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10-Azaspiranylalkylphenathizzines and ane 10-izoindolinylalkylphenathinzine have been syuthesized and

screened for CNS depressant properties.

When tested in rats several of these compounds exhibited an order of

activity comparable to that of chlorpromazine. An azaspiranyl analog of chlorpromazine was considerably

more potent than the latter.

Although phenothiazine has long been used as an
effective insecticide and anthelmintic, it was not until
the synthesis of promazine? and promethazine® by
Charpentiert in 1944 and the elaboration of the potent
antihistaminic properties® of these 10-dialkylamino-
alkylphenothiazines that the phenothiazine nucleus
became of importance in medicinal chemistry. Con-
tinued investigation of 10-substituted phenothiazines®
led to the synthesis of chlorpromazine’ and the dis-
covery of its potent CNS depressant properties.’

As a result of the investigations of the I'rench workers
on the synthesis and application of phenothiazine de-
rivatives in the treatment of mental disorders,®—1!
hundreds of permutations of the basic active structure,
I, have evolved in the last two decades. Many of the
initial variations were performed by Charpentier.'*
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Structural  features necessary for optimal CNS

Substituent X ou posi-
R is a three-

effects are, briefly, as follows,
tionrs -9 has little effeet on activity;

. . . . A~ .
carbon chain; the tertiary amine moiety —N:BD 18

a small heterocyclic ring or A and B are niethyl or
ethyl; and Y is an atom or group providing a high

(1) Part N1 L, M, Rice, X. R. Se¢otr, and €. 1. Grogan, .J. Med. Ckem..
9. 765 (1966).

(2) 10-(3-Dimethylaminopropyl) phenothiazine hydroehloride.

(3) 10-¢2-Dimethylaminopropyl)phenothiazine hydrochloride.

4) 1. Charpentier, Compl. Rend., 225, 306 (1947).

¢h)y (a) I, N. Halpern and R. Duerot, Compt. Rend. Soc. Biol., 140, 361
(1946); tb) I5. N. Halpern, ibid., 140, 363 (1946).

«6) I'. Charpentier, U, 8, Patent 2,519,886 (1450).

i) (a) 1. Charpentier, 1*. Gailliot, R. Jacob, J. Gaudeclion, and 1),
Buisson, Compl. Kend., 285, 59 (1952); {b) 2-chloro-10-(3-dimethylamino-
propylyphenotlaazine lgydrochlorde,

(8) J. Delay and I'. Deniker, Thérapie, 8, 345 (10531,

N W, Wirth, Hed. Chemie, Abhardl. Med, Chemn. Forschurgssiaellen
Farbiwerke Hoeehst, 1. G T, 37 (1963},

1101 D). Bovet, Muce Apof. Cheoo, 6, 383 (1963,

(11) .1, Delay and 1. Deniker, ** Méthodes Chimiothérapentiques en Psy-
ebigtrie," Massbn et (Se, Paris, 1961,

(123 P, Cbharpentier, U. %, Patent 2,645,640 {19535,

electron deusity. such as halogen, trifluoromethyl,
diniethylaminosulfonyl, acvloxy, alkoxy, alkylthio,
preferably at the 2 position. When R is ethylene or
the tertiary aniine moiety is substituted at the 2 position
of a trimethylene chain, antihistaminic and spasmolytic
properties are more pronounced.

Since we had recently synthesized a new group of
secondary amines, the azaspiranes'® II, it was of iu-
terest to investigate the type of activity and potency
of the phenothiazine derivatives in which the tertiary
amine moiety of I was an azaspiranyl group.

(CHz)m

(CHy)p,
A B

NH
II,n=1or2;m=1-4

The only reports of azaspiranylalkylphenothiazines
in the hterature are those of Moffett, et al.,'* who re-
ported the synthesis of 10-(«,a-polymethylenespiro-
pyrrolidino)alkylphenothiazines in which the pyrrol-
idine nitrogen atom was « to the spiro carbon. It has
been our experience in the pharmacological evaluation
of a series of CNS depressants (w-azaspiranylbutyro-
phenones'®) that when the ring nitrogen atom was «
to the spiro carbon, activity was greatly decreased or
abolished as compared to the potent activity of iso-
meric derivatives in which the spiro carbon was g or
v to the ring nitrogen. The sanie type of observations
extended to a group of exo-nitrogen-substituted =piranc
nclel (aminospiranes’®),  When the amino group was
3 or v to the spiro carbon atoni, potent analgesic, local
anesthetic, and respiratory stimulants resulted, while
isonieric a-substituted aminospiranes exhibited little
or nno pharmacological activity in these areas.

Moffett!* ¢laimed only that the 10-(a,a-polyniethyl-
enespiropyrrolidino)alkylphenothiazines increased the
sleeping time of mice administered hexobarbital, and
no specific CNS pharniacological activity was cited.

13y . M. Grogan, C. I Gesehickter, M. 1. Freed, and L. M. Rice,
J. Med. Cheon., 8, 62 (19651,

114y fa)y R. 1% Moffett, 170 8, Fatent 2,814,022 11957, (b R. 15 Moffett
aned 15, D, Aspergren, J. dm. Chem. Sor., 82, 1600 (1860).

115} 1. M. Rice, 17, € Dobbs, and ¢ 11, Grogan, J. Aed. Chene, 8, 82H
A4U63).
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TasLe 1

AZASPIRANYLALKYLPHENOTHIAZINES

R

(SCHIn (CHom

SWCax

HC1
Yield, salt % C % H % N
No. R m n X A mp, °C Formula Caled Found Caled Found Caled Found
1 3-Propyle 2 2 H 78 227-228 Co;HaCINLS 69 .98 69.94 7.75 7.84 6.53 6.39
2 3-Propyl 2 2 H 79 217-218 CyHzsCIN,S 70.48 70.27 7.96 7.87 6.32 6.50
9-Methyl
3 3-Propyl 3 1 H 53 176-177 CasHeCINS 69,98 70.15 7.75 7.95 6.53 6.80
4 3-Propyl 1 2 H 72 225-226 CosHa CINGS 69.45 69.67 7.53 7.66 6.75 6.89
5 2-Propyl 1 2 H 65 232-234 CiHu CINLS 69.45 69.40 7.53 7.51 6.75 6.84
dec
6 3-Propyl 1 2 H 84 228-228.5 CosH3:CINGS 69.98 70.28 7.75 7.96 6.53 6.40
3-Methyl
7 3-Propyl 2 2 2-Cl 52 205-206 CosH3ClLNLS 64.78 64 .68 6.96 7.21 15.30° 15,128
8 3-Propyl 1 1 H 62-64° CsHN:0;8-H.0¢ 61.20 60.93 6.85 6.96 4.76 4.53
7-Methyl
9 3-Propyl d 2 H 75 130-134 CasH35CINSS 72.09 71.83 8.14 8.25 5.80 6.00
10 3-Propyl e H 62 128-130 CysH,sCIN, 08 67.19 67.16 6.81 7.14 6.53 6.31

¢ Numbers preceding the central chain, R, refer to the position of attachment of the azaspiranyl moiety to R.
¢ The hydrochloride of this material was tacky and hygroscopic and would not crystallize.
citrate hydrate was finally obtained. The data presented are for the citrate.

decalin-2,4’-piperidine,

TasLe 11
PrarMAcoLOGICAL OBSERVATIONS®
Dose
producing
effect
Effect for 24 hr
LDso,? EDso,° duration, or longer,
No, mg/kg mg/kg hr mg/kg
1 175 <10 3-6 ~50
2 200 <5 3-5 ~50
3 125 5 2-5 40
4 100 5 2-5 <40
5 150 30 2-5 c
6 125 20 2-5 40
7 100 <2 3-6 5¢
8 200° 20 2-5 50
9 75 40 1-2 .
10 125 10 3-5 <40
CPZ/ c 10 3-6 ~50

o Comparisons were made using Wistar or Sprague-Dawley
strain rats weighing from 150-250 g. ® Approximate LD;/72 hr
obtained by intraperitoneal administration of the compounds to
Wistar rats. ¢ The effective dose was that which produced
noticeable sedation and decreased spontaneous motor activity
for at least 1 hr. < This compound, an azaspiranyl analog of
chlorpromazine, was extremely potent. A dose of 10 mg/kg
produced moderate to severe CNS depression, sedation, and
tranquilization lasting for more than 48 hr. ¢ As the citrate hy-
drate salt. All other compounds in the table were tested as their
hydrochlorides. / CPZ = chlorpromazine.

The 10-azaspiranylalkylphenothiazines synthesized
and screened in this study were prepared by reaction
of the appropriate azaspirane!® with 10-haloalkylpheno-
thiazines or alkylation of 10-sodiophenothiazine with
azaspiranylalkyl halides.!®  The isoindolinylalkyl-
phenothiazine (Table I, 10) was obtained by use of the
isoindoline!® secondary amine in lieu of an azaspirane.
Compounds prepared and screened, together with ap-
propriate physical and structural data, are listed in
TableT,

(168) C. H. Grogan and L. M. Rice, J. Med. Chem., 6, 802 (1963).

b Chlorine analyses.
Of the several salts tried, only a crystalline
@ The azaspiranyl moiety in this case is spiro-trans-

e The ring system attached to R in this case is 4-methyl-4,7-epoxyhexahydroisoindoline.

Approximate LD;/72 hr data were obtained by
administering the compounds intraperitoneally to
Wistar rats. The values are approximate because
many of the animals that died on higher doses did so
because of emaciation, since on these doses they were
completely knocked down and could not eat or drink.
In a few instances, in which they were fed by intubation,
some survived.

The compounds were compared for CNS effects aud
relative potencies in rats.!®* These data are sum-
marized in Table II, It can be seen that several of the
azaspiranylalkylphenothiazines with unsubstituted phe-
nothiazine nuclei were of the same order of potency
(1-4) as chlorpromazine (CPZ), while the azaspiranyl
analog of CPZ, 7, was considerably more potent in
rats. Compound 5, in which the same azaspiranyl
moiety as in 4 was attached to the 2 positiou of the tri-
methylene side chain, was rather ineffectual as a CNS
depressant (compare promazine and proniethazine).
The large naphthalenespiropiperidine azaspiranyl sys-
tem in 9 also produced a rather ineffectual CNS de-
pressant,

The bicyelic isoindolinylalkylphenothiazine (10) was
about as effective a CNS depressant as any of the bi-
cyclic azaspiranyl structures containing 10-12 ring
atoms and CPZ. However, it was the only member of
this group which was observed to produce tremors on
high dosage.

The most remarkable part of the observations was
that none of the azaspiranylalkylphenothiazines pro-
duced tremors even at toxic levels. A characteristic of
all other phenothiazine neuroleptics, and in particular
the N'-substituted piperazinoalkyl derivatives, on
average or high doses'¥ is the production of tremor,
extrapyramidal symptoms, or pseudo-Parkinsonism,
Spasticity and akinesis, however, were observed at
moderate to high doses,

(17) J. Delay and P. Deniker, Rev. Can. Biol., 20, 397 (1961).
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Experimental Section®

10({3-(3-Azaspiro[5.5]undecan-3-yl)propyl]phenothiazine Hy-
drochloride  (1).—10-(3-Chloropropyl)phenothiazine!® (5 g.
0.018 mole) and 3-azaspiro[3.5]undecane’® (5.6 g, 0.036 mole)
were refluxed for 24 hr in 30 ml of toluene cantaining a few cry=-
tals of KI. The mixture was cooled, diluted with 2 val of ether,
and allowed to stand overnight at 5°. Precipitated 3-azaspiro-
[5.5]undecane hydrochloride!® was remaved by filtratian, washed
with ether, and dried at 90°. It weighed 3.4 g, 1the thearetical
amount. The filtrate was stripped at the swater pump and then
all material boiling up ta 100° (0.2 mm) was removed at the
vacunn pnmp and discarded.  The rexidual ail was dizsolved in
500 ml of ab=olute ether and satnrated with [ICl gas. The
liydrochloride of the product wax filtered, washed with ether,
and dried at 90°, There wax abtained 6 g (7877), mp 225
227 and 227-228°, after recrystatlization fram acetane-meth-
anol-ether mixture.
10-[2-(8-Azaspiro[4.5]decan-8-yl jpropyl]phenothiazine Hy-
drochloride (5).—-10-(2-Bramapropyliphenothinzine (mp 126
127°, 9.6 g, 0.03 mole), S-azaspira(4.5]decane!® (8.4 g, 0.06
mole), and a few erystals of KI were refluxed for 30 hr in 100 ml
of toluene.  The caoled renction misture was diluted with 3 val
of cther and kept overnight at 5°. 8-Azaspiro[4.5]decane hy-
drobromide!® (5 g, theory 6.6 g) wus remaved by filtration and
washed with ether. The filtrate and washings were stripped
of solvent at the water pump until & viccons ail remained. Al
material baoiling up to 100° (0.2 mun) wax distilled; the residnal
oil was discolved in 300 ml of cilier and =aturated with HCI

(18) ALl melting points were taken in & Themas-Hoover capillary tyjpe
apparatils except the hydrate salt 9 which was taken on a Fisber-Johns block.
Melting points are corrected. Eleinental inicroanalyses were perforined by
Rehwarzkopf Microanalytical Laboratory, Woodside 77, N. Y.

(19) The commercial produect is a dark, partly solid partly ligaid mass.
A specially parified material, pale yaollow, mp 65-69°, prepared by repeated
recrystallization from benzene-hexane and treated with decolorizing earbon,
was used in these syntheses.

Benzocyclobutene Derivatives.

Vol 9

gas.  After filtering and drying the Gile eampound, 8 g (6300
was obtained. Tt melted at 228-230° dec and at 232-234° dece
after recrystallization from acetone—ether.

2-Chloro-10-[3-(3-azaspiro[5.5]undecan-3-yl)propyl|pheno-
thiazine Hydrochloride (7).—2-Chlorophenothiazine (11.7 g,
0,04 male) was dissolved in 50 ml of dimethylformamide and 2.4
g af 1 5370 suspensian of NaH in mineral 012 was added. The
mixture wis hented 1a 50° and stirred until the evolution af hy-
dragen  ceazed.  3-(3-Chiloroprapylj-s-nzaspirald.a]nndecane!
(1.3 g, 0.04 maley was added drapwise with stirring.  The reac-
tian mixtnre was maintatned ar 30° far ¢ hr aud panred inta 300
ml of fee water.  An ail <eparated which was washed hy decan-
tation several times wirth water.  The purple ail that remained
wits dissolval in neetone, reated with decalarizing carbon, and
filtered, and the =olvent wus evaparated. The residnal light
pink oil was dissalved in absolute ¢thanol and saturated with
HCE gus, and severnl volumes of ether were added.  An ail
separated which <lowly erystallized an =Inrrying with ahwaluie
cther.  The praduet, 12 g (529), melted at 205-206°, nichanged
an reerystallization Glow fram seetone.

10-{3-(4-Methyl-4,7-epoxyhexahydroisoindolin-2-y1l)propyl
phenothiazine Hydrochloride (10).--A mixture of 10-(3-chlaro-
prapyhplenothiazine (10 g, 0.036 male), 4-methyl-4,7-epaxy-
hexahydroizandalinel {114 g, 0.072 male), and o few ervstals of
KI was refluxed {or 2 davs in 100 ml of toluene, and oue-half of
the ralnene was distitled.  The mixture was cooled, dilnted with
5 volaf ether, and kept avernight wi 3°. Precipitated 4-methyl-
4,7-epoxyhexahydroisoindoline hydrochloride!s wax remaved hy
filiraiion (3.7 g, theary 6.8 g). The filtrate wans evaparated
antil an atl remained. Al material distillable up ta 100° (6.2
nin) was remaved from the residue and discarded.  The residual
ail was dissolved in ether and saturated with HCl gas to give the
tirle campinmd, 3.6 g (62970), mp 124127, After two recry=lal-
lizatians fraan ahylene ehlaride-ether, the material melted a
125 130° and softened araand 114°,

(20) Obrained fram Metal Hydrides, Ine., Beverly, Mass.
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A number of l1-acylbenzocyclobutenes, their oximes, and several oxygen-=ubstituted oximes were prepared and

screened for potential mephenesin-like muscle relaxant activity.

The compounds were obtained from a common

prectirsor, 1-cvanobenzocyclobnutene, which was made from o-chlorohydrocinamonitrile by an improved method.
The most effective material in the tests employed was the oxime of l-acetylbenzocyclobutene, which was com-
parable in milligram potency to the comparative standard, chlorzoxazone.

To date, our study of the biological properties of com-
pounds coutaining the bicyclo[4.2.0]octn-1,3,5-trience
ring system has included the preparation of several 1-
aminomethyl-2 and various 1.1-disubstituted benzo-
cyclobutenes.® Since skeletal nmuscle relaxant activity
had been reported for the oximes of 2-acetyl-1,4-
benzodioxane* and dicyclopropyl ketone,> compounds

{11 Presented in part before tlee Division of 3Medicinal Chemistry, 15H1st
National Meeting of the American Chenical Society, Pittsburgh, Pa.,
March 1966,

(2) J. A. Bkorez and J. E. Robertson, J.Aed. Chem., 8, 255 (1963].

(3) J. A. Bkorez and F. E. Kaminski, ihid., 8, 732 (1965).

(4) C. I..Judd, I. Freedman, and J. . Robertson, Abstracts, 149th Na-
tional Meeting of the American Chemical Society, Detroit, Mich., April
1065, p 22N.

(d) 1. E. Dlockus, G. 3M. Everett, and R. K. Richards, Federation Froc.,
17. 350 (1458).

containing a carbonyl group adjacent to a cycloalkyl
ring, n unumber of l-acylbenzocyclobutenes and their
oximes were made for screening as potential muscle re-
laxants. Several oxygen-substituted derivatives of one
of the more interesting materials, 1-acetylbenzocyclo-
butene oxime, also were prepared. The synthesis and
pharmacological evaluation of these compounds are
deseribed in the present report.

The ketones were made from Il-cyanobenzocyclo-
butene (1), whieh was prepared as showu in Scheme I.
a-Chlorohydrocinnamonitrile (2), obtained in an over-
all yield of 539, from o-chlorobenzyl chloride and
methyl cyanoacetate, was converted to 1 by a modifica-
tion of the procedure of Bunnett and Skorez.® This

&) J. . Unneti and 10 A Skorez, J. Org. Chem., 37, 3836 (19062).



