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A number of 3-substituted 5-aminoalkyl- and 5-substituted 3-aminoalkylisoxazoles and some related amino

alcohols have been prepared for pharmacological testings.

Besides ordinary transformations of the corresponding

aleohols and acetyl derivatives to the aminoalkyl derivatives and amino alcohols, a convenient synthetic method
for the 5-aminoalkyl series which involves 1,3-dipolar cycloaddition of nitrile oxides to aminoalkynes has been
developed. Several of the compounds proved to exhibit a wide spectrum of pharmacological properties which in-
chude potent hypothermic, analgesic, antiinflammatory, and antitussive activities,

In continuing a program of studies of chemistry and
utilization of isoxazole derivatives,? we attempted to
synthesize a series of 3-aryl-5-aminoalkyl- and 5-aryl-3-
aminoalkylisoxazoles (I and II). The system I struc-
turally resembles that of 3-aryl-3-aminoalkyl-1,2,4-
oxadiazoles (III) which was reported to possess a
variety of pharmacological activities: hypothermic,
analgesic, antiinflammatory, and antitussive.? A num-
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ber of compounds of type I were prepared by an ex-
tension of the elegant synthetic method of isoxazole
derivatives whieh involves the 1,3-dipolar cycloaddi-
tion of nitrile oxides to triple-bonded compounds.*
The requisite dipolarophiles for the synthesis of I,
aminoalkynes (V), were prepared in two ways: by
the method of Marszak, et al® (amination of the cor-
responding bromides), and by the method of Campbell,
et alb (reaction of sodium acetylide with aminoalkyl
bromides). Five known nitrile oxides (VI)" used as
dipoles in the present cycloaddition are readily obtain-
able from the corresponding hydroxamyl chlorides (IV).
However, these oxides are liable to dimerize into fur-
oxan derivatives (VII).” In order to suppress this
dimerization during the cycloaddition reaction, com-
pounds IV were added to a solution of V and triethyl-
amine in benzene by a modification of the method of
Huisgen,* and the desired compounds were obtained
in considerable yields. The compounds prepared by
(1) To whom all inquires concerning pharmacology should be sent.

(2) Part XVII: H. Kano, M. Ogata, and 1. Adachi, Ann. Rept. Shionogi
Res. Lab., 14, 44 (1964).

(3) (a) G. Palazzo. M. Tavella, G. Strani, and B. Silverstrini, J. Med.
Pharm. Chem., 4, 351 (1961): (b) B. Silverstrini and C. Pozzatti, Arzneimit-
tel-Forsch., 18, 539 (1962): 18, 798 (1963).

(4) (a) A. Quilico in *The Chemistry of Heterocyclic Compounds,” Vol.
17, R. H. Wiley, Ed.. Interscience Publishers, Inc.. New York, N. Y., 1962,
p 19: (b) R. Huisgen, Angew. Chem., T8, 604 (1963).

(5) 1. Marszak, I. P. Guermont, and R. Epstein, Mém. Services Chim.
Etat (Paris), 86, 301 (1951); Chem. Abstr., 48, 8724 (1954).

(6) K. N. Campbell, E. C, Factora, and B. K. Campbell, J. Org. Chem..
17, 1141 (1952).

(7) (a) A. Werner and H. Buss, Chem. Ber., 27, 2197 (1894); (b) A.
Werner and C. Block, ibid., 82, 1979 (1899); (c) C. R. Kinney, E. W. Smith,
L. Wooley, and A. R. Willey, J. Am. Chem. Soc., 88, 3418 (1933); (d) R.
Paul and 8. Tchelitcheff, Bull. Soc. Chim. France, 2215 (1962).
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this procedure (method A) and their salts are listed in
Table I.

All compounds of type II and some compounds of
type I were prepared stepwise from the isoxazole alco-
hols (VIIIa-c and IXa-c¢) (method B, Table I). Chlo-
roalkyl derivatives (VIIId-f and IXe, f) were obtained
by the same procedure reported for the preparation of
3-chloromethyl derivative IXd® Treatment of VIIId-f
and IXd-f with appropriate secondary amines gave
the desired products, I and II. However, with the
chloroethyl derivatives, VIIIe and IXe, this reaction
gave the corresponding vinyl derivatives as by-prod-
ucts. The compounds VIIIb and VIIIc were prepared
by cycloaddition of VI with 1-butyn-4-o0l® and 1-butyn-
3-0l,'® respectively, according to the procedure re-
ported!! for the preparation of VIIIa. The alcohols
IXa-c were obtained by reduction of the corresponding
esters (IXg!%i) with lithium aluminum hydride and
the ester IXh was prepared in two ways: by esteri-
fication of the corresponding 3-acetic acid (IXj) which

CoHs R—y
N\O | R N\O | CeHs
VIIla, R = CH.OH IXa, R = CH,OH
, R = CH,CH,OH b, R = CH,CH,OI1
¢, R = CH(CH;)OI1 ¢, R = (CH,),CH,OI1
d, R = CH.Cl d, R = CH.Cl
€, R = CHzCHzCl €, R = CH,CH,CI
f R = CH(CH;)Cl f R = (CHp,CH:Cl
g, R = C(j)zCzI‘Ia12
h, R = CH,CO,C,H;
, R = CH:CH,CO,C.H;
iR = CH,COOH
k, R = COCHN,

(8) C. Musante, Gazz. Chim. Ital., T1, 553 (1941).

(9) K. E. Schulte and K. P. Reis, Chem. Ber., 86, 777 (1953).

(10} A. D. Macullum, U. S. Patent 2,125,384 (1938): Chem. Abstr., 32,
7480 (1938).

(11) E. Mugnaini and P. Griinanger. Attt Accad. Naz. Lincei, Rend. Classe
Sci. Fis. Mat. Nat., 14, 95 (1953): Chem. Abstr., 49, 3048 (1955).

(12) A. Angeli, Chem. Ber., 23, 2159 (1891).
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was obtamed from [Xd via cyanation and subsequent
lwdrolysis, and by the Arndt-Itistert reaction with 3-
phicnyl-3-isoxnzoleearhonyl  chloride  through  the  3-
diazoacetyl derivative (IXk). The ester IXi was ob-
tained from IXe by a similar reaction scquence as used
far the preparation of IXh from IXd.

For comparisan of pharmacological activities, seven
A-methyl analogs were prepared from ethyl H-methyl-3-
isoxazolecarboxylate!® in a method similar to that used
for the S-phenyl serics.

As further structural variations of I and II, a scries
of 3-phenyl-3- and H-phenyl-3-(a-hydroxy-w-anino-
alkyl)isoxazoles (XIII and XV) were synthesized. The
corresponding - and 3-acetyl derivatives (X) werc
served ns the pertinent starting compounds for the
preparation of both XIIT and XV. Compound X
(Y = 3-phenyl-d-isoxazolyl) was prepared in good yicld
hy oxidation of VIII¢ although some other mcthods
are available.™  Another derivative of type X (Y = -
phenyl-3-isoxazolyl) was prepared by the reaction of
J-phenylisoxazole-3-carboxy chloride with ethoxymag-
nesiuin dicthylmalonate followed by decarboxylation
of the resulting 8-keto ester. Bromination of X with
bromine gave the corresponding bromoacetyl deriva-
tives (XI) which underwent reaction with piperidine
and morpholine to give the amino ketones (XIIa and
XITh, respectively). The 3-chloroacetyl derivative
obtained by treating IXk with HCI was also available
in place of XTI (Y = Y?). Attcmpts to obtain dimethyl-
and diethylamino analogs of XII failed owing to ex-
tensive tar formation.  Mannich reactions with X
gave the corresponding aminopropionyl derivatives
(XTVaee).

Y COCH,Br —> YCOCH.NRs —>

/Y XI NITa

a,b
YCHOHTCHN.,
Y COCIT,

XTIIa b
N

Y COCHCILN Ry —> YCTHOHCH.CHLN .
XIVa,b.e XVa, b, e

Y% Y = 3-phenyl-5-isoxazolyl
Y3 Y = 5-phenyl-3-isoxazolyl

A NR:=N  ); b, .\'RFNC}); ¢. NR: - NMe.

Finally the amino ketones, XIIa, b and XIVa-c,
were reduced with sodium borohydride to yield the
amino aleohols (XIIIa, b and XVa-c¢, respectively)
(method C). Free bases of XII are unstable and XIIa
(Y = Y?® is especially liable to decompose into =
tarry material; accordingly XIIa (Y = Y?) was used
in the subsequent reaction as its hydrochloride. The
compourds prepared by method C were converted
to their hydrochlorides and are listed in Table I.

Pharmacology

Methods.—Most. of the compounds listed in Table 1
were evaluated by the following methods.

The acute toxicity was determined in mice. The
subcutaneous LDg’s were calculated by the Bliss

(13) Referelice 4a, p 86.
(14) (a) P. Griinanger and 8. Mangiajan, (vzz, Chiwa, Tiod., 88, 114
(1958); () L. Paninst, itid., T8, 19 (1943).

Ko, anp I Himase
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method™ an the basis of results ohtained m 24 hy after
the injection.

The hypathermic activity was studied by measuring
the rectal temperature of the mouse every 30 or 60
min after o subcutaneous injection of the test cam-
pound. Mice were kept in individual eages inoan e
conditioned raom (23°).

A modificd Haffner’s method ™ wag used for esti-
mating analgesie activity. The test compound and
3.5 mg/kg of marphine were simultaneously mjected
i the mouse subcutaneously.  When the mouse did
not attempt to remove a clip pinching its tadl within 15
sce, it was considered that the test compound elicited
a complete analgesic action.  The D was caleulated
Iy the up and dawn method of Brownlee, el al .7

Far evaluating the analgesic -antimflanuntary acetiv-
ity, a foot Heking method was devised in aur Iahara-
tory."®  As n phlogistic agent, 0.04 ml of 3.79 formal-
dehyde was subeutaneously injected inta the dorsal
part af hind paw of the rat. Sinee the ammal fre-
quently heked its inflamed paw in order to alleviate
the paiu, this syndronme was called the “foot licking re-
sponse.”  The response frequency of the normal rat
is usually 15 20 times for 50 min after formaldehyde
injection.  For the determination of aualgesie anti-
inflammatory activity, the test compound was in-
jected subeutancously, and 10 niin later formalde-
hyde wax mjected into the dorsal part of the hind
paw.  The test compound was determined to he effcee-
tive in the test when the frequency of licking was less
than foinr times in 50 min of observation. The XD
was caleulated by the up and down method. '

The antiinflammatory activity was determined by
measuring the thickness of the inflamed foot produced
by i injection of 0.05 ml of 3.79, formaldehyvde inta
the dorsal part of the hind paw of the rat.  The thick-
ness was measured by a microdial gauge.  The detail
procedure for evaluation was as follows. On the
first day, the thickness of swelling of the left hind
paw was measured at 1, 2, and 3 o after the injeetion
of formaldehyde withaut administration of wuy test
compound and the mean value was used as the control.
On the second day. the test compound was administered
subcutancously to the same animals.  Thirty minutes
later, formialdehvde solution was injected ns the
phlogistic agent iuto the right hind paw of cach animal.
The thickness of swelling was measured by the saue
procedure as ou the first day. The antiinflaminatory
activity was calculated as the percentage inhibican hy
comparing the mean value obtained with the right paw
on the second day with that obtained with the left
paw on the first day in cach individual animeal.

The antitussive aetivity was studied on guinen pgs.
The method was essentially that of Winter and
Iflataker.’ Thirty minutes after subcutancous injee-
tion of the test compound, the animal was placed inta
a transparent plastic box and inhaled NH; for 25 see.
Soon after removing the animal from the box, the anti-
tussive activity was evaluated by obscrving whether o

(3) C. 1. Bliss, dnn. Appl. Biol., 22, 134, 307 (1035).

(16) M. Ogawa, Folin Pharmacol. Japun., 54, 195 (1958).

{17y K. A.Brownlee, J. L. Ilodges, Jr., and M Rosenblatt, /. Am. Sarisi.
Assvc., 48, 262 (1953).

(18) K. Hirose, M. Eigyo, and R. Wide, nnpoblished work.

(U G AL Winler and L. Flaaker, J. faarmaedd, Beptt Thecap., 112, 99
[GRESRS
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TasLe II
ANALGESIC, ANTIINFLAMMATORY, AND ANTITUSSIVE PROPERTIES OF IsoxazoLk DERrIvVATIVES®
Antiin-
flammatory
activity?
Iypothermic Analgesic Analgesic- (rat) Antitassive
Acute toxicily test? activity®  antiinflammatory formalin activity®
(wouse) (mouse) (mouse} activity (rat) edema (guinea pig)
No LD, mg/kg 100 mg/kg EDs. mg/kg EDs. mg/kg 100 mg/kg EDuw. mg/kg
1 —1.7 8
2 >1000 —0.6 156 >300 3 >110
3 600-700 —4.2 102 >300 4 >110
4 >1000 —2.9 147 200-300 17 >110
5 400 —4.3 72 166 19 >110
6 6582 —1.2 >400 220 24 >110
7 350-400 —0.4 100 9 51
8 398 —4.3 78 79 34 o4
9 700-500 —3.8 68 100-150 27 >110
10 411 ~2.4 77 63 38 72
11 231 —3.4 32 150-200 33
12 800-1000 -1.7 143 >300 4
13 800-1000 71 >300 22
14 400-600 —7.7 37 42 44 31
15 800-1000 —4.8 68 69 26 >65
16 186 —4.7 57 17 44¢ 28
17 600-800 —3.2 159 70-120 30 >065
18 407 —-3.7 63 50-70 400 45
19 800-1000 —3.7 134 100-200 40 >065
20 1000 —1.5 208 >330 3 52
21 768 —5.7 164 >330 7 >65
23 438 —-1.7 128 94 24 >65
24 297 —7.0 61 72 26 42
27 325 —-1.8 73 87 25 >65
28 417 -1.0 184 86 38 44
29 159 —1.7 >150 75 36 36
30 >1000 —4.2 181 207 29 >65
31 800-1000 —1.1 290 150-250 4 >65
32 700-900 -1.0 109 150-2350 4 >65
33 200-300 —4.5 100 44 27 38
3 500-600 —0.4 177 100-150
35 462 —2.5 113 135 31 >110
306 500-600 —1.4 55 185 22 >110
3 >500 —4.8 39 230 20 >110
38 >1000 —3.5 138 228 7 >110
39 212 —4.7 60 71 28
40 460 —-1.1 123 100-150 14 52
41 353 —-1.5 133 40-60 31 30
42 443 —4.8 53 29 39 23
43 >800 —3.5 106 97 38 68
44 500-600 —3.0 93 33 35 29
45 416 —5.0 43 31 35 30
46 >0600 —5.9 >100 42 30
48 500 —2.5 73 43 35 21
49 970 —2.4 287 200-300 28 48
A0 S00-1000 —1.3 390—-400 300-500 4 >110
51 135-142 —4. 65 H0-100 20 71
a3 614 —0.5 400 137 6 71
H4 153 —4.5 77 23 a7 48
Oxolamine’ 672 —-1.3 105 223 11 41
Aminopyrine 373 —4.1 102 110 22
Phenylbutazone 439 —0.2 200 15 .
Codeine 276 Ce ce Ce S 35
» All componnds were adwinistered by the snbeutancons ronte.  » Maximun fall in body temperature in °C. ¢ Halfner methiod with

morphine 3.5 mg/kg. ¢ Per cent inhibition.
1,2,4-oxodiazole. ¢ 50 mg/kg.

fit of coughing occurred within 5 min. The EDj, was
calculated by the up and down method.?”

Results.—The results of the pharmacological tests
are demonstrated in Table I1 together with those of
three known nonnarcotics (oxolamine, aminopyrinc,
and phenylbutazone) and an antitussive agent (co-

¢ Chemieal stimulation with N1I;.

7 Oxolamine = 3-pheuyl-5-(g-diethylaminocthyl)-

deine) for comparison. Most of the compounds tested
showed more or less hypothermic, analgesic, and anti-
inflammatory activities and several of them also c¢x-
hibited antitussive activity.

Among the 49 eompounds listed in Table 11, 14, 16,
42, and 48 displaycd relatively strong potencies.  Their
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aetlgeste or antiinflinmatory  aetivities are 15 4
times, and their analgesic—antiinflammatory activities
3-13 times, those of the control analgesies.  All four
compounds showed slightly stronger antitussive activi-
tics than those of codeine and oxolamine.  IToxeept
for 16, the three others produced nearly the same
toxicities as phenylbutazone.

Although the results obtained make it difficult to
establish a clear relationship between chemical strue-
ture and biological activity. the potencies seem to he
aceentuated in those compounds which have a piperi-
dino- and morpholinoalkyl side chain (n = 2 and 3).
Replacement of the phenyl substituent by CeH.Cl-p,
CeHOCHgp, pyridyl. or methyl groups resulted in
no significant advantage in potency. It is noticeable
that 14, which has ann amino aleohol side ehain is more
potent and less toxice than the corresponding annno-
alkylderivative 8.

Experimental Section

Melting poiuts were taken on a Kofler hot stage and are
nneorrected.  Infrared spectra were recorded with a Koken
infrared spectrophotometer, Model IR-8.  Ultraviolet specira
were taken on a Hitachi recording spectraphotonieter, KPS-2,

3-Dialkylaminopropynes (V, n = 1) were prepared in 50-80" .
vields from propargyl bromide in a procedure similar to that
deseribed  for  3-dimethylaminopropyvie:®  3-diethylaminopro-
pyne (V. NR: = NEt.) had bp 72° (180 mm), vield 70%; 3-

piperidinopropyne (V, NR. = N ) had hp 58-63° (20 mui,

SN
vield 90%.: 3-morpholinopropyne (V, NR. = N\_/O) liad

Lp 70-74° (18 mm), vield 76.6%.

4-Dialkylamino-1-butynes (V, n = 2) wevre prepared in 40--
60 vields from the corresponding 2-dialkylaminoethyl bromide
hyvdrobromides and sodium acetylide in a mauner similar to that
for 4-diethylamino-1-butyie;® 4-dimethylamino-1-butyne (V,
NR: = NMe;) had bp 105° (760 mm), vield 38.857; 4-piper-

~
N )1 had bp 69-71° (13 s,

N N o
(V- NR. = N, )

idino-1-butyne (V, NR. =

vield 4117,
liad Dp 99-101° (30 mun), vield 42.54
(V.NR; = NG

5-(2-Hydroxyethyl)-3-phenylisoxazole (VIIIb).—-To u solution
of benzohydroxamyl chloride’ (4.7 g) and 1-butyvu-4-o0l® (4.3 g)
i benzene (100 1nl) was added NEt; (6.0 g) dropwize with stirring
and caoling.  The resulting mixture was stirred at 60° for 1 hr,
then cooled and filtered. The filtrate was washed with water,
dried (MgS0y), and evaporated. The residue wax crystallized
from benzeue-ligroin (bp 100-120°) as colorless plates (4.4 g),
mp 56-57°, A B9 242 my (log « 4.194).

Anal. Caled for CuHuNO:: €, 60.82; 11, 53.86; N, 7.40.
IFfound: C, 69.22; I, 6.1; N, 7.16.

5-(1-Hydroxyethyl)-3-phenylisoxazole (VIIlc).-—1'c a sohition
of benzohydroxamyl! chloride® (22.3 g) and 1-butyu-3-ol* (100 g)
in benzene (160 ml) was added NIty (21.7 g) dropwise with
stiring and cooling.  The mixture was treated as deseribed above,
and the resulting oil was distilled (o give a pale vellow oil (18.1 g),
bLp 143-144° (0.3 ).

Anel. Caled for CuHaNO.
Found: C, 69.58; 1, 5.90; N, 7.70.

5-Chloromethyl-3-phenylisoxazole (VIIId).—A solution «of
VIHat (0.7 g) aud SOCI; (14.9 g) in dvy ether (100 ml) was
refluxed for 1 hr and theun evaporated in wacuo. The resulting
crystalline produet was reerystallized from ligroin to give color-
less prisims (8.4 g), mp 70-71° (lit.” inp 65-66°).

Anal, Caled for CuH;CINO: €, 62.02; H, 4.16; N, 7.24.
Found: €, 62,48, 11, 4.16; N, 6.96.

5-(2-Chloroethyl)-3-phenylisoxazole (VIIle).-—~A =ohnion ol
VIIIDH (4.4 g) and SOCL (5.0 g) in dry ether (15 ml) was treated
ax described  above.  Distillation  al the  vesidue gave
colorless oil (4.1 g), bp 134-136° ¢ unn), which solidified on

4-morpholino-1-butyne
4-pyrrolidino-1-butyne

) lind bp 75-80° (25 man), vield 37.7¢.

69.82; 1, 5.86; N, 7.40.
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standing at room tempevatare.  Heerystallizaian (rom tigreia
afforded colorless plates, mp 39-40°.

Anal. Caled for Oyl CINO: C, 65620 11 4850 N, (L75.
Foand: C, 64.04: T1, 4.90; N, 7.04

5-(1-Chloroethyl)-3-phenylisoxazole (VIIIf).-- A =alntion or
VIe (189 g) and SOCL (357 g) in dry ether (500 ml) was
treated as deseribed above.  The vesulting oil was distilled 1.
atford a colorless oil (18.0 g), bp 125-130° 11.0 nun), which =olidi-
ficd on standing at room temperatnre.  Heervstallizaton frem
petrolenin ether 1hp 60-70°) gave colorless plates, mp 56G-57°.

Anal. Caled for CplleCINO: () 63.62: H, 4.85: N, 6.75,
Found: C, 64.01: H, 4.91; N, 6.04.

Ethyl 5-Phenyl-3-isoxazoleacetate (IXh). A.--A =olmion of
IN} (328 g) in absolute EtOM (330 ml) was refluxed with cane-
centrated ety (33.0 g) Tar 2 e and then concentrated /n vaeuwn.
The residne was ponred onto iee and the resnlting erystalline
prodnet was eollected and washed with water.  Recrystallization
from petroleum ether (bp 30-30°) gave colorless necdles (35.8 ¢
mp 40.53-50.5°, A2 FUC965 mu dog e 40331).

Anel, Caled far CullgNOy: ¢, 67520 1, 567 N, 606,
Found: ¢, 6771 H, 5.82; N, 6.04.

B.Toa hot =ohution of IXk (1.7 g) in absolute IO (50 mly,
Age) .2 g1 waz added portionwise and the mixtire was re-
fInxed for 1.5 hr. After filtration, evaporation of ihe filtraie
i rarno gave the vesidne, whieh wax taken up in hot petrolenm
cther.  After cooling, thie precipitated ervstalline prodact was
collected by filtration and reervstallized from petroleam ether
(bp 30-50°) ta give colortess needlex (116 g), mp 48-50°, which
were identified with the =ample obtained above by compurisoa
of their infrared specira.

Ethyl 5-phenyl-3-isoxazolepropionate {IXi) was prepared feoie
INein 19.277 vield by the same reaction sequence as for the prepa-
ration of INh from INd. The compound was recvy=tallized
from petroleum ether (bp 6O-70°) ax colorless plates, imp 57--5H8°.

dadd. Caled for G NOG € 08550 11, 6,160 N .71
Fanud: €, 69.05; 1, 6.23; N, 5.71.

5-Phenyl-3-isoxazoleacetic Acid (IXjL--A mixture of 1Nd
120 g) and KON (0.5 g) in 907, EGOH (260 ml) was refhiuxed {or
2 hr and then evaporated in vorno.  After addition of CHClL,
the CHCL sohition was washed with water and concentrated.
The residue was refluxed with a solution of KO (10 gj in 80/,
LIOH (2860 ml) for 6 hir and then corcentrated in vacwo. The
solntion, after addition of water, was washed with CITCly and
acidified with 6 & HCI (o give colorless ervstals (164 g). De-
erystallization from 70¢, TtOH gave colorless needles, mp (71
1720 dee, AN BN 069 my (log € 4.5323 1.

Anal, Cualed for CylleNOsz: C0 65020 1, 4460 N 6.8,
Found: ¢, 64.91; M. 4.54; N, 6.80.

3-Diazoacetyl-5-phenylisoxazole (IXk).- To a =sohition af
dinzomethane i dry ether (1 1) whieh was {reshly prepared from
nitrosomethyluren (57 g) by ihe usnal method, was added 5-
phenyl-3-isoxazolecarbonyl  chloride <50 g) portionwize winh
shaking and eoohug.  The resulting ervstalline produnet. afver
standing  overnight at room temperative, was collected by
filtration 24 g and reerystallized from benzene to give pale
vellow plates, np 162-163° dee.

Anal. Caled for CullaNyO,: Co 6097 L 5810 N,
Fouud: €, 62.26: H, 5.31; N, 19.39.

3-Chloromethyl-5-phenylisoxazole (IXd).-—A =ohltion of 1Ng
(653.0 g) in dry ether (150 ml) was added dropwise (o a =uspensian
of TAAL, (8.0 g) in dry ether (270 ml) with shaking and eoaling.
The mixmre was refluxed far 1.3 hr. - After eaution= addition of
200 agqneoas 11805 auder chilling, the ethereal phase was =cpa-
rated and  the water Lver was extracted with ether. The
combined etherenl sclution was washed with water, dried (Na-
S04, and evaporated 1o give ernde eryvstals (44.8 g). They were
dissolved i dry ether 100 1ml) aud treated with SOCL (610 g oas
desevibed for VIa 10 vield a colorless oil (44.7 gi, bp (55"
5 mm), which solidified on standing at room temperature.
Recrystallization (rom ligroin gave eolorless needles, mp 44.5-50°
(lit.2 mp 47.5-48.5°), FOH 63 mu (log e 4.319).

Anal. Caled for CllzCINO: €, 62.02; II, 4.16: N, 724
Found: (, 62.41: H, 4.32; N, 7.30.

31 2-Chloroethyl)-5-phenylisoxazole (IXe). - The ester INh
2801 g ) was redneed with AL 3.7 @) o dry ether 1o give the
corresponding aleohol, which was then trented  with SOCH,
(23 g). The resulting produet was distilled v racao (o give a
calerless oll TELS @), bp 146° ¢35 ), whieh solidified s stand-
e at rocn: temperaiare,  Veervstallizaione from petroleam

HO.7 1.
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ether (bp 30-50°) gave colorless prisms, mp 61-62°, A% Hol
262 mu (log €4.323).

Anal. Caled for CyH,(CINO: C, 63.62; H, 4.85; N, 6.75.
Found: C, 63.26; H,4.86; N, 6.51.

3-(3-Chloropropyl)-5-phenylisoxazole (IXf) was prepared from
IXiin 189, yield by the same method as for IXe. The resulting
crystalline product (1.9 g) was recrystallized from petroleum
ether (bp 60-70°) as colorless needles, mp 55-56°.

Anal. Caled for C,H\,CINO: C, 65.01; H, 5.46; N, 6.32.
Found: C, 64.94; H, 5.55; N, 6.20.

3-(2-Chloroethyl)-5-methylisoxazole was prepared stepwise in
429, vield from ethyl 5-methyl-3-isoxazolecarboxylatet in a
manner similar to that described for 5-phenyl analog; bp 102°
(12 mm).

Anal. Caled for CéHsCINO: C, 49.50; H, 5.54; N, 9.62.
Found: C, 48.83; H, 5.21; N, 9.21.

3-Substituted 5-Aminoalkyl- (I) and 5-Substituted 3-Amino-
alkylisoxazoles (II) and Their Salts.—Forty-seven compounds
in Table I were prepared by the following general procedures and
the bases obtained were converted to their salts (hydrochloride
ov citrate) by the ordinary procedure.

Method A.—Hydroxyamyl chloride IV? (0.01 mole), dissolved
in benzene (15 ml), was added to a solution of a dialkylamino-
alkyne (0.01 mole) and triethylamine (0.02 mole) in benzene
(15 ml) dropwise with stirring aud cooling. The resulting niix-
ture was stirred at 60° for 1 hr, then cooled and acidified with 39
aqueoits HCl.  The aqueous layer was separated and the benzene
layer was extracted with water. The combined aqueous solution
was washed with benzene and made alkaline with 209, aqueons
NaOH. The resulting solittion was extracted with ether. The
extract was washed with water, dried (K.CQ;), and evaporated
to give the desired product I, which was purified by distillation
in vacuo or by recrystallization from the appropriate solvent.

Evaporation of the benzene layer gave the corresponding 3,4-
disubstituted furoxan which was identified by comparison of
their infared spectra with those of an aithentic sample.?

Method B.—A solution of 3- or 5-chloroalkylisoxazole (0.015
mole) and a secondary amine (0.045 mole) in toluene (20 ml)
was heated at 110° for 8 hr (in a sealed tube if necessary), then
cooled and acidified with 39, aqueous HCI. The water phase
was separated, and the organic layer was extracted with water.
The combined aqueous solution was treated as described for
method A to yield the desired compounds, I and II.

5-Acetyl-3-phenylisoxazole (X, Y = Y5).—To a solution of
VIIle (22.8 g) in acetic acid (130 ml) was added a solution of
CrQ; (8.22 g) in acetic acid (120 ml) and water (10 ml) dropwise
with stirring and cooling. After addition, the resulting mixture
was stirred at room temperature for 2 hr, then kept at 50° for
30 min. After concentration in vacuo to ca. 50 ml, the mixture
was poured on ice and the crystalline product was collected by
filtration. Recrystallization from CCly gave colorless plates
(18.8 g), mp 106-107.5°, A%% 5% 938 my (log ¢ 4.386). It was
identified with authentic samplei!* by comparison of their in-
frared spectra.

Anal. Caled for CyH¢NO,: C, 70.58; H, 4.85; N, 7.48.
Found: C, 70.55; H, 4.88; N, 7.70.

3-Acetyl-5-phenylisoxazole (X, Y = Y3),—To a mnixture of
Mg turnings (5.4 g) and absolute EtOH (5 ml) was added CCl,
(0.5 ml). After the reaction had proceeded for several minutes,
a solution of diethyl malonate (35.2 g) and absolute EtOH (20 ml)
in dry benzene (175 ml) was added dropwise with stirring at
such a rate that rapid boiling was maintained. The mixture
was heated under reflux for 1 hr to dissolve most Mg and after
cooling at room temperature, 5-phenyl-3-isoxazolecarbonyl
chloride (41.5 g) was added portionwise to the mixture. The
nmixture was refluxed for 1 hr, then cooled, and shaken with 209,
aqueons H,SO4 until all of the solid dissolved. The benzene
phase was separated and the agueous layer was extracted with
benzene. The combined benzene solittion was washed with
water aud evaporated. The residue was refluxed with AcOH
(72 ml) and concentrated HoSOy4 (2.0 g) on an oil bath for 10 hr.
After cooling, the mixture was poured on ice and the precipitated
crystalline product (34.4 g) was collected by filtration. Re-
crystallization from petroleum ether (bp 60-70°) gave colorless
scales, mp 98-99°, A\¥% EOH 249 my (log e 4.18). This was
identified with an autheutic sample?® by comparison of their
infrared spectra.

(20} A. Qualico and M. Siinonetta, Gazz. Chim. Ital., T6, 148 (1946).
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Angl. Caled for CuHoNO,: C, 70.58; I, 4.85; N, 7.48.
Found: C, 70.84; H, 5.09; N, 7.50.

5-Bromoacetyl-3-phenylisoxazole (XI, Y = Y5),—To a solution
of X (Y= Y?%) (5.6 g) in CCl, (50 ml) was added bromine (4.8 g)
dropwise with stirring. After stirring at room temperature for
6 hr, the precipitated crystalline product was collected by filtra-
tion and recrystallized from EtOH to give colorless plates (6.1 g),
mp 116-117°, A¥% B 240 myu (log e 4.293).

Anal. Caled for Ci,HgBrNO:: C, 49.65; H, 3.30; N, 5.27.
Found: C, 49.83; H, 3.11; N, 5.16.

3-Bromoacetyl-5-phenylisoxazole (XI, Y = Y?).—To a solution
of X (Y = Y?) (21.7 g) in CCly (300 ml) was added & solution of
bromine (18.7 g) in CCl; (30 ml) in a similar way as above and
the mixture was stirred for 3 hr. The resulting crystalline prod-
uet (25.3 g) was recrystallized from benzene—petrolenm ether
(bp 60-70°) to give colorless prisms, mp 129-130°,

Anal. Caled for CyHsBrNO,: C, 49.65; H, 3.03; N, 5.26.
Found: C, 49.40; H, 3.16; N, 5.42.

3-Chloroacetyl-5-phenylisoxazole.—Into a suspension of IXk
(100 g) in CHCI; (2.0 1.) was passed dry HCI with stirring until no
more N; was evolved. The resulting solution was conceutrated
to ca. 500 ml and petroleum ether (700 ml) was added to the solu-
tion. After cooling, the crystalline product was collected by
filtration (95.7 g). Recrystallization from benzene—petroleun
ether (bp 60-70°) gave colorless prisms, mp 131-132°,

Anal. Caled for CHgCINO,: C, 39.61; H, 3.64; N, 6.32.
Found: C, 59.82; H, 3.65; XN, 6.13.

5-Morpholinoacetyl-3-phenylisoxazole (XIIb, Y = Y3),—To a
solution of XI (Y = Y?5) (1.33 g) iu benzene (30 ml) was added
morpholine (1.10 g) and the resulting mixture was stirred at 40°
for 15 min and then filtered. The filtrate was acidified with
259, ethanolic HCl and the precipitated hydrochloride was
collected by filtration. The salt, suspended in water, was made
alkaline with 209, aqueous NaOH to give colorless crystals
(0.85 g). Recrystallization from MeOH gave pale yellow prisms,
mp 137-138°, A72% B 240 my (log € 4.251).

Anal. Caled for CsHisN:Os: C, 66.16; H, 5.92; N, 10.29.
Found: C, 66.30; H, 5.95; N, 10.10.

3-Piperidinoacetyl-5-phenylisoxazole (XIla, Y = Y3).—The
3-bromoacetyl derivative XI (13.3 g), dissolved in acetone (160
ml), was added to a solution of piperidine (8.5 g) in acetone
(85 ml) with stirring and cooling. After stirring at room tem-
perature for 30 min, the precipitated piperidine hydrobromide
was filtered off, and the filtrate was acidified with 259, ethanolic
HCl. The precipitated hydrochloride was collected and re-
crystallized from MeOH-acetone to give colorless eedles (12.9
g), mp 178-179° dec.

Anal. Caled for CisHisN,O,-HCl: C, 62.63; I, 6.24; N,
9.13. Found: C, 63.03; H, 6.39; N, 9.03.

The hydrochloride was converted to the free base (9.96 g),
mp 108-109°, which is unstable in solution.

Anal. Caled for CisHisN-O.: C, 71.09; H, 6.71; N, 10.36.
Found: C, 71.15; H, 6.83; N, 10.32.

3-Morpholinoacetyl-5-phenylisoxazole (XIIb, Y = Y3),—The
3-chloroacetyl derivative (11.0 g) dissolved in benzene (400 ml),
was added to a solution of morpholine (15.0 g) in benzene (200
ml). After stirring at 55° for 2 hr, the precipitated morpholine
hydrochloride was filtered off, and the filtrate was treated as the
above. The resulting crystalline product (7.3 g) was recrystal-
lized from MeOH to give pale yellow plates, mp 134-135°.

Anal. Caled for C:HsN,O3: C, 66.16; H, 5.92; N, 10.29.
Found: C, 66.34; H, 5.99; N, 9.99.

5-(2-Piperidinopropionyl)-3-phenylisoxazole (XIVa, Y = Y5),—
A mixture of X (Y = Y5) (1.87 g), piperidine hydrochloride
(1.22 g), paraformaldehyde (0.45 g), concentrated HCI (0.03 ml),
and dioxane (3 ml) was refluxed for 1 hr. After cooling, acetone
was added and the precipitated hydrochloride was collected by
filtration, washed with acetone, and dissolved in water. The
solution was treated with aqueous NaOH as for XII and the
resulting free base was crystallized from petroleum ether (bp
60-70°) to give colorless plates (1.76 g), mp 93-94°.

Anal. Caled for CyHxN:0:: C, 71.80; H, 7.09; N, 9.85.
Found: C,71.87; H, 7.31; N, 9.88.

5-(2-Morpholinopropionyl)-3-phenylisoxazole (XIVb, Y = Y?),
—A mixtire of X (Y = Y?) (1.87 g), morpholine hydrochloride
(1.24 g), paraformaldehyde (0.45 g), concentrated HCl (0.03
ml), and EtOH (3 ml) was treated as described above. The
resulting crystalline product (1.29 g) was recrystallized from
ligroin to give colorless prisms, mp 103-105°.
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Aol Caled for CellnsNot)yr G, 6700 1, 6834,
IFonnd: C, 67.42; 11, 6.54; N, 9.50.

5-(2-Dimethylaminopropionyl)-3-phenylisoxazole (XIVe, Y =
Y#) was ohtained as nistable eryvstals in 25.5¢, vield ina <imilar
manner as above. It was redueed with NaBll without puri-
fieation.

3- (2-P1per1dmoprop10ny1)—o-phenyhsoxazole (XIVa. Y = Y3
A mixtare of X (Y = Y?) (3.75 g). piperidine ll)dm(hlmul(:
(2.43 g), paraformaldehyde (0.90 g), coneentrared 1CH (0.05 mi .
and dioxane (6 1nt) was heated to refinx.  After 1 hr, paraformal-
dehyde (0.45 g) was added aud refluxing was continned for 2 hr.
The renction mixture was treated 1 a similar manner o vield
colorless erystals (3.60 g).  Reervstallization from petrolenm
cther (bp 60--70°) gave calorless plates, mp 94-96°.

taal. Caled for CilloNote O, TLSL H, 7.000 N, .85,
Iound: (£, 71.65; H, 7.18: N, 9.05.

‘3—(2-Morpholinopropioml‘-5 phenylisoxazole (XIVbh, Y = Y%
--=A mixture of X (Y Y)Y (3.75 g), marpholine hydrochloride
i2.47 g), })11-1f()1111d1(ld1\de (H 00 g), counecentrated HCL (0.1 3,
and FOLT (5 ml) was treated as the above.  The vesnlting prod-
net consisted of colorless platex ¢3.22 gy, mp H12-115°, when
ervstallized from benzene—petroleno ether (hp 60-70°),

Anal. Caled for CelTNQOe: GO 6701 H, 6.34; N, 075
Fonnd: €, 67.20; 11, 6.43; N, 0.50.

Reduction of the Amino Ketones XII and XIV with NaBH;
{Table I, Method B).-—The amino kerore (003 mole) was treated
with NaBl (0.14 mole) in MeDTLCF L7 at 60° Tor 30 min, Afier
cooling, the resulting solntion was aeidified with AcOH and

N, 9.78.
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evaporated in eecgo. After addition of 209 agneons Naoll,
the mixtnre was extracted with benzene and the extraet was
washed with water, dried over anhydrous K.COy, and evaporated.
The residne was (llwylv(-(l in hot 147 agqueons HCIL and the sola-
tion was treated with Norit and then made alkaline with 20¢,
agieons NaOH ia give the corresponding s5-phenyl-3- or .7—1111(:11)’1—
3-(e-hydroxy-w-aminaalkyl)isoxazole (NTIT or XV The bases
were converted to their hyvdrochlorides by the ordinary proeednre.

Hydrochloride of 5-(1-Hydroxy-2-piperidinoethyl)-3-pheny1-
isoxazole (XIIla. Y = Y:). ~A mixtire of NT (Y = Y?2) (20 g)
and piperidine 11.0 ) 1 ether (100 ml) was treate (l as for \[Hr
Y = Y?, The rvesulting hydrochloride of X1Ta (Y = Y#)
242 ¢y was added 10 8 solition of Nal3lL; 0.5 g and MeONa
LS g i FOH 680 mh with stirving, The mixtare, stirved al
S0° for 1.5 Iy was cooled in an iee hath, acidified with 100,
agueons TCL and evaporated in recvo. The residne, after addi-
on of 107 aqueons NaOH, was extraeted wirh CHCL; and the
extract was washed with waier, and dried (GCO:L lvapora-
tion of the solvent left colorless erystals which gave its hydre-
chloride Ly the ordinary procedive,
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A series of mninoalkylphenvlindenes and indans has been syithesis

d and pharmacologieally evalnated,  The

majority of the phenylindene derivatives was prepared by the alkviation ol phenylindene with aminoulkyl

Iialides,
of thix mixture have been characterized.
are reported in detail,

A mixmre of izomers ix obtained when Z-phenylindene is alkylated by this procedure and the isomers
The final assignnent of strnetire wis based on nne =tudies and these
A nuequivoenl synthesis of one isowmer type, l-nminoalkyl-1-phenylindene, is deseribed.
The ndan derivatives were prepared by hydrogenation of the correspanding indenes.

The indene derivatives,

partienlarly -1 2-dimethvlaminoethyl)-1- 1)11(-11\ lindeue (21, were Tatnd to have potent activity in the prevention
of reserpine-indneed prosis inomiee, n test which has been used ax a eriterioun Tar almde}ne\s.m( activity. i
addition, several of tlie indene and indan derivatives have exhibited significant antispasmodic and autiserotonin

detivity.

Aminoalkyl derivatives of diphenylmethane and its
tricyclie analogs such as the phenothiazines have ve-
ccived cousiderable attention as usceful pharmacologicenl
agents. 2 The 1- and 3-phenylindene ring systems as
well as the indancanalogs also incorporate the diphenyl-
ethane molety, A series of aminoalkyl derivatives
of  phenylindene and  phenylindan I-IX (R =
aminoalkyl) was prepared and tested for a wide variety
of activities associated with the diphenylmethane
derivatives.  Although compounds having the general
formulas VI and IX are not diphenylmethane deriva-
tives, we have included them for comparisou purposes.

During the course of this investigation, the interesting
plizwnacologienl propertics of the dibenzocyceloheptenes
were reported.®™® Examination of molecular models

(11 (a1 Presented in part at tlee 19t National Meeting of the Ameriean
Cliemical Society, Detroit, Mich., April 1965, Abstract, p 17N (b) K. N.
Campbell, U, 8. Patent 2,884,456 (1959); K. N. Cainpbell, D. I, Rivard,
and R. F. Feldkiump, U, ], Patend 2,992 221 (AR,

2) ) U Nedieinal ¢ Iu-nmu\_ N Durger, Ed, 2ud o, Taterseience Pals-
lisliers lue., New Yoark, N. L W6G0: g )0 1L Biel, Advanees i
Cleemgslry Serges, N 15 Ameriean Chewieal Seeiety, Wishingeon, D, €
1960, e 116G 10L e s ML Clardend, PoNL Crady, and O T Zickle, 1o¢d., pp 1L
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indientes that the two benzene rings o the phenyl-
indenes and phenylindans ean be spactally ariented in
miuch the same nianner as in the dibenzocyeloheptenes



