1) by reacting pheno-
thiazine with dimethylaminoethyl chloride in the presence of an agent binding
halogen acid, preferably sodium amide. The diethyl analog had been prepared,
for other purposes, by Gilman and Shirley (162), by condensing phenothiazine
with 2-chloroethyl p-toluenesulfonate in the presence of butyllithium and react-
ing the 10-chloroethylphenothiazine with dimethylamine in the presence of
copper powder. The diethyl compound (Diparcol) was found to be useful in the
treatment of Parkinsonism.

The quaternary ammonium salts (table 51, Nos. 31-39) were prepared by
heating the tertiary base with the appropriate alkylene dihalides (78). The 8-
chlorotheophylline salt of RP 3015 has been described as extremely potent (91,
146, 157, 317).
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In the series of N-(pyrrolidylalkyl)phenothiazines (table 51, Nos, 17-22),
N-pyrrolidylethylphenothiazine (No. 17; Pyrrolazote, table 1, No. 20) showed
the highest level of antihistaminic activity (338). They were synthesized by
hydrogenating pyrrole and its dimethyl homologs over Raney nickel and treating
the resulting pyrrolidines with the appropriate alkylene chlorohydrin. The N-
pyrrolidylalkanols thus formed were converted into the corresponding N-pyr-
rolidylalky! chlorides with thionyl chloride. N-Alkylation of phenothiazine with
the chlorides in the presence of sodium amide proceeded smoothly (198, 199, 338).

The N’-(2-hydroxyethyl)-N’-methyl derivative (table 51, No. 7) appears to
possess about 1.5 times the activity of Benadryl (99).

The acylphenothiazine derivatives (table 51, Nos. 8-16) have weak antihis-
taminic power. They were prepared by heating phenothiazine with an excess of
the appropriate haloacyl halide (126).

Miescher (286) described the imidazolyl derivative (No. 25) and the 2-methoxy
compound (No. 28), prepared from the thiodiphenylamine and 2-chloromethyl-
2-imidazoline, or from 10-(cyanomethyl)phenothiazine and ethylenediamine.
No activity data are given.

An extensive series of N-(dialkylaminoalkyl)phenothiazines (table 52) were
synthesized by Wright and coworkers (464). The pharmacological results (table
52) demonstrated that the introduction of groups larger than methyl on the
terminal amino nitrogen does not increase the antihistamine effectiveness; more
often the activity is lowered (464).

(b) Polycyclic functions other than phenothiazines

The indole and carbazole derivatives (table 53, Nos. 1-5, 39—41) were prepared
by heating the appropriate sodium salts with the dialkylaminoethyl chloride.
The compounds possess weak to moderate antihistaminic activity. 1-[2-(1-Pyr-
rolidyl)ethyllindoline (No. 2) and the phenylindole (No. 3) had 0.1-0.01 the
spasmolytic activity of Benadryl, while the phenylindolines (Nos. 4 and 5) had
about one-half the activity. The carbazole and tetrahydrocarbazole (Nos. 39
and 40) were 0.1-0.01 as active and the hexahydro derivative possessed one-
third to one-sixth the activity of Benadryl (460). The dimethylaminoethyl carba-
zole derivative (No, 36) was practically inactive (52).

Benzimidazole derivatives (Nos. 6-9) appeared to be of interest because they
have the —N—C=N— grouping present in Pyribenzamine and other agents,
as well as structures analogous to the imidazole ring of histamine (461).

The benzimidazole derivatives and the benzotriazole (No. 10) were prepared
from o0-(2-dimethylaminoethylamino)nitrobenzene. Reduction with stannous chlo-
ride gave a diamine which, upon treatment with formic acid, acetic anhydride,
benzoic anhydride, isobutyraldehyde, and cupric acetate and nitrous acid gave
the respective benzimidazole and benzotriazole derivatives (461, 462) (see page
353). These compounds possess only slight antihistaminic activity.

The quinoline derivatives (Nos. 13-20) are all practically inactive, agreeing
with the results of Viaud (443), who found RP 2756 inactive. The lack of activity
in Nos. 11, 12, 14-18 suggested that the presence of at least one aromatic nucleus



353

ANTIHISTAMINE DRUGS

%movzﬁoﬂmﬁ_v
N
N
I
N
HYD =¥ ()
'FHD = Y (®)
Aﬁovzﬁoﬁw %movzﬂmoﬂmﬁ_v %movzﬁoﬂn_v
%movmoaz m;z/ ;z/
N N N
+0D ‘OHDOHD*(*HD) 0¥0DY) é
ONOH * HOODH
(EHO)NCHD *HOHN, FCHD)NHD *HOHN \ ag

SN oug ON CHD)INHO ‘D *HN ION



354 BERNARD IDSON

or its isostere is desirable for potency (307), but the furyl and thenyl derivatives
(Nos. 19 and 20) possessed about 0.01 the activity of Pyribenzamine (244). The
lepidyl-substituted diamines (Nos. 21-34) seem to be mildly active (5, 220).

The intermediate 2-lepidyl secondary amines were prepared either by heating
2-chlorolepidine with excess alkylenediamine (method A) or treating 2-lepidyl-
amine with a halide in the presence of lithium amide (method B). An alternate
method involved condensation of the aminolepidine with benzaldehyde, using
formic acid as a solvent, and reduction (method C). The tertiary amines were
prepared by standard procedures (methods D and E) (220).

Method A
CH,; CH,
N N
+ HN(CH;),Y —
N//CI \N/ NH(CHz)nY
Method B
CH;, CH,
N N
N 2 N NHCH, R
Method C
CH, CH;
AN N
4+ RCHO + HCOOH —
\N? NH, N NHCH;R
Method D
CH;
AN
/w + CICH;CH,N(CH;),-HCl + LiNH, —
N NHCH,; R
CH;
N ?HgR
N7 NCH,; CH,N(CH;);
Method E
CH3 CHS

N N
/1 + Ca HsCHz Cl + LiNHz e d q /OHz CsHs
N* NH(CH;),Y N N\

(CH:)nY
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The quinoxaline derivative (No. 35) was synthesized by condensing dimethyl-
aminoethy! chloride with ¥-benzylbenzamide to give N-benzoyl-N-benzyl-N’ ,N'-
dimethylethylenediamine, which was hydrolyzed to the benzyl derivative. This
was condensed with 2-chloroquinoxaline to form the desired compound. No
pharmacological data were given (156).

Huttrer (202) noted that the 5,6-dihydrophenanthridine derivatives (Nos.
42-45) differed from the Antergan type compounds only in the existence of the
linkage represented by the dotted line.

\R
N/
CH,
Nos. 42 and 45 were completely inactive, while No. 43 had very slight activity
(202). It thus appears that ring closure does not aid in the antihistamine field,
as it does with antispasmodics (e.g., Trasentin and Pavatrine).

The acridine derivative (No. 47) is an extremely potent antagonist, possessing
variously 7.5 times the activity of Benadryl (290) or 16 times the potency (146).
1t appears too toxic for clinical usage (95, 146), though claims for low toxicity
have been made (290).

3. Conclusions

Table 54 represents a compilation by Scholz (384) which illustrates lucidly
the relationships between structure and activity in the ethylenediamine deriva-
tives. Even though exceptions exist, one can conclude from the experimental
findings that in order to get active compounds both nitrogen atoms of the
ethylenediamine moiety should be completely substituted with organic radicals.
For highest activity one nitrogen usually should be dimethylated and the other
should carry an aryl radical and an aralkyl radical.

As far as the aryl radical is concerned maximum effect has been observed with
a-pyridyl; phenyl, 8- or v-pyridyl, picolyls, pyrimidyl, thiazolyl, etc. show less
activity. In the case of the aralkyl radical, the alkylchain should be a methylene
group, whereas the aryl part may be phenyl, substituted phenyl, furyl, thienyl,
substituted thienyls, thiazolyl, etc. Substitution of a propylene or a branched-
chain alkylene radical for the ethylene portion results, in most cases, in lowered
effectiveness (384). The fusion of the aryl and aralkyl portions into a polyeyclic
ring is only effective in the case of the thiodiphenylamines, where the branching
of the side chain plays an important role which is lacking in the other series.

In the ether series, substituents on the benzene nucleus play a part which does
not have any significance in the aniline compounds. Indeed, the p-methoxy
group has a great importance when attached to the benzyl group of Neoantergan
but is of no importance if present in the benzyl group of Antergan.
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Bovet (32) stresses the significant fact that antihistaminic activity could
always be detected in those substances which are structurally related to adren-
olytic or spasmolytic compounds. It should again be emphasized that the com-
pound with the highest activity is not always so superior in clinical trials.

C. DERIVATIVES OF PYRIDINDENE

A class of compounds seemingly unrelated to the ethylenediamines is that of
the derivatives of pyridindene (indenopyridine), which contain the novel fusion
of the indene and pyridine rings.

From a number of pyridindenes (table 55), 2-methyl-9-phenyl-2,3,4,9-
tetrahydro-1-pyridindene (Thephorin; table 1, No. 25; table 55, No. 9) showed
promising antihistamine activity. In a study of three derivatives of pyridindene
which differed only in the number of double bonds, the dihydro (Nu 1326),
tetrahydro (Nu 1504), and hexahydro (Nu 1525), Lehmann (237) concluded
that Thephorin (Nu 1504) was about one-half as effective as Pyribenzamine in

N

CH,N CH;N H CH,N
NP2

Nu 1326 Thephorin Nu 1525
Nu 1504

aerosol testing and protection against intracardially injected histamine. Of the
two other derivatives, Nu 1326 only showed some antihistamine activity, show-
ing that double bond changes cause striking decreases in activity.

The pyridindenes or 1H-indeno(2,1-¢]pyridines result from the cyclodehydra-
tion of 1,3,4-trisubstituted piperidines by heating with strong hydrobromic or
sulfuric acid. Thus, 2-methyl-9-phenyl-2,3-dihydro-1H-pyridindene is produced
from 3-benzoyl-4-hydroxy-1-methyl-4-phenylpiperidine (319, 320).

OoH
7

NCH, NCH;
Y

1010)
| CeHs
CsHs
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Treatment of Mannich products, such as CeH;COCH,CH.NRCH,CH.COC;-
H;, with hydrobromic acid gives initially the piperidine derivative, which under-
goes further cyclization to the above pyridindene derivative (319). Thus, deriva-
tives of dihydro-1-pyridindenes have become one of the most easily accessible
classes of polynuclear heterocyclic compounds.

The pyridindenes are placed immediately after the ethylenediamine deriva-
tives, since Thephorin can be interpreted as a substance in which the aliphatic
side chain —CH,CH,N(CH,); has participated in ring closure, somewhat similar
to the imidazoline side chain of Antistine (201). The relationship is shown in the
open-ring analog of Thephorin.

C

/&

CH,
1¥\T(CH3)2

D. DERIVATIVES OF AMINOPROPANE
Dialkylaminopropanes

Two groups, one working at the Burroughs Wellcome Research Laboratories
in Kent, England (1, 2), and the other at the laboratory of the Schering Corpora-
tion in Bloomfield, New Jersey (429, 231), investigated the effect of replacement
of the oxygen and nitrogen functions in the ethanolamine and ethylenediamine
derivatives by a methylene group to yield C-substituted dialkylaminoalkanes
(tables 56, 57, 58).

The United States group announced the effectiveness of 3-phenyl-3-(2-pyridyl)-
N ,N-dimethylpropylamine (Trimeton, table 1, No. 26), which was estimated to
possess four times the therapeutic index (effective dose/toxicity) of Pyriben-
zamine (427).

Chlorination of Trimeton in the phenyl! ring produced a twentyfold increase
in potency, yielding Chlortrimeton (table 1, No. 7), which appears to be the
most potent oral antihistamine known. Halogenation produced no appreciable
change in toxicity.

Tislow (426) has discussed the effect of halogenation on antihistamine ac-
tivity., The tremendous change in Trimeton has been noted. However, halogena-
tion does not always produce more potent compounds. Chlorobenzhydryl ethers
(table 6, Nos. 63-68) are listed without any pharmacological data. Chlorde-
capyryn (table 14, No. 20) does not appear to be more active than the parent
compound. Chlorination of the phenyl group in the benzhydrylpiperazines
(table 33, No. 6) gave increased potency and lengthened duration of action. The
p-chloro derivative of Pyribenzamine (table 41, No. 8) appears to be slightly
more potent than the parent compound. The fluoro analog (table 41, No. 7) is
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more active than the chloro, while the bromo compound (table 41, No. 10) is
slightly less active. Halogenation of the 2-thenyl groups in Thenylene or Histadyl
gave three times the activity of the unsubstituted compound (table 41, Nos. 24
and 25). In the 3-thenyl series, halogenation did not produce the desired effect
(table 41, Nos. 28, 30, and 31), achieved in 2-thenyl isosteres. The bromofurfuryl
derivative (table 41, No. 20) was slightly less effective than the unsubstituted
derivative.

The propylamines were prepared by the condensation of 2-tertiary amino-
ethyl halides with (2-pyridyl)benzyl cyanide and subsequent removal of the
cyano group or alkylation of the appropriately substituted dihydrostilbazoles
with dialkylaminoalkyl halides (404, 406).

Unaware of the work at the Schering laboratory, Adamson (1, 2) prepared a
large series of aminoalkyl tertiary carbinols, esters, propenes, and propanes
(table 56). Several of the 3-tertiary-amino-1,1-diphenyl-1-propenes and -propanes
exerted a moderate antihistamine action, in addition to surface anesthetic,
spasmolytic, and mydriatic properties.

Since the replacement of the N-phenyl ring of Antergan by the 2-pyridyl group
of Pyribenzamine and others increased the potency, it was sought to increase the
antihistamine potency of the substituted allylamines by replacing one of the
phenyl rings by 2-pyridyl (table 57) (2).

The aminopropanols were prepared by treating the appropriate aryl-2-tertiary-
aminoethyl ketones (prepared by the Mannich reaction) with 2-pyridyllithium,
and were converted into water-soluble neutral oxalates for pharmacological
testing. The pyridylearbinols, in contrast to the analogous diphenylcarbinols,
were resistant to moderately severe dehydration conditions. This relative sta-
bility is in accord with the electrophilic nature of the 2-pyridyl group. Dehydra-
tion to the 1-propenes was effected by heating with aqueous sulfuric acid.

The activities of the carbinols were nil. The allylamines, like the propylamines,
were outstanding for their antihistamine activity. The influence of the tertiary-
amino substituent did not appear to run parallel in the two series. In the allyl-
amine series, the pyrrolidino group had the most favorable effect, while in the
propylamine series the highest activity is found in the dimethylamino compounds,
as in Chlortrimeton.

In a series of bridged-ring propylamine hydrochlorides and 8-chlorotheophyl-
linates (table 58), the most active compounds were the thioxanthene (No. 2)
and the dihydroanthracene derivatives (No. 5) (95, 146, 317).

In view of the similarity in the pharmacological properties between the
ethyldialkylamines and the 2-imidazoline derivatives (cf. tables 6 and 11),
a series of amidine and dihydroglyoxaline analogs of 3,3-diphenylpropylamines
were prepared (212). This group of compounds is characterized by 3,3-diphenyl-
N,N-dimethylpropylamine (Aspasan, table 58, No. 7), which had been pre-
pared for testing as an antispasmodic and analgesic (28, 29). Aspasan possessed
0.1 the activity of Benadryl. The imidazoline analog of Aspasan (table 59, No.
1) was obtained from 2,2-diphenylpropionitrile either through the imidate
hydrochloride (224) or by fusion with 2-aminoethylammonium toluene-p-sul-
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fonate (309). The amidines (Nos. 2-4) were prepared by the action of an excess
of ammonia or of the appropriate amine on ethyl 2,2-diphenylpropionimidate
hydrochloride. For comparison diphenylacetamidine (No. 5) and 2-benzhydryl-
2-imidazoline (No. 6) were prepared by standard methods. Only 2,2-diphenyl-
propionamidine (No. 3) had approximately one-tenth the activity of Benadryl.

The benzylimidazoline (No. 7), l-naphthalenemethyl (No. 8), and biphenyl
(No. 10) derivatives were prepared from the arylacetamide and excess ethyl-
enediamine (283).

E. DERIVATIVES OF BUTENE AND STILBENE

The antihistamine activity of basic propenes has already been discussed
(tables 56 and 57). A series of 3-tertiary-amino-1,1-(2-thienyl)-1-butenes (table
60) has recently been announced (3), which exhibit considerable antihistaminie,
spasmolytic, local anesthetic, and particularly analgesic activity. The butenes
were prepared by the action of 2-thienyllithium on the appropriate ethyl 2-
aminobutyrate.

Basic stilbenes, synthesized by Rohrmann (¢f. 344), are unusual in that maxi-
mum activity (twice that of Benadryl) is obtained with a piperidinoethyl side
chain (Lilly 01003, table 1, No. 14). The substitution of a dimethylamino group
for the piperidino function cuts the activity in half.

F. DERIVATIVES OF AMINOPROPIONIC ACID

Basic esters of alicyclic and heterocyelic acids have been tested as histamine
antagonists, but usually this evaluation is adjunct to investigations of anti-
spasmodic and anesthetic properties. Many of these early compounds (prior to
about 1942) were tested against histamine, but cannot be mentioned here.

Tilford and coworkers (424, 440) synthesized a series of amino esters of sub-
stituted cycloalkanecarboxylic acids (table 61) for antihistamine and antispas-
modic testing. No definite conclusions can be drawn in regard to relationship
between structure and activity., However, a cyclohexyl or benzyl group in the 1-
or 2-position of the eyclohexane ring was the most active of the series, but even
the most active compound (No. 7) was less than one-half as active as Benadryl.
The compounds were more effective as antispasmodics. The amino esters were
prepared from the corresponding cyanides. Thus, phenylacetonitrile was con-
densed with an alkylene dihalide using two equivalents of sodium amide in a
mixture of liquid ammonia and ether at low temperatures. Alcoholysis of the
substituted nitriles by a sulfuric acid—ethanol mixture resulted in crude ethyl
esters which were reésterified with the desired amino alcohol in toluene, using
sodium as a catalyst.

RCH,ON + BrCH,(CH,),Br —XeNHs,
CH, R CH: R
C/ (CZH5)2NCH2CH20H—’ C

YAIRN O\
(CH,), COOC.H (CH:)» COOCH, CH,N(C,Hs),
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A study of diethylaminoethyl 4-alkoxybenzilates, primarily investigated for
local anesthetic and antispasmodic action, yielded compounds of minor anti-
histamine activity (30) (table 62). The esters were obtained from appropriately
substituted desoxybenzoins by the following route:

RO pooomg_ » 0, ro poocol ) KO,
0
\ CICH, CH,N(C;H;),

CCOOH
o bn
RN

/(ECOOCH“’ CH:N(C:Hjs),
<) tm

A peak activity is reached with the n-amoxy derivative (No. 8), with a potency
equal to that of the unsubstituted benzilate.

Funke and Kornmann (154) prepared a long series of ester derivatives of
ethylenediamine by condensing arylaminonitriles with arylacyl halides to give
the arylbenzamidoacetonitriles, which were reduced over Raney nickel to give
the ethylenediamines.

CeHsCHNHz + CeHsCOCl i
CH

CJh?HNHCOCJh N CJﬁ?HNHCOth
ON CH,NH,

The amines are not described as antihistamines, but could be valuable in the
preparation of antagonists.

In a study of the comparative spasmolytic activities of benzhydryl alkamine
ethers, Alles and Redemann (6) (¢f. page 319, table 6A) noted that keto and ester
compounds of essentially the same molecular size as the dialkylaminoethyl
benzhydryl ethers are relatively much less active in their antihistamine activities
and no more active in their antiacetylcholine activities (table 63, Nos. 1-3).

Ether-esters of hydroxydiphenylacetic acid were prepared, for testing, by
treating a dialkylaminoalkyl halide with an alkali metal derivative of an ester
(table 63, Nos. 4 and 5) (294, 295).

COOC,Hs COONa

! N \ ] 2 o N 3)2
(CoHy): CO(CH)N(CHy)y —2PH, “¢—0 CICH, CH, N (CH,)

(CsH;): COCH, CH,N(CHs):
COOCH: CH:N(CHjs),
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The replacement of one of the benzene rings of the Benadry! molecule (table 1,
No. 3) with various ester groups and altering the structure of the dialkylamino-
alkyl group yielded compounds of negligible activity (table 64) (429).

The esters, derivatives of phenylacetic acid, were prepared as shown by the
following continuous equation:

CoHsCH,Co0H 2%, c,m,cHm,coct 2% ¢H,cHBrcO01 2O%,
C,H;CHBrCOOR NR, CH, CH.ONa CﬁHs(leCOOR
O(CH,).NR}

Ethers of 2-hydroxypyridine were investigated to ascertain the effect of in-
troducing the 2-pyridyl group into compounds for possible antihistaminic and
antispasmodic action (190). The 2-pyridylaryl ethers were prepared by heating
2-bromopyridine and the phenol in the presence of anhydrous potassium carbo-
nate. Where this method was inapplicable, the compounds were synthesized by
heating the appropriate dry sodium phenoxide with 2-bromopyridine in the
presence of copper powder. The 2-pyridyl ethers of ethyl glycolate, ethyl lactate,
and ethyl mandelate were prepared through interaction of the sodium alkoxide
of the ester with an excess of 2-bromopyridine. When applied to ethyl benzilate,
this method failed, but the ethyl diphenyl(2-pyridoxy)acetate was prepared by
heating dry sodium benzhydrolate with 2-bromopyridine and copper powder.
The esters were converted to the alkamine esters of 2-diethylaminoethanol and
3-diethylamino-1-propanol through alcoholysis of the alkyl esters with excess
amino alcohol containing a small quantity of dissolved sodium metal (table 65).
Pharmacological evaluation was not given (190).

A series of esters of bridged compounds were prepared in 1942 by Burtner and
Cusic (53-56) and tested by Lehmann and Knoefel (239, 240, 241) to determine
the influence of the bridge on physiological activity (table 66). It was found that
the replacement of the C—C (fluorene, No. 1) bridge by —CH,— (dihydro-
anthracene, No. 2) led to much stronger antihistaminic activity, while substi-
tution of the —CH,— by oxygen (ganthene, No. 4) caused greater spasmolytic
potency, and the substitution of sulfur (thioxanthene, No. 5) for the oxygen
caused lesser activity. Substitution by an imino group (acridine, No. 4) reduced
the histamine antagonism.

The 2-diethylaminoethyl fluorene-9-carboxylate was prepared from fluorene-
carboxylic acid and diethylaminoethyl chloride, while the dihydroanthracene
derivative was made from 9,10-dihydroanthracene-9-carboxylate and the di-
ethylaminoethyl chloride. The carboxylic acids were prepared by carbonation of
the lithium derivatives of the hydrocarbons.

Within a series of esters of phenyl-a-thienylglycolic acid, the dimethylamino
derivative was reported to have some activity (467). The piperidine analog was

Cl)H
Cer,—(IJ—\S U

COOCHZ CHzN(CHs)Z
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one-half as active as Benadryl against histamine (79). However, it was quite
toxic and produced convulsions.

V. SuMMARY AND GENERAL CONCLUSIONS

An attempt has been made to present most of the salient facts relative to the
chemistry of the present antihistamine agents. The search for the pharmacologi-
cal and clinical results of the well-known antihistaminies, which have had wide
usage, were not included here, since these data are excellently covered in several
papers (cf. page 309), notably in the annual reviews, entitled “Progressin Allergy,”
which are published in the Annals of Allergy.

The following conclusions as to correlation of structure and chemotherapeutic
activity are based on such scanty and variable pharmacological data that they
are of little scientific value. They are offered as a guide to future research, and
not as a sign that negative conclusions invalidate further work.

The basic unit for all effective agents has been the ethylamine skeleton.
Essentially all the compounds contain this group, whether it be a ‘‘straight-
chain” compound such as Antergan or part of a ring compound such as Antistine.
Thus such widely differing (structurally) compounds as Thephorin, Antistine,
Perazil, Trimeton, and Phenergan show a common factor. It is interesting that
the ethylamine skeleton also corresponds to the side chain of the histamine
molecule and to part of the imidazole chain.

With the exception of the 2-methyl-2-imidazoline side chain, the terminal
nitrogen should be a tertiary nitrogen, for secondary and primary amino deriva-
tives are inactive. It is interesting that while the N-diethylalkyl group seems
characteristic of antispasmodic compounds, the N-dimethylalkyl group appears
to be the optimal grouping in the antihistamine compounds. Branching of the
side chain, with methyl attached to the a-carbon, seems to have had a beneficial
effect, but B-methyl substituents sharply reduce activity. Larger alkyl groups
cause decreased activity (tables 5 and 52). When the methyl groups are part of a
heterocyclic side chain, such as pyrrolidino, piperidino, and morpholino, less
active compounds are usually produced, although the pyrrolidine derivatives in
the benzhydryl ethers and phenothiazines have been reported to possess at least
as great activity as the dimethyl analogs. No such effect was noted in the N-pyri-
dyl series (¢f. table 41, Nos. 54-58). The methylpiperazyl ether is also a decided
improvement. Substitutions in the pyrrolidyl portions of the pyrrolidinopheno-
thiazines (table 51, Nos. 17-22) were of no advantage.

An increase in side-chain length from ethylene to trimethylene or greater has
usually produced a sharp drop in activity. Quaternization in the ethers has led
to decreased antihistaminie activity but increased antispasmodic activity (cf.
page 320 and table 32). There is sometimes a notable difference in potency of the
various salts of a particular compound. This is probably due to increased solu-
bility or absorption in the animal. Thus, Chlortrimeton maleate appears more
active than the hydrochloride. Various dicarboxylic acid salts, such as the acid
succinates, fumarates, malates, citrates, acid tartrates, and maleates have been
found suitable.

The nucleus of all the antihistaminic agents should have a minimum of two
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aryl or aralkyl groups or their equivalent in a polyeyclic ring system. Monoaryls,
such as the phenoxyethyl ethers (table 3), triazines (tables 20, 39), Fourneau
amines (table 22), and imidazoles (table 48), were all weak antagonists. A mini-
mum molecular weight of about 150 seems necessary.

Ether linkages on the carbon of the basic ethylamine skeleton appear to lead
to relatively more toxic and sedative properties, although the groups attached
to the ether oxygen exert severe modifying effects. Thus, Benadryl is less toxic
than F 929 and Decapryn, while the benzylphenols are more potent and much
less toxic than any of these. The great increases in potency found in the diamines
by replacement of alicyclic by heterocyclic groups were noted, but the effect was
not as great as in the ethers. Substitution in the aryl groups has yielded some im-
provement in the benzhydryl ethers. The phenoxyethyl ethers have to be substi-
tuted in the ring for any adequate activity. Trisubstitution in the nuclei was
disadvantageous, for the 2-dimethylaminoethyl triphenylmethyl ether was prac-
tically inactive. Diheterocyclic substitution in the ether nuclei led to inactive
compounds, as did hydrogenated rings (cf. table 15). It is interesting that the
benzyl group does not have the same favorable effect with the pyridyl-substituted
ethers (table 14, No. 11) as with the diamines, nor does p-methoxy substitution
help (cf. page 316 and table 11). Peroxides, such as the dioxolanes (table 12),
were quite weak.

The effect of halogenation has been discussed (¢f. page 357). Isoteric principles
have been effectively used, for the replacement of the aryl group by thenyl and
furfuryl in the pyridyl series (table 41) has left essentially the same activity.
The same did not seem to apply to the pyrimidine-aryls (¢f. page 347). The addi-
tion of the benzyl radical increased the basicity and the activity. p-Methoxy
substitution in the benzyl radical improved the pharmacological activity in
Neoantergan. However, clinically, there is often little difference between the
action of Neoantergan and that of Pyribenzamine. The substitution of the pyrimi-
dyl group in the diamines lowers the potency but also reduces the toxicity.
Clinically, Neohetramine is not as potent as other drugs, but it also has fewer
side actions. The aminopropane derivatives, such as Trimeton, are not as active
pharmacologically or clinically. However, Trimeton is also neither as toxie nor as
likely to cause drowsiness. The p-chloro derivative is extremely active and has
no increased toxicity.

Thephorin, a pyridindene derivative, is as effective as most of the previous
drugs. Its greatest advantage is that it enervates, rather thansedates, the patient.

Attempts to correlate physical properties with chemotherapeutic activity
have been rare. Baltzly and coworkers (16) suggested that the prolonged action
of Perazil (¢f. page 338) might be due to inhibition of metabolic oxidation, and
that the electron-releasing or -attracting effect of the polar p-halogen groups
ought to be reflected in the pK, values. Certain trends were noted in the com-
pounds of table 33, although the effects of variations on the basicity of the
benzhydrylamino nitrogen tend to be masked by the presence of the more
strongly basic methylamino group.

The influence of methoxy substitution on the pK, was less than expected.
The resonance of a methoxyl group could be expected to increase electron con-
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centration para to itself and thus increase basicity. This tendency seems of minor
importance here, and the methoxyl group seems to function mainly through its
inductive action, electron attraction being dominant. This suggests that the
methoxyl resonance, while important in activated or transition states, has little
influence on continuing unactivated properties of the molecule. Yet it is evident
that the nucleus of antihistamine agents must include an unsaturated ring
structure attached to oxygen, nitrogen, or carbon in such a way as to allow reso-
nance stabilization of the active intermediate, for all compounds with saturated
substituents are practically inactive. Substitutions on the aromatic rings them-
selves which interfere with, but probably would not completely prevent, stabili-
zation through hyperconjugation usually cause relative inactivation. Methyl
substitutions in the 4- and 2-positions have not increased potency, but in the 3-
position (Toladryl), where it would not interfere with conjugation, there
appears to be a favorable effect. It is probable that steric forces are added factors
in the reduced activity of ortho-substituted compounds. The extra potency of
benzyl compounds and similar methylene separations between the aromatic
rings and nitrogen lends support to resonance ideas, for direct apposition of the
ring and the nitrogen, which would reduce but not prevent stabilization, yields
lowered activity. The interposition of one carbon atom permits effective reso-
nance. The replacement of the benzyl group in Antergan by heterocyclic functions
yielded little improvement, but change of the phenyl group caused great changes.
Two-carbon interposition between the aryl group and nitrogen reduces activity,
possibly owing to inhibition of resonance. The phenoxyethyl derivatives which
favor hyperconjugation are improved in the benzhydryl series, where the stability
of the ion decreases with the increase of aromatic rings. The sharp differences in
the dimethyl and diethyl derivatives could not be expected on the basis of reso-
nance; possibly planarity is involved. The possible anomaly in the case of the
p-halogen derivatives may lie in that these antihistaminics function by being
absorbed on some enzyme whose matrix admits the presence of para substituents
only (16).

No correlations can be drawn between activity and the intrinsic chemical
properties of the aromatic nuclei. The pyridine, pyrimidine, pyrazine, pyridazine,
and certain of the bridged-ring systems are relatively weakly nucleophilic, while
the thienyl, imidazolyl, and phenyl systems are relatively strongly nucleophilic.
All types are found among the active and inactive compounds. Possibly
studies of spatial dispositions, bond angles, and distances may reveal fruitful cor-
relations.

Since very few drugs act by a single mechanism, the clinical relief which is
obtained upon their use is the result of the accumulation of various activities
and of attacks upon different cell and enzyme systems. This is probably true with
the antihistaminic drugs. Some sort of easily reversible union probably occurs
between the competing drug and a receptor in the tissue for which both have an
affinity. Such a union might be in the nature of a loose chemical bond or a process
of adsorption. Thus, the physicochemical principles governing chemical or ad-
gorptive equilibria may be the keys for the interpretation of this system of
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antagonists. Wells (449) has presented fascinating hypothetical kinetic equations
for histamine antagonism.

The author is indebted to Mrs. Rita A. Idson and Miss Katharine K. Frisbie
for invaluable assistance in the preparation and editing of the manuseript.
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TABLE 1
Prominent antihistamines

COMMON NAME AND/OR
CODE NUMBER

CHEMICAL NAME

FORMULA

. AH 853, Toladryl,
Neobenodine

. Antistine, Antazo-
line, Phenazoline

. Benadryl, Diphen-
hydramine, A 424,
S 51

. Bristol C-5581-H,
Lilly 01500

. Bromothen

. Chlorneoantergan

. Chlortrimeton,
Chlorprophen-
pyridamine

B-(m-Methyl)benzhy-
dryloxyethyldi-
methylamine

2-(N-Benzylanilino-
methyl)-2-imidazo-
line*

2-(N-Benzyl-N-phenyl-
aminomethyl)-
imidazoline

2-(Benzhydryloxy)-
N ,N-dimethylethyl-
amine*
B-Dimethylaminoethyl
benzhydryl ether

[2-(0-Benzylphenoxy)-
ethyl]dimethyl-
amine*

2-Benzylphenyl-g-di-
methylaminoethyl
ether

2-[(5-Bromo-2-thenyl)-
(2-dimethylamino-
ethyl)amino]pyri-
dine*

N’-2-Pyridyl-N’-5-bro-
mothenyl-N,N-di-
methylethylenedia-
amine

2-[(4-Chlorobenzyl)(2-
dimethylamino-
ethyl)amino]pyri-
dine*

N’-p-Chlorobenzyl-N’-
2-pyridyl-N, N-di-
methylethylenedi-
amine

2-[(4-Chlorophenyl)-
(2-dimethylamino-
ethyl)amino]pyri-
dine*

1-(p-Chlorophenyl)-1-
(2-pyridyl)-3-N,N-
dimethylpropylamine

m-CHSC 6H4CHOCHQCH2N (CH3)2

CeH;

N
4
CsH:NCH, C

CH.

CH2 CeHs NH‘— CHz

(CeH5),CHOCH,CH: N (CH;).

O‘CSH sCcheH4OCH20H2N (CH; )g

BI‘L S / CHz

N >N CH, CH.N(CH,).
N

CHz CsH4Cl-p

=
< N,>Ncm CH,N(CHy),

CeH,Cl-p

= |
<\ > CHCH,CH,;N(CH;).
N
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TABLE 1—Continued

COMMON NAME AND/OR
CODE NUMBER

CHEMICAL NAME

FORMULA

8. Decapryn, Doxyl-
amine

9. Diatrin

10. Dramamine,
Dimenhydrinate

11. Foralamin,
Methafurylene,
F 150

12. Hetramine

13. Linadryl, A 446

14. Lilly 01003

2-[a-(2-Dimethyl-
aminoethoxy)-a-
methylbenzyl]pyri-
dine

N,N-Dimethyl-N'-
phenyl-N’-2-thenyl-
ethylenediamine*

N,N-Dimethyl-N’-
phenyl-N’-(2-thi-
enylmethyl)ethyl-
enediamine

B-Dimethylaminoethyl
benzhydryl ether
8-chlorotheophyl-
linate

N-2-Furylmethyl-N-2-
pyridyl-N’, N'-di-
methylethylenedi-
amine

2-[Benzyl(2-dimethyl-
aminoethyl)amino]-
pyrimidine*

N’-Benzyl-N’-2-pyrimi-
dyl-N,N-di-
methylethylenedi-
amine

B-Morpholinylethyl
benzhydryl ether

1,2-Diphenyl-4-piperi-
dyl-1-butene

CH,
CsHs C O CHz CHZN ( CHS)Z

N
N

v

CHyN CH, CH,N(CHa)
/S\CHZ

L

(CsH,;): CHOCH, CH,N(CHj;), -

CH,:N—CO
0C C—NH
AN
cal
7
CH;N—C—N

Q >1\ CH: CH,N(CHy)
N
CH, CsH,

N |
& SN CH,CH,N(CH.):
N

/ N
(CsH;). CHOCH, CH,N 0
S~—

/!
C5H5 CH=C CH2 CHzN >
N—

CeHs
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COMMON NAME AND/OR
CODE NUMBER

CHEMICAL NAME

FORMULA

15.

16.

17.

18.

19.

20.

21,

Neoantergan,
Mepyramine,
Pyranisamine,
Anthisan,

RP 2786

Neohetramine,
Thonzylamine,
Anahist

Perazil, Chlor-
cyclizine,
Diparalene,
47-282, AH 289

Phenergan,
RP 3277

Pyribenzamine,
Tripelennamine,
C63

Pyrrolazote,
Pyrathiazine

Searle 1675

2-[(2-Dimethylamino-
ethyl) (p-methoxy-
benzyl)aminolpy-
ridine*

N’-p-Methoxybenzyl-
N'-pyridyl-N,N-
dimethylethylene-
diamine

2-[(2-Dimethylamino-
ethyl) (p-methoxy-
benzyl)aminolpyri-
midine*

N’-p-Methoxybenzyl-
N'-2-pyrimidyl-
N,N-dimethyl-
ethylenediamine

N-Methyl-N'-(4-chloro-
benzhydryl)pipera-
zine

10-(2-Dimethylamino-
isopropyl)pheno-
thiazine*

N,N-Dimethylamino-
isopropylthiodi-
phenylamine

2-[Benzyl(2-dimethyl-
aminoethyl)amino]-
pyridine*

N,N-Dimethyl-N’-ben-
zyl-N'-(2-pyridyl)-
ethylenediamine

10-(2-Pyrrolidylethyl)-
phenothiazine*

(B-Pyrrolidylethyl)-
phenothiazine

N-(2-Dimethylamino-
ethyl)acridine

N-(8-Dimethylamino-
ethyl)acridine

P- CH3 O Oa H4 CH2

i
<\ N CH, CH,N(CHjs).
N

P- CHa O CeH4 CH2

—N

TN
C¢H; CHN NCH;
N—

CoH.Cl-p

CH(CHj) CH:N(CH,):

(L0

CH, C.H;

=V
4 N>N CH, CH;N(CH,),

5|
</ >N CH, CH,N(CHs;),

CH, CH,N
TN
NN
]/
7 N A\
A WAV

CH, CH,N(CHs);
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TABLE 1—Concluded

COMMON NAME AND/OR
CODE NUMBER

CHEMICAL NAME

FORMULA

22.

23.

24,

26.

27.

Tagathen,
Chlorothen (cit-
rate)

Thenfadil,
WIN 2848

Thenylene, His-
tadyl, Pyrathyn,
Methapyrilene,
Thenylpyramine,
AH 42,

Lilly 01013

. Thephorin,

Phenindamine,
Nu 1504

Trimeton, Pro-
phenpyridamine

White 194B

2-[(5-Chloro-2-thenyl)-
(2-dimethylamino-
ethyl)amino]pyri-
dine* (citrate)

N’-2-Pyridyl-N'-2-
chlorothenyl-N,N-
dimethylethylenedi-
amine

2-[(2-Dimethylamino-
ethyl)-3-thenyl-
amino]pyridine

N,N-Dimethyl-N’'-(3-
thenyl)-N'-(2-pyri-
dylyethylenediamine

2-[(2-Dimethylamino-
ethyl)-2-thenyl-
amino]pyridine

N'-2-Pyridyl-N'-2-
thenyl-N,N-di-
methylethylenedi-
amine

2-Methyl-9-phenyl-
2,3,4,9-tetrahydro-
1-pyridindene

1-Pheny!-2-(2-pyri-
dyl)-3-dimethyl-
aminopropane

N’-2-Thiazolyl-N'-p-
methoxybenzyl-
N, N-dimethylethyl-
enediamine

CILS UCH2

{ ONCH,CH.N(CH),
N

< "N CH, CH;N(CHy),
—N

(] L
<\ 2N CH; CH,N(CHj;).
N

CH:N {

CsH;

CeH; CHCH, CH,N(CH,),

N CH,CH,0 CHS'p
|
H < LNCHz CH:N(CHy);

* Name given in Chemical Abstracts.
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TABLE 3
Phenolic ethers

FOURNEAU
CODE NO.

STRUCTURE

AH.
IN-
DEX*

TOXICITY
FOR RABBITS

REMARKS

REFERENCES

Tostra-
mine..

F 883,
Prosym-
pal...

F 928...

F929...

Fo33...

F 936...

Fo937...

F939...

CH(CH,),

OOCHZCHZN(CHS)z

3

r/ \CHz
/CHCHgCHzN(CH3)2

CeH:OCH,CH,N (C:Hj):

CH(CHa).

©OCHgCH2N(Osz)z

©/ \CHz

CHCH CH
/ B \___>
p-CH305H4OCHzCHgN(CzH5)2 ...... 1

OCH;CH,N(C,H;),

X

Vi

\\OCH,CH;N(C,H;),

0.015

0.005

0.010

0.055

0.025

0.040

Better tole-
rated by
humans
than F 929

Less active
and less
toxic than
F 929

Less active
than F 929

Most active |

ether

Solution of
1:10% in-
hibited 1
/10 ml.
histamine

Inactive

Almost in-
active; de-
layed but
did not
prevent
death

Less active
than
F 929; 30~
60 per
cent of
animals
saved
from
death

7,8

(33, 36,
37, 38,
140,
141,
145,
439)

(38, 407)

(cf. 235)

(38, 433,
434)

(407)

38)

(38)
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TABLE 3—Continued

TOXICITY
FOR RABBITS

AH
FOURNEAU ke
CODE NO. STRUCTURE IN-

DEX*

REMARKS REFERENCES

M.T.D.t
M.L.D.}

o
N
>
ksl
oq
.
=
o

F 940...} »-CH;0C:H,OCH,CH,;N(C:Hj5). Less active (38)
than

F 929; 30-
60 per
cent of
animals
saved
from
death

F 1262..} 0-CsH;C:H,OCH,CH.N (C.H;); Prevents (407,
anaphy- 439)
lactic
shock in
rabbits;
nontoxic

F 1271.. (38)

OCH,CH,N(C,H;), Lets}?ajlcmve
F 929; 30-
60 per
cent of
OCH, CH,N(C.Hj;), ::\17{:;]8
from
death

F 1274..| p-CH,=CHCH,C:H,O- Inactive (407)
CH,CH,N(C,Hj),

F 1306.. p-CsHaCngOCHzCHzN (CZHE)Z Almost in- (38,
active; 407)
30-60 per
cent of
animals
saved

from
death

F 1323..] m-C:H;C:HOCH.CH.N (Csz)z Inactive (407)
F1379.., CH; 3 | 0.005} 0.025| Same activ- | (407)

OCH, CH;N(C,Hj), g%zags

CH(CHa).




TABLE 3—Continued

TOXICITY
FOR RABBITS

FCOJL‘;NI%‘Q? STRUCTURE :!5;’ *Q- g REMARKS REFERENCES
& H
| % | =
g./kg. | g./kg.
F 1464..| CH(CH,), y 2 | 0.010] 0.030| Less active | (407)
AN than
l OCH, CHzN\ F 929
J
CH,
F1465... CH; 2 Same activ- | (407)
N\ ocH, crN ity as
l P F 1464
\/
CH(CHas):
F 1482 ] CH(CH,), 1 | 0.010; 0.035 Inactive (407)
Oo CH, CH,NH C.Hj;
CH3
F 1483.., CH;, Inactive (407)
(joc:ﬁ2 CH,NHC,H;
CH(CH,),
F 1655..| CH, 2 | 0.010| 0.020, Less active | (407)
©OCH2 CH,N(C,H,), than F 929
CH,
F 1702..| 0-CH;;CH.OCH,CH,N (C:Hjs). 1 Inactive 407)
F 1703.. m-CHacsH4OCHch2N(CZH5)2 Inactive (407)
CH; Inactive 407)
CH,
OCH, CH,N(C:H;).
O Augmented | (26)
/ \CH the action
[ : of hista-
CHCH,N S mine
\O/ N

387
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TasLe 3—Concluded

FOURNEAT
CODE NO. STRUCIURE

A.H.

DEX*

TOXICITY
FOR RABBITS

REMARKS

REFERENCES

m-HOC:H,OCH,CH.NHCH;

p-HOC ¢H4O CHzCHzNHCH;

p-CQHacsﬁgocHchzNHz

CsH,OCH.CHOCH,CH,NH,

o-CH;OC 5H40-

CH.CH,OCH,CH,NH.

C.H,O0CH,CH.N (CHa,).

CH,OCH,CH.N (C:Hjs).

CH;0CH.CH,N (CHj;).

Augmented
the vaso-
dilating
action of
histamine

Augmented
the vaso-
dilating
action of
histamine

Augmented
the action
of hista-
mine

Augmented
the action
of hista-
mine

Augmented
the action
of hista-
mine

Augmented
the action
of hista-
mine

Augmented
the action
of hista-
mine

Ineffective;
activity
resembled
that of
nicotine

(19)

19)

(26)

(26)

(26)

(26)

(26)

(26)

* Antihistamine index for histamine shock.
t Maximum tolerated dose.
1 Minimum lethal dose.
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TABLE 4
Ethers

389

MELTING POINT

ANTI-
HISTA-

TOXIC-

NO. FORMULA BOILING POINT OF SALT ! :gl:‘;s ITYT‘
( ITY'-
Basic aryl ethers (327)
°C. °C. mg. | mg./kg.
1.. OCH, CH,N(C,Hy), 165-175/1- | 145 (2HCI) 2-4
3 mm.
OCH; CHZN(02H5)2
2.. 194-200/5 | 133 (2HCl) 20
OCH, CH,N(C,Hy), mm. 117-118 (di-
picrate)
OCH; CH,N(C,Hjy),
3. OCH, CH,N(C,H,), 178-182/102| 155 (2HCI) 60
AN mm. 184 (dipicrate)
Vi
OCH, CH,N(C;H;),
4., OCH;CH,N(C,H;), 197 (3HCI) 40
156-157 (tri-
OCH,CH,N(C;Hy): picrate)
OCH, CH,N(C.Hj):
5. OCHz CHgN(Csz)z 161-162 (tl‘i- 55
picrate)
OCH, CH,N(C,H;),
I
OCHz CH2N<02}I5)2
6..| C¢H;CH,OCH.CH:N(C.H3): 134-136/1 | 63-64 (picrate) |16.5
mm.
7 N :
7.. CH;CH.OCH.CH.N J 184-185/1 | 169 (HCI) 0.210:100
N— mm. 144.5 (HBr)
167-168/ 188 (CH;I)
0.4-0.5 | 123-125
mm. (C:H;Br)
8. 3 (CeH;):CHOCH,,CH,N(C:H ), [ | 144 (HCL) ‘ 0.06 | 87.5
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TABLE 4—Concluded

ANTI~
No. FORMULA | BOILING POINT MEL;;)’SiffmT :%zég: T?.:{;f'
i Ty*
Basic aryl ethers (327)
°C. °C. mg. mg./kg.
9. .| (CeH;);:COCH,CH:N (C:Hj5), 200-206/1 | 158-160 (HC1) |1
mm.
10. .| CsH;CH,CHOCH, CH,N(CH,); 169-171/2-3| 116-117 (HCI) | 1
| mm.
CsH;
/ :
11. .| CeH:CH,CHOCH,CH,N 190-195/3 | 123-124 (hy- 0.220| 86
| j — mm. drochloride)
C¢Hs
Thioethers (327)
12 (CsHs):CHSCH.CH: N[ > h
.. 6l1s5)2 2CHy 176-177 (hy- 1
N— drochloride)
!
13.. (CsHa)zCHSCHzCHzN(Csz)z 100-105 (hy- 0.5 (242
drochloride)
Thioethers (31)
14 . .| CeHSCH,CH,CH N (C;Hj;). 190-193/12 | 83-84 (hydro-
mm. chloride)
15. .| CeH;SCH.CHOHCH:N(C:Hj), 168-171/4
mm.
16. . 0-CH303H4SCH20H2N(02H5)2 150—153/5 126—127 (hy-
mm. drochloride)
17..] 0-CH;CHSCH.CHOHCH N (C:H ), 153-157/1
mm.
18. .| m-CH,;C:H.SCH.CH,CH:N (C:H5): 168-173/13 | 65-66 (hydro-
mm. chloride)
19. .| m-CH,C:H,SCH,CHOHCH:N (C;Hj). 168-172/3
mm.
20.. p-cHaceH4SCH20Hch2N(CzH5)2 155—158/7 97-98 (hydl‘O-
mm. chloride)
21. .| p-CH;CeH,SCH,CHOHCH,N (C:Hj), 168-172/3
mm.

* Milligrams necessary to neutralize contraction of isolated guinea-pig intestine caused
by 0.01 mg. histamine.
t Milligrams per kilogram necessary to kill 50 per cent of the test animals.
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TABLE 5

Efficacy of benzhydryl alkamine ethers in preventing fatal histamine-induced
bronchoconstriction in guinea pigs (268)

(CsH;);CHOR
ANTIEISTAMINE
No. R ACTIVITY L.D.gt
INDEX*
mg./kg.
1....| —CH,CH;N(CHj). 33 82
/
2....| —CH,CH,N > 33 80
N——
3....] —CH.CH:N O 16 185
N
4. . ..| —CH,CH,NHCH; 8 85
5....| —CH,CH,NHCH(CH;), 8 72
6....| —CH,CH,CH:N (CoHj), 8 85
7....| —CH,CH N (C.H;). 4 55
/ N
8....| —CH,CH, CH;N 0 4
N
9....| —CH,CH;NH, 2 50
- 4 N
10....| —CH,CH,NHCH, CH;N 0 2 92
N
v Hi
11....| (p-ClCeH,),CHOCH,CH,N O 2 390
N——
12....| —CH,CH,CH,CH,CH, CH,N 0 1 254
N
13. ... —CH,CH,NHCH,CH,CH.CH; <4 50
7 N
14....] —CH,;C(CH,),N 0 <2
N
15. ... —CH,CH,OCH.CH N (C.Hs): <1 71
16....| —CH,CH,N (cyclo-CsHy)z Very weak
7. y —CH,CH,N (n-C,Hjy),

* Efficacy in the prevention of fatal histamine-induced bronchoconstriction in guinea
pigs. Aminophylline = 1.

1 Dose administered intraperitoneally to kill 50 per cent of test animals.

1 Formula of compound.
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TABLE 6A
Activity of salis of benzhydryl ethers studied by Alles and Redemann (6)

NO.* ANTIHISTAMINE ACTIVITY'} xo.* ANTIHISTAMINE ACTIVITY]
per cent per cent
6 (Benadryl)........ 53-88 1B 11
Y 33 4. ... 46
2 20 5. 61 (acid succinate)
12, 3 £ D 10

* The numbers correspond to those in table 6.
t Average reduction of response of guinea-pig ileum to 5 X 1077 molal histamine.
1 Hydrochloride unless otherwise stated.

TABLE 7
Halozanthine salts of benzhydryl ethers (101)
(CeH;):CHO(CH2)sR
No. 13 R SALT MELTING POINT
°C.
1........ 2 —N(CH,): 8-Chlorotheophyllinate 104
2., 2 —N(CHj;). 8-Bromotheophyllinate 113
3.. 2 —N(CH;). 8-Iodotheophyllinate
4........ 2 —N(C:Hj)- 8-Chlorotheophyllinate
5........ 3 —N(CHa:). 8-Bromotheophyllinate
6........ 2 —N(CH,)C.H.OH 8-Chlorotheophyllinate 225-230
BASE
Teiinnn. (p-ICeH,):CHOCH:CH:N (CH,); | 8-Chlorotheophyllinate
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TABLE 8

Quaternary ammonium salts of benzhydryl ethers

+
(CsH;): CHOCH, CH; N(CHs), |X-

R
NO. R X MELTING POINT REFERENCES
°C.

Lo, CH, Cl 177 (262, 350, 459)

2. .. CH, Br 194 (211, 350, 459)

A CH; I 193 (211,262, 350, 459)

4. CH, CH,S0, 153 (352, 459)

5. CH, p-Toluenesulfonate 153 (127, 352, 459)

6. C.H; Br 135 (350, 459)

T C.Hj Benzenesulfonate 120 (352, 459)

8 C.H; I 138 (350)

9. C,H; p-Toluenesulfonate 114 (127, 352)
10............. C:H, p-Toluenesulfonate 133 (352)
... CH, p-Toluenesulfonate 121 (352)

(CeH;).CHOCH,CH.R*X~
No. R+ X | MELTING REFERENCES
°C.

12....... —N(C.Hs)s Br 147 (350)
13.. | —N(C.H;), Br (350)

C4Hp
14....... —N(n- C:Hy), Br (350)

CsH;(2)

15....... [—N(CHj3)s)2 S0, (262)
16....... CsHyy Br 102 (365)
17.. ... CeHys Br 102 (365)
18.. C10H21 Br 97 (365)
19.. CuHas Br (365)
20.. N I 165 (463)

N

S
CH,;

21....... N I 182 (350)

N

S
CH,
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TABLE 8—Continued

403

MELTING

No. R* X POINT REFERENCES
°C.
22....... AN I (350)
D
/
CsH,
23....... N cl (357)
N >
g —
CsH,CH,
24, ... N/ I 206 (350)
g —
CH,
25.. ... N Br 188 (350)
0
P
CH,
26....... N p-Toluene- 138 (127, 352)
0] sulfonate
P —
CH,
27.. ... N/ I (350)
N
N
C:H
(CsHs)zCHOCHzCHzCH2R+X_
¥o. R+ X MELG REFERENCES
°C.
28.. ..., N Br (357)
N >
g —
CH;,
29....... N/ I (350)
N
g —
CH;
30....... N, I 205 (350)
N 0
N——

C:H;
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TABLE 8—Concluded

R
CHOCH, CH,R"+X~
R/
R R R x | amo |
°C,
31.. .. p-CHaOCaH4— CGHs_ —'N(CHa)s I 144 (211)
/CHz
32.. .| 0-CH,0CsH— | Coly— —N cl (350)
\02H5
CH, CeH,
/CH,
33....| p-CHOC:H—~ | CeHs N a (350)
’\Csz
CH, CeH |
34....| p-CHCeHi— | p-CHCeHi— | —N(n-CyHy), Br | (350)
C,H:(2)
NO. FORMULA Rg;g:'-
N
35....| | (CsH:). CHOCH, CH, CH, CH, CH, CH,N 0 |CH:80,- 357)

CH,
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TABLE 9
Arylozyacetamidine hydrochlorides (113)

ArOCH,C=NH-HCI

I
v
N
\RH
ANTIHIS-
NO. ArO R’ R” MELTING POINT YIELD TAMINE
ACTIVITY*
°C. per cent v/ml.
1....| Phenoxy H H 127.5-128.5 72 10
2....| Phenoxy CH; CH, 187-189 77 0
3....] o-Toloxy H H 147.5-148.5 86 0
4....| o-Toloxy CH,; CH; 177-179 88 0
5....| m-Toloxy H H 179-180.5 78 10
6....] m-Toloxy CH, CH; 200-202 65 0
7....| p-Toloxy H H 169.5-170.5 73 0
8....| p-Toloxy CH,; CH; 173-174.5 75 0
9....| Thymyloxy H H 185-185.5 85 1-10
10....| Thymyloxy CH, CH; 197-198 80 10
11,...| Thymyloxy C.H; C.H; 212-212.5 57 0.5-1
12....| Thymyloxy n-C;H, n-C;H, | 180-182 50 1-10
13....| Thymyloxy n-CsH, n-CH, | 154-155 61 1
14....| Thymyloxy CH,CH.C:H; H 145-147 71 1-10
15....| Carvacryloxy H H 183.5-184.5 76 10
16....| Carvacryloxy CH; CH; 178-180 67 1-10
17....| Carvacryloxy CH.CH.C:H; H 158.5-159.5 65 0.1-1
18.. .. 3-Methyl-4-chloro- | H H 193-194 87 1
phenoxy
19....| 3-Methyl-4-chloro- | CH, CH, 183.5-185.5 78 10
phenoxy
20....| o-Isopropylphenoxy | H H 147.5-149 83 10
21....| o-Isopropylphenoxy | CH; CH; 198-198.5 70 10
22.. .. 2,5-Dimethyl- H H 215217 88 0
phenoxy
23....| 2,5-Dimethyl- CH;, CH;, 212-214 87 0
phenoxy

*4 of compound per milliliter of bath liquid, capable of neutralizing the contraction
of an isolated guinea-pig gut caused by 1 v/ml. of histamine diphosphate.
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TABLE 10
2-(Aryloxymethyl)imidazoline hydrochlorides (113)
N CH,
Va
ArOCH,C ‘HC1
NH——CH,
wo. ArO MELTING POINT YIELD A T E
°C. per cent

24........ Phenoxy 168-169.5 82 10
25. o-Toloxy 200202 71 0
26........ m-Toloxy 225-227 55 0
27. p-Toloxy 151-153 62 1-10
28........ Thymyloxy 223.5-225 78 1-10
29.. Carvacryloxy 175-176 67 0
300 ...... 3-Methyl-4-chlorophenoxy 221-223 57 10
3l........ o-Isopropylphenoxy 173.5-174.5 58 10
32........ 2,5-Dimethylphenoxy 223.5-225.5 67 10

*~ of compound per milliliter of bath liquid, capable of neutralizing the contraction of
an isolated guinea-pig gut caused by 1 y/ml. of histamine diphosphate.
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TABLE 11
Arylozyalkylimidazolines
N CH;
Va
RC:
1
NH—CH,
~o. R Mﬁg;‘}m MEL;;I"SiffINT REFERENCES
°C. °C.
1..... (C¢H;),CHOCH,— 102-103 203-205 (HC1) (70, 71,
204 (picrate) 104, 114,
328)
2.. (CeH;):CHOCH,CH,CH,— 218 (HCl) (70)
3.. (CsH;):.CHOCHC,H; 218 (HC1) (70)
4.. p-CH,CsH,CHOCH,— 99 189 (HOL) (102)
CeH;
5....| p-CH;0C¢H,CHOCH, CH,— 87 150 (HCI) (102)
| 152 (dioxalate)
CeHjs 151 (picrate)
6....] CcHy{CH,OCH.— 58 161 (HC1) (328)
153 (picrate)
7....] CéH;CH,.CH,OCH,— 128 (HCI) (328)
121 (picrate)
8.. p-CH,0C:H,CHOCH,— 87 180 (HCI) (102)
145 (dioxalate)
CeH; 132 (picrate)
9....| C¢éH;CH.CH,.CH,OCH,— 51 (HCl1) (328)
168 (picrate)
10....| CeHsSCH,— 83 185 (HCI) (328)
128 (picrate)
11.... p-CsHsCsH4OCHz— 225 (HCI) (70)
12.. .. O-CsHaCeH4OCH2— 225 (HCl) (70)
13....| 0-CsH;C:H.OCH,— 116 (HCI) (70)
14.. .. ——CHOCH,— 205 (HCI) (102)
N I 126 (dioxalate)
CeH,OCH;-p
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TABLE 11—Concluded

No. R M:;‘IT;;G ng?SGAfTO INT REFERENCES
°C. °C.
15.. ..
U—CHOCHZ—— 156 (dioxalate) | (103)
| 179 (picrate)
CsH,0CH;-p
16. ... p-CHaOCsH4?HOCH2— 198 (dioxalate) | (103)
TABLE 12
1,3-Diozolanes (48)
RI
O——CHCH;N
/
(CeH;):C R”
AN
O0——CH,
® R ‘ e
i ung./mi.
Lo, H H | HOL
2. H CH, “ HCI 2
P CH; CH, " HCI 5
4oL CH; CH; \ CH;Br 5
> T CH,; CH,; | CH,I 1
6............ C.H; C.H; HCl 0.5
e H 1-C;H, ‘ HCl 5
8 7’1,-03H7 'n-CsH1 ‘ HC] 10
9. ... n-C4H9 n-C;Hg [ HBr 720
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TABLE 12—Concluded

0} CHCH;R
(CeH;):C
O——CH,
N, R SALT AT
ug./mi.
100 ... —OCH.CH,N (C.Hj;). HCl 0.1
1 TP —N > HC1 1
N
—
1200000 —N > CH,I 5
N
£ N
18 —N O HCl 20
NS
R O——CHCH,N(C,H;),
N S
C
7N\ |
R” O0——CH;
¥o. R’ R” SALT ANX?;I;‘S};‘:(‘INE
ug./ml.
4. ....... Phenyl a-Thienyl HCl
15......... a-Thienyl «-Thienyl HCl 5
16......... p-Tolyl p-Tolyl HCl 5
17.. ... p-Tolyl p-Tolyl CH,I 10
18......... p-Chlorophenyl p-Chlorophenyl HCI 5
19......... p-Methoxyphenyl p-Methoxyphenyl HCIL 2
20, . ...... Diphenylmethyl Hydrogen HCI 5
21, ... Cyclopentamethylene HCI >20
22, ....... Cyclopentamethylene CH,I >20
23, o-Diphenylene HBr 10

* Minimum effective concentration to antagonize 0.2 ug./ml. of histamine (isolated
guinea-pig intestine) in micrograms per milliliter.
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TABLE 13
Miscellaneous cyclic ethers (463)
RII
I
RCOCH, CH,R"
RI
ANTIHISTA-
NO. R R’ R” R Bg(I)Iiif‘;G MEL(’)I‘;NSGA:gINT Acl;;s,‘};y.
T —_ °C. °C.
1...| CeHsy— H | —N(CH,), |133/0.25 120 (HCI) | 0.4
mm. |177 (CH;I) | 0.3
o) —
2...| CeHe— H _ ¥ 181/0.5 | 134 (CH,I) 10.14-0.25
\ mm.
o)
3...| CeHy— H| —N(CH,). 123/0.25 138 (HCl) | 0.06
4...| Colly— Hi_ ¢ 153 (HCI) [0.07-0.14
AN
5...| CeHs— CeHCH,— H | —N(CH,), |131/0.35 133 (HCl) | 0.04
min.
6...| CeHi— C¢H;CHy— H| ¢ 196/0.7 | 114 (HC) | 0.03
' N\ | | mm.
7...| n-CH, n-CH, H _ ¢ 125/2.3 0.3
N mm.
8... ’p-CHaOCeI‘L—— p-CHaoceHACHz— H _N’ 219/035 144 (HCI) 0.07
N\ mim.

* Antihistaminic activity in terms of Benadryl = 1.
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TABLE 14

Alkamine ethers (405)

Rl

RCOCH: CH,N(R"),

411

R/
No R R/ R” R’ YIELD BOILING POINT
per cent °C.
1....2-C;HIN—* CH;— H CH; 82 | 158~162/1.5 mm.
2..../3-C;HN— | CcH— H CH; 69 | 149-153/1 mm.
3.... 2-05H4N— p-’l:-CsH7CGH4— H CHs 84 165~167/05 min.
4., .. Q-CEHAN— p-CHaCsH4— H CH; 88 156—160/1 mm.
5.... 2-CaH4N— m-CHaCaH4— H CH3 72 155—159/0 5 mm.
6.... 2-05H4N_ p—CHsOCsH4—' H CHs 86 168—172/05 mm.
7....12-C;H\N— | p-(CH;) NCH,— H CH, 61 | 168-172/2.5 mm.
8..../2-C;H;N— | 3,4-(—OCH,0—)C:H;— | H CH, 45 | 176-180/1 mm.
9.... 2-05H4x _ O—CIOGH4-—' H CHa 28 152—'156/2 mm.
10....| 2-C;H,N— | p-CICsH,— H CH;, 47 | 164-167/2 mm.
12.. .. Z-CEHgN— Cst,CHzCHz_ H CHs 56 178“1%/05 mm.
13.. .. 2-05H4N"—‘ 2-C4H3S—T H cHs 22 145/1 mm.
14.. .. 2-CsH4N— n-CgH7 H CHs 47 103—'105/02 mim.
16.. .. 2-CsH4N— p-CH305H4— H 02H5 50 162“165/1 mm.
19....|2-C;H.N— | CeH;— CH; CH,§ 46 | 137-141/0.5 mm.
20.. .. 2‘CEH4N_" p-ClCeI‘L— CHa CHs 66 155-159/1 mm.
21.. .. 3-CEH4N— CaH.r,CHz—' CHg CHs 76 170—173/1 mm.
* Pyridyl.
1 2-Thenyl.

i Either (CH;):NCH,CH— or (CH;):NCHCH,— or both.

§ Decapryn.

|

CH;

CH,
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TABLE 16
H
C¢H; COCH,CH,N(CH,),
R
ANTI-
o, R BOILING POINT YIELD MELS;NSGA;;“NT j%%%: Py
in'ad

_ °C. per cent °C.
1. oo/ 135-140/0.2 mm. | 30 | 150 (HC1) |20+ | (425)

) 177 (2HCl) |20t

\ N

4
CH;
2 N— CH, 155-160/0.08 mm. | 63 | 247(2HCI) 1201 | (425)
Va
—C

NH—CH,

3.. 100-101/0.035 mam.| 39 30t | (25)
0
4..| CeH:CH,— 169-171/2-3 mm. 117 (HCl) | 1.0§ | (327)
FORMULA
5..| CJH,CHOCH,CH,N(CH;):  |190-195/3 mm. 124 (HOI) | 0.22§ (327)
CI‘Iz CeH5
—
6. . p-CH:0C H.OHOCH,CH:X 144 (CHLT) (463)
CH, CsHs

* Reference 463.
+ See table 15.

1 Average per cent by which a bath concentration of 9.37 X 107 pg./ml. of antihista-
minic reduced the response of guinea-pig ileum to a histamine base concentration of

0.024 pg./ml. Benadryl = 17.
§ See table 4, Nos. 10 and 11.
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TABLE 17

8-(N,N-Diethylamino)propyl sulfides (31)

417

No. R BOILING POINT YIELD o POTNT OF
RSCH,CH.CH,N (C:Hj;).

°C. per cend °C.

1.......... 0-C105H4CH2— 190—193/12 mm. 80 84

2. 2,4-CL,CH,;CH,— 165-168/4 mm. 73 117

3. 3,4-Cl.CH;CH,— 169-172/3 mm. 81 76

4., CeH:— 141-143/6 mm. 81 62

5.......... 0-CH;CsH— 150-153/5 mm. 71 127

6.......... m-CHCeH,— 168-173/13 mm. 88 66

T p-CH;CH,— 155-158/7 mm. 81 98

RSCH.CHOHCH,N (C.Hs):

8 .. ... O-CICGH4CH2— 190—195/4 mm, 60
¢ J 2,4-01203}{30H2— 210—215/4 mm. 66
10.......... 3 ,4-C120 uHsCHz‘— 210—215/4 mm, 69
B8 CeHs— 168-171/4 mm. 86
12.......... O'CHBCGHA— 154—157/1 mm, 65
13.......... m-CH;CeH,— 168-172/3 mm. 60
14.......... p-CH;C H— 168-172/3 mm. 64




418

BERNARD IDSON

TABLE 18

Heterocyclic alkamine ethers (415)

NO.

FORMULA

BOILING POINT

MELTING POINT OF SALT

7/

: [N\'o CH, CH,N(CHa),
N

’ N\INHz
| A
V

O CH, CH:N(CH,).

/NN\gCH, CH,N(CH,),
N

Q
<oy

O CH, CH; NHCH:C¢Hj

l 0 CH, CH;N(CH);

W N\lo CH, CH,N(CH,),
N

N/
4 ’ SWO CH, CH,N(CHL),
Vans

/ﬁ
0 CH, CH;N(CH;);

N7

°C.
80-89/5 mm.

110-120/2 mm.

80~90/0.3 mm.

147-155/4 mm.

165-175/2 mm.

°C.
138 (picrate)

111 (HCI)

190 (HCI)
179 (pierate)

175 (HCl)

155 (dipicrate)
182 (HC1)

161 (picrate)

191 (HCI)

156 QHCL)
153 (picrate)*

* Reference 307.
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TABLE 20
Alkoxy-s-triazines (94)
2-R-4,6-Diamino-s-triazines

I}
i RELATIVE ANTI-

NO. R M?é‘g];w YIELD fgﬁgﬁz&fg
°C. per cend
1....| Methoxy 229-230 | 81 1
2....| Ethoxy 182 |72 2
3....| n-Propoxy 182-183 | 88 4
4....] Isopropoxy 172 78 4
5....| n-Butoxy 174-175 | 75 2
6....| Isobutoxy 186 93 4
7....| sec-Butoxy 173-174 | 50 4
8....] n-Pentoxy 147 28 2
9.... n-Hexoxy 152 58 3
10....| n-Heptoxy 139 63
11....] n-Octoxy 122-124 | 46
12... .| n-Nonoxy 115 41
13....| n-Decoxy 121-123 ¢ 29
14....| Allyloxy 181-182 | 82 2
15....| 2-Ethoxyethoxy 155-156 | 33 1
16....| 2-Phenoxyethoxy 184-185 | 77 |
17....| Cyclohexoxy 209 53 4
18....| Benzyloxy N 187 65
19....] 2-Dimethylaminoethoxy 122 37
20....: 3-Diethylaminopropoxy 147 38
21. [ 2-Morpholinoethoxy 211212 | 46
22... | Isopropylthio 190 68 4
NAME
23....! 2-Ethoxy-4,6-di(monoisopropanolamino)-s-triazine | 119-120 | 49 2
24....! 2 Ethoxy-4-monoisopropanolamino-6-amino-s- 140-142 | 83
triazine
25....| 2-N-Butoxy-4-monoigsopropanolamino-6-amino- 131 87 4
s-triazine
R N
AN N\
/Nﬁ ?0 CH;
R N N (312)
A4
7
RNR/
ANTIHIS-
NO. R R’ R” R/ MELTING POINT | YIELD l;fclflg]_‘:
ry ®)
°C. per cent |mg./kg.
26.. Methyl H H H 155-156 66 50
27..] Ethyl H H H 168-170 24 25
28..| n-Propyl H H H 148-150 81 12
29..1 n-Butyl H H H 125-127 89 | >50
30..| n-Amyl " 151 H (e} 86 12
31..| n-Hexyl H H H 104-106 92 12
32..1 Allyl H ‘ i5 ) H 148-150 89 12
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TABLE 20—Continued

1ANTIHIS-
¥o. R R/ R” R’ MELTING POINT | viELD | TAMINE
1y (b)
T °C. per cent | mg./kg.
33..! Methallyl H H H 129-131 88 | >50
34.. Cyclohexyl H H H 170-172 99 12
35..| Methyl Methyl H H 169-171 81 25
36..; Ethyl Ethyl H H 113-115 73 12
37..1 Allyl Allyt H H 87-89 83 | >50
38. Methallyl Methallyl | H H 101-103 90 50
39..| HOCH,CH,— | Ethyl H H 162~164 87 | >50
40..| HOCH,CH,— | Phenyl H H 224-226 91 50
41. —CHio—@D H H 137-139 95 6
42. —C,H,0C,H—(® H H 182-184 80 50
43. Methyl H Methyl H 184-186 76 6
44 Ethyl H Ethyl H 81-83 46 6
45. Allyl H Allyl H 84-86 88 25
46. . Methallyl H Methallyl | H 112-114 93 12
47..| Methyl Methyl Methyl H 187-188 80 25
48. Ethyl Ethyl Ethyl H 107-109 99 12
49 Methyl Methyl Methyl Methyl 90-92 73 25
50. Ethyl Ethyl Ethyl Ethyl 146-149/1.5 65 50
mm. (9
51. Allyl Allyl Allyl Allyl 150-153/1 93 | >50
mm.
52, Methallyl Methallyl | Methallyl | Methallyl | 151-154/1.5 71 | >50
mm,?
53.. Piperidino Piperidino 89-91 94 | >50
54.. Morpholino Morpholino 153-155 78 12
4
AN
R N N (312)
N\ 7/
C
RNR/
ANTI-
HISTA-
NO. R R’ R” R/ MELTING POINT | VIELD | MINE
ACTIV-
ry (®)
°C. per cent | mg./kg.
55. .} Methyl H H H 173-175 88 6
56. . Ethyl H H H 116-118 86 12
57..] n-Propyl H H H 116-118 85 25
88..! n-Butyl H H H 103-104 72
59. .| n-Amyl H H H 107-109 81 12
60. .| n-Hexyl H H H 119-121 99 12
61. .| Ally! H H i3 87-89 75 12
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TABLE 20—Continued

427

| [ ANTI-
HISTA-
No. R R’ R” R MELTING POINT | YIELD | MINE
ACTIV-
1Ty ©)
J °C. percent | mg./kg.
62. .1 Methallyl H H H 106-108 79 >50
63. .| Cyclohexyl H H H 141-143 96 | >50
64. .| Methyl Methyl H H 103-104 88 12
65. .1 Ethyl Ethyl H H 73-75 51 50
66. .| Allyl Allyl H H 172-175/1 65 >50
mm.(
67. .| Methallyl Methallyl | H H 6062 87 >50
68. .| HOCH,CH,— Ethyl H H 123-125 64 >25
69..| HOCH,CH,— Phenyl H H 157-159 61 >50
70. —C:H;—@® H H 115-117 87 >50
71. —C.H,0C,H—® H H 108-110 43 12
72. .| Methyl H Methyl H 103-104 60 12
73..| Ethyl H Ethyl H 50-52 85 25
74. . Allyl H Allyl H 185-190/1 51 25
mm.(H
75. .| Methallyl H Methallyl | H 58-60 70
76. .| Methyl Methyl Methyl H 129-131 87 >25
77..| Ethyl Ethyl Ethyl H 80-82 96 >50
78. .| Methyl Methyl Methyl Methyl 155-157/4 69 | >25
mm. (D
79.. Ethyl Ethyl Ethyl Ethyl 164-165/4 84 >25
mm.{(H
80..! Allyl Allyl Allyl Allyl 157-160/1 93 >50
mm.
81../ Methallyl Methallyl | Methallyl | Methallyl | 164-167/1 82 | >25
mm. (9
82.. —CsH;p—@ —C:Hjp—@W 182-185/2 71 >50
mm.¢f
83.. —02H4002H4—(e> _C2H4002H4_(e) 117-119 66 ! >25
R N
N
C CORHI/
/N l
R’ N N (313)
N 7
C
RHNRHI
¥o. R,R’ R, R/ R MELTING POINT | VIELD | 47T IS TAMINE
°C. per cent mg./kg.
8.....H H H, H C:H;(® 181-183 30 25
8..... HH H, H C:H,® 170-172 30 50
8..... H, H H, CH, C.H; 170-171 79 12.5
87..... H, H H, CH; n-CsHy 175-177 68 12.5
88. H,H H, CH; n-Ce¢His 166-168 75 >50
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TABLE 20—Concluded

o, ; R,R’ R, R R/ MELTING POINT | vIELD | ATIIERYTAMGNE
°C. per cent mg./kg.
89.... H, H H, CHg n-CsHu 232-234 64 12.5
%....] H,H H, CH, Phenyl 211-213 | 64 >25
91....| H, CH, H, CH; C.H; 171-173 | 61 12.5
92....| H,H (CHs)s C:H; 156-158 | 88 25
93....| H,CH; (CHa)» C:H; 173-175 | 80 25
04... .j H, CH, (CHa,)2 Cyclo-CsHyy 154 75 >25
95... [ H,H H, C:Hy C.H; 103-105 | 55 >25
96.... H, H H, CsHu n-03H1 02-95 46
97 ... H,CH; | H, CHs C.H; 116-118 | 44 >25
98.... H, CzHa H, Csz n-C;H7 82-84 88
99....] H H C.H:0W, CeHs | CoH; 194-196 | 83 50

(&) Antihistamine activity compared to aminophylline = 1.
®) Dose of compound in milligrams per kilogram intraperitoneally allowing survival of
50 per cent of histamine-shocked guinea pigs. The comparable dose for aminophyiline is
50 and for Benadryl is 1.5.
) Sinters at 98-104°C.

@ Piperidino.
) Morpholino.
() Boiling point.

@ 3-Methylbutyl.
®) 2-Methylbutyl.
() Hydroxyethyl.



TABLE 21
2-(2-Biphenylyloxy)ethyl-2-haloalkylamines (364)

Ce¢H;
OCH, CHzllV' CH,CHX
R R’
MELTING POINT
wo. R R’ X OF HYDRO- vkt
°C. mg./kg.
oo oo C:H; H Cl 166 12.5
2. CH, H Cl 170 1.5
3. C.H; H Cl 166 6.0
4. C.H; H Br
5. ... 1-CsHy H Cl 133 >12.5
6.......... CH==CHCH:— H Cl 127 >12.5
Tt C.H, H Cl 118 >25.0
- 1-CyHs H Cl 156
9.......... 1-C.Hs H Br
10.......... sec-CHs H Cl 158
... C:Hy H Cl 115 >12.5
12.......... CeHis H Cl 102 >25.0
13.......... C.H; CH,; Cl 160
14.......... CsH7 CH3 Br
15.......... CH,=CHCH.— H Br
16.......... C.H; H H
No. FORMULA ANTIHISTAMINE ACTIVITY*
mg./kg.
17 .................. m-CeHso eHAOCHzCHzNCHzCH;Cl
|
C.H;
18 . H, >25
H, I,
Hz H2
s
O CH, CH; N CH,CH,C1
02H5
19 ... p-CH;CH,0CH.CH,CH,NCH,CH.Cl
02H5
20, ... O-C eHso e,HgOCHzCHzNCH;CHzOHzCl 12.5
C,H;

* Diminution of histamine-induced bronchospasm in guinea pigs. Minimum effective
dose subcutaneously.
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TABLE 22
Fourneau amines (407)

TOXICITY TO RABBITS

CODE NO. FORMULA ANTIHISTAMINE INDEXt
M.T.D.* M.L.D.t
8./kg. g./kg.
F1167.... CsHsNHCHzCHzN(CgHs_)z 0.015 0.05 1
F1332....| 0-CH,C;HNHCH,CHN (CHy): | 0.005 0.03 1
F1335....| CsH:NCH,CH.N (C,Hj): 0.01 0.04 1.5
CH;
F 1540.. .. CeHsNHCHzCHzNHz Inactive
F1551....| CsH;NCH,CH,;NH, 0.02 0.06 1
C.H;
F1571... .| CeHs:NCH;CH,N(C.H;). 0.005 0.02 4
C.H;
F1590....] CsHs;N(CH,CH;NH;), Inactive (also
with hydroxyl
groups in o-,
m-, and p-posi-
tions)
F 1599....| o-CH,CH.NCH,CH,N (C.H;), 0.005 0.02 2
C.H;
F1656....| CH; 0.005 0.03 2
NHCH, CH,N(C,H;),
CH,
F 1670. ... CH, 0.0025 0.02 1.5
NCH, CH;N(C.Hj;),
CgHs
CH;
F1691.... CH; 0.01 0.02 3
NHCH, CH.N(C,Hjs).
CH(CH,),
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TABLE 22—Concluded

431

TOXICITY TO RABBITS
CODE. NO FORMULA ANTIHISTAMINE INDEXI
M.T.D.* M.LD.}
g./kg. 8./kg.
F1699.... CH; 0.0025 0.015 1
N CH, CH,N(C.Hj;).
C.H;
CH(CH,),
F 1709....| CéH;NCH.CH:N(C,H;). 0.002 0.015 3
C:H,(3)
F1718...., NHCH;CH:N(C:H;). 0.0025 0.025 1
CH(CHs),

* Maximum tolerated dose.
t Minimum lethal dose.
} Antihistamine index (histamine shock).
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TABLE 23
Isocyclic diamines prepared by Fourneau and Lestrange (144)
¥o. R R’ BOILING POINT :gzsg; MEL;?“SCESINT
RN CH; CH;NH;
RI
! °C. .| °C.
1 (F1540)*..| CeHi— ‘H 143-145/15 ' 205 (HCD
' mm. 187 (2HCl)
2. CeHs— CH; 205 (2HCI)
3 (F1551)*. .| CeHs— C.H; 134-135/15 201 (HCI)
mm. 237 (2HCD)
4, . ...| p-CH;CeH— H 150/15 mm. {110 249 (HCL)
5.. .| 0-CH;C¢Hy— H 157-160/15 200 (HCI)
mm.
6.....out m-CH;C¢H— H 168/28 mm. 213 (HCI)
T 2-CH;-5-¢-C;H:.CeHs:— | H  .......... 122-128/0.96 222 (HCl)
mm.
8. o p-CeHsCeH4—— H 284 (HC].)
9. 0-CeH;CeH— H 155-157/1.2 69.5 | 225 (HCI)
mm.
10........... p-CHzoceH(— 64 228 (HCI)
218 (2HC1)
160 (pic-
rate)
i1........... p-CHsOCeI‘L— CgHa 125 189 d.
(2HC)
12........... 0-CH;0C:H— q 206 (HCIl)
178 (2HCI)
13........... m-CH;OC:H,— H 188/24 mm. 46 184 (HCI)
163 d.
(2HCD
166 (pic-
rate)
4........... 3,4-(CH;0),C¢H,— H 212/24 mm. 172 (HCI)
192 d.
(2HC)
95-100
(picrate)
5. .. p-HOC:H,— H 230/25 mm. 115 181 (HCY)
242 (2HCID)
6. .......... p-HOC:H,— —CH,CH,;NH, 227 (3HCD)
17. ... p-HOCH,— C.H; 194 (2HCL)
18........... 0-HOCH,— H 165 (2HCI)
19, ... m-HOCH,— H 131 200 (2HC1)
159 (pic-
i rate)
20 ...l 3,4-(HO).CeHs— H ’ 1212 (HCL)
P m-0:.NCH;— H | 200 (2HCL)
22. .. m-H,NCH— H ] 1 242 (3HCI)
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TABLE 23—Continued
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| MELT- -
xo. R R’ BOILING POINT ng"r MEI‘g?;\f_?INT
°C. °C. °C.
23. ... 2-Cy Hr— H 260 (2HCI)
24, ... 0-0;NC¢H,— H 205/17 mm. 261 (HCI1)
25, . ... ... 0-H;NCeHy— H 233 (HCD)
212 (2HCD)
26........... -0, NCH,— H 144
27, p-H,NCeH— H 195 (HCI)
J | 269 (3HCI)
RNCH,CH; CH;NH,
R'
xo. R R’ BOILING POINT | MELTING POINT m:x.g;xscggmr
i °C. .
28.......... CeH— H 158/17 mm.

29 ......... p-HOCH,— H | 250 (2HCI)
30, ... 3,4-(HO),CeHs— H l 240 (2HCI)
RNCH,CH,;N(C,H;).

RI
No. R R’ BOILING POINT MEL;;NSGAESINT
°C. °C.
31(F1167)*. .| CeH;— H 135 (HCI)
32 (F1335)*. .| CeH,— CH; 190/22 mm.
33 (F1571)*. .| CeHi— C.H; 152/14 mm. 114 (HCI)
166 (2HCI)
159-161/18 mm. | 147 (pic-
rate)

34 (F1709)*. .| CeHs— 1-CsHy 147-149/13 mm. | 132 (HCI)
35, p-CH3C6H4— H 188/20 mm.

179/15 mm.
36........... p-CHsCeH«‘ Csz 160—163/15 mm, 111 (HCI)
37 (F1599)*. .| o-CH,CsH,i— C.H; 150-155/22 mm. | 96 (HCI)
38 .. m-CH;CeHi— C.H; 165-166/20 mm. | 111 (HCI)
39, ... 3,5-(CH;»CeHs— H 171-172/15 mm. | 168 (HCI)
40 (F 1670)*. .| 2,5-(CH;),CsHy— C.H; 147-150/15 mm. | 139 (HCI)
41........... 2,4-(CHjs).CeHs— C.H; 155-160/15 mm. | 100 (HCl)
42 (F1718)*. .| p-1-C;H;CeH,— H 175-180/15 mm. | 125 (HCI)
43 (F1691)*, .| 2-CH;-5-4-C;H;CHs— | H 180-190/15 mm. | 153 (HC1)

(carvacryl) 132-134/1.1 mm.

44 (F1699)*. .| Carvacryl C,H; 167/15 mm. 107 (HCI)
45 ... Carvacryl C.H, 135-140/1.1 mm.
46........... p-CeH:CeH— H 190/1.0 mm. 139 (HCID)
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TABLE 23—Concluded

xo. R »’ BOILING POINT MELg;NgA:g‘NT
°C. °C.
47, ... ... O-CeHsceI'L—' H 152—155/0.84 125 (HC])
mm.
48........... p-CH;0CH,— H 186-187/18 mm. | 129 (HCI)
49, p-CH,OC:H,— C.H; 189-190/24 mm. | 128 (HCI)
50........... m-CH;O0C:H,— H 198/27 mm. 119 (HC1)
51........... 2-CoH;— H 165-167/0.7 mm.| 143 (HCI)
52.. ... OeHs— —CHzCHzN (CgHs)z 151/1 .2 mm. 210 (ZHCI)
53........... Carvaeryl —CH,CH,N(C.H5), |150-155/1.1 mm.| 173 (2HCI)
54........... p-HOC:H,— H 200/30 mm. 179 (pic-
rate)
Dihydro-
chloride
hygro-
scopie
B5. . . i p-HOCH,— C.H; Dihydro-
chloride
hygro-
scopie
56........... m-HOCsH,— C.H, 205/30 mm. Dihydro-
chloride
hygro-
scopie
RIT CH(CH,) CH.N(C.Hs;).
R
NO. R R’ BOILING POINT
°C.
57 . CaHs—' H 149/14 mum.
B8 . p-CH;0CH,— H 184/18 mm.
5. .. m-CHaOCeH4—— H 188/16 mm.
60. . ... p-HOC:H,— H 192-194/14 mm.
6. ... m-HOC¢H— H 195/17 mm.
NO. FORMULA BOILING POINT
°C.
62. ... ... CGH5NHCH20H21YHCH3 143—145/18 mm.

* Fourneau code number.
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TABLE 24
Rhéne-Poulenc isocyclic amines (200, 443)
C+H:NCH.CH;NR4
R
REONE-
RBEONE-POULENC , ,
CODE NTABER R B cons mousen R X
RP2236................. H CH; | RP 2347....| ¢-C;H, CH,;
RP 2315 (F 1571)*.......| C.Hs C.H,| RP 2349....1 CH~CHCH,— CH,;
RP2323.................| CsH:CH,— C.H,| RP 2352....] C¢H:CH,CH,— CH;
RP2325................. C.H CH. | RP 2354....| p-CH;0CH.CH,— | CH;
RP2337................. CH3 CHs RP 2355.... p-CszOCaH4CH2—- CHx
RP2338................. n-CH, CH, | RP 2357....; C.H; CH;
RP 2339 (Antergan).....| C¢H:CHy— CH; | RP 2358....| C.Hs C.Hs
RP2342................ n-C;Hy CH,
RuEONE-POULENC CODE NUMBER FORMULA
RP2360......................... CsH;NCH.CH,CH,N(CH;),
CH,CeH;
RP2368............cccovvaa. CeH :N[CH:CH.N (CHj))2
RP2378. ..o p-HzNCaH4NCHch2N(CH3)2
CH,CsH,
RP 2488.......... ... .. i CsH;NCH,C(CH;); CH,N(CH;),
CH,
RP 2497, ..o AN NCH,CH,N(CH,)s
H| |
CH,CsH;
RP2503....... o CsH; CH,N CH, CH,N(CHa),
CH,C:H;
RP2504...............ovvie. .. CsH:;N CH(CH,) CH.N(CHj;),
Csz
RP 2511, CsHs;N CH(CH;) CH,N(CH,),;
C4H9
RP 2565. ..., (CH)sNCH,CH,N (CHs);

* Fourneau code number.
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TABLE 24—Continued

REONE-POULENC CODE NUMBER FORMULA
RP2612..................... ... CsH;N CH, CH,N(CH;).»
CsHys(n)
RP2614...............c..oii. CsH;N CH, CH.N(CH,;).
C7His(n)
RP262L....ccvvveerieeen e, C¢H;N CH, CH,N(CH,),
CH, CH=CHC;H;
RP2630....cc.0vierenianannnn. CsH;N CH; CH,N(CHj),
‘CHz CH,OCH.CsHs
RP 2637...0c e, CsH,N CH, CH,N(CHy);
CH.C:H,0H-p
RP 2630..0ceveenennnannnnn p-CH, CsH,N CH, CH,N( CH,),
CH, C:H;
RP 2665, . .cciiieninnnn. C:H;N CH, CH, CH,N(CHjs);
b
RP2650.........cccvvviiin it C.H;NCH,CH.NH,
C:H;s
RP2744..........c.oooviin CsH;N CH, CH,N(CH;);
H
RP 2757, C:H;N CH, CH,N(CH,):
b,
RP2762................. L. CsH;N CH, CHzI-'\.I( CH,): I-
CH, C:H;
RP2768.........cciie i CsHs;N CH, CH,N(CHjs):

CH, CsH, CH(CHa)s-p
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TABLE 24—Concluded

RHEONE-POULENC CODE NUMBER FORMULA
RP 2776, CeH;N CH, CH,N(CH,),
CH; COCH,SCH=NH
RP2813.....o e CsHN CH; CH,N (CH;),
COC:sH;
RP2835........cvvivinnn. Ce¢H ;N CH, CH,N(CHj,),
l
0
CH, CsH;
RP 2846.......cvveiainann.. CsH;N CH, CH.N (CHj).
CH.COOC.H;
RP2875. ..o CsH:N CH, CH,N(CHj;).
CH,CH(OC.H;).
RP288L.....iiiiiiiiean CsH;N CH; CH,N(CH,).
CH. CH, OH
RP2836.........ccviviiinnenn.. CsH;:N CH, CH,N (CH,).
CH,CONH,
RP 2887, . it CeH:N CH, CH:N (CHj),
CH,CH:OCH;
RP2889........coiiiiiiin CsH:N CH, CH.N CH, CH,N (CHyj).
CeHjs
CH, CH,N(CH,),
RP29%02..........coiiviiiin.. C.H;N CH, CH,N(CHj,).
N
| l
Y%
C,H;N CH, CH:N (CHjy).
RP3110.........coo i

<>

CH,—N CH, CH.N(CH,);
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TABLE 24A
Antihistamine activity of aniline derivatives (443)

ANTIHISTAMINE ACTIVITY

NO. R
i Aerosol* l Ileal spasmf
C:H;NCH.CH:R
C.Hj;
mg. ‘

1. —NH, Inactive 0

2 (RP2325)....... —N(CHs;). 5 1/15

3(F1571)......... —N(C.Hs5): 10 1/100

4 —N(CsHos). 200 Inactive

CaHslTTR
C.H;

B e —CH,CH,CH,N (CHj). 1.5 1/50

B, —CH;CH(CH;)N (CH;). 100

T —CH.CH,CH:CH.N (CHj3); Inactive

CsH:N CH. C;H;
CH.CH:R

8 (Antergan)...... —N{(CHs;): 1 1

L —§ (CeHjs)2 20 1/6
10,0 —N(CH;)OH~ 10
) —N(CHs): 10 1/50

0
CsHN CH, CsHs
R
12000 —CH:CH,CH.N (CHs;). 20 1/15
18 —CH,;CH(CH;)N (CH;), 25
CsH5N CH2 cHzN( OH3)2
R

4. . i H Inactive 1/100
15, CH; 50 1/100
6. n-C;Hz 2.5 1/8
17 n-C4Hg 2.5 1/4
18. ... . n-C 5H11 2.5
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TABLE 24A—Concluded

ANTIHISTAMINE ACTIVITY
NoO. R
Aerosol* Ileal spasmt

19 .. . n-Con 8 1/10
2. n-CrHis 50 ; 1/30
21 1-C3H;y 20 1/50
2 .. —CH,CH=CH, 15 1/15
23 Cyclo-CeHyy Inactive 1/100
24 —CH,CH,OH Inactive
25, —CH,CH,0CH; 2.5 1/4
26, .. —CH,CH.0C:H; 2 1
2T —CH.CH,COOC:H; 20
28, —CH.COSCH=CH. 1.2 1/1.2
200 —COCsH 10
30, ... —CH.CH,N(CHs). 0 0
3. —CeH; 50
2. —CH.CH=CHCH; 20

* Dose of antihistamine in milligrams to prevent bronchospasm by inhalation of an aero-
sol of histamine.
1 Antihistamine activity on isolated guinea-pig intestine. Antergan = 1.
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TABLE 26
Benzhydrylamines tested by Loew, Kaiser, and Moore (263)
(CeH;),CHNHR
R s
/ AN
R -—CH,;CH:N O <2
N
2 —CH,CH,N (C.Hj). <2
3 ......................... ——CHzCHgCHzN(Csz)Z <1
4o —CHCH,NHC,H 5 <1
NAME
N Benadryl 33

* Efficacy in the prevention of fatal histamine-induced bronchoconstriction in guinea
pigs.

TABLE 27
C-Substituted benzhydrylamines (4)
RCHNHR"
R/
NO R | R’ R”

) CeHs— CeHs— H

2. CeHs— CeHs— CeHys

3. p-CH305H4— CGH Fad H

4. p-CH306H4— p-CHsceH4— H

5. ... .. p-CHsOCng—' CeHs— H

6........... p-CH,0C:H,— CeHs— —CH,CH,N (C,H5).

T p-CHaOCeHr— CeHs-— —COCHzCHzCOOH

8.t 2,4-(CH;0)2CeH— Cells— H

9. . 2,5-(CH;0),CHs— CeHi— H
10........... 3,4-(CH;0):C:Hs— CeH:— H
1........... p-cheHg_ CﬁH5_ H
12........... p—ClC eH— p-CleHr— H
13........... p-HOOCCeH;- CsHa—‘ H
14........... p-CHsOCeH.;— OsH 5 ——CHzCH2OCH3
15,0000 p-CH;OC:H — p-CH;0CHs— —CH,CH:N(C.Hs)s
16........... p-CeH;0CH,— CeH— H
17000 p-CeH ;0CsH — p-CHaOCsH.r— H
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TABLE 28
N-Substituted benzhydrylamines (98)
CeH; CHC:H;
RNR/
MELT-
NO. R R’ ING | MELTING POINT OF SALT | YIELD
POINT
°C. °C. per cent
1..... CH; p-CHaOCsH4CH2— 62 83
2..... CH; —CH,CH,0H 159 (HCI) 62
3..... CH:CH— —CH,CH,0H 179 (HCD) 75
4..... CH; —CH,CH,Cl 191 (HCI) 90
5..... CeH;CH,— —CH.CH,Cl 171 (HCH) 63
6..... CH; —CH,CHN (CHz), 227 (2HCY) 67
TN
7..... CH; —CH,; CH,;N 0 237 (2HCQCI) 70
—
8%, ... | CeHsCH:— —CH.CH,N (CH3), 102 (maleate)
* Reference 70.
TABLE 29
Benzhydryl-2-haloalkylamines (259, 363)
(CeHs)2 CH.N{' CH,CHX
R R’
i
R R x | mmermmor | smmsmu
°C. mg./kg.
1.. CH, H Cl 192 12.5
2.. C.H; H Cl 169 12.5
3 s CzHa H BI‘
4. C;H, H Cl 25.0
5.. 1-CsH, H Cl | 25.0
6....] Allyl H Cl
7.. i Ca:Hls H Cl
8.. n-CHy H Cl
9....| sec-CsHy H Cl 12.5
10.... CH3 CH3 Br
11....| CH; CH; Cl
12,1 Allyl CH, Cl
13....| C:Hy CH; Cl

* Dose in milligrams per kilogram which failed to diminish histamine-induced broncho-
spasm in guinea pigs (subcutaneous).
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TABLE 31
Dibenzylpiperazines (243, 284)

NCHz@R’

wo. R, R’ MELTING POINT T OF
°C. °C.
P H 92 240 d.
2 e NO,
B NH,
L OH
TABLE 32
Unsymmetrically disubstituted piperazines (6, 15)
CH;N NR
N
wo. R mﬁl‘crn?oix?fgko;sn YIELD
°C. per cent
) 0-0.NCH,— 235 (HCl) 60
D T p-0:NCH— 270 (HCl) 90
S p-H.NCH— 274 (HCl) 61
4o 2,4-(0:N) . CeHy— 234 (HCL) 100
L CH,— 245 (2HCI) 20
[ 7N CqH, 213 (2HCI) 90
|
HC—
N
V4
T N 7 CH— 220 (2HCI) 65
|
N CsHs
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TABLE 32—Concluded
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xo. R HYDROCHLORIDE OR BASE WIELD
°C. per cent
8... . p-Ceﬁng}LCH— 220 (2HCI) 85
CsH;
L F p-CeH; OCsH,CH— 204 (2HCI) 65
91 (base)
CeH;
10............ CeH; COCH— 228 (2HCL) 90
CeHs
B D O CsH;:CHOHCH— 234 (2HCI) 60
|
120000000 p-HOC:H,COCH— 216 4. (2HCI) 65
13icceiininn. CsH; CH,— 250 d. (2HCl)
FORMULA
AN
4o, CeHaCHzN\ NC.H; 250 4. (2HCI)
TABLE 33
N-Benzhydryl-N'-methylpiperazines (16)
(CeHs)zcﬂN\ NCH,-2HC1
No. BENZEYDRYL SUBSTITUTION BOILING POINT S e oF
°C. °C.
1......] None >255 d. (2HCl)
2......| Methochloride hydrochloride 240 d. (2HCI)
3. 1,2,3,4,5,6-Hexahydro 249 d. (2HCI)
4...... 2-Cl 248 (2HC)
5...... 3-Cl 252 (2HCY)
6......] 4-C1 137-145/0.12 mm. 216.5 (2HQCl)
Tevin 2-Br 252 d. (2HCI)
78 (base)
8..... 4-Br 228 (2HCI)
9......] 4-CH,-4’-Cl 226 (2HCI)
10...... 2,4-Cl, 233 (2HCD)
11...... 3,4-Cl, 238 (2HCY)
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TABLE 33—Concluded

MELTING POINT OF

NO. BENZHYDRYL SUBSTITUTION BOILING POINT SALT OR BASE
°C. °C.
12...... 4,4'-Cl, 249 (2HCI)
78 (base)
18...... 4-Cl-4'-Br 243 (2HQCL)
101 (base)
4...... 2,4,4"-Cl; 258 (HC1)
15... 2-OCH; 196 d. (2HC1)
16...... 3-0C.H; 140-150/0.04 mm. 228 (2HCI)
77 (base)
17......1 4-OCH; 192 (2HCY)
18...... 4'-0CH;-1,2,3,4,5,6-hexa- 218 d. (2HC1)
hydro
19...... 2-0CH;-5-Cl 227 (2HCI)
125 (base)
20...... 4-0CH;-3-Cl 221 4. (2HCI)
21......| 4-OCH,;-4’-Cl 184 4. (2HQCL)
65 (base)
22...... 4-OCH;-3-Br 209 (2HCI)
23......| 4-OCH;-2’-Br 213 d. (2HCl)
24......| 4-OCH,-2,4'-Cl; 140*/0.0002-0.0003 mm. 172 (2HCI)
25...... 4-0CH;-3,4’-Cl, 140*/0.0002-0.0003 mm. 211 (2HCD)
26......] 4,4'-(0CH;);:-3,3'-Cl, 227 (2HC))
99 (base)

* Bath temperature.

TABLE 34

Antikistaminic activity of piperazines* (68)

RN NR'-2HCI
COMPOUND NO. R R’ ANTIHISTAMINE ACTIVITY}

46-125........ CeH:CHy— CH; Slight

46-126 C¢H:CH,— —CH,CH. Very slight

895.. CHCH:— n-Lauryl None

47-83......... (CsHs)zCH—' CHs 100 per cent

47-282 .| p-C1C.H; CH— CH, 400 per cent

CeHs

* Compounds prepared at the laboratories of Burroughs Wellcome and Company.

t Antihistamine potency in terms of Benadryl=100 per cent.
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TABLE 35

Isocyclic-substituted piperazines (183, 184)*
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MELTING POINT

NO. R | R/ R” BOILING POINT OF SALT OR BASE
R
N N
CHN\ NR"
R’/
°C. °C.
1...| CeHe— CeHs— CH, 260 (2HCI)
108 (base)
2... CeHs— CeHsi— —CH,0H 190 (2HCL)
3...| CeHs— CeHs— C.H; 242 (2HCI)
4,..| CeHs— CeH:— —CH,CH,0H 229 d.
(2HC})
5...1 CeHs— CeH s— n-C.H, 248 d.
(2HCH)
6...| CeHi— CeHs— NH 295 (0.5-
C/ H.S0,)
NH,
8...| CeHs— p-FCeH,— CH; 140-141/0.6 mm. | 231 (HCI)
64 (base)
9...| CeH:— p-ClCeH— CH; 160-161/0.5 mm. | 224 (HCI)
10... CeHs— p-BrCH,— | CH, 175-176/0.8 mm. | 250 (HCI)
11...| CeHs— p-1C:H,— CH, 180-181/0.5 mm. | 261 (HCI1)
12...| CeH:— O-CICGI‘L—‘ CH; 179—180/2 mm. 273 (HC])
13...| C:H;— m-ClCeH — CH; 177/1.5 mm. 250 (HCI)
14... CeHa— p-CHsceH4— CHa 159—160/1 mm. 229 (HCI)
15...| CeHs— p-CH:0C:H,— CH; 168-169/0.7 mm. | 195 (2HCD
16... Cyclo-C sHll p-ClCeHr—— CHs 279 d.
(2HCD)
17...| n-C:H, p-ClCsH— CH; 142-143/1.7 mm. | 177 (2HCI)
18...| p-CICsH— | p-ClCH,~— | CH, 168/0.3 mm. 246 (2HCI)
19...| CH,— p-ClCeH— | C:H; 228 (2HCI)
20... CsHsﬂ p-ClCeH4— ’I’L—C4H9 255 (2HBI‘)
21... CsHa— p-CleH4— —‘CHchchz- 212 (QHCI)
} CH:0H 1
22... CsHa‘-‘ E p—ClCeHg— n—C10H21 245"250/0.4 mm., ’
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TABLE 35—Continued

TN
RN NR/
—
No. R R’ | YIELD BOILING POINT (%E;‘:{’;%;Oggz
°C, ‘ °C.
23..... p-BrCsH4CH2—‘ CH; 86 294 (QHCI)
24.....| (CeH;).CHCH,;— CH, 40 279 (2HCI)
25.....| (C¢H;s):C=CHCH.— | CH; 71 1656-170/0.9 mm. | 140 (HCl)
26... CH,— H 37 154-156/1 mm. 228 (HCl)
/ /ﬁ
YV \/
27..... CH,— CH, 100 241 (2HCI)
N
Y
28..... CH,— —CH.CH,0H 81 206 d.
N (2HCl)
V
20..... CH,— CH,— 27 164 (base)
A
Vi
30..... AN CH H 33 | 155-160/1 mm. 195 (HC1)
—
Y
31..... /N CH, 82 281 d.
@ ICHZ‘ (2HC)
A
32..... AN —CH,CH,0H 33 241 d.
O/\lcm_ e
A
33..... O/\‘CHz— /\CHz— 23 160 (base)
A A
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!
No. R R’ YIELD BOILING POINT O‘;Es’“:;_}"%: e
°C. °C.
34..... H 89 285 d.
(2ZHCID)
35..... CH, 57 268 d.
(2HBr)
36..... —CH,CH.0H 68 244 d.
(2HCI)
144 (base)
37..... 100 202 d.
(base)
38..... CH,— CH; 43 255 d.
N\ (2HCI)
39..... CH,— CH;— 100 286 (2HCI1)
A VAN 254 (base)

* Compounds prepared at the Abbott Laboratories.
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TABLE 36
4-Aminopiperidines (340, 342)

RN< NR"
| —

RI
o, R R’ R” BOILING POINT ME;:{?%RPOI:EEOF
T °C. °C.
1.... H CeH;;CH,— CH; | 168-172/17 mm. |227 d. (dipicrate)
2...|H C.H;CH,— C.H; | 113-115/0.2 mm. [304 (2HCl)
228 d. (dipicrate)
3.. H —CH.CH,0H C.Hs | 117-119/17 mm. ;219 d. (dipicrate)
4...| H —CH,;CH;:N (CHj;). C.H; | 136-139/17-18 239 d. (tripicrate)
mm.
5...| CeH;CH,— —CH.,CH:N (CH,;). C.H; | 185-188/0.7 mm. 100 (base)
195 d. (tripicrate)
TABLE 37
Amides of ethylenediamine (444)
RCONCH,CH.NR'Y
Rl
NoO. R R’ R” BOILING POINT [ YIELD
°C. ]’ per cent

1..... CeHs— CsHs— cHs 158—159/1 mm. 80

2..... CsHs— p-CHaCsH4— CHs 159—162/05 mm. 78

3 . OsHs— 2-05H4N—- CH; 155—158/1 mm. 74
4.....] 2-CsHN—* H CH; 113-124/1 mm. 29
5.....| 2-CsHN— CeH— CH, 177-178/2 mm. 27

6 2-CsHN— CeHs— CH, 177-178/2 mm. 13

7 2-CsHN— p-CH,;CH,— CH, 185-190/1 mm. 53
8.....| 2-CsHN— m-ClCsH— CH, 182-186/2 mm. 69
9.....1 2-CsHN— p-ClCeH — CH, 185-190/1.5 mm. 33
10.....| 2-C;HN— 0-CH;0C:H— CH, 183-186/1 mm. 28
11.. PN 2-CsH4N— CsHsCHz— CHs 196—200/2 mm. 47
12..... 2-05H4N— 2-05H4N—“ CH; 175—179/1 mm. 18
13.....| 3-C;:H.N— H CH,; 140-143/1 mm. 32
14.....| 3-CsHN— CeHs— CH, 187-190/1 mm. 51
15.....| 3-C;H.N— CeHi— C,H; 187-189/0.5 mm. 62
16.....| 3-C;H.N— p-CH;CsHi— CH, 180~-189/0.5 mm. 64
17.....| 3-CsHN— m-ClC¢H,— CH; 176-185/2 mm. 80
18.....] 3-C:H,N— p-ClCH — CH, 185-187/1 mm. 74
19.....| 3-C;HN— 0-CH;0CH,— CH; 188-192/1 mm. 80
20..... 3-CsHN— CsH:CH,— CH, 193-197/2 mm.
21.....] 3-CsH.N— C¢HCH,— C.Hj 193-196/1 mm. 81
22.....1 2-CH8—+% CsH;CH,— CH, 187-193/0.5 mm. 44
23.....] 3-C:H.N— 2-C;H,NS—1 CH, 164-169/0.5 mm. 52
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TABLE 37—Conciuded

Other amides
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R
R”"CON
Rl
No. R R’ R” BOILING POINT MELTING POINT | YIELD
°C. °C. per cent
24....| CH— 2-CsHN— | 3-C:H.N— 177-178 51
25....] CeHs— 2-CsHN— | 2-C:H.N— 107-108 18
26.. .. CH;CHCH,—| H 3-CsHN— | 184-187/0.5 mm. 19
2-C:H.N
27.. .. CsHs CHCHz_ H 2-05H4N— 191—196/2 mm, 32
2-C;HN
* Pyridyl. t Thienyl. 1 Thiazyl.
TABLE 38
2-Isocyclic imidazolines
N CH.
7
RNCH;C
|
R’ NH—CH;
No. R R’ MELTIN%RPOQE:EOF SALT REFERENCES
°C.
1..... CeHi— H 182 (HCl) (398)
2..... 0-CH;0CH— H 200 (HCl1) (399)
87 (base)
3..... p-HOCH— H 225 (HCD) (287)
4.. ... m-HOCH— H 194 (HCl) (287)
5..... p-CH;0CH,— H 181 (HCI) (287)
111 (base)
6.. ... p-CH,CeH— m-HOCH — 240 (HCl) (188, 282, 287)
175 (base)
7..... p-CH;CeH— m-CH;OCH,— 151 (HCY) (287)
93 (base)
8
(Anti-
stine)..| CeHs— CeH;CH— 229 (HCI) (82, 83, 86, 207,
121 (base) 285, 396)
159 (picrate)
9..... p-HOCH.— C¢H;CH,— 229 (HCl1) (84, 207, 396)
10.. ... p-HOCH— CeH:CH:— 228 (HCI) (82)
11..... 0-CH;0CH.— C¢H;CH,— 169 (HQCY) (82, 288, 396)
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TABLE 38—Concluded

Xo. R R’ WLT’N%;O;?EEOF SALT REFERENCES
°C.
12.. ... p-CH,OCH,— CeH,CH,— 208 (HCIl) (82, 207, 285, 288,
396)
13.. ... 0-CyHOCH— | CeH,CH,— 188 (HCI) (82, 207, 285, 288,
396)
14.. ... p-C.H;0C:H,— | CeH:CH,— 218 (HCl) (207, 285, 288, 396)
15.. ... p-CICHO— CeHCH,— 244 (HCI) (82, 84, 207, 396)
16.. ... CeHs— p-Cl1C:H.CH,— 277 (HCD (82, 84, 207)
17..... CoH — p-CH,OCH,CH,;— 212 (HCl) (82, 84, 207)
18.. ... p-CIC¢H — p-CIC¢H,CH,— 264 (HC1) (82, 84, 207)
19..... CeHs— CeH;CH,CH,— 222 (HCl) (82, 85, 207, 285)
20.. ... 1-CyoHr— CeH,CH,— 209 (HCI) (82, 207, 285, 288,
396)
21.. ... 2-CroHi— CeH;CHr— 232 (HCl) (82, 84, 207)
22.. ... p-CeHOCH~— | CeH;CHy— 213 (HCl) (82, 84, 207)
N__'CHz
RN(CH,), C
R/ NH—CH,
No. R R’ # MELTING POINT OF SALT REFERENCES
°C.
23.....| CeHs— CeHCH— 2 116 (HCI) (207, 288, 396)
2.....{ 0-CHiOCH— | CeH;CHy— 2 169 (HCI) (285)
25..... CeHi— CeH;CHe— 3 195 (HCI) (82, 207, 285, 288,
396)
wo. FORMULA BOILING POINT MELTING POINT | REFERENCE
°C. °C.
2. . ... 192-195/2.5 mm. 212 (HCI) (230)

CsH,N CHZ(/N H,

HN

H,
CH, CsH;

H,
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TABLE 39

Anilino-s-triazines (446)

H,NC—N

R
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|| ;
H,NC=N
NO. R MELTING POINT YIELD
°C. per cent
) N H 284-286 82
2o 2-CH, 211-212 81
SN 3-CH, 220-230 82
R 4-CH, 265-266 80
L T 2,4-(CH;). 239-241 92
B 2,5-(CHj)e 237-239 89
T 2-Cl 205~-208 81
- P 3-Cl 173-174 98
L 4-C1 245-249 82
100000 L 2,4-Cl, 255~257 86
) 2,5-Cl, 228-230 84
1200000l 3,4-Cl, 210-211 98
130 2-OH 257259 87
4. 3-OH 241-242 76
1600 oL 4-OH 282-283 88
16l 2-0C.H; 203-205 76
17 3-0C.H; 211-212 82
8. 2-NO: 300
19, 3-NO, 144-145 99
20....... .l 4-NO, 300
2L 2-COOH Indefinite 42
22, 3-COOH 304-306 42
28 4-COOH 300 68
24 4-COCH; 98
T
17
{C=N
wo. GROUP IN POSITION 2 GROUP IN POSITION 4 GROUP IN POSITION 6 MELING  |vmw
| o
25..| —NH. —NH, Naphthylamino >300 75
26..| —NH, —NH, N-Methylanilino 257-259 | 97
27..| —NH, —NH, N-Ethylanilino 215-217 | 94
28..| —NH, —NH: N-Benzylanilino 311-314 | 99
29..| —NH, —NH, Piperidino 216-217 | 22
30.. i —NH, —NH, Morpholino 236-240 | 48
3l..| —NH; —NHCH, Anilino 84-86 48
32..| —NH:. —NHC.H; Anilino 153-155 | 49
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TABLE 39—Concluded

No. GROUP IN POSITION 2 GROUP IN POSITION 4 GROUP IN POSITION 6 VLTS |viEwD
°C. 2

33..! —NH; —NHCH,C(CH;)=CH_.| p-Chloroanilino-HC] | 237-239 | 64
34..| —NH; —NHCH,C(CH,;)=CH,;| p-Toluidino 137-139 | 60
35..| —NH; —NHC.H,OH ! Anilino 156-158 | 76
36..| —NH, : —NHC.H.OH . m-Chloroanilino 147-150 | 43
37.. —NH, —NHC,H.0H ' p-Chloranilino 173-174 | 40
38..| —NH, —NHCH,CHOHCH; | Anilino 138-140
39..i —NH, —N (CHsy): i 0-Chloroanilino 133-135 | 50
40..| —NH, —N(CH,), ! p-Chloroanilino 173-175 | 50
41..| —NH. —N(CH;CH=CH,). p-Chloroanilino 137-141
42 .| —NH. —N(CH.CH==CH,). p-Toluidino 119-121 | 60
43..| —NH, —NICH,C(CH;)=CH,).| o0-Chloroanilino 78-81 44
44 .| —NH. —NI[CH,C(CH;)=CHj];| p-Chloroanilino 154-157
45..| —NHCH; —NHCH,; 2,5-Dichloro- 153-155 | 76

anilino
46. .| —NHC.H; —NHC.H; Anilino-2HC1 178-180 | 70
47. .| —NHC.H; —NHC.H5 m-Chloroanilino- HCl | 165-167 | 95
48 .| —NHCH,CH=CH. | —NHCH,CH=CH, 0-Chloroanilino 56-59
49. .| —NHCH,CH=CH, | —NHCH.CH=CH, p-Chloroanilino 103-106 | 66
50..| —NHC,H.,OH —NHC.H,OH Anilino 130-132
51..| —NHCH,CHOHCH,| —NHCH,CHOHCH, Anilino-HCl 150-152
52..| —NHCH,COOH —NHCH,COOH Anilino- 3H,0
53..| —N(CH,): —N(CHs) 0-Chloroanilino 114-117 | 43
54.. —N(C.Hjs), —N(C:Hjs)2 Anilino 87-89 90
55. . —N(C.Hj), —N(C.Hj): p-Chloroanilino 134-135 | 76
56..| —NH, —N(C:H;)C.H,OH —N{(C¢H;)C.H.OH 158-159 | 10
57.. —NH, —Cl 4-Carboxy-3-hy-

droxyanilino 263266 | 54

TABLE 40

Rhéne-Poulenc N-monoheterocyclic alkylenediamines (443)
Ethylenediamines: RNCH,CH,N (CHj).

)2
ANTIHISTAMINE ACTIVITY
ReONE-POULENC R R’
CODE NO.
Aerosol* Spasm
mg./kg.
RP 2740..... Cells— Inactive
S CHz—
RP 2747..... CeHs— 1 1f
0 CH,—
RP 2749..... CeH— H, C-——(IEHz 20
H,C CHCH;—
N0~/
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TABLE 40—Continued

RubNE-POULENC ANTIHISTAMINE ACTIVITY
CODE NO. R R’
Aerosol* Spasm
mg./kg.
RP 2750..... N CHCH,— 0.5 1.3}
N7
RP 2758..... CeHs— N CH;
}LJCHz CH,—
RP 2764..... CeH— N 1 1/1.6%
\§ ﬂ CHy—
RP 2765..... CeH— N\j CH,—
B
H; C\/
RP 2786..... p-CH;0CH,CH;— 0.1 11
RP 2788 ..... CGH - H.", C":N
. JeH—
RP 27%..... A\ —CH,CH,0C,H;
N
RP 2803..... AN 0.5 |1/6t
’ | N O CH2"—
N7
RP 2833..... AN H.C——0 5 1/8%
| No
\NY
N CHz_'
RP 2843..... p-CszOCeHACHz— 0.5 1I
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TABLE 40—Continued

RuESNE-POULENC
CODE NO.

R’

ANTIHISTAMINE ACTIVITY

Aerosol* 1 Spasm
mg./kg.
RP2855..... N 0-CH,;0CH,CH;— 10 1/20%
N/
RP 2880..... CeH — N—’w
| Jome
NH
RP 2890..... C¢H;CH—
RP 2892..... 3,4-(CH,;0),C:H,CH,— Inactive |1/80%
RP 2895..... CeHs— N
Jon
NH
RP 2909..... p-CH,0CH,CH;— 10
RP 2910..... p-CzHECJLCHz-— 10
RP 2014..... p-CH,0CH:CH,—
RP2932..... p-CH,CH,CH;— 1
RP2033..... p-CH;0CH,CH,—
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TABLE 40—Concluded
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RudNe-PoULENC R R/ ANTIHISTAMINE ACTIVITY
CODE NO.
Aerosol* Spasm
mg./kg.
RP 2938..... p-CH,0CH,CH,— 10
RP 2058..... | p-CH:0CH.CH:— 50
N

N7

RP 2971..... Nj__ CH;CH;— 25
W N
\/
RP 2972..... CeHi— /j 25
&N/CHT—

RP 3325..... m-CH;0C¢H(CHqs— Inactive |0%
RP 3407..... N CeHs—

N/

Other N-heterocyclic alkylenediamines
N R
]
{y/ NCH2©OCHa
RabNe-POULENC R ANTIHISTAMINE ACTIVITY
CODE NO.
Aerosol* Spasm
mg./kg.

RP2800............ —CH:CH,CH,N (CHj;): 1/10%
RP 3420 —CH,CH (CH;)N (CHjs). 1/4%
RP3427............ —CH(CH;)CH,N (CH,).

* Antihistamine dose to prevent bronchospasm in guinea pigs by inhalation of an aerosol
of histamine (in milligrams per kilogram subcutaneously).

t Antihistamine activity on the isolated intestine of the guinea pig. Antergan = 1.

1 Antihistamine activity on the isolated intestine of the guinea pig. Neoantergan = 1.
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TABLE 43
Thiophene derivatives

o
R H |‘ |
HZT\/
CH;CH,N(CH;),
| !
NO. R ! R’ i BOILING POINT MEL;;NfAigINT : ANTi?;IsngA;‘{XNE REFEREXNCES
°C. °C.
1(Diatrin).| H H 183-185/7 mm. 187 (HCD) 1* (131, 242)
185-186/8 mm. 184 (HCl) 2/3% (228)
2. H 2-Cl 175-176/3.5 mm. | 185 (HCI) Inactive (230)
... H 3-Cl1 190-191/3.5 mm. : 165 (HCl) Slight (230)
4. ... .. H 4-Cl 184-186/1.5 mm. . 187 (HICl) 1/2* (230)
5. ... ... H 4-OCH; 175-180/1.5 mm. | 148 (HC1) (230)
6.......... 5-Cl | H 171/2 mm. 164 (HCL) 1.25% (230)
T 5-Cl | 2-Cl 184-186/2 mm. 144 (HCL) (230)
8. . 5-Cl | 3-Cl 195-197/2 mm. 168 (HCL) (230)
9. ... 5-Cl | 4-Cl 197-200/2 mm. 188 (HCI) (230)
10.......... 5-Cl | 4-OCH, 178/1.5 mm. 110 (HCD (230)
l ‘0H21|\'CBH
R
| | .
vo. R BorLING POINT TR | Taave |
°C. °C.
11. .| —CH.CH.N (C:Hs): 157-160/2 mm. | 145 (2HCD) 1/5* (228)
12. .| —CH.CH(CH;)N(CH;), 164-171/3 mm. | 100 (bisuccinate) (242)
S _ 3 —
13. . — CH,CH,N 198-199/1.3 mm.| 130 (citrate) 1/10 1/15'” (244)
P |
14.. ———CH20H2N: > 215-218/5 mm. | 188 (HCI) (242)
\SJl\lfCHchzN(CHs)z
R
NO. ‘ R ] BOILING POINT " MEL’OI‘;\SGAEgINT ANT:?;;’??;&;NE REFERENCES
} °C.
15.... CH, 83-92/4 mm. ‘ 231 d. (HCI) Inactive (230)
16. [ C.H; \ C 1)
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TABLE 43—Concluded

UCHZTC}LR

R/
¥o. R R’ BOILING POINT MELTING POINT :g%lz% iy
T °C, °C.
17.. — 167-170/0.25 mm. | 100 (citrate) 1/100t  |(244)
NCH,CH,— 177 (dipicrate)
—
)
18..| CeHs— | CICH.CH,— 178 d. (HCl) | Inactive ({63, 230)
FORMULA
19.. H H, H, 153-154/0.2 mm. 97 (citrate) <1/100% |(244)
X om
\s CH:N H, H,
H
l
g C—N NCH,
/
N
! g
Y4
¥o. R e T REFERENCES
°C.

20 e e e H 202 d. (2HCl) (183)
2L e 4-Cl 216 d. (oxalate) (183)

* Activity compared to Antergan = 1.
T Spasmolytic index compared to Pyribenzamine = 100.
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TABLE 44
Thiazole derivatives

N
Ei'f@ﬂz@ﬂ

CH.CH,N(CHa).
No. R MELTING POINT OF SALT REFERENCES
' °C.
1 H ’ 172 (HCI) (222)
......................... | 141 (picrate) (400)
N CH;0 ‘ 164 (HCD) (222)
B a1 151 (HC1) (222)
TABLE 45
Furan derivatives
/\
| e
\O/CHZT\/
CH;CH,N(CHs)s
MELTING POINT
NO. R BOILING POINT %1; fg;;x;%- ANT:?,;IS&%NE LD., | ®EFERENCES
°C, °C.
1..... H 127-129/0.05 mm. 148 70* 30.0t (25)
2. 4--:CiHy | 130-131/004 mm. 139 29 9.4  (25)
3..... 4-Methoxy1i 155-156,/0.075 mm. 126 3* 35.07 25)
FORMULA
4, ... , 120 d. (63)
O/CHleCHngHs
CH,CH.Cl

* Average per cent by which a bath concentration of 9.375 X 105 ug./ml. of antihista-
minie reduced the response of guinea-pig ileum to a histamine base concentration of 0.024
ug./ml. Pyribenzamine = 37; Benadryl = 17.

t Acute toxicity to rats, intravenously, in milligrams per kilogram.
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TABLE 46
Piperidine derivatives

g

N/

R

NO,

=

MELTING POINT

ANTIHISTAMINE

|
CH;CH,N

R BOILING POINT OF SALT ACTIVITY REFERENCES
°C., °C.
..| —CH;CH:N (CH;). 293 (2HCI) Inactive |[(307, 323)
.| —CH:CH,N (C.H5): Inactive [(323)
.| —CH:CH:N > Inactive [(323)
FORMULA
138/7 mm. 131 (picrate) (307)
252 (CH,I)
N~
CH,CH,N(CHjs).
C:Hs 101-104/0.05 mm. | 255 d. (dipic- (342)
‘ rate)
NN\
NHCH,CH.N
C.H; 167-189/0.8 mm. | 200 d. (tripic- (342)
rate)
N
NCH.C¢H;
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TABLE 47
Pyrrolidone, pyrazine, and pyridazine derivatives
NO. FORMULA BOILING POINT MELTING POINT OF SALT EEFERENCES
°C. °C.
...... (6] 122/4 mm. 94 (picrate) 307)
¢
NCH,CH:N(C;Hs)2
0 118-122/20 mm. | 156 (HCI) (307)
Vi 282 (CH,I)
NCH,CH:N (CHs),
...... NHCH.CH:N(CHs). 120-124/4 mm. 159 (picrate) (112)
TN
N N
N~
...... Na (415)
N
y NCH;CH;N(C,Hj,).
CH,C.Hs
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TABLE 48
4-Alkylimidazoles
NO. R ’ MELTING POINT OF SALT OR BASE YIELD
N CH:;R
QW (432)
NH
°C. per cent
) —OH 91 (HC1) 85
2.0 —Cl 141 (HCI) 77
3. —CH,N (CHj;), 198 (2HCI) 84
4. —~CH,N (C,H5). 193 (2HCI) 69
L T —N: > 225 (2HCI) 69
[ T, —NCH.CsH; 209 (2HCI) 90
CH;
T —NCH,C:H; 209 (HCD 90
C.H;
8 —N (CH,CeHs): 149 (base) 84
[ —NCH205H5 148 (base)
CH;
10............ —NHCH, 199 (2HCl) 75
11.......... .. —NHC:H; 170 (2HCI) 81
12............ —NHCH,C¢H; 201 (2HCI) 70
1B, —SCH; 128 (HCl1)
146 (picrate)
4,........... —NH, 247 (2HCI1)
N CH,CH:R
T
NH
15............ —N (CHs). 184 (2HC1) 25
215 (dipicrate)
16,0000t —NHC:H; 163 (2HCI) 35
185 (dipicrate)
170 et —NHC;H, 100 (2HCI) 50

165 (dipicrate)
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TABLE 48—Concluded

489

No. R MELTING POINT OF SALT OR BASE \ YIELD
°C. per cent
18............ —NHCH (CH;), 196 HCI) 35
175 (dipicrate)
19............ —N(C:Hj): 220 (2HCI) 15
20............ —N(C;:Hy): sirup 2HCL 45
190 (dipicrate)
2l N 278 (2HCI) 55
191 (dipicrate)
22, ... —N/ b 243 (2HCH 55
N
23, —NCH:C¢H; 179 (2HBr) 20
I
CH,
24, ... —NCHzCeHs 83 (2HBI‘) 5
C.H;
25, —N(CH,CsHjs): 156 2HBr) 15
26............ —O0CeH; 137 (HCI) 40
120 (picrate)
27 . v 0— 152 (base) 25
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TABLE 49

N-Heterocyclic imidazolines and imidazoles

N—"CH,C=NH

NH,

NO. " FORMULA ‘ BOILING POINT MELTING POINT OF SALT REFERENCES
\ ! °C. °C.
1...... ‘ N—CH, 190-200/0.4 mm. 220 (HCI1) (228)
! / ’
C¢H:NCH,C
I NH—CH,
L]
HC— g/
2...... NH 223 (HCl) (230)
CsH5NCHzf T{z
N\/H2
H,
ch——\ S/
3. ... (N 200 (2HCI) (431)
N CH,N(C.Hj5),
4...... rN 227 (2HCI) (431)
N CH,;N >
Ne———o
5... 4N 173 (2HCI) (431)
| —
N—CH,N (0]
N
6...... 230 (2HCI) (431)




ANTIHISTAMINE DRUGS

491

TABLE 50
N-Polycyclic Rhone-Poulenc diamines (443)
CODE NO. FORMULA CODE NO. FORMULA
RP 2756. . RP 3192.. 0
NN N/
|
CH, CH,N(CH,), CH, CH,N(CH,),
RP 2970.. N\ N CH, CH, N(CH,)s RP 3276. . AN
7 CH:CeH, N
|
RP 2087.. /8 CH. CH.CH.N(CH,):
RP 3277.. S\
NN/ 4
CH, CH,N(C,H,), N/
l
RP 3015.. SN CH, C‘JHN(CHa)z
CH,
NN/
RP 3283.. 0
CH, CH,N(CH,), 1T
VARV
RP 3040. . '
N/ \ A
NN/ |
CH, CH,N(CH,),
CH, CH, N (CH,),
RP3289.. O 0
RP 3041.. N/
ZA VAN
NN/ { ﬂ
N \N
CH, CH, CH,N(CH,), |
CH, CH,N (CHa),
RP 3110, .
RP 3298.. /8N
"N/ OCH;

N CH; CH,N(CH,),

CH; CH,N(CHj),
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TABLE 50—Concluded

CODE NO. FORMULA CODE NO. FORMUILA
RP3209..| A\8 RP3389.. A\ 8
AN\ OCH: NSNS
| |
CH, CH(CH;3)N(CHa): CH, CH(CH;)N(CH,),
RP 3300. . /8 RP 3390..| / 8
N/ N N/
| |
CH,C(CHj,); CHN (CHz), CH, CH,N(CHa,),
RP 3349.. /8N RP 3398.. /8
N/ N/
|
CH—CHN(CH,), y CH, CH,;N(CHj).
|
CH; CH,
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TABLE 51
10-Substituted phenothiazines

S\/I
N7\
A

493

MELTING POINT OF

NO. R BOILING POINT SALT OR BASE REFERENCES
°C. °C.
1.......... —CH,CH:;N(CHs). 183-187/1 mm. 60 (base) (146)
190-192/3 mm. | 201 (HCI) (394)
20 —CH,CH,;CH,N (CH,). 208-210/3 mm. | 181 (HCI (394)
3. —CH,CH:N (C.H3), 200-205/1.1 mm.| 175 (HC1) (394)
4., —CH,CH.CH,N (C:Hj;). 213-215/1.5 mm. (394)
5 (Phen-
ergan)...| —CH,C(CH,;)N(CH;); 190-192/3 mm. | 204 (HC) (394)
207 (CH,I)
275 (methyl 77
benzenesul-
fonate)
6.......... —CH,C(CH,);CH,N (CH,). 196-199/3 mm., (394)
Ty —CH,CH,N (CH;)CH.CH,OH 186 (99, 170)
155 (CH;Br)
8o —COCH:N(CH;), 116 (base) (126)
Q... ... —COCH,N (C:Hj); 59 (base) (126)
10.......... _‘COCHzN: > 165 (base) (126)
... —COCH;N H. H 126 (base) (126)
5 5m
H H, H
12.......... —COCHN(C.Hjs): 100 (base) (126)
CH;
13 ——COC‘HN: > 111 (base) (126)
CH,
4......... —COCHN (CHas): 99 (base) (126)
C:Hs
R 203 d. (HCI) | (126)

——COC|3HN (CzHs),

C.H;
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TABLE 51—Continued

No. R BOILING POINT ‘ESL::;‘Y%IE%IESTEOF REFERENCES
°C. °C.
16.......... —COCIHN: > 216 d. (HCD (126)
C.H;
17 ®yrro- | g o 197 (HCY) (199, 338)
lazote) . .. SN
18.......... H CH, 196 (HCl) (198, 338)
N
—CH,CH,N !
/
H CH,
19.......... CH;, 162 (HCl) (198, 338)
|
—CH, CH,N ‘
H CH;
20.......... 194 (HCI) (198, 338)
_ 181 d. (oxa-
?HCHZN ‘ late)
CH,
2L.......... H 250 (HCI) (198, 338)
—cn,
—CHCH; N
CH: g cg,
22.......... H CH, 103 (base) (198, 338)
—CHCH:N .
CH: ¢ om,
23... ... —CH, CHQN: > 210-212/2 mm. 170 (HCI) (395)
2. _ep, cu X % 229-232/2 mm. | 185 (HCI) (395)
N
25... ... N——CH; 243 (HCl) (286)
Va
—CH,C

NH—CH;
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TABLE 51—Continued
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MELTING POINT GF

NoO. FORMULA BOILING POINT SALT OR BASE REFERENCES
°C. °C.
26.. . ....... VAN 220-223/3 mm. | 182 (HCI) (394)
N O CH,
|
CH, CH,;N(CH,),
27 /8N 218-222/3 mm. (394)
N OCH;
|
CH, CHN(CHay),
CH;
28, N 213 (HCI) (286)
l N——CH,
Va
CH;C
NH— CH.
vl J 0 (95, 146)
T
VAN
N/
|
CH, CH,N(CH;),
300 ten... 0 0 (95, 146)
N/
7 VAN
NN
CH, CH;N(CHy,),
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TABLE 51—Concluded

Quaternary ammonium bases derived from 10-substituted phenothiazines (78)

/8N

N/

+
CH, CH;N(CH,): X~

R
No. R X MELTING POINT
°C.
E ) —CH,CH,Br Br 226
32 —CHzCHzCHzCHQBr Br 218
33 —CHchzCHchchzBr Br 195
27 S —CHzCHzCHzCHzCHzCHzBr Br 186
35, —CH,CH,CH.CH,CH,CH; CH,Br Br 150
30 —CH,CH,CH,Cl Cl 200
37 .................. —'CH2CH2 CHzCHBI‘CH; BI‘ 221
FORMULA
38 /8N 140
NN
+
CH; CHzN( Csz)z Br—
(CH:)sBr
3% /8 290
N/

+
CHCH,N(CH;); Br~

CHs ( CHQ)@BI‘
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TABLE 52
N-(Dialkylaminoalkyl) phenothiazines (464)

S NCH,CHN -
N |\
RI’ RI
ANTIHISTA-
NO. R R’ R BOILING POINT o?sﬁ%i%rf;x T
°C. °C.

1...| CH, 1-C;Hy H 179 (HCD) 3
2...| C.Hj 1-CzHy H 168-172/0.1 mm. | 173 (HCl) 1/2
3...| CH, CH;;CH,— H 92 (base) | <1/100
4., CH; n-CH, H 185-195/0.7 mm. | 144 (HCl) |1/3-1/2
5...| CH, 3-CsHo H 162-164/0.3 mm. | 154 (HCI) 1/5
6...] CH, CH,=CHCH.,— | H 187-190/1.0 mm. | 179 (HCl) | 1.5-2
7...] C:Hs CH=CHCH,— | H 165-185/0.1 mam. | 127 (HCl1) 1/4
8.../ CH=CHCHs | CH~CHCH,— | H 220-223/2.6 mm. | 126 (HCl) | <1/200
9...| CH, 1-CsH; CH; 70 (base) 1
10...| n-C:H, n-C;Hy H 204-207/0.5 mm. | 172 (HCl) | <1/2,

>1/20
11...] n-C;H, 1-CsH, H 203-209/0.7 mm. | 202 (HCI) | <1/10
12...| n-CH, CH~CHCHsy— | H 212-216/0.5 mm. | 148 (HCl) | <1/20
13...| 7-C;Hy 1-C;Hy H 180-181/0.5 mm. | 199 (HCl) 1/10
14...| 1-C,Hy CH=CHCH,— | H 212-213/0.9 mm. | 171 (HCl) | <1/2,

>1/20
15...| CeH;CH,— CeH;CH,— H 200 (HCI)
16... n-CsHy H 148 (HC1)

= 1; RP 3015 = 3-5; Pyrrolazote = 4-5.

* Antihistamine activity determined on isolated strip of guinea-pig ileum. Benadryl
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TABLE 53

N-Polycyclic derivatives of ethylenediamine

Derivatives of indole

NO. FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
T °C. °C.
1... 128-129/0.25 mm.| 142 (picrate) (460)
N:
| o
CH.CH,N
2... 102-105/0.2 mm. (460)
1504
N:H’
|
CH,CH;N
3... 187-189/0.9 mm. | 78 (base) (460)
N H05H5
|
CH,CH.N
4., H 162-165/0.2 mm, | 191 (HCl) (460)
-2
{ H
R~
1\|r CeHs
CH,CH:N
5... H 183-184/3.8 mm. | 212 (HCl) (460)
2
H
N/~
1T CoHs
CH,CH.N(CHsy).
Derivatives of benzimidazole
NO. FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
T °C. °C.
6.. 115-120/0.2 mm. | 235 (2HCI) (461)

J
|

CH,CH.N(CHs);
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NoO. FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
T °C. °C.
7. N 117/0.3 mm. 239 (2HCI) (461)
\Nﬂ CH,
CHz CHzN(CHz)B
8.. N 72 (base) (461)
234 d. (2HCD)
\NJ CeH;
CH:CH.N(CHs),
9.. N 130-136/1.1 mm. | 236 (dipicrate) (461)
N JCH(CHs)z
CH,CH,N(CH;),
Derivatives of benzotriazole
NO. FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
T °C. °C,
10... N 115-117/0.8 mm. | 171 (HC]) (461, 462)
{
N
N/
!
CH,CH.N(CH;).
Derivatives of phthalimidine
NO. FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
T °C. °C.
11... /CO\ 65 (base) (307)
282 (CH,ID)
NCH,CH.NH,
NI
CH,
12... CO 70 (base) (307)
VRN 282 (CH,I)
AN 195 (picrate)
N CH, CH;N(CH;),

N

CH;




TABLE 53—Continued

Derivatives of quinoline

No.

13...

14...

15...

16...

17...

18...

19...

CH: 4

N
S
N7 ‘ CH, CH:N

FORMULA BOILING POINT MELTING POINT OF SALT REFERENCES
°C. °C.
N 175-178/4-5 mm. | 221 (HCl) (65)
N/CoH;
|
CH; CH,N(CH;):
N 185-188/7 mm. 194 (picrate) (307)
240 (HCI)
N 0
CH,CH,N(CHj;),
H, 193 (base-5H.0) | (307)
/\g,
\N/L 0
CH,CH;N(CHy).
H. 152-153/10 mm. 195 (HCl) (307)
2
N/ B2
|
CH,CH.N(CH,):
H,C—0 H. CH, 216 (HI) (307)
\ /¥H
\/NCHiCHZN(CHl)2
H,
H, C—O H, 213-215/5 mm. 225 (HCI) (307)
175 (picrate)
YNCHaCHzN(CH:)z
N 188/1.6 mm. 136 (citrate) (244)
\N/ TCH; CHzN
el )
155-160/0.2 mm. | 247 (HCl) (244)

500
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TABLE 53—Continued
Derivatives of lepidyl

CH;
N
N7 I‘ITCHz CH;N(CHa,);
R
NO. R BOILING POINT MELTING POINT OF SALT REFERENCES
T °C, oC.
21...| CeH;CH,— 158-165/0.06 mm. (220)
22...| 0-CICH/CHr— 156/0.03 mm. 215 (HCL) (220)
23...| p-C1CsHCH,— 178/0.04 mm. (220)
24...| 2,4-CloCeH,CH,— 192/0.05 mm. (220)
25...| 3,4-Cl.CeH;CH.— 183-187/0.03 mm. (220)
2...
159-172/0.05 mm. (220)
—CH: g
2... 161-164,/0.07 mm. (220)
—CH ¢ 01
28...| p-CH,0CH,CHy— 180/0.07 mm. (220)
29...| 2,3-(CH;0),CsHsCH,— 189-191/0.08 mm. (220)
30...| 3,4-(CH;0):CcH;CHy— 192-193/0.07 mm. (220)
3L... 0 @ CH— 189-190/0.06 mm. (220)
1,04—0
CH,
N
N7 R
NO. R BOILING POINT MELTING POINT OF SALT REFERENCES
T C. °C.
32...| —NCH, CH,N ) 196/0.05 mm. (220)
—
CH, CH;
33... —N[CHz CH, CH,N(C;Hs), 176-182/0.05 mm. (220)
CH, CeH;
34..| —N NCH, 205 d. (2HCD )
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TABLE 53—Continued

Derivatives of quinoxaline

N0, FORMULA MELTING POINT OF SALT REFERENCES
°C.
35 Ny 218 (HCI) (156)
NJN CH, CH:N(CHs).
CH, C:Hj;
Derivatives of carbazole
wo. FORMULA BOILING POINT MELTING & %T:EOF SALT | REFERENCES
°C. °C.
36... 190-210/4-6 mm. 242 d. (HCl) (52, 146)
NN
|
CH,; CH,N(CH,),
ar... 160/0.9 mm. (144)
\N/
|
CH; CH,N(C;Hy),
38... H, 250 (HCD) (65)
\g,
N H
| He
CH. CH,N(CHjs).
39... 81 (base) (460)
NN/
l Vo
CH,; CH,;N
40... H, 220 (HCl) (460)
g
NSANPL
.
CH,CH,N
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TABLE 53—Continued
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¥o. FORMULA BOILING POINT “LTINgRP‘;EOF SALT | gRFERENCES
T °C. C.
41... 147-149/0.5 mm., 137 (HC) (460)
Derivatives of phenanthridine
|
NR
A4
H,
NoO. R MELTING POINT OF SALT REFERENCES
°C,
42............ —CH,CH.N (CH;)» 179 (dimaleate) (202)
184 (dipicrate)
43............ —CH,CH,N (C:Hs): 159 (dipicrate) (202)
4. . £ AN 238 (2HCI) (202)
CHCHaY / 158 (dimaleate)
45 .. ... ... —CHzCHzN/ 0 191 (HCD (202)
N Y, 248 (2HCI)
FORMULA
46 ... 00unn. CH,N NCH, 223 (2HCI) %)
—N
>
Derivatives of acridine

NO, FORMULA MELTING POINT OF SALT REFERENCES

47 (146, 290)

0

CH:CH,N(CHa):
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TABLE 53—Concluded

NO. FORMULA MELTING POINT OF SALT REFERENCES
C.
48... .. ... ... a 293 (2HCI) 5)
CH; 0O N
l
[Nj
i
CHs
Derivatives of phenoxazine
NO. FORMULA MELTING POINT OF SALT REFERENCES
°C.
49, ... PN (146)
N
CH,CH,N(CH,)s
50............ ,0 239 (HCD (286)
N
I N—CH;
7
CH:C
NH—CH;




Correlation of structure and activity in the ethylenediamines (384)

TABLE 54

C6H51\|T CH;CH:R
C:H;
ANTIHISTAMINE ACTIVITY*
NO. R
Intestinet Asthmat
1 (F1571).............. —N(CoHjs): <1 5
2 RP 2325) ............ —N(CH3;): 6+ 20
: J —NH, 0
Kﬁ
]\’\N /I\II CH; CH;R
C.H;
Ao —N(CH,). 44
B e —N: > 1+
CH,C.H;
C.H;NCH,; CH;R
Bt e —N(CsHs)2 13 5
7 (Antergan) ........... —N(CH,;). 100 100
B —X(CHyI- 0
e e —N(CHa). 2 10-20
!
0
100 ¥ > 1-2
N———
o, X % 1
)
N
'i
kN /NCH; CH; R
CHs CgHs
12, —N(C:Hjs)s 1-10
13(Pyribenzamine) ....... —N(CH,): 200 200
Wi —X(cH,)I-
15, —N: > 4 4-33+4+
6 -——N/ b 0-1+ 14+

505
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TABLE 54—Continued

CsH;NCH,CH,N(CHy),
R
ANTIHISTAMINE ACTIVITY®
NO. R
Intestinet Asthma}
17 C.H; 6 20
18, n-C4H9 26 40
19 CHy~=CHCH,— 6 6
2. HOCH.CH,— <1
2 CH;OCH;CH— 140 40
22 C.,H;OCH,CHy— 100 50
28 CeH:CHy— 100 100
24 p-CHsOC 5H4CH2— 33
. T CeH;CH=CHCH,— 5
26, .. Ce¢H:CH,OCH,CH:—
D/ CeH;CO— 10
28 CeHi— 50 0-50
20t ﬁ_ 0+
LN 7
B0 100 100
0 CHy—
3 PP 5 5
65 65
32 (Diatrin) .............
—_ CHzH s/
65 100
2 TW
—CHa\ g/
40
Bhurut e II’I JCH’
—CH:{ ¢
N
15 70PN 4
N /CHz_‘
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N
N/I\ITCH:CHaN(CHs)z
R
ANTIBISTAMINE ACTIVITY®
No, R
Intestinet Asthmal
36..... .. C.H; 4+
2 . 1-C.Hy 24+
B8 (CH;)sNCH.CH,— 0+
39 (Pyribenzamine) ...... CeHCH;— 200 200
40.. ... CH;CH,.CH,— 1+
L p-CH,C:H.CH:— 100
42, . e p-C:H:C:H.CH:— 10
43 (Neoantergan) ........ p-CH;0CH.CH,— 200250+ 1000
44, e p-C.H;0CH,CHys— 200 200
45, . e m-CH;0CH,CH,— 0
46.. .. e O-CH;OCgquCHr—‘ 4+ 10
A7, e C¢H;CO— 0-1+
48, . CeHy— 3+ 10
49 oo /_N\ 12+
50 (Foralamin).......... 66 200
O/CHQ—‘
51 (Histadyl,
Thenylene)......... 200 200
S CHy;—
52 (Bromothen) ......... 400
Br\s CHQ—"
53 (Chlorothen) ......... 400
Cl s CH,—
BA e I‘T - JCH* 40




TABLE 54—Continued
Ce¢H; CH:NCH,; CH,N(CHj;),

R
ANTIHISTAMINE ACTIVITY
NO. R
Intestinet Asthmat
55 (Pyribenzamine) ...... |( N 200 200
\N7Z
U ‘l/\ CH, 2+
I\ N7
ST AN 44
H, C\N 4
B8t CH; 20+
N
N7
50 N 20
\N7Z
60 (Hetramine) .......... N\l__ 244 4
N
\/
Bl . N 20+
8 )—
oo
RNCH,CH,N(CH,),
62 (Neoantergan) ........ N 200-2504- 1000
{\N/
B3 e N 20
H, Cb\N/
Bdur et s N 10
NY
B8 /K 2
’ N
N7

508
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ANTIHISTAMINE ACTIVITY
o, R
Intestinet Asthma}
66 (Neohetramine) ....... Nﬁ_ 24
|3
V
67 (White 194B) ......... ”——lﬂf 10
N/
R = —CHQCHQN(CH3)2; R' = —CH(CH3)0H2 OHZN(CHS)Z
ANTIHISTAMINE ACTIVITY
NO. FORMULA Intestine Asthma
R R’ R R’
68........... /8 100 100 100 | 200
(RP 3015) |(Phenergan)
N
R(or R’)
1 IO /8 ©0 CH, 100 50 100 | 200
R(or R)
() P 0 10
i
S
N/
R(or R’)
l.......... 0 0 50 100
NP4
/8
N/
R(or R’)
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TABLE 54—Concluded

ANTIHISTAMINE ACTIVITY

NO. FORMULA Intestine Asthma
R R’ R R’
2.0 ... VAN 0

24+

|
R{or R")

* Antihistaminic activity: Pyribenzamine = 200 (intestine), 200 (asthma).
t Action in relieving spasmolytic action of histamine on isolated guinea-pig intestine.
1 Action in relieving bronchoconstriction in guinea pigs by histamine aerosol.
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TABLE 55
1-Pyridindene derivatives (319, 820)

NO. X Y Z MELTING POINT OF SALT
°C.

) H H H 204 (HBr)
2 H C.H, H 204 (HBr)

162 (SCN)
3o H 1-C3Hy H 245 (HBr)
4. H n-C4H9 H 195 (HBI‘)
5. .. 7-CH, CH, H 203 (HBr)
6........... 6(or 8)-OCH, CH;, H 210 (HBr)
e 7-CH; CH,; p-CH; 203 (HBr)
8 6(or 8)-OCH, CH, m-OCH; 210 (HBr)
9 (The-

phorin)...| H CH,; H 154 (HCI)

126 (HBr)

171 (maleate)

160 (tartrate)

161 (salicylate)

189 (thiocyanate)

251 d. (methochloride)

114 (methyl p-toluene-

sulfonate)

0........... H C.H; H 162 (thiocyanate)
W oot H 1-CsH H 184 (oxalate)
12........... 7-CH, CH, p-CH, 186 (oxalate)
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TABLE 55—Concluded

YN

NO. Y MELTING POINT OF SALT

°C.

13 CH, 261 (HCl)
246 (HBr)
293 (CH,I)
4. CaHs 251 (HBI')
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TABLE 56
Aminoalkyl esters, propanols, propenes, propanes, and propanones (1)
RNCH.CH.COOC.H;
R BOILING POINT MELTING POINT OF SALT YIELD
°C. °C. per ceni
Dibutyl..............o. oo 80
Diallyl............cooiii 108-110/15 mm. 80
d-N-Methylamphetamino. ...... 165-166/12 mm. 126 (acid oxalate) 78
1-Piperidyl..................... 85
4-Morpholinyl.................. 86
1-Pyrrolidyl.................... 108-110/22 mm. 40
OH
|
(C¢H;), CCH, CH.R
R BOILING POINT MELTING POINT MELS?S(;}:EIM YIELD
°C. °C. °C. per cent
Amino.. 143 184 (HCI) 33
Methyla.mmo 148-150/0.2 mm. 146 151 (HCI) 24
Ethylamino.................... 142 177 (HCl) 38
Benzylamino................... 152 203 (HCI) 16
Dimethylamino................ 166 205 (HCI) 62
Diethylamino.................. 154/0.2 mm. 53 203 (HCD) 56
Dipropylamino.................| 1564/0.1 mm. 53 161 (HCI) 51
Dibutylamino..................| 157-159/0.1 mm. 42 109 (HCI) 54
N-Methylanilino............... 97 170 d.(HCI) 84
d-N -Methylarnphetammo ....... 58 208 (HC1) 55
Diallylamino.. . 157-159/0.4 mm. 27 156 (HCI) 60
1-Pyrrolidyl.. e 172 191 (HCl) 63
4-Morpholinyl. B 106 231 (HC) 50
OH R
| +|
( CeHs)g CCHg CHz—“'N'—RI I—
Rl’
R | ow o |mme ] x| o e
°C. °C.
CH, CH; CH; 243 d. || C:H; C.H; | C:Hj; 208
CH; CH; C.H; 201 d. | CH; C:H; | C;Hy 183
CH, CH; Phenyl 176 d. | CH; CH, | CHs 196
CH, CH; | 2-Phenyl- 226 d. | CH, Allyl | Allyl 197 4.
isopropyl CH; CH;, C;Hy (bromide) 233
CH, C.Hs | C.Hs 199 CH, CH; CH, (bromide) 235 d.




TABLE 56—Continued

OH
I
(CcHs)z CCH,CH,R+I-
R MELTING POINT R MELTING POINT
°C. °C.
CH, 210 C.Hs 205
Yo AN
N N >
S /
CH.\ 215 N, 204 d.
S N (0]
N > / N
/ \_ CHs
(CeH;); C=CHCH:R
R BOILING POINT MELTING POINT ME]‘:;I;NSQA:’?INT
°C. °C. °C.
Amino..........ooiciii i Decomposes at 215 d. (HCI)
0.1 mm.
Ethylamino.......................... 116-117/0.15 mm. 179 d. (HCI1)
Dimethylamino....................... 192-193/18 mm. 170 (HCI)
Diethylamino......................... 111/0.05 mm. 147 (HC])
Dipropylamino....................... 146-148/0.4 mm. 129 (HCD)
Dibutylamino........................ 139-142/0.05 mm. 150 (HCI)
N-Methylanilino...................... 200-204/0.5 mm.
d-N-Methylamphetamino............. 168-170/0.07 mm. 164 (acid ox-
alate)
Diallylamino..............ccooevnn.. 134/0.2 mm.
1-Pyrrolidyl..............coviine... 125/0.02 mm. 167 (HC1)
1-Piperidyl............ ..o 138/0.1 mm. 210 (HCI)
4-Morpholinyl.............. ... ... ..., 72 219 (HCl)
R
+
(CeHs)ZC=CHCHg—II\I—R’ I-
CH;,
R R’ MELTING POINT R, R’ MELTING POINT
°C. °C.
CH, CH 205 d. CH, 154
CHs | C.H; 186 \N/
03H7 C;H1 158 d. / \
CH, | CH, 125
CH; —CH(CH;)CH,C4H; 151 d. CH, 190 d.
Allyl | Aliyl 151 d. \N: >
/
CH;, 164
N,/ N
N 0
S Ne—e—
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TABLE 56—Continued
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OH
(CeH;):CCH,CH.NR
R BOILING POINT t MELTING POINT MELTING POINT OF SALT
°C. °C. °C.
Ethyl.................... .. ... 164 (HCI)
Dimethyl...................... 183-185/16 mm. 45 170 (HCI)
Dipropyl.................o 115 (HCI)
Dibutyl........................ 114 (HCI)
1-Pyrrolidyl.................... 125/0.02 mm. 136 (HCI)
1-Piperidyl..................... 41 217 (HCI)
4-Morpholinyl.................. 209 (HC1)
Rl
+
(CeHs).CHCH:;CH,NR I-
CH;
R R’ MELTING POINT R, R’ MELTING POINT
°C. °C.
CH; CH; 180 CH, 157
CH; C.H; 163 \N/
CsH; C:Hy 145 N
C.H, CH, 143
CH, 176 d.
X
N
/
CH, 163
N,/ N
N 0
7 N/
RCOCH,CH,NR'R’/
R NR'R” MELTING POINT OF SALT OR BASE
°C.
CeH— —N (CHj;)q 153 (HCI)
CeHs— —N(C:Hjs): 112 (HCI)
P
CeHe— —N 164 (HCI)
N——
CeHi— —N > 180 (HCI
oH 5 I ( )
s/ N
CeHsi— —N (0] 182 (HCI)
Ne—
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TABLE 56—Concluded

R NR'R” MELTING POINT OF SALT OR BASE
°C.

p-ClCeH,~— —N(CHj). 175 (HCl1)
59 (base)
p-ClICH— —N(C.Hs): 142 (HCL)
p-CIC:H,— -—-—N/ 188 (HCI)
73 (base)

p-CICeH~— N 191 d. (HCI)
51 (base)

p-ClCeH— / N 209 d. (HCI)

—N 0

N/ 90 (base)
p-CH;,0CH,— —N(CH;), 188 (HCl)
—N(CHj3), 179 (HCl1)

nE
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TABLE 57
8-Tertiary-amino-1-aryl-1-(2-pyridyl) compounds (2)

./ CHCH; CH,NR'R”

N
R
R NR'R” BOILING POINT MELTING POINT OF SALT
°C., °C.
CsHy— —N (CHjy), 104-106/0.05 mm.| 154 (oxalate)
(Trimeton) 202 (picrate)
CeH;— ——-N/ 120-122/0.01 mm.| 174 d. (oxalate)
N
p-ClICH— —N (CH,;). 120-122/0.01 mm.| 139 (oxalate)
(Chlortrimeton)
p-ClICH,— —N(C.Hj;)» 140 d. (oxalate)
p-ClCH,— —N/ > 155-160/0.01 mm.| 149 (oxalate)
N R
|
‘ N// (‘chg CH2NR’R”
OH
R NR’R* MELTING POINT OF SALT OR BASE
°C.
CH:— ~N(CHj;): 100 (base)

208 d. (2HCI)

153 (oxalate)

173 d. (CH,I)

CgHi— '—N(Csz)z 162 (base)

161 (oxalate)
CeHs— __N’ 94 (base)

N ‘ 177 d. (oxalate)
CeHs— —N/ > 85 (base)

N 205 (oxalate)
CsHs— —N(CHs)z 90 (base)

159 d. (oxalate)
p-CleHr— *N(Csz)z 165 d. (oxala.'ce)
p-ClCsH — N 131 (base)

N\ | 128 d. (oxalate)
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TABLE 57—Concluded

R NR'R” MELTING POINT OF SALT OR BASE
°C.
p-ClCeH,— —N/ 98 (base)
N 152 d. (oxalate)
p-ClCeH — N 84 (base)
N\ / 165 d. (oxalate)
p-CH;0CH.— —N(CHj;). 90 (base)
209 d. (2HCI)
—N(CH,): 67 (base)
S
Y —IC=CHCH2NR’R”
R
R NR'R” BOILING POINT MELTING POINT OF SALT
°C. °C.
CeH— —N(CH,)» 108/0.05 mm. 182 (HCI)
CeHi— —N{(C.Hs): 119-121/0.01 mm.| 155 d. (oxalate)
CeHs— X 128-135/0.01 mm.| 167 d. (oxalate)
N 153 d. (mucate)
CeHs— —N: > 154-158/0.01 mm.| 170 d. (oxalate)
p-ClCeH(— —N(CHs). 118-120/0.01 mm.| 171 d. (oxalate)
166 d. (maleate)
p-CICH,— —N(C,H3): 136-138/0.01 mm.| 152 d. (oxalate)
p-ClCeH— X 165-169/0.01 mm.| 177 d. (oxalate)
A 149 d. (maleate)
p-CICeH,— X > 182-184/0.01 mm.| 168 d. (oxalate)
p-CICH,(— X O 186-188/0.01 mm.| 181 d. (oxalate)
Ne——
p-CH;0CH— —N (CHy), 156~158/0.3 mm. | 208 d. (2HCI)
—N (CHs), 116-122/0.5 mm. | 162 d. (oxalate)

nE
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TABLE 58
Bridged-ring propylamines (95, 146)
NO. FORMULA NO. FORMULA
............ 4..........
0
AN NS N
(0] CHCH,CH:N{(CH;), S CHCH:CH:N(CH;);
N ’ / N v
< A
............ @ 5..........l Z T N\
SN —
S\ CHCH,CH,N(CHo,), H, CHCH:CH:N (CHy),
............ 6..........] (CeHs);CHCH,CH,N (CHs),

0«S
N

/CHCHzCHzN (CHy),

<

7 (Aspasan)
(28)

(CeH):CHCH,CH:N (CHs),




TABLE 59

Amidines and imidazolines of aminoalkanes

MELTING POINT OF SALT

NO. FORMULA OR BASE REFERENCES
°C.
............ N——CH, 101 (base) (212)
90 (HC1-H:0)
(C¢H;);CHCH, C 170 (picrate)
NH—CH,
............ NH 209 (picrate) (212)
(CsH;): CH CH,(lJ
NH,
............ NH 249 (HCI) (212)
(Ce¢H;); CHCH, C
N(CHg),
............ NH 250 (HCI) (212)
4
(CsHs); CHCH, C
AR
............ NH 225 (picrate) (212)
(CeH;): CHC
NH,
............ N——CH, 135 (base) (12, 212)
182 (HCI)
(CoHa)z CHC 185 (picrate)
NH—CH,
............ N——CH, 62 (base) (283)
4 172 (HC)
C¢H;CH,C
NH—CH,
............ N——CH, 120 (base) (283, 397)
Va 253 (HC1)
7 CH,C
............ N—CH, (70)

p-CsH; CsH, CH; C

NH—CH,
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TABLE 60
Dithienylbutenes (8)

L0

HCCHRCH,;
No. R MELTING POINT OF HYDROCHLORIDE
°C.
......................... —NHCH, 170
......................... —NHGC:H, 153
......................... % 169
A

%
......................... X > 189

......................... X % 182




TABLE 61
Amino esters of substituted alicyclic carbozylic acids (424, 440)

2-Diethylaminoethyl esters

MELTING POINT ANTIHISTAMINE
ro- CARBOXYLIC ACID EYDROCHLORIDE| ACTIVITY®
°C.

... 1-«-Naphthyleyclohexane 185 20

2..... 1-Benzylcyclohexane 150 1

... 2-Methyl-1-phenyleyclohexane 128 5

4..... 1-Phenyleyclohexane 161 10

5..... 1-Cyclohexyleyclohexane 166 5

6..... 2-Phenyleyclohexane 76

7..... 2-Cyclohexylcyclohexane 109 0.5

8..... 2-Benzoyl-At-cyclohexene 133 5

9..... 2-Benzoyleyclohexane 100 20
10..... 2-Hexahydrobenzoyl-Af-cyclohexene (diastereoisomers) 122
11 ... 2-Hexahydrobenzoylcyclohexane (diastereoisomers) 136 5
12 ..... 2-Benzyleyclohexane 116 5
13..... 4-Phenylcyclohexane 162 5
14 ..... 4-Cyclohexylcyclohexane 192 10
15..... 1-a-Naphthylecyclopentane 176 5
16 ..... 2-Phenyl-2-indane 162 5
17 ... 1-Benzyleyelopentane 122 1
18..... 2-Methyl-1-phenylcyclopentane 145 5
19..... 1-Phenyleyclopentane 144 5
20 ..... 2-Methyl-1-cyclohexyleyclopentane 143 1
21 ... 1-Cyclohexyleyclopentane 128 5
22..... 3-Methyl-1-phenyleyclobutane 139 5
23 ..... 1-Phenyleyclobutane 146
24 ..., 1-Cyeclohexyleyclobutane 127 10
25 ..... 2-Methyl-2-phenyleyclopropane 81 10
26 ..... 1-Phenylecyclopropane

2-Dimethylaminoethyl esters
27 ... .. 1-Phenylcyclohexane 177 5
28 ..... 2-Cyclohexyleyclohexane 142 1
29 ... 2-Methyl-1-phenylcyclopentane 138 5
30..... 1-Phenyleyclopentane 118 5
1-Phenyleyclohexanecarboxylates
MELTING POINT | 4 N17HISTAMINE
NO. AMINO ALCOEOL HYDRO(_?;I,ORIDE ACTIVITY*
°C.

31..... 2-Dimethylaminoethoxyethyl 130 10
32..... 3-Piperidino-2-hydroxypropyl 145 10
33 ... 3-Piperidino-2-phenylurethanpropyl 164 50
34..... 1,3-Bis(diethylamino)-2-propyl 137 5
35..... 1,2-Divinylene-1,4,5,6-tetrahydro-5-pyrimidyl 188 5
36..... 2,2-Bis(hydroxymethyl)-2-aminoethyl 214 5

* Minimum dose of test compound necessary to antagonize 0.1 v/ml. of histamine
diphosphate on isolated guinea-pig intestine. Benadryl = 0.02.
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TABLE 62
2-Diethylaminoethyl benzilate hydrochlorides (30)

R(R'C¢H,)C(OH)COOCHCH,N (C:H;),-HCI

523

® ® e | s
°C.

1........ H H 1

2........ 4-CH;0CH,— H 171 0.2

3. 4-C,H;0CH,— H 174 0.1

4........ 4-71-03H7OC 6H4_ H 142 0.5

5........ 4-7-C3H,0CH,— H 162 0.33

6........ 4-n-C4HgOC 5H4— H 148 1

7o 4-1-C.H,O0CHs— H 142 0.5

8 ....... 4-77/-05H11005H4— H 137 1

9. 4-7-C;:H;,0CH— H 135 0.5
10........ 4-n-CsH1aOCeH4— H 125 1
11........ 4-n-07H15005H4—- H 132
12........ 4:~7’L-CSH17OCGH4— H 127
13........ 4-n-Con21OCeH4— H 125
14........ 4-CsH,0CH,— H 154 0.5
15........ 4-C¢H;CH,0CH,— H 149 0.25
16........ 2,5-(C.H;:0).CeHs— H 153
17........ 3,4-(C:H;0):CeHy— H 140
18........ 4-n-C4HgOCHch2005H4— H 117
19........ 4-C:H;0CH,CH.,0CH,— H 130 1
20........ 4:-7'1-04H9006H4— 4-n-C4HgO— 123

* Activity on isolated guinea-pig gut stimulated by histamine.
TABLE 63
Benzhydryl esters and ketones
R
(CeH;). C
R’
MELTING
wo. R R’ BoranG porvr | FOUNT OF |pprreENcES
CHLORIDE
°C. °C.
.| H ~—COOCH,CH,N (CHj), 163 | (6)
2...| H —COCH:N (CHa,), 155~-175/2 mam. | 179 d. | (6)
3.l H —COCH,CH,N(CHj;): 161-162/1.5 160 6)
mm,
4 ..] —OCH,CH,;N(CH;); | —COOCH,CH,N(CH,), | 188-190/0.7 (294, 295)
mim.

5..| —OCH,CH:N(CH;). | —COOCH:N > (294)




TABLE 64
Alkyl 1-(2-dialkylaminoalkozy)phenylacetates (429)

CyH; CHOCH, CH. R’
COOR
MELTING POINT
No. R R’ BOILING POINT OF HYDRO-~
BROMIDE
°C. °C.
) CH, —N(CHjs): 201
2..... CH,; —N(Csz)z 160-165/4 mm.
TN
3..... CH, —N 0 168-170/4 mm.
Ne——
4. . ... C.H; —N (CHs)z 145—146/3 mm.
5..... Csz —N (CzH5)2 148—150/2 mm.
6..... C.H; —N ) 178-182/2 mm.
7o C:H; —N 177-179/3 mm.
N——
8..... 1-CH; —N(CH;); 129-133/2 mm.
9..... ‘i-CzH1 —N(Csz)z 150—155/3 mm.
10..... 1-CsHy —N\ d 140-144/4 mm.
11..... i-CsH1 —CHzN(OH;)z 138—140/2 min.
12..... 1-C;H, —N(C.Hy), 170-173/4 mm.
13..... n-Cqua —N (CHa)z 140—144/4 mm,
14..... n-CeHys —N (n-CHy), 130-135/4 mm.
15..... n-Ce¢His —N 0] 155-159/3 mm.
S
16..... n-CsHu. —N( Csz)z 160‘163/1 mim.
17..... n-CsHls —CHzN (CgHs)z 190—193/7 mim.
18..... CsHCH,— —N(CH;): 213
—
19..... CeHCHy— —N > 230
N—
20..... CsHaCHz— —N (Csz)z 195—199/3 mm.
21..... CeHCHz— —N(n-C,H,), 200-205/3 mm.
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TABLE 65
2-Pyridyl amino esters (190)
N
H\NV OR
NO. R BOILING POINT MELTING POINT OF SALT
°C. °C.
..... 170-171/1 mm.
7 \COOCH, CH,N(C,H,),
179—180/1 mm.
COOCHa CHz CHzN(Csﬁs)z
..... 169-170/1 mm. | 112 (QHCI)
COOCH, CH,N(C,Hj),
..... 174-175/1 mm. | 130 (2HCID)
COOCH, CH, CH,N(C,Hs),
..... 184-185/1 mm. 142 (2HC))
COOCH, CH,N(CyHy),
..... | 187-189/1 mm. 164 (2HQI)
COOCH; CH; CH:N(C:Hy),
..... Y 140 (2HCI)

N COOCH; CH,N(C;H;),
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TABLE 65—Concluded

NO. R BOILING POINT MELTING POINT OF SALT
°C. °C.
8..... (\ 151 (2HCI)
\/ COOCH, CH, CH,N(C,H),
9..... —CH,COOCH,CH,N (C:Hj), 103-105/0.14 mm.| 96 (HCI)
10..... —CH:COOCH,CH,CH,N (C:Hjs), 114-115/0.2 mm.
... —CHCOOCH,; CH,N(C,H), 121-123/1 mm.
b,
12..... —CHCOOCH, CH, CH;N(C.Hs): 122-123/0.4 mm.
CH,
13..... —CHCOOCH, CH; CH;N(C;Hs), 112 (2HCI)
b
14..... —CHCOOCH,CH, CH:N(C;H;);

|

CeH;




ANTIHISTAMINE DRUGS 527

TABLE 66
Bridged esters (239, 240)
NO. FORMULA ANTIHISTAMINE ACTIVITY®
oo 1
AN 74
VRN
H COOR{
2 e H, 0.05
\C
H COOR
I NH 2
AN
NG/
VAR
H COOR
4o PALN 0.4
NG
RN
H COOR
B e /8 0.33
\NQ/
VRN
H COOR

* Antihistamine ratio (papaverine = 1.5). Action on isolated intestine of guinea pig
against spasm caused by 2 X 10~¢ M histamine acid phosphate.
f R is 2-diethylaminoethyl.



